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P-95Î H}H5~ the

AMERICAN CONCRETE
(A C I PRO CEED IN G S  ¥  \ T O H H  T T  T T ' l ?  (Contents on

Vol. 41) U N O  1  1 1  U  1  £ j  Back C o ve r)

V o l. 16 June 1945 N o. 6

TO THE .AMERICAN PEOPLE:

Your son s, husbands and brothers who are stand
in g  today upon the b a t t le fr o n ts  are f ig h t in g  
fo r  more than v ic to r y  in  war. They are f ig h t 
in g  fo r  a new world o f  freedom and peace.

We, upon whom has been p laced  the r e sp o n s ib il
i t y  o f  le a d in g  th e American fo rce s ,, appeal to  
you with a l l  p o s s ib le  earn estn ess to in v e s t  in  
War Bonds to the f u l l e s t  ex ten t o f  your 
cap acity .

Give us not only the needed implements o f  war, 
but th e assurance and backing o f  a united  
people so necessary  to h asten  the v ic to r y  and 
speed th e return o f  your f ig h t in g  men.
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Slabs Supported on Four Sides*

Suggested Changes in AC l Building Regulations

By R. L. BERTIN, JOSEPH Dl STASIO, and M. P. V A N  BURENf
M em bers A m e rica n  C o n c re te  In s titu te

S Y N O P S I S

The A Cl Building Regulations for Reinforced Concrete provide, 
with respect to slabs supported on four sides, a method of analysis 
which reflects a clear picture of the elastic action of the structure, and, 
through the use of equivalent uniform load factors, permits the direct 
solution for bending moments and shears in the slabs and beams with 
the same coefficients as prescribed for one-way construction. To clarify 
the manner of presentation, the authors have prepared a suggested 
change of the entire Chapter 7 of the Code. While retaining all the 
original basic features, notation has been simplified, non-essential 
formulas and extraneous theory eliminated, and the regulations con
densed to the fundamentals requisite for direct design. Final results 
are unchanged from those obtained through the use of the present 1941 
regulations.

In this paper, the proposed changes are stated and reasons for them 
given. Suggested regulations are presented in new form. Comparisons 
are shown to indicate conformity with theory. Finally, an analysis of a 
typical series of floor panels is given to illustrate the facility with which 
computations could be made under suggested changes. I t  is believed 
th a t engineers would find the suggested modification of this section of 
the Code simple and easy to apply.

IN T R O D U C T IO N

T he developm ent of em pirical m ethods of design for inclusion !in 
building codes is generally m otivated  by two basic concepts s ta te d ’ in 
the  order of the ir im portance to  th e  designers :

^R eceived by  th e  In s ti tu te  Jan . 25, 1945.
fR . L. B ertrn , C hief E ng r. W hite  C onstruction  Co., Joseph  D i S tasio, an d  M . P . V an B uren J  T)i 

S tasio  & C o., C onsu lting  E ng rs ., N . Y . C ity . ’

(5 3 7 )
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(a) S im plicity of application,
(b) A dherence to  theoretical correctness.

This is particu la rly  tru e  of tw o-w ay slab design because of the com
plexity  of th e  theoretical analysis.

I t  is believed th a t  th e  A C I regulations yield resu lts th roughout the 
range of tw o-w ay slabs conform ing more nearly  th an  an y  o ther to the 
theoretical analysis, and  in th e  new suggested form  i t  is no t only simple 
of application, b u t com patib le w ith  th e  fram e analysis of continuous 
stru c tu res  in which tw o-w ay slabs occur.

I t  is the  purpose of th is paper to  p resen t com parative d a ta  from which 
these beliefs are deduced. Sub-divisions of the  p resen t paper are: 
P a r t  1— Suggested modified regulations; P a r t 2— C om parative analysis: 
P a r t  3— G eneral application .

P A R T  1
Suggested changes

T he regulations first developed for the New Y ork C ity  Building Code 
were recom m ended to  th e  A CI by  C om m ittee 501 in its  Proposed Build
ing R egulations in 1935, and the basic theory  explained by a paper in 
1936*.

T he original 1935 tran sc rip t was re-arranged  and  amplified by tab les 
in th e  A CI Building R egulations for Reinforced Concrete, adopted in  
1941. T he re-editing  of th is  section as suggested b y  th e  authors, includes 
th e  following proposed m odifications:

1— E lim ination  of tab les and form ulas involving determ ination of 
lines of inflection. E lastic  analysis is a definitely established th eo ry  
and requires no special exposition under th is  heading. L im itations are 
re ta ined  w ith in  w hich prescribed values of th e  distance betw een in 
flection lines m ay  be used.

2— E lim ination  of special trea tm en t of unusual cases by defin itely  
specifying th a t  all slabs be securely a tta ch ed  to  supports. S tru c tu res  
in w hich panel edges are free to  up lift are of lim ited  practical value an d  
should be considered as individual problem s.

3— Sim plification of form ulas for m om ent and  shear. Term s involv ing  
w id th  of slab s trip  and  tr ib u ta ry  w id th  carried  by beam, are e lim inated  
by expressing th e  load in term s of IT, th e  to ta l slab load on e ith er slab  
s trip  or beam . All factors, by  which m om ent and shear a t  an y  section 
in one-w ay construction  in either direction are obtained, are  p resen ted  
in  tw o sho rt tables. C orresponding charts  are also show n as graphic 
illu stra tions of th e  tables.

*“ S labs S uppo rted  on F o u r S ides,” by  D i S tasio  a n d  V an B uren, A C I J o u r n a l  J a n .-F e b . 1936; P ro 
ceedings V. 32, p . 350.
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4— Sim plification of no ta tion . Special symbols are elim inated and 
replaced w ith a  condensed and  more fam iliar nom enclature. Of these, 
some, such as L  and  W  m ay  be used w ithout change in definition for 
o ther sections of th e  Code.

5— E lim ination of all foo tnote form ulas. These are no longer required 
as all inform ation for th e  design of slabs m ay be ob tained from  the 
tab les in the ir suggested form . F or general inform ation, the  form ulas 
on w hich the  tab les are based are given here as derived from  th e  1941 
regulations by  d irect sub stitu tio n  in th e  new notation .

r  > •5C  “  ( i T ? )  ( ï 7= t )
( 1 )

r < -5-c  = i q h  ............................................. ..........................................

C 8 =  ( , 5 - Z )  ( f ~ ^ + 6x c ) .............................................................................................. (3)

C6 =  .5 -  X  —  Cs ................................................................................................ (4)

Suggested regu la tions

700— N otation  (For Slabs Supported On Four Sides)

L  = Span length
L\ =  Span length  in th e  d irection norm al to  L  in floors supported  

on four sides.
m — R atio  of span betw een lines of inflection to  L  in  the  direction 

of span  L, when span L  only is loaded.
TOi =  R atio  of span betw een lines of inflection to  Li in  th e  direction 

of span Li, when span L x only is loaded.
r = Degree of rec tangu larity  betw een lines of inflection of a panel

m L
supported  on four sides =   ̂ "

w =  Uniform ly d istribu ted  to ta l load per u n it area of slab.
W  = T otal uniform  load for one w ay construction  betw een opposite 

supports on slab strip  of any  w id th  or on beam  in  th e  direction 
of L.

X  =  R atio  of d istance from  support to  any  section of slab or beam , 
to  span L  or L x.

C =  F ac to r m odifying bending m om ents prescribed for one-way 
construction  for use in proportioning th e  slabs and beam s in 
th e  direction of L  of slabs supported  on four sides.

Cs = R atio  of th e  shear a t  any  section of a slab strip  d is tan t xL  
from  th e  support to  th e  to ta l load W  on th e  strip  in direction 
of L.
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Cb =  R atio  of th e  Shear a t  any  section of a B eam  d is ta n t xL  from 
th e  support to  th e  to ta l load W  on the  Beam  in d irection of L. 

B .M .C .=  B ending M om ent Coefficient.
Wi, Ci, Csi, Cm, are corresponding values of W , C, C3, Cb, for slab strip  

or beam  in  d irection  of L X.

709— Floors supported on four sides

(a) T his construction , consisting of floors reinforced in two directions 
and  supported  on four sides, includes solid reinforced concrete slabs; 
concrete joists w ith  b u rn t clay or concrete tile fillers, w ith  or w ithou t 
concrete to p  slabs; and concrete joists w ith top  slabs placed m onolithi- 
cally w ith  th e  joists. The slab shall be supported  around its periphery  
along th e  spans L  and L\, and shall be securely a ttach ed  to  said supports 
by  m onolithic construction  or o ther adequate  means.
(b) M in im u m  slab thickness

T he slab th ickness shall satisfy  prescribed working stresses and shall 
no t be less th a n  4" nor less th a n  the sum  of th e  clear length  of all sup
ports a t which th e  slab is continuous w ith th e  ad jacen t panels divided 
by  180 plus th e  clear length  of all o ther supports divided by  144.
(c) Lanes of inflection for determination of r

T he lines of inflection shall be determ ined by  elastic analysis of the  
continuous stru c tu re  in  each direction, when the  span under considera
tio n  only is loaded.

W hen the  span L  or L x is a t least 2 /3  and a t  m ost 3 /2  of the  ad jacen t 
continuous span or spans, th e  values of m  or m x m ay be tak en  as 0.87 
for exterior spans and 0.76 for in terio r spans. (See Fig. 1).

F o r freely supported  spans m or m x shall be tak en  as unity .
(d) Bending moments and shear

Bending m om ents shall be determ ined in each direction w ith the 
coefficients prescribed for one-way construction in  section 701 and  702 
and modified by factor C or Ci from  Tables 1 or 2 or from  chart. (See 
Fig. 2).

I n  L  Direction In  L x Direction
B. M . for slab strip  =  M  =  C W L  (B .M .C .) M i =  C iW xL x (j3.M.C.)
B. M . for beam  =  M  =  (1— C) W L  {B .M .C .)M i= { \— Cf) W XL X

{B.M .C.)
W hen the coefficients prescribed in 701(c) are used, the  average value 

of Cw or CiW for th e  tw o spans ad jacen t to  a support shall be used in 
determ ining th e  negative bending m om ent a t  th e  face of the  support.

T he shear a t  any  section d istance xL  or xL , from  supports shall be 
determ ined b y  m odifying th e  to ta l load on th e  slab strip  or beam  by 
th e  factors Cs, Csl, Cb or Chi taken  from  Table 1 or 2 or from  charts. 
(See Fig. 3 or 4).
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X  (w ith C b )

Fig. 3

I n  L  Direction I n  L x Direction 
\ {Shear for Slab S trip . . . . V  = CSW  V x =  CsXW X

Shear for B eam .................V  =  CbW  V x =  CblW x

Foi spans where the end m om ents are unbalanced, shear values a t  
any  section shall be ad justed  in accordance w ith Sections 701 an d  702.

(e) Arrangement of reinforcement '

1. In  any  panel, th e  area of reinforcem ent per u n it w id th  in th e  long 
direction shall be a t  least one-th ird  th a t  provided in th e  sh o rt d irection.

2. th e  area  of positive m om ent reinforcem ent ad jacen t to  a co n tinu 
ous edge only and for a  w idth no t exceeding one-fourth  of th e  sho rte r 
dim ension of the  panel m ay  be reduced 25 per cent.

3. A t a non-continuous edge th e  area of negative m om ent reinforce
m ent per un it w idth  shall be a t  least-one-half of th a t  requ ired  for m axi-
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.2 .3 .4-
X  (w ith  C s )

to
u

Fig. 4

m um  positive m om ent for the  center one-half of the  panel and shall be 
provided across th e  en tire  w id th  of th e  exterior support.

4. T he spacing of th e  bars shall be a t m ost th ree  tim es the slab th ick 
ness and th e  ra tio  of reinforcem ent a t  least 0.0025.

P A R T  2
C onform ity  w ith the ory

T his section is devoted  to  a com parison of these regulations w ith  th e  
resu lts of o ther au th o rita tiv e  investigations and codes, nam ely, th e  
form ulas of Dr. M arcus*, D r. W este rgaard t, the  1940 Jo in t C om m ittee, 
and  th e  B oston Code. In  order to  elim inate any  difference in  prim ary  
assum ptions as to  p roportion  or arrangem ent of the live load, panels

* '‘D esign  of R einforced  C oncre te  S labs,” Joseph  A. W ise, A C I Proceedings, V. 25, 1929.
+“ F o rm u la s  for th e  D esign of R ec tan g u la r F loor S labs an d  th e  Supporting  G irders, ’ H . M . W ester- 

gaard , A C I Proceedings V. 22, 1926.
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w ith  various com binations of free and  fully fixed edges have been selected 
as representing th e  extrem e range of con tinu ity  for one definite loading 
condition. As ind icated  on th e  graphs of Fig. 5 to  8, th e  A C I Code 
m ore nearly  conform s to  th e  theoretical analyses of tw o-w ay slabs th an  
any  o ther code, as follows:

(a) Load Distribution. The equivalent uniform load causing slab bending (8K,w) 
in either direction of a simply supported panel agrees closely with the results of Dr. 
Marcus, which, in the opinion of the authors, present the most direct theoretical ap
proach to this problem. (See Fig. 5).

(b) Total Panel Moment. The sum of the beam and slab moments in either direction 
(K2WL) equal the statical moments (1/8W L). (See Fig. 6).

(c) Total Slab Bending. The sum of the equivalent uniform loads causing slab 
bending in both directions (8K3w or 8K4w) for extreme variations in edge restraint are 
in close agreement with Dr. W estergaard’s 1926 formulas. In  determining Dr. Wester- 
gaard’s total slab moment for one direction, the method of averaging simple and con
tinuous panels was followed as described in his paper. For the Joint Committee, this 
moment was taken as lb j  times the negative moment in accordance with Section (812(b) 
of th a t Code.

These criteria are presented as typical illustrations of the consistency by which 
the ACI regulations properly distribute and provide for the effect of the total load, 
both on the slab and on the supporting beams. Similar consistency prevails for other 
conditions of loading and continuity. Comparison of Fig. 7 and 8 demonstrates the 
wide variation in slab bending caused by changes in edge restraint, and establishes 
the ACI m ethod of using lines of inflection as a satisfactory measure of true rectangu- 
larity. In consequence, it  follows th a t the panel will be affected by the loading and 
stiffness of adjacent panels in a continuous structure, as prescribed in the Code. Thus, 
fundamentally, the ACI formulas and method are in substantial accord with accepted 
theory.

P A R T  3
G enera l A p p lic a tio n

A unique fea tu re  of th e  A C I form ula is its  flexibility and general 
app licab ility  to  a wide range of different conditions. T hrough the 
simple process of m odifying th e  load b y  th e  tab u la ted  factors, there  
results an equivalen t uniform  load to  be used as in one-way construction. 
Any com bination of live and  dead load can be trea ted  in th is m anner 
w ith re su ltan t econom y of design. W here w arran ted , accepted m ethods 
of ad ju stm en t for the  transverse torsional resistance of th e  girders can 
be included in  th e  determ ination  of th e  one-way coefficients, as such 
re s tra in t is in  no w ay peculiar to  tw o-w ay slabs. In  th e  trea tm en t of 
unequal panels, th e  A C I Code surpasses all o thers in  directness and 
facility , and, th rough  th e  use of equivalen t uniform  loads, perm its an 
accura te  and  easy solution of th e  com plete stru c tu re  as a  rigid fram e. 
A lternately , in simple structures, w here a rb itra ry  coefficients are per
m issible, these m ay  be used as prescribed for one-way spans. Therefore, 
consistent factors of safety  are m ain tained  th roughou t w ith  o ther types 
of floor.
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Spans L 19 ' - s ’ 1 6 - 0
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N o te  . C o lu m n s  and 
I'-O" W id e

Fig. 9 — T yp ica l exam ple

beams

T hus, the  A C I Code provides a m ethod  of analyzing slabs supported  
on four sides which is accurate, flexible, and also as now proposed, very 
sim ple to  apply. An exam ple will be instructive in illustra ting  the  design 
procedure in  a typ ical building.

T yp ica l exam ple

L et Fig. 9 rep resen t four floor panels a t  th e  corner of a building in 
w hich th e  slabs and  beam s are num bered as shown. F irst, determ ine 
th e  m inim um  perm issible slab thicknesses in accordance w ith Sec. 
709(b). Using th e  clear spans, th e  m inim um  thickness for Panel 1 
becomes

'18 +  1 5 \  , /1 8  +  15s( 1 8 + .15 )  12 +
V 144 /  \  180 /

12 =  4.95 in.
144 /  \  180

Sim ilarly, in  panels 2, 3 and  4, the  results are 4.65 in., 4.70 in. and 4.40 in., 
respectively. A 5-in. slab could therefore be used throughout, provided
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T A B L E  3— R E C T A N G U L A R IT Y

Panel r in L  Direction =  VILl  
m\L\

1 .87 X 18 _  
.87 X 15

2 .76 X 15 _  g7
.87 X 15

3 .87 X 18 _  , K  
.76 X 18

4 .76 X 15 _
.76 X 18

T A B L E  4— T W O - W A Y  S L A B  F A C T O R S

Panel r
X = O

C c, 1—C 1— Ci

O *« O a  = c sl

1 1.20 .18 .32 .23 .45 .77 .55
2 .87 .30 .20 .42 .26 .58 .74
3 1.15 .20 .30 .26 .42 .74 .58
4 .83 .32 .18 .45 .23 .55 .77

“ C ” values ta k e n  from  T ab les  1, 2 or g rap h  F ig  .2.

w orking stresses determ ined from  m om ents and  shears fall w ith in  th e  
prescribed values.

As all spans are “ a t  least 2 /3  and a t  m ost 3 /2  of th e  ad ja c e n t con
tinuous span  or spans” , lines of inflection, w hen th e  span  u n d er consider
a tion  only is loaded, m ay  be determ ined  w ith o u t recourse to  elastic 
analysis from  th e  ra tios m  or m x =  .87 for ex terior spans and  .76 for 
in terio r spans. T he degree of rec tan g u la rity  r  of th e  various panels 
follows d irectly  from  Fig. 1, and  are given in  T ab le  3. I t  is only neces
sary  to  com pute r for one direction  in  each panel, as w ith  these values 
factors for determ ining  all m om ents and  shears m ay  be selected from  the 
tables. G enerally, only th e  values of C, 1 —  C. and  Cs an d  Cb for x  =  0, 
are required  as listed in T able  4. Iden tica l resu lts can  be o b ta ined  by  
using 1 /r  w ith  L  and L x reversed. I t  is to  be no ted  th a t  for reciprocal 
values of r w ith  X  equal to  zero, Cs and  Cb are in terchanged  in  am oun t, 
and  th a t  Cs plus Cb is a  constan t, in th is  case .50. T his m u st be tru e  to  
account for th e  to ta l panel load. T he a p p a ren t conform ity  of panels 
3 and  4 w ith  1 and  2 is coincidental to  th e  shape of th e  s tru c tu re .

G iven a uniform ly d is trib u ted  to ta l dead  and  live slab load, w, 100 
lb. per sq. ft., an additional in terio r beam  load of 100 lb. per lin. f t., and  
an exterior wall load of 1000 lb. per lin. f t., shears and  bending  m om ents
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m ay be determ ined  as in one-way construction modified by  the  appropri
a te  factors. As, in the exam ple chosen, th e  larger of two ad jacen t spans 
does no t exceed th e  shorter by  more th an  2 0  per cent, th e  one-way 
coefficients, prescribed under Section 701(c), m ay be used in th e  form ulas 
of 709 (d):

V  =  CeW  (coefficient), M  =  C W L  (B .M .C .)
T he resu lts for slabs m ay be tab u la ted  as indicated  in T able 5: W ith  
these m om ents, m inim um  slab thicknesses should be checked for s tru c
tu ra l requirem ents and  reinforcem ent determ ined in th e  usual way. D ue 
regard  should be given to  th e  difference in effective dep th  in  th e  tw o 
directions. I t  will usually  be found best practice to  place th e  steel in 
th e  d irection of th e  heavier bending m om ent closest to  th e  surface, T he 
regulations provide th a t  positive reinforcem ent ad jacen t to  a continu
ous edge, and  for a  w id th  no t exceeding one-fourth of th e  shorter dim en
sion of th e  panel, m ay  be reduced 25 per cent. Accordingly, in  th is 
case, b ar spacing w ithin a  w id th  of 3 ft. 9 in. from  B12, B13, B24 and 
B34, m ay  be increased one th ird . N egative reinforcem ent no t less th a n  
half th a t  required  for the  unreduced positive m om ent should be provided 
across BO, B l, B2 nd  B3. T he am ount of steel a t  any  section is also
lim ited  b y  m inim um  percentage, m axim um  b ar spacing, and general 
details as in one-way construction.

Beam s m ay be analyzed in a sim ilar m anner w ith th e  addition  of the 
effects of special loads. B eam  B l is selected  as typ ica l of th e  m ethod, 
and  shears a t  in term ediate  points d istance X L  from  the  support will be 
investigated . F rom  T able 2 th e  factors listed in T able 6  are found. 

C0D. U sing the  coefficients prescribed in Section 701(c), th e  re su ltan t shears
^  and  bending m om ents are as given in Tables 7 and  8  respectively. W here

necessary, shear a t in term ediate  sections of the  slab m ay be investigated  
■0 ... in a sim ilar m anner, using the  factors Cs or C81.

panels In  th e  design of struc tu res, i t  is often sufficient to  determ ine th e  end
neces- shears and  m axim um  m om ents only, as shears a t  o ther sections can be

estim ated  w ith  sa tisfactory  accuracy for th e  spacing of th e  stirrups. In  
th is instance, i t  m ay  be convenient to  work w ith  equivalen t uniform ly 

= 0, d is trib u ted  loads. T he facto rs to  be used are (1— C) for bending, and
twice th e  value of Cb when X  — O, for shear. T he equivalen t loads 

,r0Cal required in  th e  design of all beam s of th e  exam ple are given in Table 9.

W ith  these loads, end shears and  bending m om ents m ay be calculated 
in exactly  th e  sam e m anner as in one-way construction . This is of 

anels particu la r advan tage  in  th e  analysis of rigid fram es. W here theoretical
refinem ent is desired, the  equivalen t loads m ay be ad justed  for th e  

jflO elastic reactions of th e  slab span  norm al to  th e  beam  b y  the  algebraic
afl(j add ition  of th e  difference in slab end m om ents divided by its  span.

ats
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c„ Ü11

X

r \ 0.00 .1 .2 .3 .4

1.20 .32 .29 .24 .18 .10 .77

T A B L E  7— S H E A R S  IN  B E A M  1

at
X [ Î C b X w X 1) + S x ( j - x ) J X L  X Coeff. = Shear

V

.0 .32 100 7.5 1000 .5 18' 1.15 15350

.1 .29 It Cl a .4 11 a 12790

.2 .24 It it ii .3 11 ii 9900

.3 .18 It '11 a .2 It a 6930

.4 .10 It It ii .1 11 it 3620

T A B L E  8— M O M E N T S  IN  B E A M  1

MaxAVIoment j j^(l-C)X w X +  Load |  X X B 'M 'C-=

Max. Pos. M om ent. . . 7 7 100 7 . 5 1000 182 1/14 36400
Max. Neg. M om ent. . . 7 7

It a It 182 1/10 51000

F or in terio r beam s in Table 9 under B eam  load, th e  first colum n gives 
th e  floor load d irectly  over th e  beam , and  the  second colum n th e  weight 
of the  beam  itself. If preferred, these tw o term s could be om itted  w ith 
ou t m ateria l error,- provided th e  beam  weights are d is tribu ted  in the 
u n it floor load, and calculations are based on center to  cen ter dimensions.

A com parison of th e  equivalen t loads carried b y  th e  various spans 
in th is problem  illu stra tes th e  tendency  of th e  load to  be d istribu ted  
in  d irect p roportion  to  th e  stiffness of the  respective slab spans. In terio r 
spans are re la tively  m ore rigid th a n  end spans, and in wall panels p a rti
cularly , a  g reater proportion  of th e  load is a ttra c te d  to  the span in  the  
d irection of th e  sm aller m om ent coefficient. A n a tu ra l econom y of 
m ateria ls is the  result.

C O N C L U S IO N

T he suggested changes of th e  1941 regulations for Slabs Supported on 
F our Sides are believed to  present th is subject in the  sim plest form  so far
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devised. W ith o u t change in  re su ltan t values, n o ta tion  has been clarified 
a n d  re-sta ted  w ith  a few fam iliar sym bols. N onessential form ulas and 
extreneous theo ry  have been elim inated. W ith  these revisions, th e  Code 
is properly  lim ited  to  th e  s ta tem en t of th e  fundam entals requisite  for 
design.

A nalysis by  th is  m ethod com pares favorab ly  w ith theoretical s ta n d 
ards. B y  one and th e  sam e form ula, any  varia tions of live load, rec- 
tan g u la rity  of panel or inequality  of ad jacen t spans, are handled w ith  
equal facility. C om putations are short and  d irect, and  provide a  clear 
p ic tu re  of th e  equilibrium  and  elastic actions involved. T he m any  
adv an tag es of proportioning tw o-w ay slabs from  equivalen t uniform  
loads w ith  one-way coefficients are apparen t, and  th e  m ethod is m ade 
available for convenient use in th e  suggested new arrangem ents of th is  
section of th e  Code.





Current ACI Standards

Standards of the American Concrete Institute adopted 
since the inauguration of the current procedures for their 
consideration and promulgation under the supervision of the 
Standards Committee (see ACI Directory, 1944, p. 131) are 
published in the pages which follow—559-704, collected in one 
publication. Each Standard will also be available in separate 
prints as heretofore. New editions of the collected ACI 
Standards will be issued as rapidly as is justified by the com
pletion of technical committee work. Some of the present 
Standards have had some few editorial revisions. They 
include changes in the substance of the texts as approved by 
the ACI Conventions which adopted them and as subsequently 
ratified by letter ballot of the ACI Membership. Not included 
here are “proposed standards” presented in recent years, nor 
proposed or ratified Standards prior to 1937. Some of the 
latter will have thorough review and eventually come before 
the Institute for consideration.



ACI STANDARDS— 1945

Pages

Building Regulations for Reinforced Concrete (A C I 318-41)............  559-620

Recommended Practice for the Use of M eta l Supports for
Reinforcement (A C I 319-42)............................................................ 621-624

Recommended Practice for Measuring, M ixing and
Placing Concrete (A C I 614-42).....................................................  625-650

Recommended Practice for the Design of Concrete Mixes
(A C I 613-44)......................................................................................  651-672

Specifications for Concrete Pavements and Bases (A C I 6 1 7 -4 4 )... 673-700

Specification for Cast Stone (A C I 704-44)...........................................  701-704
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ACI Standard

Building Regulations for Reinforced Concrete 
(A C I 318-41) *

R eported b y  A C I C om m ittee 318
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Chairm an

P A U L ANDERSEN 
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L. C. U R Q U H A R T  
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C. A . W IL L S O N  
R. B. Y O U N G

C H A P T E R  I— G E N E R A L
101 — Scope

(a) These regulations cover the  use of reinforced concrete and  plain 
concrete in any  stru c tu re  to  be erected under th e  provisions of the 
building code of which they  form  a part. They are in tended to  
supplem ent the  general provisions of th e  code in order to  provide 
for the  proper design and  construction of structures of these m aterials. 
In  all m atte rs  perta in ing  to  design and  construction where these 
specific regulations are in conflict w ith o ther provisions of the  code, 
these regulations shall govern.

1 0 2 — Permits and drawings

(a) D raw ings and  typ ical details of all reinforced concrete con
struction  showing the size and  position of all s tru c tu ra l members, 
m etal reinforcem ent, design s treng th  of concrete, and th e  live load 
used in  th e  design shall be filed w ith the building departm en t as a 
perm anen t record before a  perm it to  construct such work will be

*A dopted  as a  S tan d a rd  of th e  A m erican C oncre te  I n s ti tu te  a t  its  37th A nnual C onvention , F eb 
ru a ry  20, 1941 as rep o rted  by  C om m ittee  318; R atified  by  L e tte r  B allo t J u ly  21, 1941 (w ith ed ito ria l 
co rrec tions from  previous p rin tings , in accordance w ith  “ E r r a ta ” leaflet issued 1943.) T he C om m ittee 
acknow ledges th e  ac tive  coopera tion  of th e  C om m ittee  on E ngineering  P ractice  of th e  C oncre te R ein
forcing S tee l In s titu te .

fD eceased  (succeeded 1944 b y  A r th u r  J . B oase as cha irm an). N am es are  those rep resen ting  com 
m itte e  personnel w hen re p o rt w as p resen ted .

(5 5 9 )
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issued. All plans subm itted  for approval or use on th e  work shall 
clearly show the s treng th  of concrete a t  a  specified age for which all 
parts  of th e  struc tu re  were designed. C alculations perta in ing  to  the  
design shall be filed w ith the draw ings when required  b y  th e  Com 
missioner of Buildings.
1 0 3 — Specia l systems o f re in forced concrete

(a) T he sponsors of any  system  of reinforced concrete w hich has 
been in  successful use, or the adequacy  of which has been show n by  
test, and th e  design of which is e ither in  conflict w ith, or n o t covered 
by  these regulations shall have the  rig h t to  p resen t th e  d a ta  on which 
the ir design is based to  a  “B oard of E xam iners for Special C onstruc
tio n ” appoin ted  b y  the  Commissioner of Buildings. T his B oard  shall 
be composed of com petent engineers, a rch itec ts  and  builders, and  
shall have the  au th o rity  to  investigate th e  d a ta  so su b m itted  and 
to  form ulate rules governing th e  design and  construction  of such 
system s. These rules when approved b y  th e  C om m issioner of B uild
ings shall be of the  sam e force and  effect as th e  provisions of th is  code.
10 4 — D efin itions

(a) The following term s are defined for use in  th is  co d e :
Aggregate— In ert m aterial which is mixed w ith p o rtlan d  cem ent and  

w ater to  produce concrete.
Column— An uprigh t com pression m em ber th e  length  of w hich ex

ceeds th ree tim es its  least la tera l dimension.
Column Capital— An enlargem ent of th e  upper end of a  reinforced 

concrete colum n designed and  b u ilt to  ac t as a  u n it w ith  th e  colum n 
and  flat slab.

Column S trip— A portion  of a  flat slab panel one-half panel in 
w idth  consisting of the  tw o ad jacen t quarter-panels on e ith er side of 
the  colum n center lines and  extending th rough  th e  panel in th e  direc
tion of the span  considered for bending.

Combination Column— A colum n in which a s tru c tu ra l steel section, 
designed to  carry  th e  principal p a r t  of the load, is w rapped w ith  wire 
and encased in concrete of such quality  th a t  some add itional load 
m ay be allowed.

Composite Column— A colum n in  which a steel or cast-iron  section 
is com pletely encased in concrete contain ing sp iral and  longitudinal 
reinforcem ent.

Concrete— A  m ixture of po rtland  cem ent, fine aggregate, coarse 
aggregate and  w ater.

Deformed Bar— R einforcing bars w ith closely spaced shoulders, 
lugs or projections form ed in tegrally  w ith the  b a r during  rolling. 
W ire mesh w ith welded in tersections no t fa rth e r a p a r t th a n  tw elve
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inches in the  direction of the principal reinforcem ent and  w ith cross 
wires no t sm aller th a n  No. 10 W. & M . gage m ay be ra ted  as a  de
form ed bar.

Diagonal Band— A group of reinforcing bars covering a w idth  ap 
proxim ately 0.4 the average span, placed sym m etrically  w ith respect to 
the diagonal running from corner to  corner of the panel of a flat slab.

Direct Band-—A group of reinforcing bars, covering a w idth approx
im ately  0.4 of h, placed sym m etrically  w ith respect to  th e  center 
lines of the  supporting  columns of a flat slab.

Drop Panel—  The s tru c tu ra l portion of a  flat slab which is th ick
ened in  th e  area surrounding the colum n capital.

Effective Area of Concrete— The area of a section which lies betw een 
the centroid of the  tensile reinforcem ent and the compression face 
of the  flexural member.

Effective Area of Reinforcement-—The area obtained by  m ultiplying 
the righ t cross-sectional area of the  reinforcem ent b y  th e  cosine of 
the  angle betw een its direction and the direction for which the effec
tiveness is to  be determ ined.

Flat Slab—A concrete slab reinforced in  two or more directions, 
generally w ithou t beam s or girders to  transfer the loads to  support
ing columns.

M iddle S trip— A portion of a  flat slab panel one-half panel in w idth, 
sym m etrical abou t the panel center line and  extending through the 
panel in th e  direction of the  span considered for bending.

Paneled Ceiling— A flat slab in which approxim ately  th a t portion 
of th e  area enclosed w ithin the intersection of th e  two m iddle strips 
is reduced in thickness.

Panel Length— The distance along a panel side from  center to  center 
of columns of a flat slab.

Pedestal— An uprigh t compression m em ber whose height does no t 
exceed three tim es its  least la teral dimension.

P lain Concrete— Concrete w ithout reinforcem ent, or reinforced only 
for shrinkage or tem pera tu re  changes.

Ratio of Reinforcement-—T he ratio  of the  effective area of the  rein
forcem ent to  the  effective area of the  concrete a t  any  section of a 
flexural m em ber.

Reinforced Concrete—-Concrete in which reinforcem ent o ther th an  
th a t provided for shrinkage or tem pera tu re  changes is em bedded in 
such a  m anner th a t  th e  two m aterials ac t together in  resisting forces.

Surface Water— The w ater carried b y  the aggregate except th a t 
held b y  absorption  w ithin the aggregate particles themselves.



C H A P T E R  2— M A T E R IA L S  A N D  TESTS

2 0 0 — N o ta tio n

D = Deflection of a  floor m em ber under load test.
L  = Span of m em ber under load test.
t = The to ta l thickness or dep th  of a  m em ber under 

load test.
2 0 1 — Tests

(а) The Com m issioner of Buildings, or his au thorized  rep resen ta 
tive, shall have the righ t to  order the  te s t of an y  m ateria l en tering  
in to  concrete or reinforced concrete when there  is reasonable doub t 
as to  its  su itab ility  for th e  purpose; to  order reasonable tests  of the  
concrete from  tim e to  tim e to  determ ine w hether the  m ateria ls and  
m ethods in use are such as to  produce concrete of th e  necessary  qual
ity ; and to  order the te s t under load of any  portion  of a  com pleted 
structu re , when the  conditions have been such as to  leave reasonable 
doubt as to  the  adequacy of th e  s tru c tu re  to  serve th e  purpose for 
which it  is intended.

(б) Tests of m aterials and  of concrete shall be m ade in  accord
ance w ith the  requirem ents of the  A m erican Society for T esting 
M ateria ls as no ted  elsewhere in  th is chapter. T he com plete records 
of such tests shall be available for inspection b y  th e  Com m issioner 
of Buildings a t  all tim es during th e  progress of th e  work, an d  shall 
be preserved by  the engineer or arch itec t for tw o years a fte r th e  com
pletion of th e  struc tu re .

2 0 2 — L o a d  tests

(a) W hen a  load te s t is required, the  m em ber or portion  of the  
struc tu re  under consideration shall be sub jec t to  a  superim posed load 
equal to  one and  one-half tim es the live load plus one-half of the 
dead load. This load shall be left in position for a  period of tw en ty - 
four hours before Temoval. If, during the te s t, or upon  rem oval of 
th e  load, the  m em ber or portion  of th e  s tru c tu re  shows ev iden t fail
ure, such changes or m odifications as are necessary to  m ake the 
s truc tu re  adequate  for the ra ted  capacity  shall be m ade; or, where 
lawful, a  lower ra tin g  shall be established. T he s tru c tu re  shall be 
considered to  have passed th e  te s t if th e  m axim um  deflection a t  the  
end of the tw en ty -four hour period does no t exceed th e  value of D  
as given in the  following:

~ .001 L 2

12 t ...................................................................................................T )
all term s expressed in the  sam e units.

(5 6 2 )
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If  the deflection exceeds the  value of D  as given in form ula (1), 
the construction  shall be considered to  have passed the te s t if w ithin 
tw enty-four hours a fte r the  rem oval of the  load the m em ber or portion 
of the  stru c tu re  shows a recovery of a t  least seventy-five per cent of 
th e  observed deflection.

ider
2 0 3 — Supervision

(a) All concrete work shall be supervised by the arch itect or en- 
isenta- gineer responsible for its design, or by  a com petent representative
titering responsible to  the  arch itec t or engineer. A record shall be kep t of
e doubt such supervision, which record shall cover the  quality  and q u an tity
i of tie of concrete m aterials, the  mixing and placing of the concrete, and
als and the placing of the  reinforcing steel. A com plete record shall also be
y qua], kep t of the progress of the work and of the tem peratures, when these
Bpley fall below 40 degrees F ., and of the protection given to the concrete
sonable while curing. This record shall be available for inspection by  the
)ose fot Com m issioner of Buildings a t  all tim es during the progress of the

work and shall be preserved by  the arch itect or engineer for two 
accor(|. years after the  com pletion of the work.

Testing
2 0 4 — P ortland cement

¡5 ^ 1 (a) P ortland  cem ent shall conform to the  “ S tandard  Specifica-
njsy  tions for P ortland  C em ent” (A .S.T.M . Serial D esignation: C9-38) or
jgfQju. the  “ S tandard  Specifications for Iiigh-E arly -S treng th  Portland

C em ent” (A .S.T.M . Serial D esignation: C74-39).

2 0 5 — Concrete aggregates

(a) Concrete aggregates shall conform to the “ S tandard  Specifi- 
idload cations for Concrete A ggregates” (A. S. T. M . Serial D esignation:
of the C33-40), provided however, th a t  aggregates which have been shown
wenty- by  te s t or actual service to  produce concrete of the  required strength ,
ml of durab ility , w ater-tightness, fire-resistance, and  wearing qualities m ay

, be used under Section 302(a) M ethod 2, where authorized by  the 
ke tie Commissioner of Buildings.

(b) The m axim um  size of the  aggregate shall be no t larger th an  
one-fifth of the narrow est dim ension betw een sides of the forms of the

lt^6 m em ber for which the concrete is to be used nor larger th an  three-
fourths of the  m inim um  clear spacing betw een reinforcing bars.

2 0 6 — W ate r

(a) W ater used in mixing concrete shall be clean, and free from 
injurious am ounts of oils, acids, alkalis, organic m aterials, or other 
deleterious substances.
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2 0 7 — M e ta l re inforcem ent

(а) M etal reinforcem ent shall conform  to  the  requirem ents of the  
“ S tandard  Specifications for B illet-Steel Bars for C oncrete R einforce
m en t” (A. S. T. M . Serial D esignation: A15-39), or for “ R ail-Steel 
B ars for Concrete R einforcem ent” (A. S. T . M . Serial D esignation : 
A16-35), or for “Axle-Steel B ars for C oncrete R einforcem ent” (A. S. 
T . M . Serial D esignation: A160-39).

(б) C old-draw n wire or welded wire fabric for concrete reinforce
m ent shall conform to  th e  requirem ents of th e  “S tan d ard  Specifica
tions for Cold-D raw n Steel W ire for Concrete R einforcem ent” (A. S. 
T. M . Serial D esignation: A82-34), or “ S tan d ard  Specifications for 
W elded Steel Wire Fabric for C oncrete R einforcem ent” (A. S. T . M . 
Serial D esignation: A185-37).

(c) S tru c tu ra l steel shall conform  to  th e  requirem ents of the 
“ S tandard  Specifications for S truc tu ra l Steel for Bridges an d  B uild
ings” (A. S. T . M . Serial D esignation: A7-39).

(d) C ast-iron sections for com posite colum ns shall conform  to  th e  
“ T en ta tiv e  Specifications for C ast Iron  P it-cast P ipe for W ate r and 
O ther L iquids” (A .S.T .M . Serial D esignation: A44-39T).

2 0 8 — Storage o f m aterials

(a) Cem ent and  aggregates shall be stored  in such a m anner as 
to  p reven t deterioration  or in trusion  of foreign m atte r. A ny m ate ri
al which has deteriorated  or which has been dam aged shall n o t be 
used for concrete.
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C H A P T E R  3— C O N C R ETE Q U A L IT Y  A N D  W O R K IN G  STRESSES

3 0 0 — N o ta tio n
eel
in; fc =  Com pressive un it stress in extrem e fiber of concrete in flex-
. S. ure-

f c  =  U ltim ate  compressive s treng th  of concrete a t  age of 28 
days unless otherwise specified.

5ca. f T =  Allowable u n it stress in th e  m etal core of a com posite col-
[§ um n.
for fs = Tensile u n it stress in  longitudinal reinforcem ent; nom inal

,1], working stress in vertical colum n reinforcem ent.
f v =  Tensile u n it stress in  web re in fo rcem en t.,

§e n = R atio  of m odulus of elastic ity  of steel to  th a t of concrete,
oild- u  — Bond stress per u n it of surface area of bar.

v — Shearing u n it stress.
> the vc = Shearing un it stress perm itted  on the concrete,
and

3 0 1 — Concrete q u a lity

(a) F o r the design of reinforced concrete structu res, the value of 
f c used for determ ining the working stresses as s tipu lated  in Section 
305 shall be based on the  specified m inim um  ultim ate  28-day com
pressive streng th  of the  concrete, or on the  specified m inim um  u lti
m ate compressive streng th  a t  the  earlier age a t which the  concrete 
m ay  be expected to  receive its  full load. All plans, subm itted  for 
approval or used on th e  job, shall clearly show the assum ed streng th  
of concrete a t  a specified age for which all parts  of the  struc tu re  were 
designed.

(b) All concrete exposed to  the action  of th e  w eather shall have a 
w ater-conten t of no t to  exceed six gallons per sack of cem ent.*

3 0 2 — D ete rm ina tion  o f s tre ng th -qu a lity  o f m aterials

(a) The determ ination  of the proportions of cem ent, aggregate and 
w ater to  a tta in  th e  required strengths shall be m ade by one of the 
following m ethods:

Method 1— Concrete made from  average materials:
When no preliminary tests of the materials to be used are made, the water-content 

per sack of cement shall not exceed the values in Table 302(a). Method 2 shall be 
employed when artificial aggregates or admixtures are used.

*In  clim ates w here fro s t ac tion  is n o t severe th is  section  should  be om itted .

(5 6 5 )
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T A B L E  3 0 2 (a )— A S S U M E D  S TR E N G TH  O F  C O N C R ETE M IX T U R E S

W ater-C o n ten t U . S. G allons A ssum ed C om pressive S tren g th
P e r 94-lb. Sack of C em ent a t  28 D ay s— p.s .i.

7 y2 2000
6 % 2500
6 3000
5 3750

N ote— I n in te rp re tin g  th is  tab le , surface w ate r carried  by  th e  agg rega te  m u s t be inc luded  as p a r t  
of th e  m ixing w ate r in  com puting  th e  w ate r-con ten t.

Method 2— Controlled Concrete:
W ater-content other than shown in Table 302(a) may be used provided th a t the 

strength-quality of the concrete proposed for use in the structure shall be established 
by tests which shall be made in advance of the beginning of operations, using the 
consistencies suitable for the work and in accordance with the “S tandard Method 
of Making Compression Tests of Concrete” (A.S.T.M. Serial Designation: C39-39). 
A curve representing the relation between the water-content and the average 28-day 
compressive strength or earlier strength a t which the concrete is to receive its full 
working load, shall be established for a range of values including all the compressive 
strengths called for on the plans.

The curve shall be established by a t least three points, each point representing 
average values from a t least four test specimens. The maximum allowable water- 
content for the concrete for the structure shall be as determined from this curve 
and shall correspond to a strength which is fifteen per cent greater than  th a t called 
for on the plans. No substitutions shall be made in the materials used on the work 
without additional tests in accordance herewith to show th a t the quality of the 
concrete is satisfactory.

30 3 — Tests on concrete

(a) T he Com m issioner of Buildings shall require a  reasonable n u m 
ber of com pression tests to be m ade during the progress of th e  work. 
Such tests shall be m ade in accordance w ith  the “ S tan d ard  M ethod  of 
M aking and Storing Com pression T est Specim ens of C oncrete in 
the F ield” (A. S. T. M . Serial D esignation C31-39), and  cured in 
accordance w ith the  requirem ents for lab o ra to ry  contro l tests.

(b) N o t less th an  three specim ens shall be m ade for each te s t; nor 
less th an  one te s t for each 250 cu. yd. of concrete.

(c) The s tan d ard  age of tes t shall be 28 days, b u t 7-day tests  m ay 
be used provided th a t the  relation  betw een th e  7- and  28-day s treng ths 
of the  concrete is established by  te s t for the m ateria ls and  p ropor
tions used.

(d) W here the  average s treng th  of the  lab o ra to ry  control cylin
ders for any  portion of the  stru c tu re  falls below th e  m inim um  u lti
m ate  compressive streng ths called for on the plans, the  C om m issioner of 
Buildings shall have the righ t to  order a  change in the  m ix ture  or in  the 
w ater-conten t for the rem aining portion  of th e  s tru c tu re . In  cases 
where the average s treng th  of th e  cylinders cured on the  job falls be-
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low th e  required streng th , the  Commissioner of Buildings shall have 
the  righ t to  require conditions of tem pera tu re  and m oisture neces
sa ry  to  secure th e  required strength . If th e  average streng th  of either 
th e  lab o ra to ry  control cylinders or th e  cylinders cured on th e  job 
falls below th e  required strength , load tests  as specified in Section 
202 m ay  be required  on the  portion  of the  struc tu re  so affected.

3 0 4 — Concrete proportions and consistency

(a) T he proportions of aggregate to  cem ent for an y  concrete shall 
be such as to  produce a m ixture which will work readily  in to  the 
corners and  angles of the forms and around reinforcem ent w ith  the 
m ethod  of placing em ployed on the  work, b u t w ithout perm itting  the 
m ateria ls to  segregate or excess free w ater to  collect on the surface. 
T he com bined aggregates shall be of such com position of sizes th a t 
w hen separated  on the No. 4 s tan d ard  sieve, the  weight passing the 
sieve (fine aggregate) shall no t be less th an  th ir ty  per cent nor greater 
th an  fifty per cent of the to ta l, except th a t these proportions do not 
necessarily app ly  to  light-w eight aggregates.

(ib) T he m ethods of m easuring concrete m aterials shall be such 
th a t  the  proportions can be accurately  controlled and  easily checked 
a t  any  tim e during th e  work. * M easurem ent of m aterials for ready  
mixed concrete shall conform to  the  “S tandard  Specifications for 
R eady-M ixed C oncrete” (A. S. T. M . Serial D esignation: C94-38).

30 5 — A llo w a b le  un it stresses in concrete

(a) The u n it stresses in  pounds per square inch on concrete to  be 
used in  th e  design shall no t exceed the values of Table 305(a) where 
f ' c equals the m inim um  specified u ltim ate  compressive s treng th  a t 
28 days, or a t the  earlier age a t  which th e  concrete m ay be expected 
to  receive its  full load.

3 0 6 — A llo w a b le  un it stresses in re inforcem ent

Unless otherw ise provided in  these Regulations, steel for concrete 
reinforcem ent shall no t be stressed in excess of the  following lim its :

(a) Tension
(/„ =  Tensile u n it stress in longitudinal reinforcem ent) 

and  (Jv = Tensile un it stress in web reinforcem ent)

20,000 p.s.i. for Rail-Steel Concrete R einforcem ent Bars, Billet- 
Steel Concrete R einforcem ent B ars (of in term ediate  and hard  
grades), Axle-Steel C oncrete R einforcem ent Bars (of in te r
m ediate and  hard  grades), and Cold-D raw n Steel Wire for 
C oncrete Reinforcem ent.

♦W herever p rac ticab le  such  m easurem ent shall be by  w eight ra th e r th a n  by  volum e.
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T A B L E  3 0 5 (a )— A L L O W A B L E  U N IT  STRESSES IN  C O N C R ETE

A llow able U n it S tresses

D escrip tion

F o r A ny 
S tren g th  of 
C oncre te  as 

F ixed  by

W hen S tren g th  of C on cre te  is F ixed  
b y  th e  W a te r-C o n te n t in  A ccordance 

w ith  S ection  302

A ccordance 
w ith  Section 

302 
30000

A

A  — 
2000 
p .s .i.

71 — 15

A  =
2500 
p .s .i. 

n  =  12

A  =
3000 
p .s .i. 

n  =  10

S ' 7 —
3750
p .s .i.

71 =  8

F lexu re : f c
E x trem e fiber s tress in  com pression ............ f c 0 .4 5 A 900 1125 1350 1688

S hear: v
B eam s w ith  no w eb re in fo rcem ent and  

w ith o u t special anchorage of lon g itu d 
ina l s te e l............................................................ Ve 0 .0 2 /'. 40 50 60 75

Beam s w ith  no web rein fo rcem ent b u t 
w ith  special anchorage of long itud ina l 
s te e l..................................................................... Ve 0 .0 3 /'. 60 75 90 113

B eam s w ith  p roperly  designed w eb re in 
fo rcem ent b u t w ith o u t special anchorage 
of long itud ina l s te e l....................................... V 0 .0 6 /'. 120 150 180 225

B eam s w ith  p roperly  designed w eb rein 
fo rcem ent an d  w ith  special anchorage of 
long itud ina l s te e l............................................ V 0 .1 2 /'. 240 300 360 450

♦ F la t s labs a t  d is tance  d  from  edge of col
um n cap ita l or d rop  p a n e l .......................... Vc

Ĉ
CY?

o
q

d
o 60 75 90 113

♦♦ F ootings.................................................................. Vc 60 75 75 75

JB ond : u
In  beam s an d  slabs and  one-w ay footings: 

P la in  b a r s .......................................................... U

b u t  n o t 
to  exceed 
75 p .s.i.

0 .0 4 /'. 80 100 120 150

D eforpied  b a r s ................................................. U

b u t  n o t 
to  exceed 
160 p .s .i.

0 ,0 5 /'. 100 125 150 188

In  tw o-w ay footings:
P la in  bars (h o o k ed ) ....................................... U

b u t  n o t 
to  exceed 
200 p .s .i.

0 .0 4 5 /'. 90 113 135 160

D eform ed bars (h o o k ed )............................. U

b u t  n o t 
to  exceed 
160 p .s.i.

0 .0 5 6 /'. 112 140 168 200

B earing : f c
O n fu ll a r e a ........................................................... fc

b u t  n o t 
to  exceed 
200 p .s .i.

0 .2 5 /'. 500 625 750 938
On one-th ird  a rea  or l e s s f ............................... f c 0 .37 5 /'. 750 938 1125 1405

*See Section 807. ♦♦See S ection  905(a) a n d  808(a).
tT h e  allow able bearing  s tress  on an  a rea  g rea te r  th a n  o n e-th ird  b u t  less th a n  th e  fu ll a rea  sh a ll b e  

in te rp o la ted  betw een  th e  values given .
tW h ere  special anchorage is p rov ided  (see Section 903(a) ) , one a n d  one-half tim es th e se  values in 

b o n d  m ay  be used in  beam s, s labs and  one-w ay  footings, b u t  in  no  case to  exceed  200 p .s .i. fo r p la in  
bars  an d  250 p .s .i. for deform ed b ars . T h e  values g iven  for tw o-w ay  foo tings in c lu d e  an  allow ance for 
special anchorage.

18,000 p.s.i. for B illet-Steel C oncrete R einforcem ent B ars (of 
stru c tu ra l grade), and  Axle-Steel C oncrete R einforcem ent B ars 
(of s tru c tu ra l grade).

(b) Tension in  One-W ay Slabs of N ot M ore Than 12 Feet Span  

( / .  =  Tensile u n it stress in m ain reinforcem ent).
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F or th e  m ain  reinforcem ent, ^  inch or less in  d iam eter, in  one-way 
slabs, 50 per cen t of the m inim um  yield point specified in the S tandard  
Specifications of the  A m erican Society for Testing M aterials for the 
particu la r k ind  and  grade of reinforcem ent used, b u t in no case to  
exceed 30,000 p.s.i.

(c) Compression, Vertical Column Reinforcement

(f, =  N om inal working stress in  vertical colum n reinforcem ent).

F o rty  per cent of the  m inim um  yield po in t specified in the S tandard  
Specifications of the  A m erican Society for Testing M aterials for the  
particu la r k ind and  grade of reinforcem ent used, b u t in no case to  
exceed 30,000 p.s.i.

(f T =  Allowable u n it stress in the  m etal core of composite and 
com bination co lum ns):

S truc tu ra l steel sec tions............................................................. 16,000 p.s.i.
C ast iron sec tions 10,000 p.s.i.
Steel p ip e .............................................. See lim itations of Section 1106(b)

(d) Compression, Flexural Members

F or compression reinforcem ent in flexural m em bers see Section 
706(b).



CHAPTER 4— MIXING AN D  PLACING CONCRETE

4 0 1 — Preparation o f equ ipm ent and p lace  o f deposit

(а) Before placing concrete, all equipm ent for m ixing and  tran s
porting  the  concrete shall be cleaned, all debris and  ice shall be re
m oved from  the spaces to  be occupied b y  th e  concrete, form s shall 
be thoroughly  w etted  (except in freezing w eather) or oiled, and 
m asonry filler un its th a t will be in co n tac t w ith  concrete shall be 
well drenched (except in freezing w eather), and  th e  reinforcem ent 
shall be thoroughly  cleaned of ice or o ther coatings.

(б) W ater shall be rem oved from  place of deposit before concrete 
is placed unless otherwise perm itted  by  the Com m issioner of Buildings.

4 0 2 — M ix in g  o f concrete

(а) Unless otherwise au thorized  by  th e  Com m issioner of B uild
ings, the  mixing of concrete shall be done in  a  b a tch  m ixer of approved 
type.

(б) The concrete shall be mixed u n til there  is a  uniform  d istribu tion  
of the  m aterials and  shall.be  discharged com pletely before th e  m ixer 
is recharged.

(c) F o r job m ixed concrete, the  m ixer shall be ro ta te d  a t  a  speed 
recom m ended b y  the  m anufacturers and  m ixing shall be continued  
for a t  least one m inute  a fte r all m aterials are in  th e  m ixer. A longer 
mixing period m ay be required  for mixers larger th a n  one cubic yard  
capacity .

(d) R eady-m ixed concrete shall be mixed and  delivered in  accord
ance w ith the  requirem ents set fo rth  in th e  “ S tan d ard  Specifications 
for R eady-M ixed C oncrete” (A. S. T . M . Serial D esignation C94-38).

4 0 3 — C onveying

(a) Concrete shall be conveyed from  the  m ixer to  th e  place of 
final deposit by  m ethods which will p reven t th e  separa tion  or loss of 
the  m aterials.

(b) E qu ip m en t for chuting , pum ping  and  pneum atica lly  convey
ing concrete shall be of such size and  design as to  insure a practically  
continuous flow of concrete a t  the  delivery end w ithou t separa tion  
of the m aterials.

4 0 4 — D epositing

(a) C oncrete shall be deposited as nearly  as p racticab le  in its 
final position to  avoid segregation due to  rehandling or flowing. The

(5 7 0 )
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concreting shall be carried on a t  such a ra te  th a t  the  concrete is a t  all 
tim es p lastic  and  flows readily  in to  the spaces betw een the bars. No 
concrete th a t  has p artia lly  hardened or been con tam inated  by  for
eign m aterials shall be deposited on the  work, nor shall retem pered 
concrete be used.

(fc) W hen concreting is once s ta rted , it  shall be carried on as a 
continuous operation  until the  placing of the panel or section is com
pleted. T he top  surface shall be generally level. W hen construc
tion  jo in ts are necessary, th ey  shall be m ade in accordance with 
Section 508.

(c) All concrete shall be thoroughly  com pacted b y  suitable means 
during the operation  of placing, and  shall be thoroughly  worked 
around the reinforcem ent and em bedded fixtures and  in to  the  corners 
of the forms. V ibrators m ay be used to  aid  in the p lacem ent of the  
concrete provided th ey  are used under experienced supervision, and 
the forms are designed to  w ithstand  their action.

(d) W here conditions m ake com pacting difficult, or where the re
inforcem ent is congested, batches of m orta r containing th e  same pro
portions of cem ent to  sand as used in the concrete, shall first be 
deposited in th e  form s to  a dep th  of a t  least one inch.

4 0 5 — Curing

(a) In  all concrete structu res, concrete m ade w ith norm al portland  
cem ent shall be m ain tained  in a  m oist condition for a t  least the  first 
seven days a fte r placing and  high-early-strength  concrete shall be so 
m ain tained  for a t  least the first th ree days.

4 0 6 — C old  weather requirements

(a) A dequate equipm ent shall be provided for heating  the con
crete m aterials and  pro tecting  th e  concrete during  freezing or near
freezing w eather. No frozen m aterials or m aterials containing ice 
shall be used.

(b) All concrete m aterials and  all reinforcem ent, forms, fillers 
and  g ro u n d 'w ith  which the  concrete is to  come in  contact, shall be 
free from  frost. W henever the tem pera tu re  of the  surrounding air 
is below 40 degrees Fahrenheit, all concrete when placed in the  forms 
shall have a  tem pera tu re  of betw een 60 and  90 degrees F ahrenheit 
and  shall be m ain tained  a t  a  tem p era tu re  of no t less th an  50 degrees 
F ah ren h e it for a t  least 72 hours for norm al concrete or 24 hours 
for high-early-strength  concrete, or for as m uch more tim e as is
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necessary to  insure proper ra te  of curing of th e  concrete. T he hous
ing, covering or o ther protection used in connection w ith curing shall 
rem ain in place and in tac t a t  least tw en ty -four hours a fte r the  artificial 
heating is discontinued. No dependence shall be placed on sa lt or 
o ther chemicals for the  prevention of freezing. M anure, when used 
for protection, shall no t be allowed to  come in to  con tac t w ith the 
concrete.



C H A P T E R  5— F O R M S  A N D  D E T A IL S  O F  C O N S T R U C T IO N

5 0 1 — Design o f forms

(a) Form s shall conform  to  the shape, lines, and  dim ensions of 
the  m em bers as called for on th e  plans, and  shall be substan tia l and 
sufficiently tig h t to  p reven t leakage of m ortar. T hey  shall be properly 
braced or tied  toge ther so as to  m ain ta in  position and  shape.

5 0 2 — Rem oval o f forms

(a) Form s shall be rem oved in such m anner as to  insure the 
com plete safety  of th e  s truc tu re . W here the  struc tu re  as a  whole is 
supported  on shores, th e  rem ovable floor form s, beam  and  girder 
sides, colum n and  sim ilar vertical forms m ay be rem oved after 
tw enty-four hours, providing the  concrete is sufficiently hard  no t to 
be in jured  thereby . In  no case shall the  supporting forms or shor
ing be rem oved u n til th e  m em bers have acquired sufficient s treng th  
to  support safely the ir weight and  the  load thereon. T he results of 
suitable control tests  m ay  be used as evidence th a t the concrete 
has a tta in ed  such sufficient strength .

5 0 3 — Pipes, conduits, etc., em bedded in concrete

(a) Pipes which will contain  liquid, gas or vapor a t o ther than  
room tem peratu re  shall no t be em bedded in concrete necessary for 
s tru c tu ra l s tab ility  or fire protection. D rain  pipes and  pipes whose 
contents will be under pressure greater th an  atm ospheric pressure 
by more th a n  one pound per square inch shall no t be em bedded in 
stru c tu ra l concrete except in passing th rough from  one side to  the 
o ther of a  floor, wall or beam . Electric conduits and o ther pipes 
whose em bedm ent is allowed shall no t, w ith the ir fittings, displace 
th a t  concrete of a  colum n on which stress is calculated or which is 
required for fire protection , to  greater ex ten t th an  four per cent of 
the area of th e  cross section. Sleeves or o ther pipes passing through 
floors, walls or beam s shall no t be of such size or in such location 
as undu ly  to  im pair the  stren g th  of the construction; such sleeves or 
pipes m ay be considered as replacing stru c tu ra lly  the  displaced con
crete, provided th ey  are no t exposed to  rusting  or o ther deterioration, 
are of uncoated  iron or steel no t th inner th an  s tan d ard  wrought-iron 
pipe, have a nom inal inside d iam eter no t over tw o inches, and are 
spaced no t less th an  three diam eters on centers. Em bedded pipes

(5 7 3 )
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or conduits o ther th a n  those m erely passing th rough , shall no t be 
larger in outside d iam eter th an  one-th ird  th e  th ickness of the  slab, 
wall or beam  in which th ey  are em bedded; shall n o t be spaced closer 
th an  three d iam eters on centers, no r so located as u n d u ly  to  im p a ir 
the  s treng th  of th e  construction. C ircu lar uncoated  or galvanized 
electric conduit of iron or steel m ay be considered as replacing th e  
displaced concrete.

5 0 4 — C leaning and bending re inforcem ent

(a) M etal reinforcem ent, a t  th e  tim e concrete is placed, shall be 
free from  ru s t scale or o ther coatings th a t  will destroy  or reduce 
the bond. Bends for stirrups and  ties shall be m ade aro u n d  a  pin 
having a d iam eter no t less th a n  tw o tim es the  m inim um  thickness 
of the  bar. Bends for o ther bars shall be m ade around  a  p in  hav ing  
a  d iam eter no t less th a n  six tim es th e  m inim um  th ickness of th e  bar, 
except th a t  for bars larger th a n  one inch, th e  p in  shall be n o t less 
th an  eight tim es th e  m inim um  thickness of the bar. All bars  shall 
be ben t cold.

5 0 5 — P lacing re inforcem ent

(a) M etal reinforcem ent shall be accu ra tely  placed an d  ad eq u a te ly  
secured in position b y  concrete or m etal chairs an d  spacers. The 
m inim um  clear d istance betw een parallel bars shall be one and  one- 
half tim es th e  d iam eter for round  bars and  tw ice th e  side dim ension 
for square bars. If  special anchorage as required  in  Section 903 is  
provided, th e  m inim um  clear distance betw een paralle l b ars  shall 
be equal to  the  d iam eter for round  bars and  one and  one-half tim es 
the side dim ension for square bars. In  no case shall th e  clear dis
tance betw een bars be less th a n  one in ., nor less th a n  one and  one- 
th ird  tim es the  m axim um  size of th e  coarse aggregate.

(b) W hen wire or o ther reinforcem ent, no t exceeding one-fourth  
inch in  d iam eter is used as reinforcem ent for slabs n o t exceeding 
ten  feet in span, the  reinforcem ent m ay  be curved from  a  p o in t near 
the top  of th e  slab over the support to  a  p o in t near th e  b o tto m  of th e  
slab a t  m id-span; provided such reinforcem ent is e ither continuous 
over, or securely anchored to  th e  support.

506— Splices and offsets in re in forcem ent

(a) In  slabs, beam s and  girders, splices of reinforcem ent a t  points 
of m axim um  stress shall generally  be avoided. Splices shall provide 
sufficient lap  to  transfer the stress betw een bars by  bond  and  shear. 
In  such splices the  m inim um  spacing of bars shall be as specified in  
Section 505.
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(6) W here changes in the  cross section of a  colum n occur, the  
longitud inal bars shall be offset in a region where la teral support is 
afforded. W here offset, the slope of the inclined portion shall no t 
be more th an  1 in 6, and  in the case of tied  columns the ties shall 
be spaced no t over th ree inches on centers for a distance of one foot be
low the actual po in t of offset.

5 0 7 — Concrete p ro tec tion  for re inforcem ent

(а) T he reinforcem ent of footings and  o ther principal s tru c tu ra l 
m em bers in which the concrete is deposited against the  ground shall 
have no t less th a n  three inches of concrete betw een it  and  the ground 
co n tac t surface. If concrete surfaces after rem oval of the  form s are 
to  be exposed to  the w eather or be in contact w ith the  ground, the  
reinforcem ent shall be p ro tected  with no t less th an  two inches of con
cre te  for bars more th an  Y% inch in d iam eter and  one and  one-half 
inches for bars Y  inch or less in diam eter.

(б) T he concrete protective covering for reinforcem ent a t  sur
faces no t exposed directly  to  the  ground or w eather shall be no t less 
th an  th ree-fourths inch for slabs and walls; and no t less th an  one 
an d  one-half inches for beam s, girders and columns. In  concrete 
joist floors in which the clear distance betw een joists is no t more 
th an  th ir ty  inches, the protection  of m etal reinforcem ent shall be 
a t  least th ree-fourths inch.

(c) If  the  code of which these regulations form  a p a rt specifies, 
as fire-protective covering of the reinforcem ent, thicknesses of con
crete  g reater th a n  those given in th is section, then  such greater 
thicknesses shall be used.

(d) Concrete protection for reinforcem ent shall in all cases be a t 
least equal to  the d iam eter of round bars, and one and one-half times 
the  side dim ension of square bars.

(e) Exposed reinforcem ent bars in tended for bonding w ith fu ture 
extensions shall be protected  from  corrosion by  concrete or other 
ad eq u a te  covering.

5 0 8 — Construction joints

(a) Jo in ts no t indicated  on the  plans shall be so m ade and  located 
as to  least im pair the  streng th  of the  struc tu re . W here a jo in t is to 
be m ade, the  surface of the concrete shall be thoroughly  cleaned and 
all laitance rem oved. In  addition  to  the  foregoing, vertical jo in ts 
shall be thoroughly  w etted  b u t no t sa tu ra ted , and slushed w ith a 

co a t of nea t cem ent grout im m ediately before placing of new concrete.
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(6) A t least two hours m ust elapse a fte r depositing concrete in 
the  columns or walls before depositing in beam s, girders, or slabs 
supported  thereon. Beam s, girders, b rackets, colum n capitals, and 
haunches shall be considered as p a r t of the  floor system  and  shall be 
placed m onolithically therew ith .

(c) C onstruction  jo in ts in floors shall be located  n ea r the  m iddle 
of th e  spans of slabs, beam s, or girders, unless a  beam  in tersects a 
g irder a t  th is point, in which case th e  jo in ts  in  the  g irders shall be 
offset a distance equal to  twice the w idth  of th e  beam . In  th is last 
case provision shall be m ade for shear b y  use of inclined reinforcem ent
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6 0 0 — N o ta tio n

f'e  =  U ltim ate  compressive s treng th  of concrete a t  age of 28 
days, unless otherwise specified. 

n = R atio  of m odulus of elasticity  of steel to  th a t  of con-

Crete - ^ a s s u m e d  as equal t o « .
E c f  c

601 — Assum ptions

(a) T he design of reinforced concrete m embers shall be made 
w ith  reference to  working stresses and safe loads. The accepted 
th eo ry  of flexure as applied to  reinforced concrete shall be applied to  
all m em bers resisting bending. The following assum ptions shall be 
m ade:

1. T he steel takes all the  tensile stress.
2. In  determ ining the ra tio  n io n  design purposes, the  m odulus 

of elastic ity  for th e  concrete shall be assum ed as 1000 /'„, and th a t 
for steel as 30,000,000 p.s.i.

6 0 2 — Design loads

(a) The provisions for design herein specified are based on the 
assum ption th a t  all struc tu res shall be designed for all dead- and 
live-loads coming upon them , the live-loads to  be in accordance 
w ith the  general requirem ents of the building code of which this 
forms a  p a rt, w ith such reductions for girders and lower sto ry  col
um ns as are perm itted  therein.

6 0 3 — Resistance to  w ind forces

(а) The resisting elem ents in struc tu res required to resist wind 
forces shall be lim ited to  the  in tegral s tru c tu ra l parts.

(б) T he m om ents, shears, and direct stresses resulting from wind 
forces determ ined in accordance w ith recognized m ethods shall be 
added to  the m axim um  stresses which obtain  a t  any  section for 
dead- and  live-loads.

(c) In  proportioning the com ponent parts  of the  structu re  for 
the m axim um  combined stresses, including wind stresses, the un it 
stresses shall no t exceed the allowable stresses for com bined live- 
and dead-loads provided in Sections 305, 306 and  1110 by more th an  
one-third. The stru c tu ra l m em bers and the ir connections shall be 
so proportioned as to  provide suitable rig id ity  of structure .

(5 7 7 )
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7 0 0 — N o ta tio n

A  =  Span length betw een opposite supports in  one direction.
B  = Span length  a t  righ t angles to  A .
b — W idth  of rectangu lar beam  or w id th  of flange of T -beam .

b' = W idth  of web in  beam s of I  or T  sections.
d =  D epth  from  compression face of beam  or slab to  cen ter of 

longitudinal tensile reinforcem ent; the d iam eter of a 
round b ar or side of a  square bar.

eA =  F ac to r m odifying rA, used in  obtain ing  an  equ ivalen t un i
form  load for bending m om ents on span  A .

eB = F acto r m odifying rB, used in  ob tain ing  an  equ ivalen t un i
form  load for bending m om ents on span  B .

E  =  The m odulus of elastic ity  of concrete in  com pression.
FaA  =  T he distance betw een lines of inflection in  span  A , con

sidering span A  only to  be loaded.
F bB  =  T he d istance betw een lines of inflection in  span  B, con

sidering span  B  only to  be loaded.
Fa = R atio  of the  distance betw een assum ed inflection points 

of th e  span  A  to  span A  in  an  iso lated  s trip  ex tending  the  
entire w idth  of th e  s tru c tu re  when a uniform ly  d is trib 
u ted  load is applied to  span A  only.

F b = R atio  as defined above, b u t  applying to  span  B.
h = U nsupported  length  of a  colum n.
I  =  M om ent of inertia  of a section ab o u t th e  n eu tra l axis for 

bending.
K  =  T he stiffness factor, th a t  is, th e  m om ent of in e rtia  divided 

by  the  span.

K a =  Stiffness factor for span  A  of panel A B .
A

K b =  Stiffness factor for span B  of panel A B .

K ar = Stiffness factors for any  span  ad jacen t to  an d  continuous 
w ith span A .

K br =  Stiffness factors for any  span ad jacen t to  and  continuous 
w ith span  B .

I =  Span length  of slab or beam .

(5 7 8 )
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V =  Clear span for positive m om ent and  the average of the  
two ad jacen t clear spans for negative m om ent (See Sec
tion  701).

N  =  T he sum  of the lengths of those edges of panel A B  which 
are also edges of ad jacen t panels continuous w ith A B . 

qA =  6rA (1 -  eA).
Qb =  Ocg (1 — eB).
rA = P roportion  of the  to ta l load carried by  span A  of slab. 
rB =  P roportion  of the  to ta l load carried b y  span B  of slab, 
b =  M inim um  to ta l thickness of slab.
w = U niform ly d istribu ted  load per u n it of length of beam  or 

per u n it area of slab. 
x  =  D istance from  face of support to  point in span.

70 1 — G enera l requirements

(a) All m em bers of fram es or continuous construction shall be 
designed to  resist a t  all sections the m axim um  m om ents and  shears 
produced by  dead load, live load and wind load, as determ ined by  the 
theory  of elastic fram es in  which the simplified assum ptions of Section 
702 m ay  be used.

(b) A pproxim ate m ethods of fram e analysis are satisfactory  for 
buildings of usual types of construction, spans and  sto ry  heights.

(c) In  the  case of two or more approxim ately  equal spans (the 
larger of two ad jacen t spans n o t exceeding the shorter b y  more th an  
20 per cent) w ith loads uniform ly d istribu ted , where the un it five 
load does no t exceed three tim es th e  u n it dead load, design for the 
following m om ents and shears is satisfactory :

Positive m om ent a t  center of span 

E n d  sp a n s ........................................

In te rio r sp a n s .........................................................................................— — wl'2
lo

N egative m om ent a t  exterior face of first in terior support

1
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N egative m om ent a t o ther faces of interior supports y y  w^

N egative m om ent a t  face of all supports for, (a) slabs w ith  spans 
no t exceeding ten  feet, and (b) beam s and girders where ra tio  
of sum  of column stiffnesses to  beam  stiffness exceeds eight

_1^
1 2

Shear in end m em bers a t first in terio r support 1.15

Shear a t o ther supports

wl '2

wV
~2
wl'
2

7 0 2 — C ond itions o f de sign*

(o) Arrangement o f Live Load
1. The live load m ay  be considered to  be applied  only to  the  

floor under consideration, and th e  far ends of th e  colum ns m ay 
be assum ed as fixed.

2. C onsideration m ay  be lim ited  to  com binations of dead load 
on all spans w ith  full live load on tw o ad jacen t spans and  w ith 
full live load on a lte rn a te  spans.

(b) Span  length
1. T he span length , I, of m em bers th a t  are n o t b u ilt in tegrally  

w ith th e ir  supports shall be th e  clear span plus th e  d ep th  of the 
slab or beam  b u t shall n o t exceed the  distance betw een centers 
of supports.

2. In  analysis of continuous fram es, cen ter to  cen ter distances, 
I and h, m ay  be used in  th e  determ ination  of m om ents. M om ents 
a t faces of supports m ay  be used for design of beam s and  girders.

3. Solid or ribbed slabs w ith  clear spans of n o t m ore th an  
ten  feet th a t  are bu ilt in tegrally  w ith  th e ir  supports  m ay  be de
signed as continuous slabs on knife edge supports w ith  spans 
equal to  the  clear spans of the  slab and  the w idth  of beam s o th e r
wise neglected.

(c) Stiffness

1. T he stiffness, K , of a  m em ber is defined as E l  d iv ided by 
I or h.

2. In  com puting the value of I  of slabs, beam s, girders, and 
columns, the  reinforcem ent m ay  be neglected. In  T -shaped  sec
tions allowance shall be m ade for the  effect of flange.

»C h ap te r 7 deals w ith  floor m em bers only . F o r m om en ts  in  colum ns see S ection  1108.
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3. Any reasonable assum ption m ay be adopted  as to  relative 
stiffness of columns and  of floor system . The assum ption made 
shall be consistent th roughou t th e  analysis.

(d) Haunched Floor Members
1. W hen m em bers are widened near the  supports, th e  add i

tional w idth  m ay  be neglected in com puting m om ents, b u t m ay 
be considered as resisting th e  resulting m om ents and shears.

2. W hen m em bers are deepened near th e  supports, th ey  m ay 
be analyzed as m em bers of constan t dep th  provided the m inim um  
dep th  only is considered as resisting th e  resulting m om ents; 
otherwise an analysis tak ing  in to  account the  variation  in depth  
is required. In  any  case, th e  actual dep th  m ay be considered as 
resisting shear.

(e) Lim itations
1. W herever a t  any  section positive reinforcem ent is indicated 

by  analysis, th e  am ount provided shall be no t less th an  .005 b'd 
except in slabs of uniform  thickness.

2. N o t less th an  0.005 b'd of negative reinforcem ent shall be 
provided a t  the  ou ter end of all m em bers bu ilt in tegrally  with 
the ir supports.

3. W here analysis indicates negative reinforcem ent along the 
full length  of a  span, the  reinforcem ent need no t be extended 
beyond the point where th e  required am ount is 0.0025 b'd or less.

4. In  slabs of uniform  thickness the  m inim um  am ount of 
reinforcem ent in th e  direction of th e  span shall b e :

F o r s truc tu ra l, in term ediate  and  hard  grades and rail
s te e l.......................................................................................... 0.0025 bd

F or steel having a  m inim um  yield po in t of 56,000
p. s. i ........................................................................................  0.002 bd

70 3 — Depth o f beam or slab

(a) The dep th  of the  beam  or slab shall be taken  as the distance 
from the centroid of the  tensile reinforcem ent to  the compression face 
of the  s tru c tu ra l m em bers. A ny floor finish no t placed m onolithically 
w ith the floor slab shall no t be included as a p a rt of the s truc tu ra l 
m em ber. W hen the finish is placed m onolithically w ith the structu ra l 
slab in buildings of th e  warehouse or industria l class, there shall be 
placed an additional dep th  of one-half inch over th a t required by the 
design of th e  member.

70 4 — Distance between la te ra l supports

(a) T he clear distance betw een la teral supports of a beam  shall not 
exceed th irty -tw o  tim es the least w idth of compression flange.



58 2  J O U R N A L  O F  THE A M E R IC A N  C O N C R ETE  INSTITUTE June 19 45

70 5 — Requirements for T-beams

(a) In  T-beam  construction  the slab and  beam  shall be bu ilt in 
tegrally  or otherwise effectively bonded together. The effective 
flange w idth to  be used in th e  design of sym m etrical T -beam s shall 
n o t exceed one-fourth of the span  length  of the  beam , and  its over
hanging w idth on either side of th e  web shall n o t exceed eigh t tim es 
the thickness of the slab nor one-half the  clear distance to  th e  next 
beam .

(b) F or beam s having a flange on one side only, th e  effective over
hanging flange w idth  shall no t exceed one-tw elfth  of th e  span  length 
of the  beam , nor six tim es the  thickness of the  slab, nor one-half the 
clear distance to  the  next beam .

(c) W here the principal reinforcem ent in a slab which is con
sidered as the  flange of a  T-beam  (not a  jo ist in  concrete jo ist floors) 
is parallel to  the  beam , transverse reinforcem ent shall be provided  in 
the top  of the  slab. This reinforcem ent shall be designed to  carry  
the load on the  portion  of th e  slab assum ed as the flange of th e  T-beam . 
The spacing of the bars shall n o t exceed five tim es the th ickness of 
the flange, nor in  any  case eighteen inches.

(d) Provision shall be m ade for th e  com pressive stress a t  th e  sup
po rt in  continuous T -beam  construction , care being tak en  th a t  the 
provisions of Section 505 relating  to  the  spacing of bars, and  404(d), 
re la ting  to  the  placing of concrete shall be fully m et.

(e) The overhanging portion  of th e  flange of th e  beam  shall no t be 
considered as effective in com puting the shear and  diagonal tension 
resistance of T-beam s.

(/) Isolated  beam s in which the  T-form  is used only for th e  p u r
pose of providing additional com pression area, shall have a flange 
thickness no t less th a n  one-half the  w idth  of th e  web and  a  to ta l 
flange w idth no t more th an  four tim es th e  web thickness.

7 0 6 — Compression steel in flexura l members

(a) Com pression steel in beam s, girders, or slabs shall be anchored 
by ties or stirrups no t less th a n  ^  inch in d iam eter spaced n o t fa rth e r 
a p a rt th a n  16 b ar d iam eters, or 48 tie d iam eters. Such s tirrups or 
ties shall be used th roughou t the distance where th e  com pression steel 
is required.

(ib) The effectiveness of com pression reinforcem ent in  resisting 
bending m ay be taken  a t  twice the value ind icated  from  the  calcula
tions assum ing a straigh t-line relation  betw een stress and  s tra in  and 
the  m odular ra tio  given in Section 601, b u t no t of g rea ter value th an  
th e  allowable stress in  tension.
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70 7 — Shrinkage and tem perature re inforcem ent

(a) R einforcem ent for shrinkage and tem pera tu re  stresses norm al 
to  the  principal reinforcem ent shall be provided in floor and roof 
slabs where the  principal reinforcem ent extends in one direction only. 
Such reinforcem ent shall provide for th e  following m inim um  ratios 
of reinforcem ent area to  concrete area bd, b u t in no case shall such 
reinforcing bars be placed fa rth er a p a rt th an  five tim es the slab 
thickness nor more th a n  eighteen inches:

Floor slabs where plain bars are u se d ......................................
F loor slabs where deform ed bars are u se d ..............................
F loor slabs where wire fabric is used, having welded in te r

sections no t fa rth e r a p a rt in the  direction of stress than
tw elve inches................................................................................

Roof slabs where plain bars are u sed .......................................
Roof slabs where deform ed bars are u sed ...............................
Roof slabs where wire fabric is used, having welded in te r

sections no t fa rth e r a p a r t in  the  direction of stress th an  
twelve inches................................................................................

7 0 8 — Concrete joist floor construction

(a) Concrete jo ist floor construction  consists of concrete joists 
and  slabs placed m onolithically w ith or w ithout burned clay or con
crete tile fillers. T he joists shall no t be fa rth er a p a rt th an  th ir ty  
inches face to  face. The ribs shall be stra igh t, no t less th an  four 
inches wide, nor of a  dep th  more th a n  three tim es the  Width.

(b) W hen burned  clay or concrete tile fillers, of m aterial having 
a  u n it compressive s treng th  a t  least equal to  th a t  of the designed 
s treng th  of the  concrete in the  joists are used, and the fillers are so 
placed th a t  the jo in ts in a lternate  rows are staggered, the vertical 
shells of the  fillers in  contact w ith the joists m ay be included in the 
calculations involving shear or negative bending m om ent. No other 
portion  of the fillers m ay be included in the design calculations.

(c) The concrete slab over the fillers shall be not less th an  one and 
one-half inches in thickness, nor less in thickness th an  one-twelfth 
of the clear distance betw een joists. Shrinkage reinforcem ent in the 
slab shall be provided as required in Section 707.

(d) W here rem ovable forms or fillers no t complying w ith (6) are 
used, th e  thickness of the  concrete slab shall no t be less th an  one- 
tw elfth  of th e  clear distance betw een joists and in no case less th an  
two inches. Such slab shall be reinforced a t  right angles to  the  joists 
w ith a m inim um  of .049 sq. in. of reinforcing steel per foot of w idth, 
and  in slabs on which the prescribed live load does no t exceed fifty 
lb. per sq. ft., no additional reinforcem ent shall be required. .

0.0025
0.002

0.0018
0.003
0.0025

0.0022
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(e) W hen the  finish used as a  wearing surface is placed m ono- 
lithically  w ith th e  s tru c tu ra l slab in  buildings of th e  warehouse or 
industria l class, th e  thickness of th e  concrete over th e  fillers shall be 
one-half inch g reater th an  th e  thickness used for design purposes.

(/) W here the slab contains conduits or pipes, th e  thickness shall 
no t be less th a n  one inch plus th e  to ta l over-all dep th  of such con
duits or pipes a t  any  point. Such conduits or pipes shall be so located  
as no t to  im pair the  streng th  of th e  construction.

70 9 — Floors w ith supports on four sides ( ‘) (2)

(a) This construction, consisting of floors reinforced in  tw o direc
tions and supported  on four sides, includes solid reinforced concrete 
slabs; concrete joists w ith burned  clay or concrete tile fillers, w ith  or 
w ithout concrete top  slabs; and  concrete joists w ith to p  slabs placed 
m onolithically w ith the joists. The supports for th e  floor slabs m ay 
be walls, reinforced concrete beam s, or steel beam s fully encased in 
concrete.

F oo tn o te s:
0) F o r com para tive  use th e  m om en t of in e r tia  of a slab  sha ll be  ta k en  as th a t  of th e  to ta l  p la in  con

cre te  section .
(2) F o rm u las  fo r F a , F b , eA, es, t a , t b . (See “ S labs S u ppo rted  on F o u r  S ides”  b y  J .  D iS tas io  and  

M . P . v an  B uren , J o u r n a l  of th e  A. C . I . ,  J a n u a ry -F e b ru a ry , 1936).
E n d  S pan, con tinuous a t  one end  on ly

F a  -  1  ~ ~ ................................................................................................................................................(7)i
8 K a r

In te r io r  con tinuous span  w ith  K a r  th e  sam e for b o th  a d ja c e n t sp an s  co n tinuous w ith  A

r'-\l'-7J7JST ............................................................................................... ™
8 K Ar

F o r  in te rio r spans w here th e  spans a d ja c e n t to  a n d  in  c o n tin u a tio n  of th e  sp an  A  u n d e r considera tion  
differ in  stiffness, for F a  use th e  average  of th e  tw o  v alues , one o b ta in ed  using  K a r  for th e  sp a n  in 
co n tin u a tio n  on one end  of th e  sp an  A ,  a n d  th e  o the r o b ta in ed  b y  using  th e  va lu e  of K a r  fo r th e  span  
a t  th e  o th e r end.

T o  o b ta in  F b  rep lace  K a  w ith  K b  an d  K a r  w ith  K b r .

1 -f / TaA\3 
\ F b B )

1 ~  r ®................................................................................................................................ (9)

w  =  _  F ^ B .................................... (1° a) “  ' _  F a A ......................................................... <10b>
F a A  4 F bB

eA =  1.0 fo r =  2 ea =  0.5, as =  0

T h e  to ta l  load  ca rried  b y  a  s tr ip  of slab  of u n it w id th , sp an  A  .equa ls ta w  A  an d  is considered  to  v a ry  
m  in te n s ity  from  t a w  (3ex — 2) a t  th e  cen te r of th e  span , to  t a w  ( 4 — 3 ex) a t  th e  su p p o rts .

T h e  to ta l  load  ca rried  b y  a  beam  of sp an  A ,  one-half p an e l tr ib u ta ry  w id th , equals
n - wBA

 ( 11)

a n d  varies u n ifo rm ly  in  in te n s ity  from  (1 +  2ra  -  3 cava) ^  a t  th e  cen ter of th e  sp an  to  

(1 — 4rx +  3exrx) a t  th e  su p p o rts .

W hen considering th e  B  spans use th e  above expressions, rep lacing  A  w ith  B, B  w ith  A, rA w ith  m  
and  ex w ith eB.

{F ootnote {2) co n tin u ed  n e x t page)
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(6) M in im u m  Slab Thickness

T he slab th ickness shall satisfy  prescribed working stresses and 
shall be no t less th a n  4 inches nor less th an

ii =
A  +  B  -  0.10N

72
(2)

(c) Bending M oments and Shears

T he bending m om ent a t  any  section shall be determ ined w ith co
efficients derived as prescribed for one-way construction (Sections 
701 and 702), using the  following equivalent uniform  load per un it 
length  of span considered:

Slab: S trip  of u n it w idth, span A , ............... (caTa)w ................... (3)
B eam : Span A , carrying one half of load from  panel w idth B,

(F ootnote  (£) c o n tin u ed  fr o m  -previous page.

t a b l e  1 —F a  a n d  F b

T h e  values given in  th e  ta b le  a re  for F a  d irec tly . T h e y  are  also th e  values for F b w hen th e  designa
tio n  K a / K a r  is rep laced  b y  K b / K b r .

S pan  A K a

K a r
0.00 0 .2 5 0 .5 0 0 .6 7 0 .8 0 1.00 1 .25 1 .50 2 .0 0 4 .0 0 0 . 00

In te rio r* . F a = 0 .5 8 0 .6 5 0 .6 9 0 .7 2 0 .7 4 0 .7 6 0 .7 8 0 .8 0 0 .8 3 0 .8 9 1.00
E n d ......... F a  = 0 .7 5 0 .8 0 0 .8 3 0 .8 4 0 .8 5 0 .8 7 0 .8 8 0 .8 9 0 .91 0 .9 5 1.00
S im p le .. . F a = 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

♦For in te rio r spans  w here th e  spans ad jacen t to  an d  in  con tinua tion  of th e  span  A  under considera
t io n  differ in  stiffness, for F a use th e  average of th e  tw o  values, one o b ta ined  using K a r  for th e  span  in  
con tinuation  on one end  of th e  span  A ,  an d  th e  o the r o b ta ined  by  using  th e  value of K a r  for th e  span  
a t  th e  o the r end.

F o r values of K a / K a r  betw een  2 /3  an d  3 /2  th e  values of F a m ay  be ta k en  as 0.76 for in te rio r spans 
an d  0.87 for end  spans.

t a b l e  2

T h e  va lu e  of eA or cb sha ll be  ta k e n  as u n ity  fo r th e  com pu ta tion  of shear an d  bending  m om ent in 
s labs an d  beam s w here th e  span  in  d irection  un d er consideration  is n o t rig id ly  a tta c h e d  to  th e  supports  
a t  one or b o th  ends of th e  span .

F a A
F b B

t a  or
1 —  T B eA eATA 1 — eATA

QA =
6 t a  (1 — eg)

0 .0 0 1 .00 1 .00 1 .00 0 .0 0 0 .0 0
0 .5 0 0 .8 9 1 .00 0 .8 9 0 .11 0 .0 0
0 .5 5 0 .8 6 0 .9 2 0 .7 9 0 .21 0 .41
0 .6 0 0 .8 2 0 .8 6 0 .71 0 .2 9 0 .6 9
0 .6 5 0 .7 8 0 .81 0 .6 3 0 .3 7 0 .8 9
0 .7 0 0 .7 4 0 .7 8 0 .5 8 0 .4 2 0 .9 8
0 .8 0 0 .6 6 0 .7 3 0 .4 8 0 .5 2 1 .07
0 .9 0 0 .5 8 0 .6 9 0 .4 0 0 .6 0 1 .08
1 .00 0 .5 0 0 .6 7 0 .3 3 0 .6 7 1 .00
1 .10 0 .4 3 0 .6 5 0 .2 8 0 .7 2 0 .9 0
1 .20 0 .3 7 0 .6 3 0 .2 3 0 .7 7 0 .8 2
1 .30 0 .31 0 .6 2 0 .1 9 0 .8 1 0 .71
1 .40 0 .2 7 0 .61 0 .1 6 0 .8 4 0 .6 3
1 .50 0 .2 3 0 .6 0 0 .1 4 0 .8 6 0 .5 5
1 .60 0 .2 0 0 .5 9 0 .1 2 0 .8 8 0 .4 9
1 .80 0 .1 5 0 .5 8 0 .0 9 0 .9 1 0 .3 8
2 .0 0 0 .1 1 0 .5 7 0 .0 6 0 .9 4 0 .2 8
3 .0 0 0 .0 4 0 .5 5 0 .0 2 0 .9 8 0 .11

F b B t b  or CB eBTB 1 — e s T B 6rg (1 — eg)
F a A 1 — ta =  QB
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—  ( 1  -  eArA)w  
2

(4)

The shear a t any section a t  a distance x  from  the  face of the  sup 
p o rt shall be taken  as :

Slab: S trip  of un it w idth, span A ,

Beam : Span A , carrying one half of load from  panel, w id th  B,

For span B, use the above expressions su b s titu tin g  A  for B, B
for A , es for eA) rA for tb, and  qs for qA.

The factors eA, rA, etc., m ay  be taken  from  T able  2 , foo tnote  (2) 
below afte r the ra tio  FaA / F bB  or F bB /F aA  on which th ey  depend 
has been determ ined b y  th e  aid of T able 1, foo tnote (2); or the  several 
factors m ay  be com puted from  th e  form ulas w hich appear in the 
footnote (2 ).

(d) Arrangement of Reinforcement

1. In  any  panel, the  reinforcem ent per u n it w id th  in  th e  long 
direction shall be a t  least one-th ird  of th a t  provided  in the  short 
direction.

2. T he positive m om ent reinforcem ent ad jacen t to  a con
tinuous edge only and  for a  w idth no t exceeding one-fourth  of 
th e  shorter dim ension of the panel m ay  be reduced tw enty-five 
per cent.

3. A t a non-continuous edge negative m om ent reinforcem ent 
per un it w idth  in am oun t a t  least as g reat as one-half of th a t 
required for m axim um  positive m om ent for th e  cen ter one-half 
of the panel shall be provided across the  en tire  w id th  of the 
exterior support.

4. T he spacing of th e  reinforcem ent shall be no t m ore than  
three tim es the slab thickness and  th e  ra tio  of reinforcem ent 
shall be a t  least 0.0025.

7 1 0 — M a x im u m  spacing o f p r in c ip a l slab re in forcem ent

(a) In  slabs o ther th a n  concrete jo ist floor construction  or flat 
slabs, the  principal reinforcem ent shall no t be spaced fa rth e r a p a r t 
th an  three tim es the slab thickness, nor shall the ra tio  of reinforce
m ent be less th an  specified in Section 707(a).

(5)

(6)



CHAPTER 8— SHEAR AND  D IA G O N A L TENSION

8 0 0 — N o ta tio n

A* =  T o ta l area  of web reinforcem ent in  tension w ith in  a dis
tance  of s (m easured in  a direction parallel to  th a t  of the 
m ain  reinforcem ent), or th e  to ta l area  of all bars ben t up 
in  an y  one plane. 

a  =  Angle betw een inclined web bars and  axis of beam . 
b = W idth of rectangular beam  or w idth of flange of T-beam . 

b' =  W id th  of web in  beam s of I  or T  sections.
d =  D ep th  from  compression face of beam  or slab to  center of

longitudinal tensile reinforcem ent. 
f e  =  U ltim ate  compressive streng th  of concrete a t  age of 28 

days unless otherwise specified.
/„ =  Tensile un it stress in  web reinforcem ent.
j  — R atio  of distance betw een centroid of compression and cen

tro id  of tension to  th e  dep th  d. 
s =  Spacing of stirrups or of ben t bars in  a direction parallel 

to  th a t  of th e  m ain  reinforcem ent. 
t2 = Thickness of flat slab w ithou t drop panels, or th e  thickness 

of flat slab th rough the  drop panels where such are used. 
i3 =  Thickness of flat slab (w ith drop panels) a t points outside 

th e  drop panel. 
v = Shearing u n it stress.

V  = T o ta l shear.
V  =  Excess of the to ta l shear over th a t  perm itted  on th e  concrete.

8 0 1 — Shearing unit stress

(a) T he shearing un it  stress v, as a m easure of diagonal tension, 
in  reinforced concrete flexural m em bers shall be com puted b y  form 
ula ( 1 2 ):

» =  —  ( 1 2 )
bjd

(b) F o r beam s of I  or T  section, b' shall be su b stitu ted  for b in 
form ula ( 1 2 ).

(c) In  concrete jo ist floor construction, where burned clay or con
crete' tile  are used, b' m ay be taken  as a w idth equal to  the  thickness 
of the concrete web plus the thicknesses of the  vertical shells of th e  
concrete or burned  clay tile in  contact w ith  th e  jo ist as in  Section 
708(b).
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(d) W hen the value of the  shearing un it stress com puted b y  form ula 
( 1 2 ) exceeds the shearing u n it stress vc p e rm itted  on the concrete of 
an  unreinforced web (see Section 305), web reinforcem ent shall be 
provided to  carry  th e  excess.

8 0 2 — Types o f web re inforcem ent

(а) W eb reinforcem ent m ay  consist of:

1 . S tirrups or web reinforcem ent bars perpendicu lar to  the 
longitudinal steel.

2 . S tirrups or web reinforcem ent bars welded or otherw ise 
rigidly a ttach ed  to the longitudinal steel and  m aking an  angle 
of 30 degrees or more thereto .

3. L ongitudinal bars ben t so th a t  the  axis of the  inclined por
tion  of the  b ar m akes an  angle of 15 degrees or m ore w ith  th e  axis 
of the  longitudinal portion of the  bar.

4. Special arrangem ents of bars w ith ad eq u ate  provisions to  
p reven t slip of bars or sp litting  of th e  concrete b y  th e  reinforce
m ent (See Section 804(f)).

(б) S tirrups or o ther bars to  be considered effective as web reinforce
m ent shall be anchored a t  bo th  ends, according to  the  provisions of 
Section 904.

8 0 3 — Stirrups

(а) The area of steel required  in  s tirrups placed perpendicu lar to 
the  longitudinal reinforcem ent shall be com puted  by  form ula (13).

V 's
A* =  7 - 7 7 - ............................................................................................................................................. (13 )fv jd

(б) Inclined stirrups shall be proportioned  b y  form ula (15) (Sec
tion 804(d).)

(c) S tirrups placed perpendicu lar to  the  longitud inal reinforcem ent 
shall n o t be used alone as web reinforcem ent when th e  shearing un it
stress (v) exceeds 0.08/7.

8 0 4 — Bent bars

(a) W hen the  web reinforcem ent consists of a  single b en t b a r or of 
a  single group of b en t bars the  required  area of such bars shall be 
com puted b y  form ula (14).

d V 'A• =  -7 — .........  (14)
/ „  s m  a

(b) In  form ula (14) V ' shall no t exceed 0 .0 4 0 /7  bjd.
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(c) O nly the center three-fourths of the inclined portion of such 
bar, or group of bars, shall be considered effective as web reinforce
m ent.

(d) W here there  is a  series of parallel ben t bars, the  required area 
shall be determ ined by  form ula (15).

V 'sA , =   —   ................................................................ (15)
fvjd  (sin  a +  cos a)

(e) W hen b en t bars, having a radius of bend of no t more th an  two 
tim es th e  d iam eter of the  b ar are used alone as web reinforcem ent, 
the  allowable shearing un it stress shall no t exceed 0.060 f ' e. This 
shearing u n it stress m ay  be increased a t  the  ra te  of 0 . 0 1  f ' c for each 
increase of four b ar diam eters in the  radius of bend un til the m axim um  
allowable shearing un it stress is reached. (See Section 305(a).)

(/) T he shearing u n it stress perm itted  when special arrangem ents 
of bars are em ployed shall be th a t  determ ined b y  m aking com para
tive tests, to  destruction, of specimens of the proposed system  and 
of sim ilar specimens reinforced in conform ity w ith the  provisions 
of th is code, the  same factor of safety  being applied in bo th  cases.

8 05— C om bined web re in forcem ent

(a) W here more th a n  one type of reinforcem ent is used to reinforce 
the sam e portion  of the web, the to ta l shearing resistance of this por
tion of the web shall be assum ed as the sum  of the shearing resistances 
com puted for the  various types separately . In  such com putations 
the  shearing resistance of the concrete shall be included only once, 
and no one type  of reinforcem ent shall be assum ed to resist more

th a n  A I L

8 0 6 — Spacing o f web re inforcem ent

(a) W here web reinforcem ent is required it  shall be so spaced th a t 
every  45 degree line (representing a po ten tia l crack) extending from 
the  m id-depth  of the  beam  to  the longitudinal tension bars shall be 
crossed b y  a t  least one line of web reinforcem ent. If a shearing un it 
stress in excess of 0.06 f ' e is used, every such line shall be crossed by 
a t least tw o such lines of web reinforcem ent.

80 7 — Shearing stress in fla t slabs

(a) In  flat slabs, th e  shearing un it stress on a vertical section which 
lies a t  a distance f2 — 1 M  in. beyond the edge of the column capital
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and parallel or concentric w ith  it, shall n o t exceed th e  following 
values when com puted by form ula ( 1 2 ) (in which d shall be taken  as 
¿2 — V/2 in .):

1. 0.03 f ' e, when a t  least 50 per cent of th e  to ta l negative re
inforcem ent in the colum n strip  passes d irec tly  over th e  colum n 
capital.

2. 0.025 f'e, when 25 per cent or less of the to ta l negative re
inforcem ent in the colum n strip  passes d irec tly  over the  colum n 
capital.

3. F o r in term ediate  percentages, 'in term edia te  values of the  
shearing u n it stress shall be used.

(5) In  flat slabs, th e  shearing u n it stress on a vertica l section which 
lies a t  a  distance of t3 — 1 H  in - beyond th e  edge of the  drop panel 
and  parallel w ith i t  shall no t exceed 0.03 f c when com puted  b y  form ula 
(12) (in which d shall be taken  as U — 13^ in .). A t least 50 per cent 
of th e  cross-sectional area of the  negative reinforcem ent in  th e  column 
strip  m ust be w ithin th e  w idth  of s trip  d irec tly  above the drop panel.

8 0 8 — Shear and d ia g o n a l tension in foo tings

(a) In  isolated footings the shearing u n it stress com puted  b y  form 
ula (12) on th e  critical section (see 1205(a)), shall no t exceed 0.03 f c, 
nor in any  case shall i t  exceed 75 p.s.i.



CHAPTER 9— BOND AND  ANCHORAGE

9 0 0 — N o ta tio n

d =  D ep th  from  compression face of beam  or slab to  center of 
longitudinal tensile reinforcem ent. 

f'e  = U ltim ate  compressive streng th  of concrete a t  age of 28 
days unless otherwise specified. 

j  = R atio  of distance betw een centroid of compression and cen
tro id  of tension to  th e  dep th  d.

So =  Sum of perim eters of bars in  one set. 
u = B ond stress per u n it of surface area of bar.
V  =  T otal shear.

9 0 1 — C om putation o f bond stress in beams

(a) In  flexural m em bers in which the tensile reinforcem ent is
parallel to  the  compression face, the  bond stress a t  any cross section
shall be com puted by  form ula (16). '

V
■ u  =  — — - ................................................................................................(16)

2 o jd

in which V  is the shear a t  th a t section.

(ib) A dequate end anchorage shall be provided for the tensile re
inforcem ent in  all flexural m em bers to  which form ula (16) does no t 
apply, such as footings, brackets and  o ther tapered  or stepped beam s 
in which the tensile reinforcem ent is not parallel to the compression 
face.

9 0 2 — O rd in a ry  anchorage requirements

(a) Tensile negative reinforcem ent in any  span of a continuous, 
restrained, or cantilever beam , or in  any  m em ber of a  rigid fram e shall 
be adequate ly  anchored b y  bond, hooks or m echanical anchors in  or 
th rough the supporting  m em ber. W ithin any  such span every re
inforcing b ar shall be extended a t  least twelve diam eters beyond the 
po in t a t  which it  is no longer needed to  resist stress. In  cases where 
the length  from  th e  po in t of m axim um  tensile stress in  the  b ar to  the 
end of the  b ar is no t sufficient to  develop th is m axim um  stress by  
bond, th e  b a r shall extend in to  a  region of compression and  be anchored 
b y  m eans of a  s tan d ard  hook or i t  shall be b en t across the web a t  an 
angle of no t less th an  15 degrees w ith  the longitudinal portion of the

(5 9 1 )
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b ar and either m ade continuous w ith  th e  positive r e i n f o r c e m e n t  or 
anchored in a  region of compression.

(b) Of the  positive reinforcem ent in continuous beam s no t less 
th an  one-fourth the area shall extend along th e  sam e face of the  
beam  in to  the  su pport a  d istance of ten  or more b a r diam eters, or 
shall be extended as far as possible in to  the  su pport and  te rm in a ted  
in s tan d ard  hooks, or o ther adequate  anchorage.

(c) In  simple beam s, or a t  th e  ou te r or freely supported  ends of end 
spans of continuous beam s, a t  least one-half th e  positive reinforce
m ent shall extend along the  sam e face of th e  beam  in to  th e  support 
a  d istance of tw elve or more b ar d iam eters, or shall be extended as 
far as possible in to  the  support an d  te rm in a ted  in  s tan d a rd  hooks.

9 0 3 — Specia l anchorage requirem ents

(a) W here increased shearing or bond stresses are perm itted  be
cause of th e  use of special anchorage (See Section 305), every  b ar 
shall be term inated  in a s tan d a rd  hook in  a region of com pression, or 
i t  shall be b en t across th e  web a t  an  angle of no t less th a n  15 degrees 
w ith the  longitudinal portion  of th e  b a r  and  m ade continuous w ith the 
negative or positive reinforcem ent.

9 0 4 — A n c h o ra g e  o f web re in forcem ent

(a) Single separa te  bars used as web reinforcem ent shall be anchored 
a t  each end b y  one of the  following m eth o d s:

1. W elding to  longitudinal reinforcem ent.

2. H ooking tig h tly  around  th e  longitud inal reinforcem ent 
th rough 180 degrees.

3. E m bedm ent above or below th e  m id-dep th  of the  beam  on 
the com pression side, a  distance sufficient to  develop th e  stress 
to  which th e  b a r will be subjected  a t  a  bond  stress of no t to  ex
ceed .04 f ' c on plain bars nor .05 f ' e on deform ed bars.

4. S tan d ard  hook (see Section 906(a)), considered as develop
ing 1 0 ,0 0 0  p .s.i., plus em bedm ent sufficient to  develop b y  bond 
the  rem ainder of the  stress to  which the  b a r is subjected . The 
u n it bond  stress shall no t exceed th a t  specified in T able 305(a). 
The effective em bedded length  shall no t be assum ed to  exceed 
the  distance betw een th e  m id-depth  of th e  beam  and  th e  
tan g en t of th e  hook.

(b) The extrem e ends of bars form ing sim ple U or m ultip le s tir 
rups shall be anchored by  one of the m ethods of Section 904(a) or
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shall be b en t th rough an angle of a t least 90 degrees tig h tly  around 
a  longitudinal reinforcing b ar no t less in d iam eter th an  the stirrup  
bar, and  shall project beyond the bend a t  least twelve diam eters of 
the  stirru p  bar.

(c) T he loops or closed ends of such stirrups shall be anchored 
by  bending around the longitudinal reinforcem ent th rough an angle 
of a t  least 90 degrees, or by  being welded or otherwise rigidly a t
tached  thereto .

(d) H ooking or bending stirrups or separate web reinforcem ent 
bars around the longitudinal reinforcem ent shall be considered effec
tive only when these bars are perpendicular to  th e  longitudinal 
reinforcem ent.

(e) L ongitudinal bars b en t to  ac t as web reinforcem ent shall, in a 
region of tension, be continuous w ith the longitudinal reinforcem ent. 
T he tensile stress in  each b a r shall be fully developed in bo th  the 
upper and the  lower half of the  beam  b y  one of the  following m eth o d s:

1 . As specified in  Section 904(a), (3).

2 . As specified in Section 904(a), (4).

3. B y bond, a t  a  u n it bond stress no t exceeding .04 f ' c fon 
p lain  bars nor .05 f ' c on deform ed bars, plus a bend of radius no t 
less th an  two tim es the d iam eter of the  bar, parallel to  the upper 
or lower surface of th e  beam , plus an  extension of th e  b ar of no t 
less th a n  twelve d iam eters of the  b a r te rm inating  in a s tandard  
hook. This short radius bend extension and  hook shall together 
no t be counted upon to  develop a  tensile u n it stress in the  bar 
of more th a n  10 ,0 0 0  p.s.i.

4. By bond, a t  a  u n it bond stress no t exceeding .04 f ' c on
plain bars nor .05 f ' c on deform ed bars, plus a bend of radius
no t less th a n  tw o tim es the d iam eter of the bar, parallel to  the 
upper or lower surface of the  beam  and  continuous w ith the 
longitudinal reinforcem ent. T he short radius bend and  con
tin u ity  shall together no t be counted upon to  develop a tensile 
un it stress in the  b ar of more th an  1 0 ,0 0 0  p.s.i.

5. T he tensile u n it stress a t  th e  beginning of a  bend m ay be 
increased from  1 0 ,0 0 0  p.s.i. when the radius of bend is two bar 
d iam eters, a t  the  ra te  of 1 ,0 0 0  p.s.i. tension for each increase of 
1  Yi b ar d iam eters in the  radius of bend, provided th a t the  length 
of the  b ar in the  bend and extension is sufficient to  develop th is 
increased tensile stress by  bond a t the  un it stresses given in 
Section 904(e), (3).
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(/) In  all cases web reinforcem ent shall be carried as close to  the  
compression surface of the beam  as fireproofing regulations and  the 
p roxim ity  of o ther steel will perm it.

9 0 5 — A n c h o ra g e  o f bars in fo o tin g  slabs

(a) All bars in footing slabs shall be anchored by m eans of s tan d ard  
hooks. The ou ter faces of these hooks shall be no t less th a n  three 
inches nor more th an  six inches from  the face of the  footing.

9 0 6 — H ooks

(а) The term s “hook” or “s tan d ard  hook” as used herein shall 
m ean either

1. A com plete sem icircular tu rn  w ith a  rad ius of bend  on the 
axis of the  b ar of no t less th a n  th ree and  no t m ore th a n  six bar 
diam eters, plus an  extension of a t  least four b a r d iam eters a t 
th e  free end of th e  bar, or

2 . A 90° bend having a rad ius of n o t less th a n  four bar 
diam eters plus an  extension of tw elve b a r d iam eters.

Hooks having a  rad ius of bend of m ore th a n  six b a r  d iam eters shall 
be considered m erely as extensions to  the  bars, and  shall be trea ted  
as in Section 904(e), (5).

(б) In  general, hooks shall no t be perm itted  in  the  tension portion  
of an y  beam  except a t  th e  ends of sim ple or can tilever beam s or a t 
the  freely supported  ends of continuous or restra ined  beam s.

(c) No hook shall be assum ed to  carry  a  load which would produce 
a tensile stress in the  b a r  grea ter th a n  1 0 ,0 0 0  p.s.i.

(d) H ooks shall no t be considered effective in adding to  the  com
pressive resistance of bars.

(e) A ny m echanical device capable of developing th e  s tren g th  of 
the  b ar w ithou t dam age to  the  concrete m ay  be used in  lieu of a  hook. 
Tests m ust be presented  to  show the adequacy  of such devices.



C H A P T E R  10— F L A T  S LA B S — W IT H  S Q U A R E  O R  R E C T A N G U L A R

P A N E L S

1 000— N o ta tio n

A  = The distance from th e  center line of the column, in  the 
direction of any  span, to  the  intersection of a  45-degree 
diagonal line from  the center of the  colum n to  the bo ttom  
of th e  flat slab or drop panel, where such line lies wholly 
w ithin th e  column, capital, or b racket, provided such 
cap ita l or b racket is s truc tu ra lly  capable of resisting 
shears and  m om ents w ithout excessive un it stress. In  no 
case shall A  be greater th an  one-eighth the span in the 
direction considered.

Aav =  Average of the two values of A  for the  two columns a t  the 
ends of a colum n strip , in  the direction of the spans con
sidered.

c = D iam eter or w idth of colum n capital a t  the  under side of 
th e  slab or drop panel. No portion  of th e  column capital 
shall be considered for s tru c tu ra l purposes which lies out
side the  largest righ t circular cone, w ith  90 degrees vertex 
angle, th a t  can be included w ithin the outlines of the  
colum n capital.

L  = Span length  of slab center to  center of columns in  the 
direction of which bending is considered.

Mo = Sum of th e  positive and  the  average negative bending 
m om ents a t  th e  critical design sections of a flat slab panel. 
See Section 1003(b).

W  = T o ta l dead and  live load uniform ly d istribu ted  over a 
single panel area.

Wat — The average of th e  to ta l load on two ad jacen t panels.
Coefficient of span L  which gives th e  distance from  the  
center of colum n to  the  critical section for negative bending 
in  design according to  Section 1002(a).

1001 — Scope

(a) The term  flat slab shall m ean a reinforced concrete slab sup
ported  b y  colum ns w ith  or w ithout flaring heads or column capitals, 
w ith or w ithout depressed or drop panels and generally w ithout beams 
or girders.

(5) Recesses or pockets in  flat slab ceilings, located between rein
forcing bars and  form ing cellular or tw o-w ay ribbed ceilings, w hether

(5 9 5 )

x =
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left open or filled w ith perm anen t fillers, shall no t p reven t a  slab 
from  being considered a flat slab; b u t allowable u n it stresses shall no t 
be exceeded.

(c) This chap ter provides for two m ethods of design of flat slab 
structures.

1. A ny type  of flat slab construction m ay  be designed by  
application  of th e  principles of con tinu ity , using th e  m ethod  
outlined in Section 1 0 0 2 , or using o ther recognized m ethods of 
elastic analysis. In  e ither case, th e  design m ust be sub jec t to  
the provisions of Sections 1005(a) and (c), 1006, 1008 and  1009.

2. T he common cases of flat slab construction  described in 
Section 1003 m ay  be designed by  the  use of m om ent coefficients, 
given in Sections 1003 and  1004, and  sub jec t to  th e  provisions 
of Sections 1005, 1006, 1007, 1008 and  1009.

1 0 0 2 — Design o f fla t slabs as continuous frames

(a) E xcept in  th e  cases of flat slab construction  w here specified 
coefficients for bending m ay  be used, as provided in  Section 1003, 
bending and  shear in  flat slabs and  th e ir  supports shall be determ ined 
b y  an  analysis of th e  stru c tu re  as a  continuous fram e, an d  all sections 
shall be proportioned to  resist th e  m om ents and  shears th u s ob
tained. In  the analysis, the  following assum ptions m ay  be m ade:

1. T he stru c tu re  m ay be considered div ided in to  a num ber of 
bents, each consisting of a row of colum ns and  strips of supported  
slabs, each s trip  bounded la tera lly  by  the  cen ter line of the panel 
on either side of the  row of columns. The ben ts shall be taken  
longitudinally  and  transversely  of the building.

2. E ach  such b en t m ay be analyzed in its  en tire ty ; or each 
floor thereof and  th e  roof m ay  be analyzed separa te ly  w ith its 
ad jacen t colum ns above and*below, th e  colum ns being assum ed 
fixed a t  the ir rem ote ends. W here slabs are th u s analyzed 
separately , in bents more th an  four panels long, i t  m ay  be as
sum ed in determ ining th e  bending a t  a  given support th a t  the 
slab is fixed a t  any  support two panels d is ta n t therefrom  beyond 
which the  slab continues.

3. The jo in ts betw een colum ns and  slabs m ay  be considered 
rigid and  th is rig id ity  m ay  be assum ed to  extend  in  the  slabs a 
distance A  from  the cen ter of the  colum ns, and  in  the colum n to 
the in tersection  of the  sides of the  colum n and  the 4 5  degree line 
defining A . The change in length  of colum ns and slabs due to  
direct stress, and deflections due to  shear, m ay  be neglected.
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W here m etal colum n capitals are used, account m ay be taken  of 
th e ir  contribu tions to  stiffness and  resistance to  bending and 
shear.

4. T he supporting  columns m ay be assum ed free from  se ttle 
m ent or la tera l m ovem ent unless th e  am ount thereof can be 
reasonably  determ ined.

5. T he m om ent of inertia  of slab or column a t any  cross- 
section m ay be assum ed to  be th a t  of th e  gross section of the 
concrete. V ariation in the  m om ents of inertia  of the slabs and 
colum ns along the ir axes shall be taken  in to  account.

6 . W here the load to  be supported  is definitely known, the 
stru c tu re  shall be analyzed for th a t load. W here the live load 
is variable b u t does no t exceed th ree-quarters of the  dead load, 
or the  n a tu re  of th e  live load is such th a t  all panels will be loaded 
sim ultaneously, the  m axim um  bending m ay be assum ed to  ob
ta in  a t  all sections under full live load. Elsewhere, m axim um  
positive bending near m id-span of a panel m ay be assum ed to 
ob tain  under full live load in the panel and in a lternate  panels; 
and  m axim um  negative bending a t a  support m ay be assumed 
to  ob tain  under full live load in the  ad jacen t panels only.

7. W here neither beam s nor girders help to  transfer the  slab 
load to  the supporting colum n, the  critical section for negative 
bending m ay be assum ed as no t more th an  th e  distance xL  from 
the column center, where

x =  0.073 +  0.57 — ............................................................................ (17)
L

In  slabs supported  by  beam s, girders, or walls, the critical sec
tion  for negative bending shall be assum ed a t  the  face of such 
support.

8 . The num erical sum  of the m axim um  positive and the aver
age m axim um  negative bending m om ents for which provision is 
m ade in the  design in the direction of e ither side of a rectangular 
panel shall be assum ed as no t less th an

—  W avL  ( l  -  - ; ~ y ................................................................. (18)
10 V 3 L /

9. T he bending a t  critical sections across th e  slabs of each 
b en t m ay be apportioned betw een the column strip  and middle 
s trip , as defined in Section 1005, in the ratio  of the specified 
coefficients which affect such apportionm ent in the special cases 
of flat slabs provided for in Section 1003.
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10. The m axim um  bending in  colum ns m ay  be assum ed to  
ob tain  under full live load in  a lte rn a te  panels. Colum ns shall 
be proportioned to  resist the  m axim um  bending com bined w ith 
th e  m axim um  direct load consistent therew ith ; an d  for m axim um

load subject to  allowable reductions, in  the  m anner provided in 
C hap ter 11. In  com puting m om ents in colum ns a t  an y  floor, 
th e  fa r ends of th e  colum ns m ay  be considered fixed.

(b) The foregoing provisions outline th e  m ethod  to  be followed

and critical design sections, slab thickness and  drop panels, capitals 
and  brackets, arrangem ent of reinforcem ent and  openings in  flat 
slabs, as provided in Sections 1005(a) and  (c), 1006, 1008 and  1009.

1 0 0 3 — Design o f fla t slabs b y  moment coeffic ients

(а) In  those cases of flat slab construction  which fall w ith in  the 
following lim itations as to  con tinu ity  and  dim ensions, th e  bending 
m om ents a t  critical sections m ay  be determ ined b y  th e  use of speci
fied coefficients as provided in  Section 1004.

1. T he ra tio  of length to  w idth of panel does no t exceed 1.33.
2. The slab is continuous for a t  least th ree  panels in  each 

direction.
3. T he successive span lengths in each d irection differ b y  no t 

more th a n  tw en ty  per cent of th e  sho rter span.
(б) In  such slabs, th e  num erical sum  of th e  positive and  negative 

bending m om ents in  th e  direction of e ither side of an  in te rio r rec
tan g u lar panel shall be assum ed as no t less th an

(c) T hree-fourths of the  w idth of the  s trip  shall be tak en  as th e  w idth

on a section th rough  a drop panel, th ree-fourths of the w idth  of the  
drop panel shall be taken . A ccount shall be tak en  of an y  recesses 
which reduce the  com pressive area. Tension reinforcem ent d istribu ted  
over the en tire  strip  shall be included in th e  com puta tions.

(d) The design of slabs under th e  procedure given in th is section 
is subject to  th e  provisions of all subsequent sections of th is chap ter 
(Sections 1004 to  1009).

1 0 04— Bending m om ent coeffic ients

(a) The bending m om ents a t  the  critical sections of the  m iddle 
and  colum n strips of an in terio r panel shall be assum ed as given in 
Table 1004(a).

direct load com bined w ith  th e  bending under full load, th e  d irect

in  analyzing and  designing flat slabs in  the  general case. In  all in 
stances the design m ust conform to  the  requirem ents for panel strips

(19)

of the  section in com puting com pression due to  bending, except th a t,
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T A B L E  1 0 0 4 (a )— B E N D IN G  M O M E N T S  IN  IN T E R IO R  F L A T  S L A B  P A N E L

W ith drop panel
Column s tr ip .......................................... Negative moment 0.50M»

Positive moment 0.20Mo
Middle s tr ip ........................................... Negative moment 0.15M„

Positive mom tnt 0.15M„
W ithout drop panel

Column s tr ip .......................................... Negative moment 0.46M„
Positive moment 0.22M„

Middle s tr ip ........................................... Negative moment 0.16Mo
Positive moment 0.16M„

T A B L E  1 0 0 4 (b )— B E N D IN G  M O M E N T S  IN  EXTERIO R F L A T  S L A B  P A N E L

W ith drop panel
Column s tr ip .......................................... Exterior negative 0.45M»

Positive moment 0.25M„
Interior negative 0.55M,;

Middle s tr ip ........................................... Exterior negative 0.10M,,
Positive moment 0.19M„
Interior negative 0.165M,

W ithout drop panel
Column s tr ip .......................................... Exterior negative 0.41M»

Positive moment 0.28M„
Interior negative 0.50M„

Middle s tr ip ........................................... Exterior negative 0.10Mo
Positive moment 0.20M„
Interior negative 0.176M,

T A B L E  1 0 04(c )— B E N D IN G  M O M E N T S  IN  P A N E L S  W IT H  M A R G IN A L  
B E A M S  O R  W A L L S

Marginal Beams with 
D epth greater than 1 Yl 
times the Slab Thick
ness; or Bearing Wall.

M arginal Beams 
with depth ljri 
tim es th e  S lab 
Thickness or less.

(a) Load to be carried by 
Marginal Beam or Wall

Loads directly superim
posed upon it plus a 
uniform load equal to 
one-quarter of the total 
live and dead panel load.

L o ad s  d i r e c t ly  
s u p e r i m p o s e d  
upon it exclusive 
of any panel load.

(b) M oment to be used in 
the design of Half Col

umn Strip adjacent and 
parallel to Marginal 
Beam or Wall.

(c) Negative Moment to be 
used in Design of Middle 
Strip continuous across a 
Beam or Wall

Neg.

Pos.

Neg.

With
Drop

0.125M,

0.05M«,

0.195M„

W ithout
Drop

0.115M«,

0.055Mo

0.208Mo

With
Drop

0.25M,

0.10M»

0.15M,

Without
Drop

0.23M,

0.11M„

0.16M„

(f>) The bending m om ents a t  critical sections of strips, in  an ex
terior panel, a t  righ t angles to  the discontinuous edge, where the
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exterior supports consist of reinforced concrete colum ns or reinforced 
concrete bearing walls in tegral w ith the slab, the ra tio  of stiffness of 
the support to  th a t  of the  slab being a t  least as g reat as th e  ra tio  
of the live load to  the  dead load and  no t less th a n  one, shall be 
assum ed as given in T able 1004(b). W here a flat slab is so sup 
ported  b y  a  wall providing re s tra in t a t  the  discontinuous edge, the  
coefficient for negative bending a t  the  edge shall be assum ed more 
nearly  equal in  the  colum n and  m iddle strips, th e  sum  rem aining as 
given in  Table 1004(b), b u t th a t  for the  colum n strip  shall n o t be 
less th an  0.30 M a- B ending in  m iddle strips parallel to  a  d iscontinu
ous edge, except in  a corner panel, shall be assum ed th e  sam e as in 
an in terior panel. M 0 shall be determ ined as provided  in  Section 
1003(b) for an  in terior panel.

(c) The bending m om ents a t  critical sections of strips, in  an  ex
terior panel, a t  rig h t angles to  th e  d iscontinuous edge, w here the 
exterior supports are m asonry  bearing walls or o th e r construction 
which provide only negligible re s tra in t to  th e  slab, shall be assum ed 
as given in Table 1004(b) w ith the  following m odifications.

1. On critical sections a t  th e  face of th e  exterior support, 
negative bending in each strip  shall be assum ed as 0.05 M 0.

2. The coefficients for positive bending shall be increased by 
fo rty  per cent.

3. T he coefficients for negative bending a t  th e  first in terio r 
columns shall be increased th ir ty  per cent.

(d) The bending m om ents in panels w ith m arginal beam s or walls, 
in th e  strips parallel and  close there to , and  in  the  beam s, shall be de
term ined upon th e  basis of assum ptions presen ted  in T able  1004(c).

(e) F o r design purposes any  of the m om ent coefficients of Tables 
1004(a), 1004(b), and  1004(c) m ay  be varied  by  no t m ore th a n  six 
per cent, b u t the  num erical sum  of the positive and  negative m om ents 
in a panel shall no t be taken  as less th a n  th e  am oun t specified.

(/) Panels supported  b y  m arginal beam s on opposite edges shall 
be designed as solid one or tw o-w ay slabs to  carry  the  en tire  panel 
load.

(:g) T he ra tio  of reinforcem ent in any  s trip  shall no t be less th an
0.0025.

1 0 0 5 — Panel strips and  c ritica l design sections

(<z) A flat slab panel shall be considered as consisting of s trips in 
each direction as follow s:
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A m iddle s trip  one half panel in  w idth, sym m etrical about 
panel cen ter line and  extending th rough the panel in  the  direc
tion  of th e  span for bending.

A colum n strip  consisting of the two ad jacen t quarter-panels 
e ither side of th e  colum n center lines.

(b) T he critical sections for bending are located as follows: 
Sections for negative bending shall be taken  along th e  edges

of the panel, on colum n center lines betw een capitals and  around 
the perim eters of colum n capitals.

Sections for positive bending shall be taken  a t  m id-span 
of th e  strips.

(c) O nly the  reinforcem ent which crosses a critical section within 
a  s trip  m ay  be considered effective to  resist bending in  the  strip  a t 
th a t  section. R einforcem ent which crosses such section a t an angle 
w ith the center-line of the  strip  shall be assum ed to  contribu te  to  the 
resistance of bending only its effective area in the direction of the 
strip , as defined in  C hap ter 1.

1 0 0 6 — S lab thickness and d rop  panels
#

(а) T he thickness of a flat slab and  th e  size and  thickness of the 
drop panel, where used, shall be such th a t  the  compressive stress due 
to  bending a t  th e  critical sections of any  s trip  and the shear about 
th e  colum n capita l and the drop panel shall no t exceed the un it 
stresses allowed in concrete of the quality  used.

(б) The shearing stresses in  the  slab outside the capital or drop 
panel shall be com puted as provided in Section 807.

(c) Slab thickness shall not, however, be less than

—  with drop panels 
40

or

—  w ithout drop panels 
36

(d) T he thickness of the  drop panel below the slab shall no t be 
m ore th a n  one-fourth the distance from the edge of the  column capital 
to  th e  edge of the  drop panel.

1 0 0 7 — C apita ls  and brackets

(a) W here a colum n is w ithout a flaring concrete capital the dis
tance c shall be taken  as the diam eter of the column. S tructural m etal 
em bedded in the  slab or drop panel m ay be regarded as contributing 
to  resistance in bending and shear.
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(6) W here a reinforced concrete beam  fram es in to  a  colum n w ith
ou t cap ita l or b racket on th e  sam e side w ith  th e  beam , th e  value of 
c m ay  be tak en  as th e  w id th  of the  colum n plus tw ice th e  projection  
of the beam  above or below the slab or drop panel for com puting 
bending in strips parallel to  th e  beam .

(c) B rackets capable of tran sm ittin g  the  negative bending and  th e  
shear in  the colum n strips to  the  colum ns w ithou t excessive u n it 
stress m ay be su b stitu ted  for colum n capitals a t  exterior columns. 
The value of c where brackets are used shall be tak en  as tw ice th e  
distance from  the  cen ter of the  colum n to  a po in t where th e  b racket 
is i y 2 inches th ick , b u t no t more th a n  th e  th ickness of th e  colum n 
plus twice the  dep th  of the  bracket.

(d) The average of th e  diam eters c of th e  colum n capita ls a t  the 
four corners of a  panel shall be used in  determ ining th e  bending in  the 
m iddle strips of the  panel. T he average of th e  d iam eters c of th e  two 
colum n capitals a t  th e  ends of a  colum n strip  shall be used in  deter
m ining bending in  th e  strip .

1 0 0 8 — A rra n g e m e n t o f re in forcem ent

(а) Slab reinforcem ent shall be provided to  resist th e  bending and 
bond stresses no t only a t  critical sections, b u t also a t  in term edia te  
sections.

(б) Bars shall be spaced evenly across strips or bands and  the 
spacing shall no t exceed th ree tim es th e  slab thickness.

(c) In  exterior panels the reinforcem ent perpendicu lar to  the  dis
continuous edge for positive bending, shall extend to  th e  edge and 
have em bedm ent of a t  least six inches in spandrel beam s, walls or 
columns. All such reinforcem ent for negative bending shall be bent, 
hooked or otherwise anchored in  spandrel beam s, walls or columns.

1 0 0 9 — O pe n ings  in fla t slabs

Openings of an y  size m ay be cu t th rough  a flat slab if provision is 
m ade for the  to ta l positive and  negative resisting  m om ents, as re
quired in Sections 1 0 0 2  or 1003, w ithou t exceeding the  allowable 
stresses as given in Sections 305 and  306.



CHAPTER 11— REINFORCED CONCRETE COLUMNS AN D  WALLS

1 1 0 0 — N o ta tio n

A c =  Area of core of a spirally  reinforced column m easured to the 
outside d iam eter of the spiral; ne t area of concrete section 
of a com posite column.

A„ =  T he overall or gross area of spirally  reinforced or tied 
colum ns; the  to ta l area of the  concrete encasem ent of com
bination  columns.

A r = A rea of the  steel or cast-iron core of a com posite colum n; 
the area of the  steel core in a com bination column.

A , = Effective cross-sectional area of reinforcem ent in  compres
sion in columns.

C — R atio  of allowable concrete stress, /„, in axially loaded col
um n to  allowable fiber stress for concrete in flexure.

12
D = ------ =  a factor, usually  varying from  3 to  9. (The term  R

2  R^
as used here is the  radius of gyration  of th e  entire column 
section.)

d =  T he least la teral dim ension of a concrete column.
e =  E ccentricity  of the  resu ltan t load on a column, measured 

from the g rav ity  axis.
_  Yield point of pipe  ,

45,000
f a =  Average allowable stress in the  concrete of an axially 

loaded reinforced concrete column.
f c = C om puted concrete fiber stress in an eccentrically loaded 

column.
f ' e = U ltim ate  compressive streng th  of concrete a t age of 28 

days, unless otherwise specified.
f p — M axim um  allowable concrete fiber stress in an eccentrically 

loaded column.
f r =  Allowable u n it stress in the m etal core of a composite 

column.
f ' r = Allowable u n it stress on unencased steel columns and pipe 

columns.
/ ,  =  N om inal working stress in vertical column reinforcem ent.
/ ' ,  =  Useful lim it stress of spiral reinforcem ent.

(6 0 3 )
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h =  U nsupported  length of column.
K  =  Least radius of gyration  of a  m etal pipe section (in pipe

columns).
30,000 

n =  —  ----
f'c

N  =  Axial load applied to reinforced concrete colum n.
p ' =  R atio  of volum e of spiral reinforcem ent to  th e  volum e of

th e  concrete core (out to  ou t of spirals) of a  sp ira lly  rein
forced concrete column. 

pa =  R atio  of the effective cross-sectional area  of vertica l rein
forcem ent to  the gross area  A g.

P  = T o ta l allowable axial load on a colum n whose length  does 
no t exceed ten  tim es its  least cross-sectional dim ension.

P ' = T o ta l allowable axial load on a long column.
R  =  L east radius of gyration  of a section.
t =  Overall dep th  of colum n section.

1 1 0 1 — L im itin g  dimensions

(a) T he following sections on reinforced concrete and  com posite 
colum ns, except Section 1107(a), apply  to  a  short colum n for which 
the unsupported  length  is no t g rea ter th a n  ten  tim es the  least dim en
sion. W hen the unsupported  length exceeds th is value, th e  design 
shall be modified as shown in Section 1107 (a). P rincipal colum ns in 
buildings shall have a  m inim um  d iam eter of tw elve inches, or in  the 
case of rectangu lar columns, a  m inim um  thickness of ten  inches, and 
a m inim um  gross area  of 1 2 0  sq. in. Posts th a t  are no t continuous from 
sto ry  to  sto ry  shall have a m inim um  d iam eter or th ickness of six 
inches.

1 1 0 2 — U nsupported length o f columns

(a) F o r purposes of determ ining the lim iting dim ensions of columns, 
the unsupported  length of reinforced concrete colum ns shall be taken  
as the clear d istance betw een floor slabs, except th a t

1. In  flat slab construction, i t  shall be the clear distance 
betw een th e  floor and  th e  lower ex trem ity  of th e  capital.

2. In  beam  and  slab construction , it  shall be the  clear d istance 
betw een the floor and  the under side of the  deeper beam  fram ing 
in to  the colum n in each direction a t  th e  next higher floor level.

3. In  colum ns restrained  la tera lly  by  s tru ts , i t  shall be the  
clear distance betw een consecutive s tru ts  in each vertical p lane; 
provided th a t  to  be an adequate  support, two such s tru ts  shall 
m eet the colum n a t  approxim ately  the  sam e level, and  th e  angle



B U ILD IN G  R E G U LA T IO N S  FOR REINFORCED C O N C R ETE (A C I 3 1 8 -4 1 ) 605

betw een vertical planes through the s tru ts  shall no t vary  more 
th a n  15 degrees from a righ t angle. Such s tru ts  shall be of 
adequate  dim ensions and anchorage to  restra in  the column against 
la teral deflection.

4. In  colum ns restrained  la tera lly  b y  s tru ts  or beam s, with 
b rackets used a t  th e  junction, i t  shall be the clear distance 
betw een the floor and  the lower edge of the  bracket, provided th a t 
the  b racket w idth equals th a t of the  beam  or s tru t and is a t least 
half th a t  of the column.

(6) F or rectangular columns, th a t length shall be considered which 
produces the g reatest ra tio  of length to  depth  of section.

1 1 0 3 — S p ira lly  re in forced columns

(a) Allowable Load— The m axim um  allowable axial load, P, on 
colum ns w ith closely spaced spirals enclosing a circular concrete core 
reinforced w ith longitudinal bars shall be th a t given by  Form ula (20).

P  = A 0 (0.225 f ' c + f . p , ) ............ ............................................. (20)
W herein A 0 = the  gross area of the  column

f ' c — compressive streng th  of the  concrete 
f„ = nom inal working stress in vertical colum n reinforce

m ent, to  be taken  a t  fo rty  per cent of the m inim um  
specification value of the yield po in t; viz., 16,000 p.s.i. 
for in term ediate  grade steel and 2 0 ,0 0 0  p.s.i. for rail 
or hard  grade steel.* 

p0 =  ratio  of the effective cross-sectional area of vertical 
reinforcem ent to  the gross area, A„.

(ib) Vertical Reinforcement—The ra tio  p„ shall no t be less th an  0.01 
nor more th an  0.08. T he m inim um  num ber of bars shall be six, and 
the m inim um  diam eter shall be h/% in. The center to  center spacing of 
bars w ithin the periphery  of the column core shall no t be less th an  2 j/£ 
tim es the d iam eter for round bars or th ree tim es the side dim ension for 
square bars. The clear spacing betw een bars shall no t be less than  
l j /2 inches or l 1/ ^  tim es th e  m axim um  size of the  coarse aggregate 
used. These spacing rules also apply  to  ad jacen t pairs of bars a t a 
lapped splice; each pair of lapped bars form ing a splice m ay be in 
contact, b u t th e  m inim um  clear spacing betw een one splice and the 
ad jacen t splice should be th a t  specified for ad jacen t single bars.

(c) Splices in  Vertical Reinforcement— W here lapped splices in the 
colum n verticals are used, the  m inim um  am ount of lap shall be as 
follow s:

*N om inal w orking stresses for reinforcem ent of h igher yield po in t m ay  be estab lished  a t  fo rty  per 
cen t of th e  y ie ld  p o in t s tress, b u t n o t m ore th a n  30,000 p .s.i., w hen th e  properties  of such  reinforcing 
stee ls  have  been  definitely  specified by  s tan d a rd s  of A .S .T .M . designation . If  th is  is done, th e  lengths 
of splice requ ired  by  Section 1103(c) shall be increased  accordingly.
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1. F o r deform ed bars— w ith concrete having a stren g th  of 
3000 p.s.i. or above, tw enty-four d iam eters of b a r of in term ed ia te  
grade steel and  th ir ty  d iam eters of b ar of hard  grade steel. F o r 
bars of higher yield point, the  am oun t of lap  shall be increased in 
proportion  to  the nom inal working stress. W hen the  concrete 
streng ths are less th an  3000 p.s.i., the  am oun t of lap  shall be 
one-th ird  g reater th a n  the values given above.

2. F o r p lain  bars— the m inim um  am oun t of lap  shall be tw en ty - 
five per cent g rea ter th a n  th a t  specified for deform ed bars.

3. W elded splices or o ther positive connections m ay be used 
instead  of lapped splices. W elded splices shall p referab ly  be used 
in  cases where th e  b a r d iam eter exceeds in. An approved 
welded splice shall be defined as one in  which the  bars are b u tted  
and welded and  th a t will develop in tension a t  least th e  yield 
p o in t stress of the reinforcing steel used.

4. W here changes in the  cross section of a  colum n occur, the  
longitudinal bars shall be offset in  a  region w here la te ra l support 
is afforded by  a concrete capital, floor slab or b y  m etal ties or 
reinforcing spirals. W here bars are offset, th e  slope of th e  inclined 
portion  from  the  axis of th e  colum n shall no t exceed 1  in 6  and 
the  bars above and below the  offset shall be parallel to  th e  axis 
of the column.

(d) Sp ira l Reinforcement— T he ra tio  of sp iral reinforcem ent, p', 
shall no t be less th a n  th e  value given by  F orm ula  (2 1 ).

p ' =  0 .4 5 ^ ^  -  1  (21)
V 4 c ) r .

W herein p ' =  ra tio  of volum e of spiral reinforcem ent to  the volum e of 
th e  concrete core (out to  ou t of spirals).

/ ' s =  useful lim it stress of spiral reinforcem ent, to  be taken
as 40,000 p.s.i. for ho t rolled rods of in term ed ia te  grade,
50,000 p.s.i. for rods of hard  grade, and  60,000 p.s.i. for 
cold draw n wire.

The spiral reinforcem ent shall consist of evenly spaced continuous
spirals held firm ly in place and  tru e  to  line by  a t  least th ree vertical
spacer bars. The spirals shall be of such size and  so assem bled as to 
perm it handling  and  placing w ithou t being d isto rted  from  th e  designed 
dimensions. T he m ateria l used in spirals shall have a  m inim um
diam eter of in. for rolled bars or No. 4 W. & M . gage for draw n wire.
Anchorage of spiral reinforcem ent shall be provided  by  V /^  ex tra  
tu rns of spiral rod or wire a t  each end of the  spiral un it. Splices, when
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necessary shall be m ade in spiral rod or wire by  welding or b y  a  lap 
of 1M  tu rns. The center to  center spacing of th e  spirals shall no t 
exceed one-sixth of the core diam eter. The clear spacing between 
spirals shall no t exceed 3 in. nor be less th an  1 in. or \ x/ i  times 
th e  m axim um  size of coarse aggregate used. The reinforcing spiral 
shall extend from  th e  floor level in  any  sto ry  or from  th e  top  of the 
footing in th e  basem ent, to  the  level of the  lowest horizontal reinforce
m ent in the slab, drop panel or beam  above. In  a column w ith a 
capital, i t  shall extend to  a plane a t  which the d iam eter or w idth  of 
the cap ita l is twice th a t  of the column.

(e) Protection of Reinforcement— The colum n reinforcem ent shall be 
p ro tected  everyw here by  a covering of concrete cast m onolithically 
w ith  th e  core, for which the  thickness shall no t be less th an  l j ^  in- nor 
less th a n  1  Yi tim es the  m axim um  size of th e  coarse aggregate, nor shall 
it  be less th a n  required  by  the  fire protection and w eathering provisions 
of Section 507.

(/) Isolated Column with M ultiple Spirals— In case two or more in te r
locking spirals are used in a column, th e  ou ter boundary  of the  column 
shall be tak en  as a rectangle of which the sides are outside th e  extrem e 
lim its of the  spiral a t  a distance equal to  the requirem ents of Section 
1103(e).

(g) L im its of Section of Column B uilt M onolithically with W all— 
F or a  spiral column b u ilt m onolithically w ith a concrete wall or pier, 
the  ou ter boundary  of th e  colum n section shall be taken  either as a 
circle a t  least l)/^ in. outside the column spiral or as a  square, or rec
tangle of which the  sides are a t  least l ^ i n -  outside the spiral or spirals.

(h) Equivalent Circular Columns-—As an exception to  the general 
procedure of utilizing the full gross area  of the colum n section, it  
shall be perm issible to  design a circular column and to  build it w ith a 
square, octagonal, or o ther shaped section of the  sam e least lateral 
dim ension. In  such case, the  allowable load, the gross area considered, 
and the required percentages of reinforcem ent shall be taken  as those 
of the circular column.

1 1 0 4 — Tied columns

(a) Allowable Load— The m axim um  allowable axial load on columns 
reinforced w ith longitudinal bars and  separate la teral ties shall be 80 
per cent of th a t  given by  Form ula (20). The ratio , pg, to  be considered 
in tied  colum ns shall no t be less th an  0 .0 1  nor more th an  0.04. The 
longitudinal reinforcem ent shall consist of a t least four bars, of m ini
m um  d iam eter of %  inch. Splices in reinforcing bars shall be made as 
described in Section 1103 (c).
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(b) Lateral Ties— L atera l ties shall be a t  least }/i in. in d iam eter and  
shall be spaced a p a rt no t over 16 b a r d iam eters, 48 tie d iam eters or 
the  least dimension of the  column. W hen there  are more th a n  four 
vertical bars, additional ties shall be provided so th a t  every  longitud i
nal b a r is held firm ly in its  designed position and  has la tera l support 
equivalen t to  th a t  provided b y  a  90-degree corner of a  tie.

(c) L im its  o f Column Section— In  a tied  colum n w hich for arch itec
tu ra l reasons has a  larger cross section th a n  required  b y  considerations 
of loading, a  reduced effective area, A g, no t less th a n  one-half of the
to ta l area m ay be used in applying the  provisions of Section 1104 (a).

«
1 1 0 5 — Com posite columns

(а) Allowable Load— The allowable load on a  com posite colum n, con
sisting of a  s tru c tu ra l steel or cast-iron colum n thorough ly  encased 
in concrete reinforced w ith  b o th  longitudinal and  spiral reinforcem ent, 
shall no t exceed th a t  given b y  F orm ula (22).

P  = 0.225 A J 'C + f sA , + f r A r   ................................... (22)
W herein A c = ne t area of concrete section

=  Ag As Ar
A s =  cross-sectional area of longitudinal b a r reinforcem ent.
A r =  cross-sectional area of th e  steel or cast-iron  core. 
f r =  allowable u n it stress in  m etal core, no t to  exceed 16,000 

p.s.i. for a steel core; or 1 0 ,0 0 0  p.s.i. for a cast-iron  core. 
The rem aining no ta tio n  is th a t  of Section 1103.

(б) Details of M etal Core and Reinforcement— T he cross-sectional area 
of th e  m etal core shall no t exceed 2 0  per cent of th e  gross a rea  of the 
column. If  a  hollow m etal core is used it  shall be filled w ith  concrete. 
The am ounts of longitudinal and  spiral reinforcem ent and  th e  require
m ents as to  spacing of bars, details of splices and  thickness of pro tective 
shell outside th e  spiral shall conform  to  th e  lim iting  values specified 
in Section 1103 (b), (c) and  (d). A clearance of a t  least th ree  inches 
shall be m ain tained  betw een th e  spiral and  the m etal core a t  all points 
except th a t  when th e  core consists of a s tru c tu ra l steel H -colum n, the  
m inim um  clearance m ay  be reduced to  tw o inches.

(c) Splices and Connections of M etal Cores— M etal cores in  com posite 
columns shall be accurately  milled a t  splices and  positive provision 
shall be m ade for alignm ent of one core above another. A t th e  colum n 
base, provision shall be m ade to  transfe r th e  load to  th e  footing a t  safe 
u n it stresses in accordance w ith  Section 305 (a). T he base of th e  m etal 
section shall be designed to  transfer th e  load from  th e  en tire  com posite 
colum n to  th e  footing, or i t  m ay be designed to  tran sfe r the load from  
the m etal section only, provided it  is so placed in the  p ier or pedestal
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as to  leave am ple section of concrete above the  base for th e  transfer 
of load from  the  reinforced concrete section of the  colum n by  m eans of 
bond on th e  vertical reinforcem ent and by  direct compression on the 
concrete. T ransfer of loads to  th e  m etal core shall be provided for by  
th e  use of bearing m em bers such as billets, b rackets or o ther positive 
connections; these shall be provided a t  the  top  of the  m etal core and  a t 
in term edia te  floor levels where required. The colum n as a whole shall 
satisfy  th e  requirem ents of Form ula (2 2 ) a t  any  po in t; in addition to  
th is, th e  reinforced concrete portion  shall be designed to  carry , in 
accordance w ith  Form ula (20), all floor loads b rought onto the column 
a t  levels betw een the  m etal b rackets or connections. In  applying 
F orm ula (20), th e  value of A„ shall be in terp re ted  as the  area of the 
concrete section outside th e  m etal core, and  th e  allowable load on the 
reinforced concrete section shall be fu rth e r  lim ited to  0.35 f 'c A t . 
Ample section of concrete and con tinu ity  of reinforcem ent shall be 
provided a t  th e  junction  w ith beam s or girders.

(d) Allowable Load on Metal Core Only-—The m etal cores of composite 
colum ns shall be designed to  carry  safely any  construction or other 
loads to  be placed upon them  prior to  the ir encasem ent in concrete.

1 1 0 6 — C om bina tion  columns

(a) Steel Columns Encased in  Concrete— T he allowable load on a 
s tru c tu ra l steel colum n which is encased in concrete a t  least 2 ^ 2  

inches th ick  over all m etal (except rive t heads) reinforced as herein
a fte r specified, shall be com puted b y  Form ula (23).

P - X4 1 + S S Z ] ..................................... (23>

W herein A r =  cross-sectional area of steel column.
f 'r  =  allowable stress for unencased steel column.
A„ = to ta l area of concrete section.

The concrete used shall develop a compressive strength , f ' c, of a t  least 
2000 p.s.i. a t  28 days. The concrete shall be reinforced b y  th e  equiva
len t of welded wire mesh having wires of No. 10 W. and M. gage, the 
wires encircling th e  colum n being spaced no t more th an  four inches 
a p a rt and  those parallel to  th e  column axis no t more th an  eight inches 
ap a rt. This m esh shall extend entirely  around the  colum n a t  a  dis
tance of one inch inside the ou ter concrete surface and shall be lap- 
spliced a t least fo rty  wire diam eters and wired a t  the splice. Special 
b rackets shall be used to  receive the  entire floor load a t  each floor level. 
The steel colum n shall be designed to  carry  safely any  construction or 
o th e r  loads to  be placed upon it  prior to  its encasem ent in concrete.
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(6) P ipe Columns— T he allowable load on colum ns consisting of 
steel pipe filled w ith  concrete shall be determ ined b y  F o rm ula  (24).

P  =  0.225 f ' cAc + f ' r A r .................................  (24)
The value o f / ' r shall be given b y  F orm ula  (25).

f ' T =  18,000 —  7 0  - | J  F ..............................'............................. (25)

W herein f ' r = allowable un it stress in  m etal pipe. 
h =  unsupported  length of column.

K  =  least radius of gyration  of m etal pipe section.

p  _  yield point of pipe.
45,000

If the  yield po in t of the  pipe is no t known, the  fac to r F  shall be taken  
as 0.5.

1 1 0 7 — Long columns

(a) The m axim um  allowable load, P ', on axially loaded reinforced 
concrete or com posite colum ns having a length, h, g rea ter th a n  ten  
tim es th e  least la teral dim ension, d, shall be given by  F orm ula  (26).

P ' = P  |^1.3 -  .03 y j ............................................................... (26)

where P  is the  allowable axial load on a sho rt colum n as given by 
Form ulas (20) and  (22).

The m axim um  allowable load, P ', on eccentrically  loaded colum ns

in w hich— exceeds ten  shall also be given by  Form ula (26), in which 
d

P  is the  allowable eccentrically applied load on a sho rt colum n as 
determ ined by  the provisions of Sections 1109 and  1110. In  long 
colum ns subjected  to  definite bending stresses, as determ ined  in

Section 1108, the ra tio  — shall no t exceed tw enty . 
d

1 1 0 8 — Bending moments in columns

(a) The bending m om ents in  the  colum ns of all reinforced concrete 
struc tu res shall be determ ined  on th e  basis of loading conditions and 
restra in t and  shall be provided for in th e  design. W hen the stiffness 
and  streng th  of the  colum ns are u tilized  to  reduce m om ents in  beam s, 
girders, or slabs, as in the case of rigid fram es, or in  o ther form s of 
continuous construction  wherein colum n m om ents are unavoidable, 
they  shall be provided for in the  design. In  building fram es, p a rticu la r
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a tten tio n  shall be given to  the effect of unbalanced floor loads on both  
exterior and  in terio r colum ns and  of eccentric loading due to  o ther 
causes. W all colum ns shall be designed to  resist m om ents produced by

1. Loads on all floors of the  building
2 . Loads on a  single exterior bay  a t  two ad jacent floor levels, or
3. Loads on a  single exterior bay  a t one floor level

R esistance to  bending m om ents a t  any floor level shall be provided 
by  d istribu ting  the m om ent betw een the  columns im m ediately  above 
and below th e  given floor in proportion to  their relative stiffnesses and 
conditions of restra in t.

1 1 0 9 — D ete rm ina tion  o f com bined a x ia l and bending stresses

(a) In  a  reinforced concrete column, designed b y  the m ethods of 
th is C hapter, which is (1) sym m etrical abou t two perpendicular planes 
th rough its axis and (2) subject to  an axial load, N , com bined with 
bending in one or bo th  of the planes of sym m etry  (bu t w ith the ratio  
of eccentricity  to  dep th , e /i, no greater th an  1 . 0  in either plane), 
th e  com bined fiber stress in compression m ay be com puted on the 
basis of recognized theory  applying to  uncracked sections, using 
Form ula 27.

U A

1 +  De
t (27)

L l  +  ( n  -  l ) p „  J

E q u atin g  th is calculated stress, to  the allowable stress, f v, in Form ula 
29, it follows th a t  the colum n can be designed for an equivalent axial 
load, P, as given b y  Form ula 28.*

/• • A J  I ' / ] .....................................

W hen bending exists on both  axes of sym m etry , the q u an tity

(28)

De 
t

De
is to be com puted as the num erical sum  of the —  quantities in the two 

directions.

(b) F o r columns in  which the load, N , has an eccentricity, e, greater 
th an  th e  colum n depth , t, or for beam s subject to  small axial loads, 
th e  determ ination  of th e  fiber stress f c shall be m ade b y  use of recog
nized theo ry  for cracked sections, based on the assum ption th a t no 
tension exists in  the concrete. F or such cases the tensile steel stress 
shall also be investigated.

♦For app rox im ate  or tr ia l  com putations, D m ay be ta k en  as eight for a  circular sp ira l colum n and
a s  five for a  rec tan g u la r tied  or sp iral column.
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1 1 1 0 — A llo w a b le  com bined  a x ia l and  bend ing  stress

(a) F o r spiral and  tied  colum ns, eccentrically  loaded or otherw ise 
subjected  to  com bined axial com pression and  flexural stress, th e  m axi
m um  allowable com pressive stress, f p, is given b y  F orm ula  (29).

/ ,  = / »

1
De

1  +
CDe - a [

t T- De 
t -f- CDe_

(29)

W herein the n o ta tion  is th a t  of Section 1103 and  1109, and , in addition  
j a is th e  average allowable stress in  th e  concrete of an  axially  loaded 
reinforced concrete colum n, and  C is th e  ra tio  of f a to  th e  allowable

0.225 f c + f . p .fiber stress for m em bers in flexure. T hus f a =
1  +  (n — 1 ) p

fa

for

spiral colum ns and 0 .8  of th is value for tied  colum ns, and  C =

1111 — W in d  stresses

0.45 f ' c

(a) W hen th e  allowable stress in colum ns is m odified to  provide for 
com bined axial load and  bending, and  the  stress due to  w ind loads is 
also added, th e  to ta l shall still come w ithin  th e  allowable values speci
fied for wind loads in Section 603 (c).

1 1 1 2 — Reinforced concrete walls

(а) T he allowable working stresses in reinforced concrete bearing 
walls w ith  m inim um  reinforcem ent as required  b y  Section 11 12(i), 
shall be 0.25f c for walls having a ra tio  of height to  thickness of ten  or 
less, and  shall be reduced proportionally  to  0 .15 /'c for walls having a 
ra tio  of height to  th ickness of tw enty-five. W hen th e  reinforcem ent 
in bearing walls is designed, placed and  anchored in position as for 
tied  colum ns, th e  allowable working stresses shall be on th e  basis of 
Section 1104, as for colum ns. In  the  case of concen tra ted  loads, the  
length of th e  wall to  be considered as effective for each shall no t 
exceed the cen ter to  cen ter d istance betw een loads, nor shall i t  exceed 
the w idth of the  bearing plus four tim es the wall thickness. The 
ra tio  p g shall no t exceed 0.04.

(б) W alls shall be designed for any  la teral or o ther pressure to  which 
th ey  are subjected . P roper provision shall be m ade for eccentric 
loads and  w ind stresses. In  such designs the  allowable stresses shall 
be as given in Section 305(a) and 603(c).
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(c) Panel and  enclosure walls of reinforced concrete shall have a 
thickness of n o t less th a n  five inches and  no t less th an  one th irtie th  
the distance betw een the supporting  or enclosing m embers.

(d) B earing walls of reinforced concrete in building of fire-resistive 
construction  shall be no t less th a n  six inches in  thickness for the  upper
m ost fifteen feet of the ir height; and for each successive tw enty-five 
feet dow nw ard, or fraction  thereof, the  m inim um  thickness shall be 
increased one inch. In  two sto ry  dwellings the walls m ay be six 
inches in  thickness th roughou t.

(e) In  buildings of non-fire resistive construction  bearing walls of 
reinforced concrete shall no t be less th an  one and one-third tim es the 
thickness required  for buildings of fire-resistive construction, except 
th a t  for dwellings of tw o stories or less in  height the  thickness of walls 
m ay be th e  sam e as specified for buildings of fire-resistive construction.

(/) E xterio r basem ent walls, foundation walls, fire walls and p a rty  
walls shall no t be less th a n  eight inches th ick  w hether reinforced or 
not.

(g) R einforced concrete bearing walls shall have a thickness of a t 
least one tw enty-fifth  of the unsupported  height or w idth, whichever 
is th e  sho rter; provided however, th a t  approved buttresses, built-in  
columns, or piers designed to  carry  all the  vertical loads, m ay  be used 
in lieu of increased thickness.

(h) Reinforced concrete walls shall be anchored to  the  floors, 
columns, pilasters, bu ttresses and  in tersecting walls w ith reinforce
m ent a t least equ ivalen t to  three-eighths inch round bars twelve 
inches on centers, for each layer of wall reinforcem ent.

(i) R einforced concrete walls shall be reinforced w ith an  area of steel 
in  each direction, bo th  vertical and horizontal, a t least equal to  0.0025 
tim es the cross-sectional area of the  wall, if of bars, and 0.0018 tim es the 
area if of electrically welded wire fabric. * The wire of the welded fabric 
shall be of no t less th an  No. 1 0  W. & M . gage. W alls more th an  ten 
inches in thickness shall have the reinforcem ent for each direction 
placed in two layers parallel w ith th e  faces of the wall. One layer 
consisting of no t less th a n  one-half and no t more th an  tw o-thirds the 
to ta l required  shall be placed no t less th an  two inches nor more th an  
one-th ird  the  thickness of th e  wall from  the exterior surface. The 
o ther layer, com prising th e  balance of the  required reinforcem ent, 
shall be placed no t less th a n  three-fourths inches and  no t more th an  
one-th ird  the thickness of the  wall from  the in terio r surface. Bars, if 
used, shall no t be less th a n  the equivalent of three-eighths inch round

♦E xpanded  m e ta l has been  o m itted  u n til a  specification can be fo rm ulated .
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bars, nor shall th ey  be spaced more th an  eighteen inches on centers. 
W elded wire* reinforcem ent for walls shall be in flat sheet form.

(j) In  addition  to  the  m inim um  as prescribed in  1112(i) there  shall 
be no t less th a n  tw o five-eighths inch d iam eter bars around  all window 
or door openings. Such bars shall extend a t  least tw en ty-four inches 
beyond th e  corner of the  openings.

(k ) W here reinforced concrete bearing walls consist of s tu d s or 
ribs tied  together b y  reinforced concrete m em bers a t  each floor level, 
the studs m ay be considered as colum ns, b u t the  restric tions as to 
m inim um  d iam eter or thickness of colum ns shall n o t apply .

♦See foo tno te p revious page.



CHAPTER 12— FOOTINGS

(a) The requirem ents prescribed in Sections 1 2 0 2  to  1209 apply 
only to  isolated  footings.*

1 2 0 2 — Loads and  reactions

(а) Footings shall be proportioned to susta in  the  applied loads and 
induced reactions w ithou t exceeding the allowable stresses as pre
scribed in  Sections 305 and  306, and as fu rth e r provided in  Sections 
1205, 1206 and 1207.

(б) In  cases where the footing is concentrically loaded and  the m em 
ber being supported  does no t tran sm it any  m om ent to  the footing, 
com putations for m om ents and  shears shall be based on an upw ard 
reaction assum ed to  be uniform ly d istribu ted  per u n it area or per pile 
and  a dow nw ard applied load assum ed to  be uniform ly d istribu ted  
over th e  area of th e  footing covered b y  th e  column, pedestal, wall, or 
m etallic colum n base.

(c) In  cases where th e  footing is eccentrically loaded a n d /o r  the 
m em ber being supported  transm its a m om ent to  the  footing, proper 
allowance shall be m ade for any  varia tion  th a t  m ay  exist in the  in tens
ities of reaction and applied load consistent w ith the m agnitude of 
the applied load and  the am ount of its  actual or v irtua l eccentricity.

(d) In  th e  case of footings on piles, com putations for m om ents and 
shears m ay  be based on th e  assum ption th a t  th e  reaction from  any  
pile is concentrated  a t  the  center of the  pile.

1 2 0 3 — S loped or stepped foo tings

(a) In  sloped or stepped  footings, th e  angle of slope or dep th  and 
location of steps shall be such th a t  the  allowable stresses are no t 
exceeded a t any  section.

(b) In  sloped or stepped footings, the effective cross-section in com
pression shall be lim ited b y  the area above the neu tra l plane.

(c) Sloped or stepped footings shall be cast as a  unit.

1 2 0 4 — Bending moment

(a) The external m om ent on any  section shall be determ ined by  
passing th rough the section a  vertical plane which extends com pletely

♦T he com m ittee  is n o t p repared  a t  th is  tim e  to  m ake recom m endations for com bined footings— 
th o se  sup p o rtin g  m ore th a n  one colum n or wall.

1 201— Scope

(6 1 5 )
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across the  footing, and com puting the m om ent of the  forces acting  
over th e  entire area of the footing on one side of said  plane.

(6) T he grea test bending m om ent to  be used in  th e  design of an  
isolated footing shall be the m om ent com puted in the  m anner p re
scribed in  Section 1204 (a) a t  sections located  as follows:

1. A t the face of the colum n, pedestal or wall, for footings 
supporting  a concrete colum n, pedestal or wall.

2. H alfw ay betw een the m iddle and  th e  edge of th e  wall, for 
footings under m asonry walls.

3. H alfw ay betw een the  face of th e  colum n or pedestal and  the 
edge of the m etallic base, for footings under m etallic bases.

(c) The w idth  resisting com pression a t  an y  section shall be assum ed 
as th e  entire w idth  of the  top  of th e  footing  a t  th e  section under 
consideration.

(d) In  one-way reinforced footings, th e  to ta l tensile reinforcem ent a t 
any  section shall provide a m om ent of resistance a t  least equal to  the 
m om ent com puted in th e  m anner prescribed in  Section 1204(a); and 
the reinforcem ent thus determ ined shall be d is trib u ted  uniform ly 
across the full w idth  of the  section.

(e) In  tw o-w ay reinforced footings, th e  to ta l tensile reinforcem ent 
a t  any  section shall provide a m om ent of resistance a t  least equal to 
eighty-five per cent of the  m om ent com puted in th e  m anner prescribed 
in Section 1204(a); and  th e  to ta l reinforcem ent th u s determ ined  shall 
be d istribu ted  across th e  corresponding resisting section in th e  m anner 
prescribed for square footings in Section 1204(f), and  for rec tangu lar 
footings in Sec. 1204(g).

(/) In  tw o-w ay square footings, th e  reinforcem ent extending in each 
direction, shall be d istribu ted  uniform ly across th e  full w id th  of the  
footing.

(g) In  tw o-w ay rectangu lar footings, the  reinforcem ent in  th e  long 
direction shall be d istribu ted  uniform ly across th e  full w idth  of the 
footing. In  the  case of the reinforcem ent in  the sh o rt d irection, th a t  
portion determ ined by  form ula (30) shall be uniform ly d istribu ted  
across a band-w id th  (B ) centered w ith respect to  th e  cen ter line of the 
colum n or pedestal and having a w idth  equal to  th e  length  of the  short 
side of the footing. The rem ainder of th e  reinforcem ent shall be uni
form ly d istribu ted  in the ou ter portions of th e  footing.

Reinforcement in  band-width  (B ) 2

Total reinforcement in  short direction (S  +  1 ) ..............................
In  form ula (30), “S ” is the  ra tio  of the  long side to  th e  sho rt side of 
the  footing.
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1 2 0 5 — Shear and  bond

(а) The critical section for shear to  be used as a m easure of diagonal 
tension shall be assum ed as a vertical section obtained by  passing a 
series of vertica l planes through the  footing, each of which is parallel 
to  a corresponding face of the column, pedestal, or wall and located a 
d istance therefrom  equal to  th e  dep th  d for footings on soil, and one- 
half th e  dep th  d for footings on piles.

(б) E ach face of the critical section as defined in Section 1205(a) 
shall be considered as resisting an external shear equal to  the load on 
an area bounded by  said face of the critical section for shear, two 
diagonal lines draw n from  the colum n or pedestal corners and m aking 
45° angles w ith  th e  principal axes of th e  footing, and th a t  portion  of 
the corresponding edge or edges of the  footing in tercep ted  betw een the 
two diagonals.

(c) C ritical sections for bond shall be assum ed a t the same planes as 
those prescribed for bending m om ent in Section 1204(b); also a t all 
o ther vertical planes where changes of section or of reinforcem ent 
occur.

(d) C om putations for shear to  be used as a  m easure of bond shall be 
based on the sam e section and  loading as prescribed for bending 
m om ent in Section 1204(a).

(e) The to ta l tensile reinforcem ent a t any  section shall provide a 
bond resistance a t  least equal to  the bond requirem ent as com puted 
from  the  following percentages of the external shear a t  the  section:

1. In  one-way reinforced footings, 100 per cent.
2. In  tw o-w ay reinforced footings, 85 per cent.

(/) In  com puting the external shear on any  section through a foot
ing supported  on piles, the  entire reaction from  any  pile whose center 
is located six inches or more outside the section shall be assum ed as 
producing shear on the section; the reaction from  any  pile whose 
center is located six inches or more inside the section shall be assumed 
as producing no shear on the  section. F or in term ediate  positions of 
the pile center, the portion of the pile reaction to  be assum ed as pro
ducing shear on th e  section shall be based on straight-line in terpolation 
betw een full value a t  six inches outside the section and  zero value a t 
six inches inside the section.

(<g) F o r allowable shearing stresses, see Section 305 and 808.
(h) F or allowable bond stresses, see Section 305 and 901 to  905.

1 2 0 6 — Transfer o f stress a t base o f column

(a) T he stress in the longitudinal reinforcem ent of a column or 
pedestal shall be transferred  to  its supporting pedestal or footing



6 1 8  J O U R N A L  O F  THE A M E R IC A N  C O N C R ETE INSTITUTE June 1 9 4 5

either by  extending the longitudinal bars in to  the supporting  m em ber, 
or by  dowels.

(h) In  case th e  transfer of stress in  the reinforcem ent is accom plished 
b y  extension of the  longitudinal bars, th ey  shall extend  in to  th e  sup 
porting  m em ber the  distance required  to  transfer to  th e  concrete, b y  
allowable bond stress, the ir full working value.

(c) In  cases where dowels are used, th e ir  to ta l sectional a rea  shall 
be no t less th an  the sectional area of the  longitud inal reinforcem ent in 
th e  m em ber from  which th e  stress is being transferred . In  no case 
shall the  num ber of dowels per m em ber be less th a n  four and  th e  
d iam eter of the dowels shall no t exceed th e  d iam eter of th e  colum n 
bars by  more th a n  one-eighth inch.

(d) Dowels shall extend up  in to  th e  colum n or pedesta l a  distance 
a t  least equal to  th a t  required  for lap  of longitud inal colum n bars 
(see Section 1103) and  down in to  the  supporting  pedestal or footing 
the distance required to  transfe r to  th e  concrete, b y  allowable bond 
stress, th e  full working value of the  dowel.

(e) T he com pressive stress in th e  concrete a t  th e  base of a  colum n 
or pedestal shall be considered as being transferred  b y  bearing to  the 
top  of th e  supporting  pedestal or footing. The u n it com pressive stress 
on the  loaded area shall no t exceed th e  bearing stress allow able for 
th e  q u a lity  of concrete in the  supporting  m em ber as lim ited  b y  the 
ra tio  of the  loaded area to  th e  supporting  area.

(f) F or allowable bearing stresses see T able 305(a), Section 305.

(gf) In  sloped or s tepped  footings, th e  supporting  a rea  for bearing 
m ay  be taken  as the  top  horizontal surface of th e  footing, or assum ed 
as th e  area of the  lower base of the largest fru stum  of a pyram id  or 
cone contained w holly w ithin the footing and  having for its  upper base 
th e  area ac tu a lly  loaded, and  having side slopes of one vertica l to  tw o 
horizontal.

1 2 0 7 — Pedestals and foo tings  (p la in  concrete)

(а) The allowable com pressive u n it stress on th e  gross area of a  
concentrically  loaded pedestal shall no t exceed 0 .25 /'c. W here th is 
stress is exceeded, reinforcem ent shall be provided and  th e  m em ber 
designed as a reinforced concrete colum n.

(б) T he dep th  and  w idth  of a pedestal or footing of p lain  concrete 
shall be such th a t  th e  tension in th e  concrete shall no t exceed .0 3 /'t, 
and the average shearing stress shall no t exceed .02 / ' c tak en  on sections 
as prescribed in Section 1204 and 1205 for reinforced concrete footings.



BUILDING REGULATIONS FOR REINFORCED CONCRETE (A C I 3 1 8 -4 1 ) 6 1 9

1 2 0 8 — Footings supporting round columns

(a) In  com puting th e  stresses in  footings which support a round  or 
octagonal concrete colum n or pedestal, th e  “face” of th e  column or 
pedestal shall be tak en  as th e  side of a  square having an area equal to  
th e  area enclosed w ith in  th e  perim eter of th e  colum n or pedestal.

1 2 09— M in im u m  edge-thickness

(а) In  reinforced concrete footings, th e  thickness above th e  reinforce
m ent a t  th e  edge shall be no t less th an  six in. for footings on soil, nor 
less th a n  tw elve in. for footings on piles.

(б) In  p la in  concrete footings, th e  thickness a t the  edge shall be 
n o t less th a n  eight in. for footings on soil, nor less th a n  fourteen in. 
above th e  tops of th e  piles for footings on piles.
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1. G enera l

All reinforcing steel shall be accurately  located in the  forms and held 
firmly in place before and  during the placing of concrete, by  m eans of 
m etallic supports, spacer bars or wires.
2. Supports

B ar supports shall be sufficiently strong and stable to  sustain  con
struction  loads w ithou t perm anent d isto rtion  or displacem ent, (see 
“ Types of D evices” ) These shall be designed to  perm it full em bedm ent 
in th e  concrete w ithou t the  form ation of voids and w ith a m inim um  
exposure of m etal on finished surfaces. T hey  shall, in com bination 
w ith tie  wires or clips, provide positive m eans for establishing and 
m aintain ing operative association w ith th e  reinforcing steel.
3. N um ber and lo ca tion  o f supports

M inim um  requirem ents for num ber and location of supports and 
spacers under various usual conditions shall be as set fo rth  in Tables 
1 to  4.
4. R esponsib ility

The num ber, type, and location of supporting  and spacing devices 
shall be clearly indicated  on the drawings which show placing of reinforce
m ent.

I t  shall be th e  responsibility of the  seller of such devices to  furnish the 
quantities, types, and  capacities as indicated on th e  drawings, w ith the  
necessary identification m arks.

I t  shall be the  responsibility of the  builder to  install all of such devices, 
and  to  m ain tain  them  accurately  in place un til th e  concrete is placed.

^A dopted  as a  S tan d a rd  of th e  A m erican C oncre te In s ti tu te  a t  its  38 th  A nnual C onvention; ratified  by  
le tte r  b a llo t M ay  24, 1942.

(6 2 1 )
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Any and  all disturbances of reinforcem ent from  any  cause 
shall be fully  corrected prio r to  th e  placing of concrete, and  
bar supports and  spacers shall be repaired, or rem oved and  
th e  builder.

T A B L E  1 .— O N E - W A Y  S L A B  C O N S T R U C T IO N

Span
Rows of Slabs 
Bar Spacers 

for Panel

High Chairs and Support 
Bars in Slabs 4" and Thicker*

Support Bars H igh Chairs

0 ' to  6' Steel Continuous 1 1 Row a t Beam 4'-0 o.c.
0' to 14' Steel N ot Continuous 2 2 Rows a t Beam 4'-0 o.c.

14' to 20' Steel N ot Continuous 3 2 Rows a t Beam 4'-0 o.c.
20' to  26' Steel N ot Continuous 4 2 Rows a t Beam 4'-0 o.c.

*C ontinuous h igh  chairs m ay  be su b s t itu te d  for ind iv idual h igh  cha irs  a n d  su p p o rt bars .

Table  2 .— O R D IN A R Y  B E A M  A N D  JO IS T C O N S T R U C T IO N

(Bars 1 in. square and smaller)

Number of beam (joist) chairs

Clear spans, beam 
(or joist)

Single 
layer of 

bars
Two Layers Three Layers

Lower Top Lower Middle Top

Over 0 ft. to  14 f t ............ 2 2 2 2 2 2
Over 14 ft. to  23 f t ............ 3 3 2 3 2 2
Over 23 ft. to  30 f t............ 4 4 3 4 3 2
Over 30 f t ............................ (*) (*) (*) (*) (*) (*)

*See T ab le  3.

T A B L E  3.— H E A V Y  B E A M  A N D  G IRDER C O N S T R U C T IO N

(Beams or girders with large number of 1 j/g- or 1 J^-inch bars)

Number of beam chairs

Clear Spans Single 
layer of 

Bars

Two
Layers

Three
Layers

Lower Top Lower Middle Top

Over 0 ft. to  14 f t ............ 2 3 2 3 2 2
Over 14 ft. to  23 f t ............ 3 5 2 6 2 2
Over 23 ft. to  30 f t ............ 4 6 3 7 3 2
Over 30 ft. to 40 f t ............ 6 7 4 8 4 3
Over 40 ft. to  50 f t ............ 7 8 4 9 5 4
Spacing of beam chairs in 

spans other than  above: 
All spans..................... 7'0* 6 '0 ' lO'O” 5 '0 ' 8'0" lO'O’

w hatsoever 
all dam aged 
replaced by



M E T A L  SUPPORTS FOR REINFO RCEM ENT (A C I 3 1 9 -4 2 ) 623

T A B L E  4 .— F L A T  S LA B S

(Two and four way flat slabs—See Fig. 1 and 2)

Spans 
(center to  center of 

Columns)

Supporting Spacers High Chairs and % " Support 
Bars under Ends of Bent Bars*

Column 
Strip or 
Direct 
Band

Middle 
Strip or 

D iagonal 
Band 

Bottom 
Layer

Support for 
Column Head 
Reinforcement

Support for Nega
tive Reinforcement, 

Middle Strip

Support
Bars

High
Chairs

Support
Bars

High
Chairs

Over 0 ft. to 18 f t ............ 3 2
Over 18 ft. to 26 f t ........... 3 3
Over 26 ft. to 36 f t ........... 4 4
Around interior colum ns. . 2 8
Around exterior colum ns.. 2 5
Around corner columns.. . 2 4
In  interior panels.............. 4 12
In  exterior panels.............. 5 15
In  corner panels................ 6 18

♦C ontinuous h igh chairs m ay be s u b s titu te d  for ind iv idual high chairs a n d  su p p o rt bars.

 Supporting Spacer
 ^fB ar on ///g h  Chairs

x H igh C hairs

Sxferior PVoi/J

In  roof slabs use one 
(1) more supporting 
spacer under column 
s t r ip s ,  or d ia g o n a l 
bands, and bottom lay
ers of middle strips or 
diagonal bands, and one 
(1) more 5^in. support 
bar a t interior column 
heads, than the number 
shown in Table 3.

Fig. 1— Tw o-w ay  
system

Fig. 2— Four-way  
system
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TYPES O F  DEVICES

Since various sa tisfac to ry  types of supporting  devices are on th e  
m arket, th is  report m akes no a tte m p t to  specify exact details and  sizes. 
How ever, th e  following indicates th e  C om m ittee’s opinion as to  a speci
fication covering th e  m ost com m on types, which should produce devices 
m eeting th e  requirem ents of parag raph  2 , “ S u pports .”

F o r supporting  devices for slab steel in which th e  spanning m em ber 
is a  round section, e ither of cold draw n wire or of ho t rolled steel having 
a yield po in t no t less th a n  45,000 psi., the  spacing of legs shall n o t exceed 
th e  following:

F or continuous high chairs s =  400 d3
F or continuous slab spacers, w here th e  spanning m em ber is not 

over 134 in. above th e  form s s = 550 d3 
in which

s —  spacing of legs in  inches 
d —  d iam eter of round  wire or rod in  inches

T he above rules shall apply  to  spacers having legs a t  a spacing no t to 
exceed 30 in.

Supporting legs for continuous high chairs shall be so form ed th a t  the 
effective w id th  of th e  su pport w here i t  rests on th e  form  shall n o t be less 
th a n  %  of the  height from  th e  form  to  th e  to p  of th e  spanning member.

Supporting  legs for continuous slab spacers shall be so form ed th a t 
th e  effective w idth  of th e  support, where i t  rests on  th e  form , shall not 
be less th a n  tw o tim es th e  height from  th e  form  to  th e  to p  of th e  spanning 
m em ber.

• Legs of continuous high chairs m ade of wire or round  rods shall be of 
such size th a t  th e  ra tio  of height to  rad ius of gy ra tion  shall n o t exceed 
1 2 0  in the  case of wires having a  d iam eter less th a n  3 4  in- or in  case of 
all chairs w hich are supported  upon  m etal forms.

In  the  case of continuous high chairs which are supported  upon wood 
forms and  in  which th e  m aterial of th e  legs is of a d iam eter of 3 4  in. or 
larger the  ra tio  of height to  rad ius of gy ra tion  shall n o t exceed 156.
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I. I N T R O D U C T I O N

1 . This report has been prepared  in response to  an expressed need for 
an  outline of good practices for m easuring and mixing th e  ingredients 
for concrete and for placing the  finished product.

2. A t th e  o u tse t th e  C om m ittee faced the  question w hether it  should 
describe “ common practices” or “ best p ractices.” Since th is report is 
a recom m endation, and  no t a  specification, it is believed tb a t  th e  in
terests of progress in  th e  developm ent of concrete construction will be 
b e tte r  served if th e  best m ethods know n are outlined.

3. On sm all jobs, or in th e  more com petitive uses of concrete such as 
building construction , practices som ew hat m ore relaxed th a n  those

*A4nr,tpd as a S tan d a rd  of th e  A m erican C oncre te  In s titu te  a t  its  38 th  A nnual C onvention , 1942, 
rep o rted  by  C om m ittee  614; ratified  by  L e tte r  B a llo t M ay  24, 1942.

(6 2 5 )
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here recom m ended m ay be econom ically justified. T he profitable 
degree of such deviation m ust be determ ined by  those in  charge of 
each job, in view of the  conditions which obtain . In  general, th e  
C om m ittee has no evidence th a t  good concrete operations canno t be 
perform ed as econom ically as poor ones or th a t  th e  m ethods here recom 
m ended, where applicable, will resu lt in higher u ltim ate  costs th a n  o ther 
m ethods. T he refinem ents recom m ended are in tended  p rim arily  to  
im prove uniform ity  and  to  elim inate segregation in  aggregates and 
concrete. W here properly  executed, th e  m ethods described have re
su lted  in  sm oother operation and  an y  add itional costs resu lting  from  
them  have been offset b y  consequent h igher p roduction  rates.

4. I t  has been assum ed th a t  w hoever will give serious consideration 
to  these recom m endations will have a reasonable knowledge of the  
ord inary  practices and  preparations required  in concrete work. For 
th a t  reason, m any  rou tine  instructions for m easuring, mixing, and  placing 
concrete are om itted . Since th e  specific objective of these recom m en
dations is m axim um  uniform ity , hom ogeneity  and  quality  of concrete 
in place, special consideration is given practices designed to  accom plish 
th a t  end. In  order to  p o rtray  m ore clearly certa in  of th e  principles in
volved and  th e ir  application  to  concreting operations, four figures are 
included as a p a r t  of these recom m endations, illu stra tiv e  of some examples 
of good and  bad  practice.

5. F o r fu rth e r discussions of th e  s tan d a rd  aspects of m easurem ent, 
mixing, and placing, th e  reader is referred to  th e  1940 R eport of th e  Jo in t 
C om m ittee on S tan d ard  Specifications for C oncrete and  Reinforced 
Concrete and  to  th e  p a rticu la rly  excellent and  specific docum ent of 
recom m ended practice  adop ted  b y  the  A m erican A ssociation of S tate  
H ighw ay Officials re la ting  to  M easuring, M ixing, and  Placing of Con
crete for Use in C oncrete Pavem ents. W ith  th e  recom m endations of 
those reports, A C I C om m ittee 614 is, in  general in  accord, a lthough a 
few exceptions in details or in  em phasis m ay be noted.

II. M E A S U R E M E N T
Essential requirem ent

1. E qu ipm en t should be used which is capable of perform ing accurate 
m easurem ent. M ateria ls should be handled, and  m easuring operations 
perform ed in such a  m anner th a t  sa tisfac to ry  rep roducib ility  of the  
selected b a tch  assem bly and  aggregate grading is ob ta ined  b a tch  after 
batch . T he objective is u ltim a te  un ifo rm ity  and  hom ogeneity  of the  
concrete.

A g g re g a te s

2. T he num ber of separa te  sizes of coarse aggregate w hich should  be 
used, to  reduce segregation in  handling to  a p ractical m inim um  and
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to  perm it reasonably  close control of the  grading from  batch  to  batch , 
is dependent upon  th e  m axim um  size of th e  m aterial. F o r particles 
larger th a n  1  inch, th e  ra tio  of th e  m axim um  to  th e  m inim um  designated 
sizes should no t exceed 2 ; for coarse aggregate particles finer th a n  1  inch, 
th is  ra tio  should no t exceed 3. T he permissible tolerance of undersize 
or oversize m ateria l in  each designated size of aggregate should not 
exceed 1 0  per cent, and  handling operations should be such th a t  varia
tion  in these portions of such m aterial is held to  a practical m inim um .

3. The m axim um  size of sand should no t exceed th a t which will pass 
a screen having )/g-in. openings if i t  is screened and handled dry. The 
s tan d ard  No. 4 sieve (M -in. openings) represents a suitable m axim um  
size for w et screened sand which is to  rem ain dam p th roughou t all 
handling and  batch ing  operations, except when th e  use of th e  sm aller 
size is desirable to  control th e  percentage of pea gravel (about No. 8 

to  iMs-in.) in  the  mix. W hen tw o sizes of sand are used to  ob tain  proper 
grading, no a tte m p t should be m ade to  blend them  b y  placing a lternate  
am ounts in stock piles or in cars and trucks as loaded or by  o ther equally 
crude procedures. W ith  adequate  equipm ent and  am ple supervision 
and  inspection, good results are obtainable, when th e  fine aggregate is 
produced, by  blending th e  different sizes of sand as th ey  flow in to  a 
common stream  from  regulating gates or feeders. Such m ethods can, 
however, produce very  irregular results. F o r th e  m ajo rity  of work, 
separate  batch ing  of th e  fine and  coarse sand is preferable since it  will 
produce consistently  uniform  results under the  wide range of common 
p lan t and  job conditions.

4. T he production  or purchase of sand  should be controlled insofar 
as possible to  m inimize variations in grading, particu larly  in  the finer 
sizes. In  p lan ts where sand is washed, care should be exercised to  avoid 
rem oval of fines essential to  good grading and  to  plastic, workable 
concrete. F or sand passing a Jdj-in. screen, 20 per cent finer th a n  50 
mesh is considered close to  an  ideal percentage of fines for average 
concrete work. Lean mixes are benefited by  am ple percentages of such 
fines while rich mixes are im proved w ith a sm aller percentage of these 
sizes.

5. V arying am ounts of w ater in  aggregates com m only contribu te  to  
lack of uniform ity . E ffort should be m ade to  m aintain  a uniform  mois
tu re  con ten t in  th e  aggregate supplied for batching. F or th is reason 
aggregates from  dry  deposits, if no t high in absorption, m ay preferably 
be prepared  and handled  d ry  when washing is no t essential. Before 
placing th e  m aterial in ba tcher bins, wet aggregates should be drained 
u n til, by  actual test, there  is little  difference in the m oisture content 
of th e  w ettest and  driest portions of the  m aterials. A dequate drainage
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will require a t  least 8  hours and  additional tim e m ay  be necessary, 
depending on the  grading of th e  m ateria l and  th e  efficiency of th e  d ra in 
age system  provided. On large jobs w hen thorough drainage is difficult, 
an  electric m oisture ind icator in th e  sand b a tch er and  a consistency 
m eter on th e  m ixer will perm it ra th e r  close control of consistency, even 
when there  are wide fluctuations in aggregate m oisture.*

6 . Aggregates should be handled  in stockpiles and  bins in' a  m anner 
producing m inim um  segregation of sizes. Stockpiles should be per
m itted  only when b u ilt up  in layers no th ick er th a n  those resulting 
from  tru ck  loads dum ped on th e  sam e plane. W hen stockpiling  sand 
and  pea gravel, segregation m ay  be fu rth e r avoided if m oisture  con
ten ts  of a t  least 5 and  2 per cent, respectively, are m ain ta ined . Coarse 
aggregate should be rem oved from  stockpiles, b y  clam shell bucket or 
o ther m eans, in  horizontal layers of such w id th  th a t  aggregate is no t 
perm itted  to  run  down th e  slopes a t  th e  edge of th e  pile. S torage bins 
should have th e  sm allest p racticable equal horizontal dim ensions. R ound 
bins are preferable. B ins should have only one o u tle t located  a t  th e  
cen ter of a  b o tto m  sloping to  i t  from  all directions a t  n o t less th a n  50 
degrees from  th e  horizontal. T hey  should be charged b y  m ateria l fall
ing vertically  d irectly  over th e  ou tle t. T hey  should be k ep t as full as 
possible a t  all tim es to  avoid breakage and grading changes as th e  bins 
are em ptied.

7. Reference is m ade to  the  sketches, a p a r t  of these  recom m endations, 
for illustra tions of preferred practice in th e  handling of aggregates. U n
less precautions are exercised in th e  selection and  handling of aggregates, 
refinem ents in m easuring, mixing and  placing are nullified.

Batching aggregates

8 . For jobs of from  2,000 to 5,000 cu. yd,., the  cost of hand  batching 
soon justifies a  sim ple weigh b a tch er insta lla tion , in to  whose bins aggre
gates m ay be delivered directly . As th e  size of th e  job  increases, th e  
saving in m aterials and  th e  prevention  of con tam ination  b y  d ir t or by 
o ther sizes adds considerably to  th e  balance in  favor of bins as opposed 
to  dum ping m aterials on the  ground. As th e  size of th e  work increases 
still g rea ter refinem ent should be required.

9. From 2,500 to 10,000 cu. yd. jobs, cum ulative m anual weigh b a tch 
ing and  from  10,000 to 25,000 cu. yd., cum ulative au tom atic  weigh 
batch ing  are recom m ended. F or jobs of over 25,000 cu. yd., require
m ent of individual au tom atic  weighing of th e  aggregate is justified by 
th e  im proved perfection of un iform ity  of m easurem ent. (See favored 
sketch.) If  good inspection and  dependable p lan t m en are available,

*Engineering News-Record, P age  52, J u ly  11, 1935.
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C O R R E C T
Methods which ploce moteriol in the 

pile in individual un its not lorger 
than o truck  load and which do not 
perm it the aggregote to  run down 
the slopes at the edge of the pile.

IN C O R R E C T
Methods which perm it the 
aggregote to  roll down the 
slopes as it  is odded to the 
pile. The use of bulldozers 
is undesireable.

STOCKPILING OF SCREENED AGGREGATE
( W H E N  P E R M I T T E D )

C O R R E C T  IN C O R R EC T
Chimney surrounding material falling from Free fa l l  o f  m a te ria l 

end of conveyor belt to  prevent wind from  from  high end of stock
separating fine and coorse material. Cfpen- e r  pe rm itting  wind to  
ings provided as'required to  discharge separate f in e  from  
material a t various elevations on the pile. coarse m ate ria l.

U N FIN ISH ED  OR FINE  
AGGREGATE STO RA G E -  DRY

( DRY MA TER IA LS  )

C O R R E C T
Full bottom sloping 5 0 ° from  

horizontal in a ll directions to 
ou tle t with corners of-bin prop
erly rounded.

IN C O R R E C T
Flat bottom bins or those w ith any 

arrangement o f slopes having cor
ners or areas suchthot oil material 
in bins will not flow readily through 
outlet without shoveling.

C O R R E C T
Material drops vertically into bin d i

rectly over the dischorge opening 
perm itting discharge of more gener
ally uniform material.

IN C O R R E C T
Chuting m a te ria l in to bin 

on on angle. M o te rio l 
fa l l in g  o the r th an  d ire c t
ly  o v e r opening not always 
uniform os discharged

SLO P E  OF AGGREGATE BIN BOTTOMS AGGREGATE BIN FILLIN G
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« E"S
-O

S '- '
E

o F
in

e
G

ra
\

¿¿<s> 5 2
O O E o

\ /
2 o u_

u u u  u u

Side 
openings

.--Cumulative 
botcher 
(Cement 
weighed 
separately)— ; '

T ru c k --
u
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FOR BEST 
U N IF O R M IT Y

Indiv idual automatic weighing of ingredients 
ossembled into truck o r m ixer loading hopper 
by conveyor belts Discharge of cement batcher 
c on tro lled  so th a t cement is flowing full time 
aggregote is being delivered by conveyor belts.

A GOOD ARRANGEMENT
Cumulative automatic weighing of aggregates 

using conveyor belts automatically started and 
stopped by weighing equipment and having 
no gates to s tick . Good access for representa- 
ive sampling is afforded.

B A T C H IN G  E Q U IP M E N T

FOR L I M I T E D  
U N IF O R M IT Y

E ithe r o f above close groupings 
of bin discharges which couse 
long slopes o f m cterio l in bins 
w ith resu lting  separa tion and 
impaired un iform ity.

Fig. 1— Correct and incorrect hand ling  o f aggregates in storing and batching
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i t  m ay  no t be econom ically justifiable to  require new equipm ent, especi
ally  for the  sm aller jobs in  the  foregoing brackets.

10. Ind iv idual au tom atic  and  cum ulative m anual aggregate batchers 
should be charged th rough  easy operating  clam shell or u n d ercu t rad ial 
type  gates. Pow er-operated gates are used w ith th e  au tom atic  batchers 
and  m ay  be used w ith  th e  m anual batchers. W here necessary for the  
required  degree of accuracy, th e  g ate  charging th e  au tom atic  equipm ent 
should be arranged  to  operate w ith  a  su itab le “ d ribb le” a fte r th ere  is 
nearly  th e  desired q u a n tity  of m ateria l in th e  batcher. A utom atic 
cum ulative batchers should preferably  be supplied from  sho rt conveyor 
belts operating  betw een th e  cen ter of th e  b in  b o tto m  and  th e  batcher.

Batching cement

11. C em ent for large jobs should be handled  in  bu lk  and  weighed for 
each batch , p referably  au tom atically . New equ ipm ent for th is  p u r
pose probab ly  is no t justified except on jobs of well over 1 0 ,0 0 0  cu. yd. 
C em ent should never be weighed w ith  th e  aggregate. Sacked 'cement 
should be m easured in  un its  of n o t less th a n  one sack unless th e  frac
tional bags are weighed.

12. B ulk cem ent ba tchers should be charged b y  m eans of controlled 
screw conveyors or equally  effective devices. M oisture should be 
thoroughly  rem oved from  th e  air used in  je ts  to  loosen th e  cem ent in 
storage. C em ent hoppers and  batchers should have sm ooth m etal or 
m etal covered sides w ith rounded corners. Silos, bins, and  hoppers for 
cem ent should be governed b y  principles outlined above for aggregate 
bins. C ontrol should be available on th e  b a tch e r discharge gate  so 
th a t, in  even t of over-run, the  excess cem ent m ay  be w ithheld  unless 
i t  is rem oved before th e  b a tch  is discharged.

13. M odern specifications issued by  governm ent and  highw ay agencies 
con tain  excellently detailed  specifications for m anual and  au tom atic  
weigh batch ing  equipm ent for cem ent and  aggregate. O rdinarily , the 
p resen t equ ipm ent on th e  m arket, when in good m echanical condition, 
will have approved tolerances in weighing ab ility . O peration  should be 
required w ith in  a degree of accuracy of 1  per cent for cem ent and  2  per 
cent for aggregate.

14. B ulk cem ent is often lost or sca ttered  indescrim inately  in  dropping 
from  th e  ba tcher to  tru ck s or ba tch  cars below. Free fall of cem ent 
should never be perm itted . A typ ica l good m ethod of p reven ting  th is 
is to  enclose th e  discharging cem ent in  a narrow  canvas boo t long enough 
so th a t  its  ou tle t m ay be buried in  th e  cem ent w hen loading po rtab le  
b a tch  com partm ents. Such com partm ents should con tain  a separa te  
section for th e  cem ent, a ttach ed  to  and  operating  w ith  th e  ind iv idual



b a tch  release gate. T he boot m ay be used as a trem ie or th e  cem ent m ay 
be eased in to  th e  com partm en t b y  controlling th e  am ount of kinking 

atchets or doubling back  of th e  canvas a t  th e  lower end of th e  boot. T he canvas
t radial m ay  th en  be lifted, shaken, and  dropped in to  th e  nex t com partm ent. A
»atcher- telescopic rubber hose drop-chute from  th e  cem ent ba tcher is also avail-
forth able for th is  purpose. If  a separa te  section is no t provided for th e  cem ent
uipm® m  each b a tch  com partm ent, or th e  cem ent is n o t enclosed in  th e  aggre-
therei gate, ta rp au lin  covers should be required  during transpo rta tion . F o r

placing bulk  cem ent in to  a  b a tch  hopper for a s ta tio n ary  mixer, a  pipe 
of su itab le  size to  hold th e  cem ent should extend from  th e  ba tcher dis
charge to  a  level near th e  b o tto m  of th e  hopper. A fter covering the  
end of th is  w ith  th e  aggregate, th e  cem ent m ay be discharged. I t  will 
then  en ter th e  m ixer w ithou t loss of dust, and it  will be well d istribu ted  
th rough  th e  entering  aggregate.

W afer measurement

15. W ater m easurem ent on th e  larger jobs justifies the  recom m enda
tion  th a t  for pavers and  o ther portable mixers, there  be used only au to 
m atic m eters of proved m echanical dependability , or au tom atic  m eas
uring tan k s  of th e  vertical cylinder center-siphon discharge type, capable 
of rou tine m easurem ent w ithin an  accuracy of 1  per cent under all 
operating  conditions. F o r cen tral m ixing or batch ing  plants, either of 
these devices or au tom atic  weigh batchers of proved dependability  and

nealu accuracy w ithin 1 per cent should be required. Tanks should be per
m itted  only as an  auxiliary p a r t  of th e  au tom atic  m eter or weigh batcher, 

gM b u t  n o t as a  m eans of m easurem ent, except in  th e  form  of a  vertical
jj!f cylinder w ith center-siphon discharge.

The small ¡obs

16. F o r the sm all job, usually  less th an  two to  five thousand  cubic 
pie yards, concreting operations are likely to  be so irregular th a t m any of

the  foregoing preludes to  un iform ity  in th e  concrete, as far as aggregate
p repara tion  and  handling are concerned, are often next to  impossible of 
a tta in m en t. I t  is well to  keep them  in m ind, however, as standards to
be used w herever possible. C em ent should be handled and m easured 

12pfl in sacks. M ixers should be of sufficient capacity  and batches of such a
size th a t  no fractional bags of cem ent are required unless they  are weighed 
for each b atch . W ater m easuring equipm ent of expensive refinem ent 
m ay  n o t be economical for the  small job, b u t the use of simple equip
m en t th a t  is accurate, positive and dependable is justified and should 

=:k be required. A m anually  operated  s tandard  disc w ater m eter, of capac
i ty  according to  th e  size of th e  mixer, equipped w ith a vertical-face, 
set-back  register is no t expensive and is recom m ended where w ater
tem pera tu res do no t exceed 100°F. A vertical cylinder tan k  w ith center

ed
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siphon discharge is equally  satisfactory , and  should be used if w ater 
tem peratu res are grea ter th a n  100°F. A ggregates should be weighed. 
In  a m etropolitan  area where weigh batched  aggregates or p la n t con
tro lled  ready  mixed concrete is available, one of these should be used, 
even a t  a  reasonable prem ium , in  preference to  handling and  m easuring 
the  m aterials on th e  job. W here such services are n o t available, the  
quan tities for each b a tch  should be weighed in  w heelbarrow s or buggies 
on platform  scales now generally available for th is purpose on sm all jobs.

G enera l

17. If standards of uniform ity , such as are read ily  ob ta inab le  with 
m odern batch ing  equipm ent, are to  be m ain ta ined  uniform ly  th rough
ou t an operation, there  is g rea ter need for em phasis of correct procedure 
in incidental operations th a n  on th e  ac tua l weighing of ingredients. 
Care should be exercised th a t  batches accura tely  assem bled arrive as 
uniform  batches in  th e  mixer. These sources of error should be avoided: 
(1) Over-lap of batches in loading and  discharging m ultip le b a tch  trucks 
and cars. (2 ) Loss of m ateria l in  transferring  batches to  th e  skips of 
po rtab le  mixers. (3) Loss or “hang u p ” of a  portion  of one batch , or 
its  inclusion w ith another, w hen d ry  batches are transferred  by  means 
of belts and  hoppers. All such dam age to  th e  correctness of th e  quan
tities in each assem bled ba tch  should be s tric tly  avoided and  m ethods 
should be approved or discarded accordingly.

III. M IX IN G

Essential requirements

1 . T horough mixing is, of course, a  first essential. E q u ip m en t and 
m ethods used shall be such as to  insure un ifo rm ity  of s treng th , and 
uniform ity  of consistency, cem ent and  w ater conten t, and  aggregate 
grading from  beginning to  end of each b a tch  as discharged. F o r con
crete work of th e  highest general quality , m ixing equ ipm ent should 
be used which is capable of handling concrete su ited  to  th e  particu la r 
work, from  the  stan d p o in t of its  p laceability  and  w orkability  in  the 
form s  (preferably by m eans of v ib ra tion  w here th is is applicable). M ix
ing equipm ent requiring, for efficient operation , mixes contain ing larger 
proportions of sand, cem ent, or w ater th a n  ind icated  for best results 
on the  basis m entioned is no t recom m ended.
The m ixer

2 . T he m ixer should preferab ly  have a com bination of b lade arrange
m ent and  d rum  shape such as to  insure an  end to  end exchange of the  
m aterials parallel to  th e  axis of ro ta tio n  as well as a  rolling, folding, or 
spreading m ovem ent of th e  mix over on itself as th e  b a tch  is m ixed. 
O therwise th e  action  shoidd be such th a t  com parable m ixing efficiency
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an d  uniform ity  of th e  b a tch  is obtained w ithin a reasonable mixing 
period. The m ixer should be operated  a t  the  speed designated by the 
m anufacturer, unless a reasonable change of speed definitely shows 
b e tte r results.

3. A ny m ixer leaking m o rta r or causing w aste of m aterials due to  
fau lty  size, shape, or operation  of charging equipm ent should be taken  
ou t of service im m ediately un til sa tisfactory  repairs and im provem ents 
have been m ade to  elim inate such waste. H ardened concrete or m ortar 
should no t be p erm itted  to  accum ulate on th e  inner surfaces of mixing 
equipm ent. W orn blades should no t be continued in service when 
they  m ateria lly  decrease mixing efficiency.

Size o f batch

4. T he size of th e  ba tch  in job mixers should no t exceed th e  m anu
fac tu re r’s guaran teed  capacity  of 1 0  per cent more th a n  the ra ted  capac
ity  of th e  mixer. The ra ted  capacity  should be exceeded only w hen: 
( 1 ) i t  results in no loss of m orta r during mixing, and (2 ) tests show 
th e  larger ba tch  to  be properly  mixed. W hen, to  shorten  tim e of dis
charge or to  reduce segregation due to  re ten tion  of coarse aggregate, 
it is desired to  re ta in  a portion of th e  batch  in excess of the  norm al 
“ hold back ,” th e  am ount of m aterial held back should be taken  into 
account in  fixing the size of the  batch  in relation to  the capacity  of 
the mixer.

The charging opera tion

5. All ingredients of the mix should en ter the  mixer p rom ptly  and as 
uniform ly as possible a t th e  sam e tim e. I t  is particu larly  im portan t in 
charging s ta tio n ary  mixers th a t  th e  solid m aterials be arranged in 
th e  charging hopper in such a m anner th a t  no one of them  enters sepa
ra te ly  b u t th a t  proportional am ounts of each (particularly  of cem ent 
and  sand) will be in  all parts  of th e  stream  of m aterial as i t  flows into 
the  mixer. To avoid “ gum m ing” and for greater uniform ity, cem ent 
should never be charged separately , especially ahead of th e  aggregates 
b u t should be enclosed w ithin the o ther m aterials. W ater for the batch 
should be released first and continue to  flow while the solids are en ter
ing th e  mixer, and should have com pleted flowing shortly  a fte r the 
last of th e  batch  has entered the drum . This flow should no t continue 
for more th a n  th e  first 25 per cent of the  mixing tim e, and should be 
s topped  as m uch short of th is as the  apparen t requirem ents of good 
operation of the  particu la r mixer will perm it. W here m eters are used, 
an d  particu la rly  if w ater pressure is low, auxiliary tanks, in to  which 
th e  q u a n tity  of w ater for th e  batch  m ay be m easured in advance, equipped 
w ith a discharge pipe to  th e  m ixer of such a size as to  insure the  fore
going ra te  of delivery, m ay be necessary.
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M ix in g  time

6 . T he ne t mixing tim e for a one-yard or sm aller m ixer w hen m ixing 
gravel concrete of m edium  consistency contain ing 1 . 5  bbl. or m ore 
of cem ent per cu. yd. should no t be less th a n  1  m inu te  u n d er th e  best 
conditions. F o r concretes contain ing less cem ent, m ixed to  drier con
sistencies, or containing an  unusually  harsh  mixing aggregate, tim e 
should be increased 25 per cen t to  50 per cent according to  th e  degree 
of dep artu re  from  concretes of th e  m ost readily  mixed type .

7. F o r job m ixers larger th a n  one cu. yd. capacity , p a rticu la rly  when 
m ixing m ass concrete, a nom inal m inim um  n e t m ixing tim e of 1  m in
u te  plus }/£ m inu te  for each add itional cubic y a rd  of capacity  should 
be required. T he use of m ixers unable  to  pass subsequen tly  prescribed 
tests  for m ixing efficiency a fte r tw ice th is  period of m ixing and  when 
charged indescrim inately, should be p rohib ited . T he to ta l  n e t mixing 
tim e for mixers m eeting th is  te s t  should be th e  foregoing m inim um  
(determ ined b y  the  size of th e  mixer) plus such additional tim e as 
necessary to  bring th e  ba tch  w ith in  th e  requirem ents of th e  m ixer effi
ciency te s t w hen th e  m ixer is charged and  operated  in  accordance with 
practice  w hich m ay  be established as rou tine for th e  job.

8 . The m ixing period should be m easured from  th e  tim e w hen all the  
solid m aterials are in th e  m ixer d rum  provided th a t  all th e  mixing 
w ater shall be in troduced  before 25 per cent of th e  m ixing tim e has 
elapsed. Over-m ixing of m ore th a n  th ree  tim es th e  above required 
periods should no t be perm itted  and  for th a t  reason all m ixing equip
m ent should be so arranged  th a t  i t  can be stopped  and  s ta r te d  under 
full load.

9. A b a tch  tim er and counter, including an  au tom atic  lock w hich will 
release th e  discharge lever only a t  th e  end of the  proper mixing period, 
and  an  audible indicator, should be installed  and  m ain ta ined  in  opera
tion  on each concrete mixer. On tru c k  m ixers th e  audible indicator 
is unnecessary. F o r jobs requiring 2 cu. yd. or larger s ta tio n a ry  mixers 
a  recording w a tt m eter or consistency m eter has definite advantages 
and should be required  on each m ixer because i t  is m ore reliable as a 
ba tch  counter, and  because i t  provides a p erm an en t record of num ber 
of batches, ty p e  of ba tch , m ixing tim e, retem pering, and  th e  un iform ity  
of consistency. Failu re  of an y  of th is  equipm ent should be sufficient 
cause for d iscontinuance of the  use of th e  m ixer un til th e  device is re
paired  or a  new one is installed.

Retem pering

10. R etem pering  or indiscrim inate add ition  of w ater to  delayed 
batches which have become stiffer th a n  th e  usual consistency should be
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prohibited . U nder careful supervision an  increm ent of w ater m ay 
som etim es be added w ith results beneficial to  essential w orkability, 
provided th e  m axim um  allowable w ater-cem ent ra tio  is no t exceeded. 
C oncrete delayed in placing should no t be w asted unless the  am ount 
of additional w ater, necessary to  restore sufficient w orkability  to  per
m it i t  to  be placed, would exceed th e  allowable w ater-cem ent ratio . 
B atches considerably w etter th a n  the  specified consistency, or batches 
in which there  has been some obvious error in  th e  m easurem ent of solid 
ingredients, particu larly  a shortage of cem ent, should be w asted unless 
proper corrections can be m ade a t  once and th e  corrected batch  th o r
oughly mixed.

Ready mixed concrete

11. T he use of ready mixed concrete is an im p o rtan t developm ent in 
connection w ith  general concrete construction— particu larly  in m etro
politan  areas. A ready  mixed concrete operation, adequately  equipped 
and supervised, affords excellent opportunities for th e  control of con
crete quality . T hus, ready  mixed concrete m ay be m ade to  offer th e  
sm all job the  control facilities ordinarily  available only to  large jobs.

12. R eady  mixed concrete m ay be cen trally  mixed, tru ck  mixed 
(mixed in  tran s it) , or p artia lly  centrally  mixed and partia lly  truck  
mixed (often referred to  as “ shrink-m ixing” ). The use of ready mixed 
concrete in troduces certain  new problem s of control to  which, while 
not fundam entally  different from  those encountered in o ther forms of 
concreting operations, a tten tio n  should be directed.

13. C entrally  mixed concrete presents about the sam e problem s as 
job-m ixed concrete which m ust be tran sp o rted  for considerable dis
tances from  the  p lan t to  th e  place of deposit. The possibilities of loss 
in consistency, resulting from  lapse of tim e betw een mixing and placing, 
should be given consideration. F o r norm al periods and  tem perature, 
and  when ag ita to r trucks are used for transpo rta tion , th is factor is 
generally negligible. N evertheless, precautions should be taken  to  
minimize loss of slum p b y  expediting delivery, elim inating delays and, 
in w arm  w eather, keeping th e  concrete as cool as practicable by  using 
cold mixing w ater, avoiding ho t cem ent, and by  shading and sprinkling 
aggregate. U nder conditions where loss of w orkability  cannot be 
otherw ise controlled and is likely to  be a serious m atte r, mixing a t  the 
form s or adequately  controlled tru ck  mixing as hereinafter outlined, 
will elim inate the difficulty.

14. In  th e  case of tru ck  mixing operations i t  is necessary to  exercise 
m ore th a n  usual control of all factors governing consistency because of 
th e  difficulty of judging consistency until the  concrete is delivered 
and  discharge is s ta rted . V ariations in consistency m ay be minimized by :



(a) H andling aggregates in such a  m anner as to  reduce varia tions in 
grading and  m oisture con ten t to  th e  g rea test p ractical ex ten t.

(b) Exercising accurate  control over th e  q u a n tity  of m ixing w ater 
which m ay  be ad m itted  to  th e  tru ck  mixers.

(c) Telephone com m unication betw een th e  po in t of placing and  the 
batch ing  p lan t to  keep m inim um  th e  q u a n tity  of concrete arriv ing  be
fore a change order goes in to  effect.

(d) Responsible technical supervision of th e  en tire  operation.

15. In  some cases sa tisfac to ry  control m ay  be. read ily  ob tained  only 
by  w ithholding the  final increm ent of th e  mixing w ater u n til th e  mixer 
arrives a t the  form  and  th en  doing th e  add itional m ixing as necessary 
to  incorporate thorough ly  th e  added  w ater. As po in ted  o u t earlier, 
com plete tru ck  mixing en rou te  will produce consistencies of sa tisfac to ry  
uniform ity , w ith m inim um  w ater conten t, only  when special care is 
exercised in  the  control of grading and  m oisture co n ten t; in  th e  absence 
of such control reso rt should be m ade to  mixing a t  th e  form s or to  com
pleting  th e  m ixing a t  th e  form s. W hile every  effort should be m ade to  
have concrete batches arrive a t  th e  job a t  a su itab le  consistency, i t  is 
possible to  m ake ad justm en ts a fte r arriva l if p roper provisions are  m ade 
in  specifications and  on the job. If  th e  b a tch  arrives too  dry , b u t con
ta ins less w ater th a n  th e  m axim um  allowed, add itional m ixing w ater, 
w ithin specification lim its, m ay  be added and  add itional m ixing done 
a t  th e  job site. In  general, batches w hich arrive  too  dry , and  already 
contain  th e  m axim um  allowable mixing w ater, or batches w hich arrive 
too wet, should be rejected. However, ad ju stm en ts  m ay  be made 
where conditions perm it, a lthough  th ey  are to  be avoided since they  
in terfere w ith orderly  routine. E v ery  care should be exercised to  see 
th a t  concrete arrives a t  th e  job w ith  th e  desired consistency.

16. T ruck  mixers should be operated  a t  a  m ixing speed in accordance 
w ith th e  recom m endations of th e ir  m anufactu rer and  should also be 
capable of operating  a t a  su itab le  lower ag ita ting  speed of no t less th an  
2  nor m ore th a n  6 r.p .m . of th e  drum . T he tim e of mixing in truck  
mixers should be no t less th a n  50 revolutions of th e  drum  or blades a t  the 
ra te  of ro ta tio n  specified b y  th e  m an u fac tu rer as m ixing speed. The 
volum e of th e  batch  should no t exceed th e  m an u fac tu rer’s ra tin g  of 
th e  tru ck  m ixer’s capacity  and, in any  event, should no t be g rea te r th an  
fifty-seven and one-half (57.5) per cen t of th e  gross volum e of th e  drum  
or container. If, from  any  cause, th is  am oun t of m ixing is insufficient, 
as determ ined b y  th e  subsequent te s ts  for m ixer efficiency or b y  o ther 
m eans, additional m ixing should be required  un til sa tisfac to ry  results 
are obtained. In  tru ck  mixing and shrink mixing, no t m ore th a n  150
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Rock-,

''■Counterweighted rubber scroper 
•Provide 2 4 - inch ,— » — >.

"\ minimum headroom I |  |  /
! for downpip:Au

IN C O R R E C T
F illing of buckets.cors,hoppers, 

etc. d ire c tly  fro m  th e  m ixer 
d ischa rge

Provide 24 
inch m in im u m '^; 
headroom 
for downpipe

'Chute to  be s u ffic ie n t ly  steep 
to  handle concrete of m inimum  
slump specified

.-'Unseporated

C O R R E C T
Either of the arrangements ot the le f t  prevent seporo- 

tion regardless of length of chute or conveyor,whether 
d ischarg ing concrete into bu cke ts .co rs ,tru cks ,o r 
hoppers.

CONTROL OF SEPARATION AS 
CONCRETE IS DISCHARGED FROM M IXERS

C O R R E C T
Dropping of concrete 

d ire c t ly  over g a te - ' 
open ing.

IN C O R R E C T
D ropping'of concrete 
on sloping sides o f 
hopper.

FILLING CONCRETE HOPPERS 
OR B U CKETS

*-Chute,etc.
Chute, etc.-) 

Longitudinally-opening ¿y
U nseporo ted-

-Vertical drop

long norrow double Square or

gates,. \S ' c ircu la r............*V. F

C O R R E C T  IN C O R R E C T
The obove arrangement shows a feasible Filling divided hopper os above in 
method if a divided hopper must be used, variably results in separation and 
(Single discharge hoppers should be lack of un ifo rm ity in concrete del- 
used whenever possible.) ivered from either gate.

DIVIDED CONCRETE HOPPERS

IN CO RR EC T

C O R R E C T
Discharge from  centeropening permitting 

vertical drop in to  center of buggy. Al- . 
te rn a te  approach from  opposite sides Sloping hopper gates which ore 
perm its as rapid loading as may be ob- in effect chutes w ithout end 
tained with the objectionable divided control causing objectionable sep- 
hoppers having two dischorge gates, arotion in f il lin g  the buggies.

DISCHARGE OF HOPPERS FOR 
LOADING CO N CRETE BUGGIES

Prow i de 24 ¡ ! I ' • ]  ''Counterweighted rubber scraper

S r S f H L f  B a f f l e - 4 .
do*nP'Pe .No separation \

M o rta r - ...  J k  Roc) \  ,

No baffle

.-M ortor

No separation-,

C O R R E C T
The obove arrangement prevents 
separation of concrete whether 
it is being discharged into hop
pers,buckets,cars,trucks,or forms.

i n c o r r e c t

Improper or complete lock of control 
o f end of belt Usually a baffle or 
shallow hopper merely changes the 
direction of separation.

C O R R E C T
The above arrangement prevents sepa
ration, no m atter how short the chute, 
whether concrete is being discharged into 
hoppers,buckets,cars,trucks,or forms.

IN C O R R EC T
Improper or lack of control at end of 
any concrete chute, no m atter how 
short. Usually a ba ffle  merely 
changes direction of separation.

CONTROL OF SEPARATION OF CONCRETE CONTROL OF SEPARATION 
AT TH E END OF CONVEYOR B ELTS AT THE END OF CONCRETE CHUTES

This applies to  sloping discharges from  mixers,truck mixers, 
etc. os well os to longer chutes,but no t when concrete is 
discharged into another chute or onto a conveyor belt.

Fig. 2— Correct and incorrect methods of handling mixed concrete
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revolutions of the  drum  should be a t  a peripheral speed in  excess of th a t  
designated as ag ita to r speed. A dditional mixing, if necessary, should 
be a t  ag ita to r speed.

Measure of mixing efficiency

17. T he efficiency of th e  mixing operation  in  in term ingling th e  con
stitu en ts  of th e  concrete in  all types of mixers should be such th a t  a t 
th e  end of th e  prescribed or p e rm itted  mixing period spread in the 
w ater-to-fines ratios, W / F ,  of th ree  1500-gram sam ples of m o rta r  fro m  
well separated  localities in  th e  mixer, should be w ith in  te n  p er cent of the  
average of th e  th ree  sam ples; W  being th e  m ixing w ater an d  F  being the  
cem ent and  o ther fine m ateria l passing th e  No. 100 screen.*

18. T he ra tio  of coarse aggregate to  m o rta r should appear to  be un i
form  in all p a rts  of th e  m ixer on visual inspection  and  th is  should be 
borne ou t b y  subsequent observation of th e  w orkab ility  of th e  concrete.

The discharge operation

19. No portion  of th e  tim e required  for discharging an y  ty p e  of mixer 
should be considered a p a r t  of th e  required  n e t m ixing tim e. T he dis
charge facilities of all types of mixers should be capable of ready  dis
charge of concrete of the  stiffest consistency w hich should be placed by 
m eans of v ibration . To m eet th is  requirem ent, all m ixers should be 
capable of ready  discharge of concrete of 1  inch slum p.

20. To preserve th e  un ifo rm ity  of d istribu tion  of m ateria ls and  the 
usual hom ogeneity of th e  concrete in  th e  m ixer im m ediately  prior to 
discharge, all types of m ixers discharging in to  hoppers, buckets, cars, 
etc., should be so equipped th a t  th e  concrete will drop vertically , not 
diagonally, in to  such containers in  accordance w ith th e  principles shown 
in th e  sketches which constitu te  a  p a r t  of these recom m endations. Sep
ara tion  of coarse aggregate from  the  m ortar, com m only resu lting  as 
concrete is discharged from  th e  mixer, is th u s  avoided.

21. T he blade arrangem ent and  discharge m echanism  of all types of 
mixers, including ag ita ting , shrink, and  tru ck  m ixers, should be such 
th a t  th e  am oun t of aggregate larger th a n  %  inch in any  portion  of the  
ba tch  will no t differ by  more th a n  2 0  per cent from  th e  am oun t of such 
aggregate in any  o ther portion  of th e  batch . This m ay be determ ined 
readily  by  com paring the  w eights of coarse aggregate re ta ined  w hen a t 
least 2 0 0  lb. f  of concrete from  each po rtion  of th e  b a tch  in  question  is 
washed over a  M -in. screen. U ntil or unless equ ipm ent is available 
which will m eet th is  requirem ent, and is operated  in  th is m anner, when

*F or one m e thod  of te s t  see “ M o rta r  T e s t for M ixer E fficiency,” M eth o d  B , U . S. B u rea u  of R ec lam a
tio n  C oncre te  M an u a l, th ird  ed ition , J a n u a ry  1941, p . 419.

fA 500-lb. sam ple  is p referab le  if i t  does n o t con ta in  po rtions  of th e  b a tc h  o th e r th a n  th o se  supposed ly  
rep resen ted .



M E A S U R IN G , M IX IN G  A N D  P L A C IN G  C O N C R ETE (A C I 6 1 4 -4 2 ) 6 3 9

th e  frac tion  of the  b a tch  contain ing excessive am ounts of coarse aggre
gate  is o rd inarily  th e  last portion  discharged, th a t  fraction  should be 
w ithheld from  discharge and  mixed w ith th e  succeeding batch . As 
heretofore recom m ended in  th is  case, th e  size of batches charged into 
th e  m ixer should be reduced b y  th is  am ount. In  some tru ck  mixer’s 
th is ty p e  of separa tion  m ay  be avoided b y  reversing th e  direction of 
ro ta tio n  for one or tw o revolutions prior to  th e  final discharge.

General

22. In  general, all of th e  foregoing recom m endations should be con
sidered w here applicable in  connection w ith  th e  mixers of proper capac
ity  for th e  job regardless of th e  size of th e  job or its  classification.

IV . P L A C IN G
Essential requirements

1. Only those m ethods and  arrangem ents of equipm ent should be 
used which will reduce to  a m inim um  the  separation  of coarse aggre
gate from  the  m o rta r a t  all points from  th e  mixer to  th e  forms. F or 
h ighest quality  of concrete in  place, th e  placing equipm ent should be 
considered for its  ab ility  to  handle mixes ideal for th e  particu la r work, 
from  th e  s tan d p o in t of th e  concrete placeability  and  w orkability  in  the 
form s  (preferably by  m eans of v ib ra tion  where th is  is applicable). E qu ip 
m ent should be capable of expeditious placing of concrete of th e  proper 
consistency, grading and  m axim um  size of aggregate, a t  th e  ra te  m ost 
advantageous to  good workm anship. Selection or approval of any 
p a rt of placing equipm ent requiring, for efficient operation, mixes con
ta in ing  larger proportions of sand, cem ent, or w ater, or sm aller coarse 
aggregates, th a n  indicated  for best results on the above basis, is not 
recom m ended.

Avoidance of separation

2. T he m ost im p o rtan t consideration in handling and placing concrete 
is th e  avoidance of separation  of coarse aggregate from  th e  concrete. 
P articu la r a tten tio n  m ust be paid  to  th a t  tendency a t  ends of chutes 
and conveyor belts, a t  hopper gates and a t  all o ther points of discharge, 
if u n ifo rm it y  and  hom ogeneity of concrete in place and good work
m anship are to  be assured. No consideration- should be given to  th e  
com m on fallacy th a t  separation  occurring in handling will be elim inated 
in th e  course of o ther operations. Separation should be prevented— not 
corrected a fte r its  occurrence.

3. Im p o rta n t in arranging equipm ent to  prevent separation  is th e  
provision th a t  the  concrete shall drop vertically in to  the  center of w hat
ever container receives it. The im portance of th is increases very  greatly  
w ith increases in slum ps, m axim um  size, am ounts of coarse aggregate,



6 4 0 J O U R N A L  O F  THE A M E R IC A N  C O N C R ETE  INSTITUTE June 1 9 45

CO RR EC T

D is c h o rg e  c o n c re te  in to  
l ig h t  h o p p e r fe e d in g  

in to  l ig h t  f le x ib le  drop  
c h u te .  S e p o ro t io n  is 
a v o id e d  F o r m s o n d  
s te e l a re  c le a n  u n t i l  
c o n c re te  c o v e rs  th e m .

IN C O R R E C T

T o  p e r m i t  c o n c r e te  
fro m  c h u te  o r  bu g g y  to  
s t r i k e  a g o in s t  fo rm  
a n d  r ic o c h e t  on  b a rs  
o n d  fo rm  faces c au s in g  
s e p a ra t io n  ond h o n e y 
c o m b  a t  t h e  b o t to m .

PLA CIN G  C O N C R ETE IN 
TOP OF NARROW FORM

CO RR EC T

S t a r t  p la c in g  a t  b o tto m  
o f s lo p e  so t h o t  c o m 
p a c t io n  is  in c re o s e d  by 
w e ig h t o f ne w ly  a d d e d  
c o n c r e te  

V ib ro t io n  c o n s o lid a te s .

I N C O R R E C T

To b e g in  p la c in g  a t  to p  
o f s lo p e  U p p e r con cre te  
te n d s  to  p u ll o p a r t  es
p e c ia lly  w h e n  v ib r o te d  
be low  os v ib ro t io n  s ta rts  
f lo w  a n d  re m o v e s  s u p 
p o r t fro m  con cre te  above.

WHEN C O N C R ETE  MUST BE  
P LA C E D  IN A SLO P IN G  

L IF T

4-__

CO RRECT

V e r t ic a l  p e n e tr a t io n  o f 
v ib r a t o r  o fe w  in c h e s  
in to  p re v iou s  l i f t  (w h ich  
sho u ld  n o t y e t be r ig id )  
a t  s y s te m a t ic  r e g u la r  
m te r v o ls  fo u n d  to  g ive 
a d e q u a te  c o n s o lid a tio n

IN C O R R E C T

H a p h a z a rd  ra n d o m  p e n 
e t ra t io n  o f th e  v ib r a to r  
a t  a l l a n g le s  ond spocm gs 
w ith o u t s u f f ic ie n t  d e p th  
to  o s s u r e  m o n o l i t h ic  
c o m b in a t io n  o f th e  tw o  
lo y e ts

S Y S T E M A T IC  V IB R A TIO N  
OF EA C H  NEW L IF T

C O R R E C T

D ro p  c o n c re te  v e r t ic a l ly  
in to  ou tside p o c k e t under 
ea ch  fo rm  o p e n in g  so 
as  to  le t  c o n c r e te  s to p  
and f lo w  e a s ily  o v e r  
in t o  f o r m  w i t h o u t  
s e p o r o t io n .

IN C O R R E C T

To p e r m i t  h ig h  v e lo c ity  
s tre a m  o f  c o n c r e te  to  . 
e n te r  fo rm s  on a n a n g le  
fro m  th e  v e r t i c a l .  T h is  
in v a r ia b ly  r e s u l t s  in  
s e p a r a t io n .

PLACING IN D EEP NARROW 
WALL THRU PORT IN FORM

1 -!

1
i :

o 1;

O 2z> a:Q o o

, 0-0 =

, 1  1  tOh °  < a.

k î

CO R R E C T

N ecessarily  w e tte r  concre te  
o t  b o tto m  o f d e e p  n a r 
ro w  fo rm  m ad e  d r ie r  os  
m o re  a c c e s s ib le  l i f t s  
n e o r  to p  a re  re a c h e d . 
W o te r  g a in  te n d s  to  
e q u a l iz e  q u a l i t y  o f 
c o n c r e te  S e t t le m e n t  
s h r in k a g e  is m in im u m .

IN C O R R E C T

T o u s e  s o m e  s lu m p  a t 

to p  a s  r e q u i r e d  a t  
b o t to m  o f l i f t .  H ig h  
s lu m p  a t  to p  r e s u lts  
in  e x c e s s iv e  w o te r  
g a in  w i t h  r e s u l t a n t  

d i s c o lo r a t i o n . lo s s  o f 
q u a l i t y  a n d  d u r a b i l i t y  
in  th e  u p pe r la y e r .

C O N S ISTEN C Y  OF C O N C R E T E  
IN D E E P  NARROW FORMS

Fig. 3— Correct and incorrect methods o f p la c in g  concrete
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and  w ith  reductions in  cem ent content. Falling concrete should be 
closely confined in  a  down pipe of th e  proper size to  w ithin a few feet 
of th e  place of deposit in  th e  form s or o ther container and the final drop 
must be vertical if separation  is to  be prevented. A pplication of th is 
principle to  various com m on details of concrete handling equipm ent is 
shown in  th e  accom panying sketches.

■ 4. AVhere applicable, th e  use of bo ttom  discharge buckets is a superior 
m ethod of handling and  placing m ass concrete, provided: ( 1 ) th ey  are 
of a  size, and m ay  be- discharged in  a  m anner and  w ith such frequency, 
th a t  the  concrete m ay be placed in  approxim ately  horizontal layers 
while th e  previous layer is still soft; (2 ) th ey  are capable of discharging 
concrete of th e  stiffest consistency specified; (3) successive batches are 
so placed as to  afford opportu n ity  for thoroughly  working th e  concrete 
by  m eans of in te rna l v ib ra to rs; (4) only com plete m ixer batches are 
placed in  th e  b u c k e t; and  (5) separation  is avoided in  filling th e  buckets 
(see sketch).

5. Concrete should no t be dropped th rough  reinforcem ent steel, or 
in to  any  deep form  w hether reinforcem ent is p resen t or not, so as to 
cause separation  of th e  coarse aggregate from  th e  m o rta r by  repeated ly  
h itting  rods or th e  sides of th e  form  as i t  falls. F o r placing under such 
conditions, hoppers and, if possible, vertical ducts should be used in  
th e  forms, or o ther m eans em ployed so th a t  th e  concrete m ay reach 
the  place of final deposit w ithou t separation or coating the steel and 
forms w ith  m o rta r th a t  will d ry  ou t long before i t  can be covered with 
concrete. In  difficult cases of deposit of th is kind in deep, narrow , re
inforced walls, where even narrow  rectangular ducts can no t be in
serted, good results m ay  be obtained b y  closing each th ird  space be
tw een studs on one side of th e  wall for a  duct through which to  drop 
th e  concrete which th en  enters th e  form  through  holes cut in  th e  sheath 
ing a t  vertical in tervals no t g rea ter th a n  4 ft. as th e  concrete rises to  
each opening. A pocket should be provided a t the bo ttom  of each duct 
successively, below each opening, so th a t  th e  concrete will stop and 
flow easily over in to  th e  form s w ith m inim um  scattering  and separation. 
A good in ternal v ib ra to r should be in operation on each side of an open
ing while concrete is entering the  forms.

Vibration

6 . E xcept for a few special sections, such as th in  slabs, no m ethod of 
com paction and consolidation of concrete in place is superior to  effec
tive in ternal vibration. V ibration contributes general im provem ent to  
concrete work in  the  fact th a t  superior workm anship m ay be obtained 
a t  lower cost, and because it  perm its successful routine use of a concrete
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CORRECT

To dump concrete info face 
of concrete in p lace.\

INCORRECT

To dump concrete oway 
from concrete in place.

PLACING SLA B  CO N CRETE  
FROM BUGGIES

Turn bucket so tha t separated  rock 
falls on concrete where it may be 
readily worked into mass.

CORRECT
Shovel rocks from rock 

pocket onto so f te r ,  
omply sanded a rea  
and tram p or vibrate.

INCORRECT
Attempting to correct 

rock pocket by shovel
ing m o rta r and so ft 
concrete on it.

TREATM ENT OF ROCK 
PO CKET WHEN PLACING  

CO N CRETE

Dumping so th a t free rock rolls out 
on form s o r subgrade.

IF SEPARATION HAS NOT BEEN ELIM INATED  
IN FILLIN G  PLACIN G B U C KETS

(A TEMPORARY EXPEDIENT UNTIL CORRECTION IS MADE)

1 1 1
*— Top

view--7'
1

v-B atch  com partm ent, 
truck or car body.

CORRECT
Provides separate compartments 

of suitable size ond depth a t
tached to and operating with 
each batch release gate.

INCORRECT
Cement dumped on or within 

aggregate may be blown away, 
partially prehydroted, or may 
slide into another batch in 
dumping.

PRO VISIO N FOR CEM EN T  
IN DRY-BATCH COM PARTM ENTS

CORRECT

Fall of cement controlled 
by enclosing in kinked 
canvas drop chute or 
telescopic flexible hose

INCORRECT

Free fall of cement into 
batch car or truck caus
es waste, ond overlap of 
batches is common.

tremie.

LOADING BATCHED CEM ENT

CORRECT
Place baffle ond drop ot 

end of chute so th a t 
separation is avoided 
and concrete remains 
on slope.

INCORRECT
To d ischarge concrete 

from o free end chute 
on a slope to be paved. 
Rock is separated  and 
goes to bottom of slope 
Velocity tendsto carry 
concrete down slope.

PLA CIN G  C O N C R ETE ON 
A SLO P IN G  SU R FA C E

Fig. 4— Correct and incorrect methods in handling materials and placing concrete
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less w et th a n  th e  usual “ m edium ” consistency, resulting in more durable, 
higher q u a lity  concrete. T he advantages and im portance of v ibration  
where applicable are now so well established th a t it is w orthy of serious 
favorable consideration for sm all jobs of a  few hundred yards, and its 
requirem ent is recom m ended for all larger concrete work.

7. D etailed  recom m endations are om itted  here and  th e  reader is re
ferred to  “ R ecom m endations for Placing Concrete by  V ibration” reported 
by A CI C om m ittee 609, A CI J o u r n a l,  M ar.-A pr. 1936; Proceedings
V. 32, p. 445. Sufficient to  say th a t  th e  nam e of v ib ration  is no t enough. 
E qu ipm ent should be powerful, of high frequency, efficient, and rugged. 
O perators should be experienced, com petent, dependable and  energetic. 
Ample s tan d b y  un its  and p a rts  should be provided. Care should be 
exercised th a t  concrete is no t over-vibrated, particu larly  if it  exceeds
4 in. in  slum p. V ibrators should no t be used im properly to  “ tran sp o rt” 
concrete in  th e  forms. V ibrators should be inserted and  w ithdraw n a t 
m any points, from  18 in. to  30 in. apart, for short periods, (usually from
5 to  15 seconds is sufficient) in preference to  insertion for longer periods 
a t wider in tervals. System atic spacing of insertions of th e  v ib ra to r 
should be established to  insure th a t  no concrete rem ains unvibrated .

8 . In ad v e rten t or in tended  re v ibration  of concrete or steel em bedded 
in it, any  tim e before th e  concrete becomes so fa r set th a t  it will no t 
again becom e plastic  by  continued vibration, is no t detrim ental b u t 
m ay actually  increase th e  streng th  of th e  concrete and its bond with 
th e  steel. As far as th e  ord inary  job is concerned there  is little  likeli
hood of dam age from  rev ib ration  of lower lifts or from  v ib ration  tran s
m itted  by  th e  steel, provided there  is avoidance of actual rup tu re  of 
newly hardened  concrete th a t  will no t again become plastic by  the  
v ibration. This condition can be determ ined by  an experienced oper
a to r from  th e  action  and sound of the  vibrator.

9. In  some cases, v ib ra tion  m ay be advantageously supplem ented by 
spading a t  th e  face of th e  forms. The use of flattened spading tools or
rods (together w ith concrete placed in shallow lifts) is helpful in liber
ating  air bubbles which often deface vertical walls and invariably  are 
found on surfaces m olded by  forms which slope tow ard the concrete.
U nder sloping form s vibration  w ithout spading tends to  aggravate the  
characteristic  im perfections usually  found on such surfaces and over
v ib ration  is particu larly  undesirable. (I t is in the  im provem ent of such 
surfaces th a t  absorptive form  lining is finding a very valuable applica
tion.) A t corners, obstructions, and o ther points where perfect placing 
m ay be in question, supplem entary  hand  rodding of th e  concrete is 
desirable.
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Provision for handling concrete of the proper consistency

10. O bjection is frequen tly  m ade on th e  job to  a re la tive stiff con
sistency which will no t flow down a certa in  chute, drop ou t of a  certa in  
hopper or discharge th rough  certa in  gates, although i t  is freely ad m itted  
th a t  i t  is readily  w orkable in  th e  form s, p articu la rly  w hen properly  
v ib ra ted . Such an objection is n o t valid  and  should n o t be sustained 
if th e  drier consistency has been determ ined in advance to  be of p rac
ticable w orkability  in  th e  forms and has been m ade a requirem ent of 
th e  specifications. I t  is th e  function of concrete handling and  placing 
equipm ent to  handle and  place concrete of proportions and  consistencies 
th a t  can be properly  worked in th e  form s and  selected for th e  results 
required in th e  forms. L im itations on consistencies and  proportions 
should no t be im posed by  inadequate  chutes, hoppers or gates.

11. T hus i t  is im p ortan t, in  th e  design and  approval of concrete hand
ling equipm ent th a t  chutes, where necessary, be am ply  steep, m etal or 
m etal lined, round bottom ed, of large size, rigid, and  p ro tec ted  from  
overflow. D ischarge gates and  hoppers should be large enough to  
pass quickly and  freely concrete of th e  stiffest consistency likely to 
be found practicable for placing in the  form s b y  m eans of vibration. 
In  m any cases chutes steeper th a n  2 to  1 should be Used, and  double 
or trip le  th e  usual area of hopper ou tle ts and  gates would no t be ex
cessive.

12. E xcep t where loss of slum p due to  delayed placing is u n im p o rtan t 
and no increase in th e  original am oun t of mixing w ater is m ade because 
of it, or when rem ixing w ithout additional w ater a fte r a  period of delay 
is desirable and  practicable for reduction  of shrinkage due to  setting, 
every  effort should be m ade to  keep as sho rt as possible th e  tim e elapsed 
from  the  m om ent w ater and  cem ent come together, and  the  arrival of 
th e  concrete in  th e  form s. This facilita tes control of un ifo rm ity  of con
sistency of th e  concrete in  th e  form s, and  reduces to  a m inim um  the 
w ater con ten t of th e  concrete, and  th e  variab le  loss of slum p betw een 
the  mixer and  th e  forms. F or th is sam e reason concrete should no t be 
exposed in th in  stream s in long chutes or on long conveyor belts in 
which condition it  is sub jec t to  th e  variable effects of all kinds of w eather. 
I t  should no t be necessary to  mix th e  concrete any  w ette r th a n  it  m ay 
be worked in  the  form s b y  m eans of v ibration .

V . G E N E R A L  C O N S ID E R A T IO N S

1. In  mixing and  placing concrete, all concerned should rem ain  aw are 
th a t  shrinkage cracks and lack of du rab ility  are p rim arily  proportional 
to  th e  volum e of mixing w ater per u n it volum e of concrete w ith in  th e  
range of practical and  su itab le  mixes for m ost work. T hough in  m any



M E A S U R IN G , M IX IN G  A N D  P L A C IN G  CO NCRETE (A C I 6 1 4 -4 2 ) 645

cases th ey  are, th ey  m ay  no t be correlative to  the  w ater-cem ent ra tio  
except for mixes otherwise identical in  aggregate and cem ent content, 
or for mixes identical only in w ater conten t and  consistency. An ex
am ple is the  case in  which bo th  cem ent and w ater are added w ithout 
changing th e  w ater-cem ent ra tio  b u t w ith an increase in slum p. A nother, 
when increases in cem ent and w ater are accom panied b y  use of finer 
grading of aggregate resulting in  little  change in consistency. Such 
variations in u n it w ater con ten t p roportionately  affect the u ltim ate  
quality  of th e  concrete w ithout relation  to  th e  w ater-cem ent ratio . 
The more a form  is filled w ith the  right com bination of solids, and the 
less i t  is filled w ith w ater, the  b e tte r  will be the resulting concrete. 
Thus to  th is end, m oderation  in th e  use of w ater, cem ent, and fine aggre
gate, together w ith th e  use of aggregate graded to  the  largest practical 
m axim um  size, all in conform ity w ith the  elem ental needs of th e  work, 
should be consistently  practiced . Only as m uch cem ent should be used 
as is required to  ob tain  adequate  streng th  and o ther essential properties; 
and only sufficient w ater and  fine aggregate should be used as is required 
to  ob tain  concrete w ith  no more th a n  a degree of w orkability  which m ay 
be properly worked in  the  form s by  m eans of v ibration  or by  more 
appropria te  m ethods where v ib ra tion  is no t applicable.

2. Sufficient mixing and placing capacity  (w ith judgm ent in planning 
th e  progress of th e  work) should be provided so th a t the  work m ay be 
kep t alive and free from  “ cold jo in ts .” In  all form ed structu res, includ
ing tunnel hnings, concrete should be placed in horizontal layers of 
not g rea ter dep th  th a n  2  feet, particu larly  avoiding inclined layers 
and inclined construction  jo ints. I t  is very  im portan t th a t  each layer 
be placed while th e  previous layer is still soft. Concrete should no t be 
allowed or caused to  flow horizontally  or on slopes in th e  forms. W here 
concrete m ust be placed on a slight slope, placing should begin a t the 
lower end of th e  slope and  progress upw ard thereby  increasing the  com
paction  of th e  concrete. Pneum atic m eans of placing concrete should, 
in general, be avoided w herever an a lternative  m ethod m ay be used.

Construction joints

3. F o r th e  sake of appearance, irregular construction jo in ts should not 
be perm itted . E ach  lift of concrete should be filled up to  a tem porary  
grade strip , or p referably  a  “ V” or a slightly beveled rectangular strip  
should be left on th e  forms a t th e  line of th e  jo in t where such grooves 
can be located so as no t to  de trac t from  the  appearance of th e  work 
and  so as to  be less unsightly  th a n  the  usual construction jo int. P a r
ticu la r precautions should be tak en  to  secure th e  forms tig h tly  against 
the  concrete a t  the  jo in t, since, otherwise, an unsightly  offset will occur
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and  m o rta r from  th e  subsequently  placed concrete will disfigure th e  
surface of the  concrete in  place.

4. The surface of th e  construction jo in t should be p repared  in a m an
ner th a t  will insure bonding w ith  th e  concrete la te r placed on it, and 
if th e  jo in t m ust be w ate rtig h t th e  p repara tion  of th e  jo in t m u st be 
particu larly  thorough. I t  is no t difficult to  ob ta in  a good jo in t where 
good quality  low-slump concrete has been used a t  th e  to p  of th e  lift 
and  has no t been overw orked. W here w et consistencies have been used, 
or where excessive v ib ra ting  or w orking has b rou g h t w ater or m ortar 
to  th e  surface, th e  concrete a t  th e  surface of th e  lift is usually  so inferior 
th a t  i t  is no t easy to  ob ta in  a good jo in t.

5. In  th e  la tte r  case the  so-called in itia l je t cleanup is a  good expedient 
for such an  inferior jo in t condition, which on good work would no t be 
encountered. T he first step  should be th e  rem oval of all la itance  and 
inferior surface concrete and  th e  w ashing of m o rta r from  pro trud ing  
aggregate b y  m eans of a  strong  je t of a ir and  w ater, a t  approxim ately  
1 0 0  psi pressure, a fte r th e  concrete has hardened  sufficiently to  prevent 
th e  je t from  raveling th e  surface below th e  desired dep th  and  from 
form ing cloudy pools of w ater th a t  will leave a film on th e  surface when 
th ey  dry. The surface of jo in ts so tre a te d  should be especially well 
m oist-cured, preferably by  a 1 -inch layer of sa tu ra ted  sand, and, if pos
sible the  surfaces should never be p erm itted  to  d ry  ou t during  th e  in terval 
before concrete is placed on it. Before placing th e  new -concrete the 
surface should be restored to  the  b righ t clean condition existing im m e
d ia te ly  following th e  in itia l je ttin g  by  m eans of vigorous brushing with 
fine wire hand  brushes or by  sandblasting  as necessary. If  th e  surface 
has been properly  w et sand cured, very  little  final scrubbing or sand
b lasting  will be necessary.

6 . In itia l je tting , followed by  a  thorough final cleanup can also be 
used w ith good results where quality  of concrete a t  th e  jo in t surface is 
good. I t  produces no b e tte r  results, however, th a n  can be readily 
obtained, on surfaces which have been properly  placed a t  th e  right 
consistency, by  om itting  any  in itia l tre a tm e n t and  rem oving th e  sur
face film and  d irt to  a b righ t new surface b y  sandblasting  and  washing 
im m ediately  prio r to  placing th e  new concrete. T he in itial je ttin g  
m ethod including a com parable final cleanup is usually  found to  be 
m ore expensive th a n  the  final sandblasting  m ethod and  is no t as fool
proof. F inal sandblasting  w ithou t in itia l cleanup has beén found to 
produce excellent results econom ically on horizontal jo in t surfaces of

ss concrete th a t  has been placed a t  d ry  consistencies w ith  th e  aid 
ra to rs , if th e  surface is p ro tected  from  excess w orking due to
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keyw ay construction , th e  endeavor to  em bed all coarse aggregate, and 
the  general job traffic u n til the  concrete has hardened.

7. In  all cases the  new concrete should be preceded by abou t one-half 
inch of soft m o rta r of th e  sam e proportions as th a t in  the  concrete. 
W hen accessible, th is should be scrubbed in to  th e  surface of the  jo in t 
with wire broom s. In  colum n form s and  deep narrow  forms where one- 
half inch of m o rta r m ay seem inadequate , i t  is preferable to  follow the 
m orta r w ith several inches of concrete containing m orta r in  excess of 
th a t  in  th e  usual mix and  possibly containing coarse aggregate some
w hat reduced in  m axim um  size ra th e r  th a n  use large quan tities of 
stra ig h t m ortar.

Finishing of unformed surfaces

8 . F o r th e  m ost durable results in any type of finished, unform ed 
concrete surfaces, th e  following general requirem ents should be m ade. 
Concrete should be used of th e  stiffest consistency th a t  can be properly 
placed and  worked or v ib ra ted  in  accordance w ith th e  finishing process 
adopted. In  th e  in itia l operations of screeding, floating, and first trow el
ing, th e  surface of th e  concrete should be worked as little as possible in 
obtain ing th e  desired result. E ach  step  in th e  finishing operation from  the 
secondary floating to  th e  final operation should be delayed as long as 
possible and  y e t perm it the  desired resu lt to  be obtained. The use of 
any  finishing tool in  any  area where w ater has accum ulated should be 
prohibited . D ry  topp ing  and  m o rta r topping should be avoided. The 
surface of th e  concrete should be d irectly  finished to  th e  tex ture  desired.

Cold weather concreting

9. F o r concrete in sections th in n er th a n  would be called mass con
crete, w hen the  w eather is such th a t  freezing of th e  concrete m ay occur, 
arrangem ents should be m ade to  heat th e  mixing w ater and the aggre
gate so th a t  th e  tem pera tu re  of th e  fresh concrete in place is approxi
m ately  70F. At th is tem pera tu re  se tting  commences a t once and, due 
to  th e  h ea t liberated  by  hydration , will progress a t a norm al ra te , pro
vided th e  work is p ro tected  for several days from  dissipation of heat 
more rap id ly  th a n  additional heat is generated. This procedure is 
em inently  preferable to  th a t  of placing the  concrete cold a t any tem 
pera tu re  above freezing and  th en  endeavoring to  heat it in place by 
salam anders or o ther m eans; however, under severe conditions it  m ay 
be necessary to  surround th e  work w ith some form  of heating protection 
in add ition  to  pro tection  by  insulation. Steam  released under a ta r 
paulin  enclosure is an excellent protection since a m oist atm osphere 
favorable to  curing as well as p rotection from  freezing is afforded. 
Corners, edges and surfaces of concrete are particu larly  vulnerable to
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freezing and  th e  need for th e ir  adequate  pro tec tion  canno t be too 
strongly  em phasized. In  fac t th e y  m ay  be frosted  w hen th e  d ry  bu lb  
tem p era tu re  is above 32 F . if th e  w et bu lb  tem p era tu re  reaches 32 F. In  
connection w ith cold w eather p ro tection , such precautions should be 
tak en  th a t  the  curing of th e  concrete will no t be im paired  and  th a t  
no portions of the  work will becom e overheated. I t  is im p o rta n t th a t  
there  should be a  curing period of sufficient leng th  a t  tem pera tu res 
above freezing so th a t  when it  is exposed to  tem pera tu res below freez
ing a t  th e  end of th e  curing period th e  concrete will n o t be in jured .

10. W ith  adequate  pro tec tion  of th e  surfaces from  freezing, the  m ini
m um  tem p era tu re  of freshly m ixed m ass concrete m ay  be perm itted  
to  be as low as 40F. when placed, because th e  h ea t of hyd ra tio n  is 
lost m uch m ore slowly from  th is  ty p e  of concrete.

Hot weather concreting

11. F o r best u ltim a te  quality , concrete should be placed a t  th e  lowest 
p racticab le  tem p era tu re  during ho t w eather. E ffective results can 
usually  be accom plished b y  concreting only a t  n igh t, sprinkling or 
cooling th e  aggregate^ avoiding ho t cem ent, and  using very  cold mixing 
w ater. A ny com bination or degree of these practices th a t  m ay  be 
feasible for th e  particu la r work are im p o rtan t and  should be required. 
C uring should preferab ly  be ob tained  b y  sprinkling  or covering w ith 
m oist burlap  for its  additional cooling value. If curing m u st be done 
by  m eans of black b itum inous sealing com pounds, th ey  should be given 
a  coat of w hitew ash p rom ptly  so as no t to  expose th e  h ea t absorbing 
b lack surface to  the  sun.

Forms

1 2 . Provisions as to  certa in  types of form s are necessary because, 
when th ey  are no t followed, concrete contain ing excessive am ounts 
of sand, cem ent, or w ater is usually  necessary in order to  ob ta in  accept
able w orkm anship. H orizontally  m oving slip form s should no t be 
used on slab work on which s tan d a rd  types of paving and finishing 
m achines can be used. P referab ly  such m achines should be equipped 
w ith an effective form  of v ib ra tion  or m echanical device for working 
and com pacting th e  concrete. A continually  m oving slip form, how
ever, should be used in preference to  fixed form s w henever possible on 
slope paving slabs or steep ly  curved  inverts.

13. W orkm anship in  placing concrete is largely judged  by  th e  appear
ance of the work on rem oval of th e  forms, and  appearance in  itself 
is an  im p o rtan t quality  w hich m u st usually  be ob tained  w hen th e  con
crete is placed. I t  is therefore necessary in these recom m endations to  
m ention o ther requirem ents for sa tisfac to ry  results.
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14. W ith  the  general adoption of v ibration  of concrete, forms m ust not 
only  be b u ilt substan tia lly , b u t th ey  m ust be tig h t, since, otherwise, 
unsightly  sand streaks and gravel pockets will be caused by  loss of 
m orta r m ade unusually  liquid during vibration. Exceptional care 
should be exercised to  insure th a t  all form  panel joints, corners, and 
connections and  all seams betw een all types of sheathing are com pletely 
tig h t im m ediately  prio r to  placing th e  concrete. Because of the ir 
superior tigh tness where th ey  p ene tra te  th e  forms, tie  rods are recom
m ended in preference to  tie wires. W here wires m ust be used holes for 
them  should be as sm all as possible to  keep m orta r leakage a t  a m inim um .

15. Form s should be p ro tected  from  deterioration, w eather and shrink
age prior to  concreting b y  proper oiling or by  effective w etting. Form  
surfaces should be clean and of uniform  tex ture . W here th ey  are per
missible, re-used form s should be carefully cleaned and oiled. Steel 
form s should be thoroughly  cleaned b u t never sand blasted  nor abraded 
to  b righ t m etal. W here “peeling” is encountered w ith steel forms, 
leaving th e  cleaned, oiled, forms in the  sun for a day, or vigorously 
rubbing th e  affected areas w ith liquid paraffin will usually  im prove 
the  condition. I t  is generally less expensive and more satisfactory  to  
ob ta in  th e  desired surface effect b y  proper trea tm en t and preparation  
of th e  form s th a n  it  is to  ob tain  i t  b y  working over th e  concrete after 
th e  forms are rem oved.

VI. C LO SU R E

1. In  general, all of th e  foregoing features should be considered, 
insofar as applicable, in connection w ith each job classification, re
gardless of type  or capacity  of equipm ent.
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IN T R O D U C T IO N

1. General comments

T he design of concrete mixes is th e  determ ination  of the  m ost econom
ical and  practicable com bination of available aggregates, cem ent, w ater, 
and , in  some cases, adm ixture, th a t  will produce a m ixture, having th e  
required  degree of w orkability , and  which will develop required qualities 
on hardening.

T he m ost p ractical procedure for determ ining the final proportions 
of concrete for a  given purpose is ac tual tria l and ad justm en t on the  job. 
T he problem  th u s becomes a m a tte r  of selecting a tria l mix, for s ta rting  
concrete operations, th a t  will require the least ad justm en t on th e  job.

T he design of tria l mixes can be accomplished m ost effectively by 
lab o ra to ry  investigation of th e  concrete-m aking properties of the  p ar
ticu la r m aterials to  be used. F o r work of considerable m agnitude, for 
unusual conditions or m aterials, or where streng th  (especially flexural

*AdoDted as a  S tan d a rd  of th e  A m erican C oncre te In s titu te  a t  its  40 th  A nnual C onvention  M arch  1, 
l O i u  r e v i s e d  an d  correc ted  by  C om m ittee  613 from  R ep o rt published  A C I J o o r n a l , N ovem ber 1943—  

p. 93) and  ratified  by  L e tte r  B a llo t Ju ly  28, 1944.

(6 5 1 )
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streng th ) is a controlling factor, such lab o ra to ry  te s ts  are particu larly  
desirable. T he m inim um  labo ra to ry  determ inations th a t  will perm it 
effective tria l mix design are tests  of th e  grading, specific g rav ity , absorp
tion, and  to ta l m oisture con ten t of th e  aggregates. The specific grav ity  
of th e  cem ent m ay be tak en  as 3.15, w ithou t appreciable sacrifice in 
accuracy. M ethods for determ ining these properties are prescribed in 
1  of the  appendix.

Im p o rtan t factors which should be determ ined by  te s ts  of concrete 
mixes in th e  labo ra to ry  include:

(a) R elation  betw een w ater-cem ent ra tio  and  s tren g th  (compressive 
or flexural).

(b) V ariations in  w orkability  characteristics for various com binations 
of th e  ingredient m aterials.

(c) U nit w ater conten ts and  cem ent requirem ents for various aggre
gate  gradings.

In  addition  to  supplying d a ta  for m ore precise design of tria l mixes, 
th e  lab o ra to ry  tests  provide in form ation  th a t  is useful in ad justing  con
crete mixes in  th e  field and  for determ ining  th e  rela tive  costs of concretes 
m ade w ith different com binations of m ateria ls. T he recom m ended pro
cedure for m aking lab o ra to ry  mix te s ts  is ou tlined  in  1  of th e  appendix.

W hen it  is im practicable to  conduct lab o ra to ry  concrete tests, tr ia l mixes 
for s ta rtin g  concrete operations can be selected b y  judicious application 
of know n basic concepts and  established em pirical relationships.

R E C O M M E N D E D  PR O C ED U R E

2. O u t lin e  o f procedure

The six steps involved in  th e  determ ination  of a  tr ia l m ix for initial 
field use are :

(a) Select the  w ater-cem ent ra tio  from  te s t da ta , experience, or estab 
lished relationships, to  m eet th e  specified requirem ents for d u rab ility  and 
s tren g th  (com pressive or flexural).

(b) Select th e  lim its of slum p th a t  will perm it p roper handling and 
consolidation of th e  concrete under th e  job conditions involved.

(c) D eterm ine th e  largest size of available aggregate su itab le  for use 
under job conditions.

(d) E stim ate , from  te s t  d a ta , experience, or estab lished  relationships, 
the  m inim um  percentage of sand th a t  will provide th e  proper degree of 
w orkability .

(e) E stim a te  th e  am ount of w ater per cubic y a rd  of concrete th a t  will 
be required  to  fulfill th e  conditions of steps (b), (c), and  (d).

(f) C om pute th e  tria l mix proportions th a t  conform  w ith  th e  factors 
determ ined in steps (a) to  (e). M ake such ad ju stm en ts  in th e  tr ia l mix, 
on the  job, as m ay be necessary.
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3. Selection o f water-cem ent ra tio

The w ater-cem ent ra tio  should be chosen on the  b^sis of (a) th e  required 
durab ility , and  (b) th e  stren g th  specified.

T he m axim um  w ater-cem ent ra tio  for th e  type  o f  c o n s t r u c t i o n  and 
exposure conditions involved should be selected fi’om T able 1. The 
w ater-cem ent ra tio  for th e  specified stren g th  should be determ ined  by 
labora to ry  tests, as described in 1 of th e  appendix. W hen it  is not 
p racticable to  m ake such tests, the  w ater-cem ent ra tio  required  for 
the specified compressive s treng th  m ay  be tak en  directly  from  T able  2, 
which gives a series of conservative values derived from  a large num ber 
of tests  w ith typ ical m aterials.

T A B L E  2— C O M P R E S S IV E  STR E N G TH  FO R  V A R IO U S  W A T E R -C E M E N T
R A T IO S *

/ N et W ater-Cement R atio
Probable Strength 

a t 28 Days 
(Pounds per Square Inch)By Weight

Gallons per Sack 
' of Cement

0.44 5 5,000
0.49 5 ^ 4,500
0.53 6 4,000
0.58 V/2 3,600
0.62 7 3,200
0.67 7 ^ 2,800
0.71 8 2,500
0.75 8'A 2 , 0 0 0

^A dap ted  from  T a b le  2 of th e  1940 J o in t C om m ittee  R ep o rt on R ecom m ended  P rac tice  an d  S tanda rd  
Specifications for C oncre te  an d  R einforced  C oncre te . T h e  s tren g th s  listed  a re  based  on th e  use of norm al 
P o rtla n d  cem ent.

A corresponding tab le  of values for flexural s tren g th  is no t given 
because of th e  w ider range in  flexural s tren g th  w hich m ay  be obtained 
w ith a given w ater-cem ent ra tio  for different m aterials. W here flexural 
stren g th  is specified, th e  required  w ater-cem ent ra tio  should be deter
m ined by  labo ra to ry  tests , as previously  s ta ted .

The lower of th e  tw o w ater-cem ent ratios, (a) th a t  required  for du ra
b ility  as shown in T able 1, or (b) th a t  required  for th e  specified streng th  
as determ ined by  te s t  or from  T able 2, should alw ays be used.

4. Selection o f lim itin g  slump and maxim um  size o f ag greg a te

I t  is advisable to  use th e  lowest slum p com patible w ith proper plac
ing. T able 3 gives th e  lim iting values recom m ended for various types 
of construction.

F o r economic and  o ther reasons, th e  m axim um  size of aggregate should 
be as large as practicable and  available, b u t should n o t exceed tw o- 
th ird s of the m inim um  clear d istance betw een reinforcem ent. R ecom 
m ended lim its are given in Table 4.
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T A B L E  3— R E C O M M E N D E D  S LU M P S  FO R  V A R IO U S  TYPES O F  C O N S T R U C T IO N *

Type of Construction

Reinforced foundation walls and footings.........
Plain footings, caissons, and substructure walls
Slabs, beams, and reinforced w alls......................
Building colum ns ............................................
Pavem ents.................................................................
Heavy mass construction.......................................

♦A dapted  from  T ab le  4 of th e  1940 Jo in t C om m ittee  R ep o rt on R ecom m ended P rac tice  an d  S tanda rd  
Specifications for C oncre te  a n d  R einforced  C oncre te.

**W hen h igh-frequency  v ib ra to rs  a re  used, th e  values given shou ld  be reduced a b o u t one-th ird .

T A B L E  4— M A X I M U M  SIZE O F  A G G R E G A T E  R E C O M M E N D E D  FO R  V A R IO U S  
TYPES O F  C O N S T R U C T IO N

Minimum
Dimension

of
Section
(Inches)

Maximum Size of Aggregate*, in Inches, for:

Reinforced 
Walls, Beams, 

and 
Columns

Unreinforced
Walls

Heavily
Reinforced

Slabs

Lightly Rein
forced or 

Unreinforced 
Slabs

2k£- 5 14- % % H - i X -  I X
6 - 1 1 X - l X i x 1 X I X  - 3

12 - 29 I X - 3 3 1 J Î - 3 3
30 or more I X  - 3 6 1 J Î - 3 3 - 6

♦Based on sq u are  openings.

5. Estim ating the percentage o f sand and unit water content

F or a given set of m aterials and w ater-cem ent ratio , the un it w ater 
conten t (w ater required  per cubic yard  of concrete) is the m ost im portan t 
basic factor affecting th e  quality  of concrete. The optim um  percentage 
of sand for a concrete mix is th a t  q u an tity  which will result in the lowest 
un it w ater con ten t and  also provide th e  required degree of w orkability, 
with an adequate  m argin to  p revent difficulties from variations in working 
conditions and m aterials. Obviously, for a given w ater-cem ent ratio, 
the mix requiring the lowest w ater content will also require the  least 
cem ent.

The optim um  percentage of sand can be determ ined to  best advantage 
on th e  job, under working conditions. However, laboratory  mix tests 
w ith th e  m aterials to  be used in the  work will provide inform ation per
m itting  a close approxim ation to  the proper proportion. The com m ittee 
recognizes th a t  there  are several satisfactory  m ethods for proportioning 
sand  and  coarse aggregate for tria l concrete mixes. W here conditions
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or personal preference dictates, use m ay  be m ade of any  of th e  basically  
sound m ethods described in  th e  cu rren t lite ra tu re  (see b ib liography).

I t  is recom m ended th a t  th e  p roportions for tr ia l concrete mixes be 
determ ined on th e  basis of th e  estim ated  u n it w ater requirem ents. W hen 
labo ra to ry  tests cannot be m ade, T able  5 m ay  be em ployed. T he values 
given in  Table 5, which are average values for aggregate gradings w ithin 
acceptable lim its were derived from  a com posite of da ta , inform ation, 
and  experience from  m any  sources.

T A B L E  5— A P P R O X IM A T E  S A N D  A N D  W A T E R  C O N T E N T S  PER CUBIC  
Y A R D  O F  CO NCRETE

Based on aggregates of average grading and physical characteristics in mixes having 
a W /C  of about 0.57 by weight or 6 ^ 2  gallons per sack of cement; 3-in. slump, and 
natural sand having an F.M . of about 2.75.

Maximum 
Size of 
Coarse 

Aggregate

Inches

Rounded Coarse Aggregate Angular Coarse Aggregate

Sand 
Per Cent of 

Total 
Aggregate 

by Absolute 
Volume

N et W ater Content 
Per Cubic Yard

Sand 
Per C ent of 

Total 
Aggregate 

by Absolute 
Volume

N et W ater Content 
Per Cubic Yard

Pounds Gallons Pounds Gallons

H 51 335 41 56 360 44
H 46 310 37 51 335 40

l 41 300 36 46 325 39
m 37 280 34 42 305 37
2 34 265 32 39 290 35
3 31 250 30 36 275 33
6 26 2 2 0 26 31 245 29

A d justm e n t of V a lu e s  in T ab le  5 fo r O th e r C ond itions

Changes in Conditions Stipulated in Table 5

Effect on Values 
in Table 5

Per Cent 
Sand*

U nit W ater 
Content*

Each 0.05 increase or decrease in water-cement ra tio ................
Each 0.1 increase or decrease in F. M. of san d ............................
Each 1 in. increase or decrease in slum p.......................................
M anufactured sand (sharp and a n g u la r ) ......................................
For less workable concrete, as in pavem ents................................

± 1

+ 3
- 3

0
0

* 3 %
+  15 lb. 
-  81b.

* (+ )  indicates an  increase an d  ( —) a  decrease corresponding to  th e  cond itions s ta te d  in  th e  first colum n.

6. C om putation o f tr ia l mix

Assume a p ro ject which involves an ord inary  heavily  reinforced re ta in 
ing wall having a m inim um  thickness of 8  in., and  also a pavem ent slab. 
T he concrete will be subjected  to  severe clim atic exposure. T he wall and 
slab have been designed on th e  basis'of com pressive and  flexural s treng ths
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a t  28 days of 4,000 and  600 psi, respectively. A tria l concrete mix is 
required , e ither to  s ta r t  a series of labo ra to ry  mix tests  or, if laboratory  
te s ts  cannot be m ade, to  s ta r t  concrete construction  in  th e  field. The 
concrete in  the  re tain ing  wall will be consolidated by  vibration , and the 
following inform ation regarding the  m aterials to  be used in the  work is 
available:

C em ent— T ype I, average characteristics.
Specific g rav ity— 3.15 (assum ed).

Sand— R iver sand, dam p.
M edium  fineness and grading.
Specific g rav ity— 2.65 (sa tu ra ted , surface dry).
Free m oisture con ten t— 5 per cent by  weight.

Coarse aggregate— C rushed stone (sa tu ra ted  surface-dry.)
R easonably  well graded, angular.
Specific g rav ity— 2.55 (sa tu ra ted , surface dry.)

From  T able 1 i t  is found th a t  a w ater-cem ent ra tio  of 0.53 is th e  m axi
m um  which should be used for th e  ty p e  of s truc tu res and service condi
tions involved. T able 2  indicates th a t  a  w ater-cem ent ra tio  of 0.53 will 
provide th e  required  compressive streng th  of 4,000 psi. The w ater- 
cem ent ra tio  required  for th e  specified flexural s treng th  of 600 psi can be 
established only by  labora to ry  tests such as outlined in 1 -c of th e  ap
pendix. F rom  Tables 3 and 4 it is concluded th a t  for th e  concrete in  
th e  re ta in ing  wall a three-in . slum p and  lj^ - in . m axim um  aggregate 
will be satisfactory .

On th e  basis of inform ation given in Table 5 i t  is estim ated  th a t  the  
percentage of sand  for th e  tr ia l m ix should be 42 per cent, b y  absolute 
volum e of th e  to ta l aggregate, and  th a t  305 pounds (about 37 gallons) 
of w ater will be required  per cubic yard  of concrete. (A ctually the  w ater 
con ten t m ay be m ore or less th an  th e  estim ated  am ount as determ ined 
by th e  am oun t of w ater required for a three-in. slum p when a tria l batch  
is mixed in th e  labo ra to ry  or on the job.)

, . . N et water contentCement content =  —  ------------- — -r—water-cement ratio

_  305_  _  5 7 ,; jk. per cu. yd.
0.53

=  =  6 . 1 2  sacks per cu. yd.
94

(Absolute volum e,\ W ater content | Cement content
water +  cement /  62.4 specific gravity X 62.4

305__|------ J>75------_  7  gi cu. ft. per cu. yd. of concrete.
62.4 3.15 X 62.4



(Absolute volum e,\ — 27 - (  absolute volume, \  * 
to tal aggregate )  \  w ater +  cement /

=  27 - 7.81 =  19.19 cu. ft. per cu. yd. of concrete.

/  Absolute volume, \  =  percent gand x  /  absolute volume, \
\  sand * /  \  to ta l aggregate /

=  0.42 X 19.19 =  8.06 cu. ft. per cu. yd. of concrete.

(Absolute volum e,\ _  / absolute volume, \  / absolute volum e,\
coarse aggregate /  \  to ta l aggregate /  \  sand /

=  19.19 - 8.06 =  11.13 cu. ft. per cu. yd. of concrete.

(  san^  'j = absolute volume X specific gravity X 62.4 
\  con ten t/

=  8.06 X 2.65 X 62.4 = 1,333 lb. per cu. yd. of concrete. 
/C oarse aggregate \  =  n  1 3  x  2  g 5  x  g 2  4  =  1 ) 7 7 1  lb per cu yd of concrete. 
\  content /

Trial-mix proportions =  S_75 ; 1^33 ; 1J71 
575 575 575

=  1 : 2.32 : 3.08, say 1:2.3:3.1
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This mix provides a s ta rtin g  po in t for a series of lab o ra to ry  tests , such 
as described in 1 -c of th e  appendix, or for field operations in construct
ing th e  reta in ing  wall.

T he equipm ent available on th e  job includes a th ree-sack  b a tch  mixer 
equipped w ith  a w ater ta n k  calibrated  in  gallons and  also a  w ater m eter 
g radua ted  in  pounds, and  batch ing  scales for weighing th e  separated  
sizes of sand  and  coarse aggregate.

C em ent is to  be b atched  on th e  basis of in teg ra l sacks an d  th e  batch 
will contain th ree sacks, or 3 x 94 =  282 lb. of cem ent, w hich is a fixed 
q u an tity . The batch  weights of sand and  coarse aggregate for th e  tria l 
mix will b e :

282
Sand = 1,333 X =  654 lb. (net), to  which m ust be added the weight of the free o/o

moisture in the sand: 654 +  (0.05 X 654) =  687 lb. damp sand.
282

Coarse aggregate =  1,771 X r r r  =  869 lb.
575

7. A d jus tm e n t o f tr ia l m ix

A few batches of concrete are m ixed on th e  job, and  th e  average quan
t ity  of w ater added per b a tch  for th e  desired three-in . slum p is 13.1 gal. 
or 13.1 x 8.34 =  109 lb.

The free water in the sand is: 0.05 X 654 = 33 lb.
The net water in the mix is: 109 +  33 = 142 lb.

. 142
The net water-cement ratio is: — - =  0.50 by weight.

*Air voids assum ed to  be negligible. W hen th e  a ir co n ten t is apprec iab le , as w hen a ir en tra in in g  agen ts 
a re  used, a  su itab le  allow ance shou ld  be m ade, considering th e  a ir  as rep lac ing  an  equa l vo lum e of sand.
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Since a water-cement ratio of 0.53 is desired (water content of 0.53 X 282 = 150 lb. 
for a three-sack batch), the batch requires less water than was estimated.

The absolute volume of the field batch =  volume of water +  absolute volumes of 
cement +  sand +  coarse aggregate =

142 282 654 869
62.4 3.15 X 62.4 +  2.65 X 62.4 +  2.55 X 62.4 ~~ 1 3 1 3  CU' f t '

27
The correct unit water content is: 142 X —  = 292 lb. per cu. yd.

13.13
Using the corrected value for unit water content, as determined by the trial batches, 

the batch quantities for the adjusted mix having a water-cement ratio of 0 .5 3 , may be 
computed in the same manner as for the trial mix. This procedure should result in 
concrete having the desired three-in. slump because it is a recognized fact th a t for a 
given slump and aggregate grading, substantially the same unit water content is 
required for any water-cement ratio.*

The adjusted mix for 292 lb. of water per cubic yard and a 0.53 water-cement ratio 
is 1:2.46:3.27; say 1:2.5:3.3.

A fter the  in itia l ad ju stm en t for w ater-cem ent ra tio  has been m ade and 
a fte r stabilized operating conditions have been established, the  optim um  
percentage of sand should be determ ined. This m ay be done by  tria l, 
noting th e  w ater requirem ent for each percentage of sand tried , u n til the  
lowest percentage com patible w ith proper w orkability , w ith a safe work
ing m argin, is established. The mix is again ad justed  to  m ain tain  the 
correct w ater-cem ent ratio .

R ich mixes norm ally  require less sand th a n  lean mixes. A fter the 
optim um  percentage of sand has been determ ined for a given mix, cem ent 
and  sand m ay  be in terchanged b y  absolute volum es (keeping th e  sum  of 
the ir absolute volum es th e  same) w ithout affecting th e  w ater content or 
slum p. F o r practical purposes a  change in cem ent content of one sack 
per cubic y a rd  of concrete will perm it a change in sand percentage of 
abou t two.

Changes in consistency m ay be m ade by sim ply increasing or decreas
ing th e  am oun t of w ater to  provide the desired slum p, w ith appropriate 
ad ju stm en t to  m ain ta in  the specified w ater-cem ent ratio.

The job mix should no t be ad justed  for m inor fluctuations in w ater- 
cem ent ratio . A varia tion  of ± 0 .0 2  (by weight) to  m aintain  a constant 
slum p is considered norm al.

*A sh o rt-cu t m e thod  for ad ju stin g  a  mix for change in  w ater-cem ent ra tio  is illu s tra ted  in  3 of th e  a p 
pendix.

v
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A P P E N D IX

1. L a b o ra to ry  tests

As s ta ted  in th e  in troduction , th e  design of tr ia l mixes can be accom 
plished m ost effectively by labo ra to ry  investigations : First, to  determ ine 
th e  basic physical p roperties of th e  m aterials to  be used; and  second, to 
establish certain  fundam ental relationships, including: (1) R elation
betw een w ater-cem ent ra tio  and  s tren g th ; (2 ) varia tions in  w orkability  
characteristics for various com binations of th e  ingred ien t m ateria ls; and 
(3) u n it w ater contents and  cem ent requirem ents for various aggregate 
gradings.

The ex ten t of th e  investigations desirable for any  given job will depend 
on th e  size, im portance, and service conditions of th e  stru c tu res  involved. 
D etails of th e  labo ra to ry  program  will also v a ry  depending on th e  facilities 
available and  individual preferences.

(a) Physical properties of cement— T he fineness and  chem ical composi
tion  of cem ent influence th e  w orkability  and  stren g th  developm ent of 
concrete; however, th e  only p roperty  of cem ent d irectly  required  in com
p u ta tions for th e  design of concrete mixes and  b a tch  q uan tities  is specific 
g rav ity . The specific g rav ity  of cem ent m ay be assum ed to  be 3.15 
w ithout in troducing appreciable error in  th e  mix com putations, or it 
m ay be determ ined b y  test. A sack of cem ent weighs 94 pounds. I t  is, 
of course, desirable to  assem ble com plete inform ation  concerning the 
cem ent to  be used, including bo th  chem ical and  physical properties.

The sam ple of cem ent should be ob tained  from  th e  mill which will 
supply  th e  job or preferably  from  the  job itself, if tim e perm its. The 
sam ple should contain am ple q u an tity  for th e  te sts  con tem plated  w ith a 
liberal m argin of excess for additional tests  th a t  m ight be desirable. 
The te s t cem ent should be shipped and stored in a ir-tig h t containers or 
a t  least in  m oisture-proof packages.

(b) Physical properties of aggregate— Specific g rav ity , absorption , and 
m oisture con ten t are th e  essential physical p roperties of aggregates 
required in mix design com putations. The w eight per cubic foot and void 
con ten t of th e  aggregate will be useful in  analyzing concrete mixes.

F o r large or special types of work, various additional te s ts  of aggregate 
m aterials, including pétrographie analyses, chem ical reac tiv ity  tests, 
soundness tests , abrasion tests , and  tests  for various deleterious sub
stances, m ay be justified in connection w ith mix design studies, because 
all such tests  yield inform ation of value in judging the  u ltim ate  quality  
of th e  concrete and  in selecting app rop ria te  mix design factors.

Aggregate gradation , or partic le  size d istribu tion , is a m ajor fac to r 
controlling th e  u n it w ater requirem ent, percentage of sand and  cem ent 
con ten t of concrete mixes for a given degree of w orkability . Some s ta n d 
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ard  for com paring different aggregate gradings in concrete mix tests is 
needed to  properly evaluate  such factors as w orkability, cem ent and 
w ater requirem ents, benefits to  be derived from  processing or the  use of 
adm ixtures, and  th e  relative econom y of a lternative  aggregate sources. 
N um erous “ ideal” aggregate grading curves have been proposed b u t a 
universally accepted s tan d ard  has no t been developed. Experience and 
individual conditions and  judgm ent m ust continue to  p lay  im portan t 
roles in determ ining “acceptable aggregate gradings.”

V ariations in sand grading m ay be accom plished by  (1) separation of 
the  sand into tw o or more size fractions and  recom bination in suitable 
proportions, (2 ) adding or rem oving m aterials to  balance the grading, 
or (3) reducing excess coarse m aterial by  grinding. V ariations in coarse 
aggregate grading m ay be accom plished by  ( 1 ) crushing excess m aterial 
from  coarser fractions or oversize m aterial, (2 ) w asting excess m aterials 
from  o ther fractions, or (3) a com bination of these m ethods. Insofar as 
grading lim itations and  consideration of cem ent econom y perm it, the  
relative proportions of th e  various sizes of coarse aggregate used in the  
tria l mixes should be governed by th e  n a tu ra l grading of the m aterials. 
W hatever processing is done in the  labora to ry  for the  purpose of com par
ing mixes should be practical from  the standpo in t of economy and job 
operation.

Samples of aggregates for concrete mix tests should be representative 
of th e  aggregate selected for use in th e  work. T he coarse aggregate should 
be cleanly separa ted  in to  the required size fractions to  provide uniform  
control of mix proportions.

(c) Concrete m ix  tests— The exam ple used in section 6 of th e  recom 
m ended procedure requires flexural and compressive strengths a t  28 days 
of 600 and 4,000 psi, respectively. A, m inim um  series of concrete mix 
tests to  establish the  relationships needed for the selection of appropriate 
mix design factors is illu stra ted  in Tables 6 and 7.

The tria l mix, as calculated in section 6 , provides a s ta rting  point for 
the labo ra to ry  te s t series. F ive additional mixes are then  m ade with the 
w ater-cem ent ra tio  varying over a to ta l range of 0 .2 0  to  establish water- 
cem ent-ratio -streng th  relationships. F or th is set of mixes the  percent
age of sand  is varied according to  the w ater-cem ent ratio , or richness 
of mix, as ind icated  in the  recom m ended procedure.

T he s treng th  d a ta  obtained from  the  concrete mix tests are given in 
Table 7. W ith  such inform ation, for th e  specific m aterials to  be used 
on th e  job, it  is unnecessary to  use the em pirical values and rela
tionships for average conditions as given in Tables 2 and 5 of the  recom 
m ended procedure. T he test d a ta  show th a t a w ater-cem ent ratio  of
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0.50 is required  to  provide th e  specified flexural s treng th  of 600 psi. A 
m axim um  w ater-cem ent ra tio  of 0 .5 3 , required for durab ility , will re
su lt in  w orkable concrete th a t  will develop more th a n  the 4,000 psi com
pressive streng th  specified for th e  reta in ing  wall. The tria l field mixes 
m ay now be calculated  as before or tak en  directly  from  Tables 6 

and 7 by  in terpolation .

T A B L E  7— S TR EN G TH  D A T A  F R O M  CO NCRETE M IX  TESTS S H O W N  IN
T A B L E  6

Average U nit Strengths a t 28 Days

Mix No.
Compression 

psi of 3 
6 x l 2-in. Cylinders

Flexural 
psi of 5 

6x6x21-in. Beams

Compression 
psi of 2  

6x6x6-in. Modified Cubes

1 4,390 610 5,000
2 5,060 680 5,730
3 4,630 625 5,260
4 4,080 570 4,800
5 3,800 525 4,390
6 3,440 490 3,950

In  conducting labo ra to ry  mix tests, i t  will seldom be found, even with 
experienced operators, th a t  th e  desired conditions are obtained so pre
cisely for every  m ix as ind icated  in Table 6 . Some tria l and  error and 
rerun of mixes m ay  be antic ipated . Furtherm ore, it  should no t be 
expected th a t  field m aterials, conditions, and equipm ent will perm it an 
exact check of labo ra to ry  results, and ad justm en t of the selected trial 
mix on th e  job will probably  be desirable. Closer agreem ent betw een 
labora to ry  and field results will be assured if machine mixing is employed 
in th e  laborato ry , and  th is procedure is recommended. If laboratory  
mixer equipm ent is no t available, hand mixing can be used. Similarly, 
any  processing of m aterials in the  laboratory  should sim ulate as closely 
as practicab le  the  corresponding trea tm en t in the field.

T he m inim um  series of tests  illu stra ted  in Tables 6  and  7 m ay be 
expanded as th e  size, cost, and  special requirem ents of th e  work m ight 
w arran t. A lternative aggregate sources, different sand and coarse 
aggregate gradings, different percentages of sand, different types or 
b rands of cem ent, adm ixtures, mixes for various m axim um  sizes of 
aggregate, and  concrete perform ance in durability , volume change, and 
therm al p roperty  tests, are some of the  variable factors th a t  m ay 
require consideration in more extensive program s.
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(d) Test methods— In  conducting labo ra to ry  te sts , i t  is recom m ended 
th a t  th e  la te s t issue of th e  following listed stan d ard s be used.

Cement
Sampling and physical testing of portland cement—ASTM Designation: C77. 
Chemical analysis of portland cement— ASTM Designation: C l 14,
Fineness of portland cement by means of the turbidimeter—ASTM Designation: C l 15 
Compressive strength of portland cement mortars—ASTM Designation: C109. 
Autoclave expansion of portland cement—ASTM Designation: C151.

Water
Quality of water to be used in concrete—AASHO Designation: T26.

Aggregate
Abrasion of coarse aggregate—Los Angeles machine—ASTM Designation: C131. 
Abrasion of rock by use of the Deval machine—ASTM Designation: D2.
Abrasion of stone and slag by use of the Deval machine—AASHO Designation: T3. 
Abrasion of gravel by use of the Deval machine—ASTM Designation: D289. 
Toughness of rock—ASTM Designation: D3.
Clay lumps in aggregates—ASTM Designation: C142.
Coal and lignite in sand—ASTM Designation: C123.
Percentage of shale in aggregate—AASHO Designation: T10 
Organic impurities in sand—ASTM Designation: C40.
M aterial finer than  No. 200 sieve—ASTM Designation: C l 17.
Sieve analysis of fine and coarse aggregate—ASTM Designation: C136.
Soundness—Sodium and magnesium sulfate method—-ASTM Designation: C8 8 . 
Soundness—Freezing and thawing method—ASTM Designation: C137.
Specific gravity and absorption—Coarse aggregate—ASTM Designation: C127.
Specific gravity and absorption—Fine aggregate—ASTM Designation: C128.
Surface moisture in fine aggregate—ASTM Designation: C70.
Unit weight of aggregate—ASTM Designation: C29.
Voids in aggregate for concrete—ASTM Designation: C30.
Structural strength of fine aggregate using constant water-cement ratio m ortar—ASTM 

Designation: C87.

Concrete
Machine mixing of concrete in laboratory—Bureau of Reclamation Concrete M anual— 

Designation: 28.
Sampling of fresh concrete—ASTM Designation: C172.
Consistency by slump—ASTM Designation: C143.
Consistency by flow table—ASTM Designation: C124.
Yield of concrete (includes unit weight test)—ASTM Designation: C138.
Air content of freshly mixed concrete—ASTM Designation: C173.
Making and storing compression test specimens in the field—ASTM Designation: C31. 
Compressive strength—ASTM Designation: C39.
Compressive strength— Modified cube method—ASTM Designation: C l 16.
Flexural strength—ASTM Designation: C78.
Volume change—ASTM Designation: C157.
Absorption of concrete— AASHO Designation: T25.
Securing and testing specimens of hardened concrete from the structure—ASTM Desig

nation: C42. •
Cement content of hardened concrete—ASTM Designation: C85.
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2. O th e r methods fo r com puta tion o f tr ia l mixes

M any charts, rules, and tables have been devised for use in concrete 
mix com putations. These devices, which are largely tim esavers, range in 
accuracy from  th a t  of the  m ethod described in the  recom m ended pro
cedure to  rough tables from  which a mix m ay be chosen th a t  m ay be 
safely used, in  small work, w ithout ad justm en t.

Nomographic chart— T he nom ograph illustra ted  in Fig. 1 is based on 
the sam e principles as th e  recom m ended procedure, being merely a 
graphic solution of these fundam entals. An explanation of th e  use of 
the chart follows— th e  illustra tion  is the  sam e as the one em ployed in 
section 6 :

Water-cement ratio =  0.53 by weight.
Unit water content = 305 lb. per cu. yd.
Proportion of sand =  42 per cent.
Specific gravity: Sand = 2.65, coarse aggregate =  2.55.
Place a transparent straightedge across the nomograph—see line (1) on chart—to 

connect scale points for water-cement ratio of 0.53 and water content of 305.
Read off chart: Parts of aggregate by weight =  5.5 (for 2.65 sp. gr.)

Cement content = 1.53 bbl. per cu. yd. (6 . 1 2  sacks per cu. yd.)
Parts of sand by weight =  42 per cent of 5.5 = 2.3.

2 55
Parts of coarse aggregate by weight = 5.5 — 2.3 = 3.2 (for 2.65 sp. gr.) or ——  X

2.65
3.2 = 3.1 (for 2.55 sp. gr.)

Trial mix = 1:2.3:3.1 by weight.

3. O th e r methods for adjustm ent o f tr ia l mixes

S hort-cu t m ethods for ad justing  concrete mixes can be used with 
sufficient accuracy for m ost practical purposes.

(a) The nomographic chart— The nom ographic chart illustra ted  in Fig. 
1 can be used, e ither as shown or in any preferred variation . In  the 
exam ple which follows, the  mix and required ad justm en t are th e  sam e as 
those em ployed in  th e  recom m ended procedure.

Connect scale points on nomograph—line (2 ) on chart—for water-cement ratio of 
0.50 and parts of aggregate of 5.5 (2.65 sp. gr.).

Read off chart: W ater content =  292 lb. per cu. yd.
Connect scale points on nomograph—line (3) on chart—for water content of 292 and 

water-cement ratio of 0.53.
Read off chart: Parts of aggregate =  5.9 (for 2.65 sp. gr.)

Cement content = 1.46 bbl. per cu. yd. (5.84 sacks per cu. yd.)
Parts of sand =  42 per cent of 5.9 =  2.5.

2 55
P arts of coarse aggregate =  5.9 — 2.5 = 3.4 (for 2.65 sp. gr.) =  X 3.4 = 3.3

2.b5
(for 2.55 sp. gr.)

Adjusted mix: 1 :2.5:3.3 by weight.
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Fig. 1— Chart fo r design and ad justm ent o f concrete mixes

YI
EL

D 
- 

CU
BI

C 
FE

ET
 

OF
 

CO
NC

RE
TE

 
PE

R 
SA

CK
 

OF
 

C
EM

E
N

T



DESIG N O F  C O N C R ETE M IXES (A C I 6 1 3 -4 4 ) 667

(b) Rules fo r adjustment of mixes— F or those who prefer a procedure 
for ad justing  mixes th a t  is no t dependent on charts, absolute volume 
com putations or detail tabu la tions, th e  rules in Table 8  m ay be found 
useful.

T A B L E  8— RULES A N D  IN C R EM EN T S  FO R M IX  A D JU S T M E N T S
(Constant Aggregate Grading and Specific Gravity)

To
Change

To
Hold

Corresponding Adjustments

Slump
W /C
By

Weight

Unit
W ater

Content

Total (1) 
Mix Parts 
By Weight

Cement (2 )
.  Content 

Bbl. per Cu. Yd.

CASE I

W /C

T

Slump 

his adju

Constant

stm ent amoui 
versa) in

Variable

its to repla 
a unit volui

Constant

cing aggregat 
ne of concrete

*Directly 
proportional 

to W /C

b with cement

Inversely 
proportional 

to  W /C

(or vice

CASE II

Slump

Thi

W /C

adjustr

1 -in. increase 
1 -in. decrease

nent amounts 
(or vice ver

Constant
Constant

to replacing 
sa) in a uni

+ 3 %
- 3 %

aggregate wit 
t  volume of co

-0 .2 5
+ 0 .2 5

h cement-and- 
ncrete

+ 0 .0 4
-0 .0 4

water paste

CASE III

W /C

r

Mix
Parts

'his adju

1 -in. increase 
1 -in. decrease

stm ent amour 
(or vice

+ 0 . 0 2
- 0 . 0 2

its to replac 
fersa) in a r

+ 3 %
- 3 %

ing cement an 
mit volume of

Constant
Constant

d aggregate wi 
concrete

•
- 0 . 0 1
+ 0 . 0 1

th  water

CASE IV

% o f
sand
by

Weight

Slump
and

W /C

Constant Constant

For each 
change of 1  in 

% of sand 
change water 
content 2.5 
lbs. in same 

direction

Variable
(4)

For each 
change of 1  in 

% of sand 
change cement 

content 0 . 0 1  
bbl. in same 

direction

*For a ll p rac tica l purposes.

0 ) T o ta l miv p a r ts  equals to ta l  p a r ts  of aggregate and  cem ent.
(2) A pprox im ate  cem en t co n ten t for u n it w eights show n in foo tno te  (3.)

(wt. of concre te  per cu. f t.)  27(3)
B bl. per cu. y  . — (T o ta l mix p a r ts  +  w /c ) 376

( 3)  T h e  u n it  w eight o f  concre te  con tain ing  aggregate of 2.65 average specific g rav ity  is approxim ately  
148 lb. per cu. ft. fo r % -\n . m ax. aggregate; 150 lb. for 13^-in. m ax; 152 lb. for 3-in. max.

If  th e  specific g ra v ity  of th e  com bined aggrega te  differs m ate ria lly  from  th e  average value of 2.65, th e  
com pu ted  cem ent co n ten t m ay  be  correc ted  by  add ing  or su b trac tin g  0.02 for each 0.05 increase or decrease, 
respective ly  in  specific g rav ity .

(<) F o r each  change of 3 in  th e  percen tage  of sand, change th e  p arts  of sand  0.1, and  th e  to ta l p a rts  of 
aggregate, in  th e  opposite d irection , 0.15, 0.20, 0.25, and  0.30 for 1>£, 3, and  6-in. m axim um  aggregate 
sizes, respectively.



A pplication of these rules to  th e  mix ad ju stm en t illu stra ted  in  section 
7, is as follows:

Mix 1:2.3:3.1 by weight; W /C  = 0.50.
To adjust the W /C  to 0.53, w ithout changing the slump or percentage of sand by 

weight, Case T, Table 8 , would apply.
0.53

The new to tal mix parts =  6.4 X —~ — 6 .8 , or 1 part cement to 5.8 parts of ag-
0.50gregate.

2 3
Parts of sand = 5.8 X =  2.5

Z.O  “j" O .l

Parts of coarse aggregate = 5.8 — 2.5 = 3.3.

Adjusted mix = 1:2.5:3.3.

O ther practical uses for th e  relationships given in T able 8  will be 
readily  ap p aren t to  th e  concrete technician  or engineer.

4. M ix e s  fo r small jobs

F or very  sm all jobs, involving only a few batches of concrete, where 
tim e or personnel are no t available to  determ ine mixes in  accordance with
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T A B L E  9— M IX E S  FO R  S M A L L  JO BS

Maxi
mum
Size
of

Aggre
gate

Mix
Desig
nation

Approx. 
Sacks Ce
m ent per 
Cu. Yd. of 
Concrete

Pounds of Aggregate per 
1-Sack Batch

Sand* Coarse
Aggregate

A 7.0 245 170
T^-in. B 6.9 235 190

C 6 . 8 235 205

A 6 . 6 235 225
iLf-in. B 6 .4 235 245

C 6.3 225 265

A 6.4 235 245
1 -in. B 6 . 2 225 275

C 6 . 1 215 290

A 6 . 0 235 290
1  V r  in. B 5.8 225 320

C 5.7 215 345

A 5.7 235 330
2 -in. B 5.6 225 360

C 5 .4 215 380

*W eights are  for d ry  sand . If  sand  is dam p, increase w eight of san d  10 pounds for one-sack  b a tc h , and  
if very  w et, ad d  20 pounds for one-sack b a tch . F o r slag , use 85 p e r c e n t of coarse agg rega te  w eights 
show n.

These mixes do not apply for lightweight aggregate.
Procedure: Select the proper maximum size of aggregate and then, using mix B, add 

just enough water to produce a sufficiently workable consistency. If the 
concrete appears to be undersanded use mix A, and if it  appears to  be 
oversanded use mix C.
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the  recom m ended procedure, th e  mixes in Table 9 will provide concrete 
th a t  is am ply  strong, dense, and durable if the  am ount of w ater added a t 
the m ixer is never so large as to  m ake th e  concrete sloppy. These mixes 
have been predeterm ined in conform ity w ith th e  recom m ended procedure 
by assum ing conditions applicable for the  average small job using aggre
gate of average specific g rav ity .

Three mixes are given for each m axim um  size of coarse aggregate. 
(Table 4 m ay  be used as a guide in  selecting an  appropria te  m axim um  size 
of aggregate). M ix B, for each size of coarse aggregate is in tended  for 
use as a  s ta rtin g  mix. If  th is mix happens to  be oversanded, change to  
mix C; if i t  is undersanded, change to  mix A.

I t  should be no ted  th a t  the  mixes listed in  th e  tab le  apply  where the 
sand is dry, or appears to  be dry. If th e  sand is m oist, or very wet, m ake 
the corrections in ba tch  weights described in the  note a t  the foot of the  
table.

The approxim ate cem ent contents in sacks per cubic yard  of concrete 
will be helpful in  estim ating  cem ent requirem ents for the  job. These 
are based on concrete th a t  has ju s t enough w ater in it to  perm it x’eady 
working in  th e  form s w ithout objectionable separation. The concrete 
should slide off a shovel— not run  off.

B IB L IO G R A P H Y

Rene Feret—The early works of Rene Feret appear in a number of French publications, 
such as Annales des Ponts et Chausses, about 1892 to 1896. Numerous of his articles 
since 1892 are summed up in “Revue de l’lngenieur,” 1923; more recent ones are 
referred to later in this list.

“The Laws of Proportioning Concrete,” by Wm. B. Fuller and Sanford E. Thompson, 
Trans. Am. Soc. Civil Engrs., December 1907, page 67. See also “Concrete Plain 
and Reinforced,” by Taylor and Thompson.

“ Design of Concrete Mixtures,” by'Duff A. Abrams, Bull. 1, Struc. Mats. Research Lab., 
Lewis Inst., Chicago, 1918.

“ Proportioning the Materials of M ortars and Concretes by Surface Areas of Aggregates,” 
by L. N. Edwards; Proc. Am. Soc. Testing Mats., 1918, V. 18, Part II, p. 235. 

“Theoretical Studies on Proportioning Concrete by the Method of Surface Area of 
Aggregates,” by R. B. Young; Proc. Am. Soc. Testing Mats., 1919, V. 19, p. 444. 

“Proportioning of Pit-R un Gravel for Concrete,” by R. W. Crum, Proc. Am. Soc. Test
ing Mats., 1919, V. 19, p. 458.

“Proposed Method of Estimating Density and Strength of Concrete and Proportioning 
Materials by Experimental and Analytical Consideration of Voids in M ortar and 
Concrete,” by A. N. Talbot; Proc. Am. Soc. Testing Mats., 1921.

“Methods of Proportioning Concrete Materials—Screened and Unscreened Gravel,” by 
R. W. Crum; Bull. 60, Iowa State College Engr. Exp. Station, 1921.

“The Use of Excess Sand and Pit-Run Gravel in Concrete Pavements,” by R. W. Crum;
Proc. Am. Soc. Testing Mats., 1922, Pt. II, V. 22, p. 330.

“Strength of Concrete, Its Relation to Cement, Aggregates and W ater” , by Talbot and 
Richart; Bull. 137, Univ. of 111., Eng. Exp. Sta., 1923.



6 7 0 JO U R N A L  O F THE A M E R IC A N  CONCRETE INSTITUTE June 19 45

“ Grading of Aggregates,” by R. W. Crum, Proc. Highway Research Board, 1925. Pre
sents review of work by Feret, Fuller, Abrams, Edwards and Talbot on design of 
concrete.

“Estimating Quantities of Materials for Concrete” by Stanton Walker, National Sand 
and Gravel Bulletin, September 1926, p. 5, Bulletin I, National Sand and Gravel 
Association, 1926. See also National Ready Mixed Concrete Bulletin, April 1931, on 
same subject.

“A M athematical Method of Proportioning,” by Joseph A. K itts, Concrete, Nov. 1929, 
p. 33.

“ Basic Principles of Concrete Making,” by Franklin R. McMillan, McGraw Hill Pub
lishing Co., 1929.

“ Basic Principles of Concrete Making Coordinated,” by Joseph A. K itts, Building and 
Engineering News, Nov. 22, 1930.

“The Proportioning of Concrete for Strength, D urability and Im permeability,” by A. T. 
Goldbeck; The Crushed Stone Journal, M ay 1931, p. 5, Bull. 3, N ational Ready Mixed 
Concrete Association.

“New Light on the Grading of Aggregates,” by C. C. Furnas and F. O. Anderegg, 
Industrial and Engineering Chemistry, Sept. 1931.

“Tests on Consistency and Strength of Concrete Having C onstant W ater Content,” by 
Inge Lyse. Proc. Am. Soc. Testing Mats., 1932, V. 32, P a rt II, p. 629.

“The M ortar Voids Method of Designing Concrete M ixtures,” by M ark Morris, ACI 
Journal, Sept. 1932; Proc., (1933) V. 29, p. 9.

“ Design and Control of Concrete Mixes,” Portland Cement Association, 6 th  Edition, 
1934.

“ Mass Concrete Tests in Large Cylinders,” by R. F. Blanks and C. C. McNamara, 
ACI Journal, Jan.-Feb., 1935; Proc. (1935) V. 31, p. 280.

“The Study of Quality, the Design, and Economy of Concrete,” by Inge Lyse, Jl. Frank
lin Institu te, May, June, and July 1936.

“On the Shape and Surface Condition of the Particles of Concrete Aggregate,” by R. 
Feret; Ann. de L ’Inst. Tech. du Bat. et des Trav. Pub., V. 2, Mar.-Apr. 1937; Reviewed 
ACI Journal, Sept.-Oct., 1937; Proc. (1938) V. 34, p. 84.

“New Investigation of the Form of Particles of Concrete Aggregate,” by R. Feret, Ann. 
de L ’Inst. Tech. du Bat. et des Trav. Pub., V. 3, M ay-June 1938, p. 31. Reviewed 
ACI Journal, Nov. 1938; Proc. (1939) V. 35, p. 140.

“Effect of Particle Interference in M ortars and Concretes,” by C. A. G. Weymouth, 
Rock Products, Feb. 25, 1933, p. 26.

“Aggregate Grading in Relation to  Concrete Mix Design,” by H. N. Walsh; Bull. Inst, 
of Civil Engrs. of Ireland, V. 62, No. 6 , Apr. 1936, p. 197. Reviewed ACI Journal 

May-June, 1936, Proc. (1936) V. 32, p. 728.
“The M athematics of Minimum Voids in Concrete Aggregates,” by Clyde F. Atchison, 

Concrete, Oct. 1937, p. 7.
“Grading and W orkability,” by W. H. Glanville; ACI Journal, Jan-.Feb., 1937; Proc. 

(1937) V. 33, p. 319.
“The Grading of Aggregates and W orkability of Concrete,” by W. H. Glanville and 

A. R. Collins; Dept, of Scientific and Industrial Research and M inistry of Transport, 
Road Research Technical Paper No. 5, H. M. Stationery Office, 1938.

“ Determination of Size Gradation of Aggregates, and Practical Information which it 
Furnishes,”  by J. Bolomey; La Rev. des Mat. de Cons, etde Trav. Pub., June 1938, p. 
106. Reviewed, ACI Journal, Nov. 1938, Proc. (1939) V. 35, p. 143.



DESIG N O F  C O N C R ETE  M IXES (A C I 6 1 3 -4 4 ) 671

“ A Study of Fine Aggregate in Freshly Mixed Mortars and Concretes,” by C. A. G.
W eymouth; Proc. Am. Soc. Testing Mats., 1938, V. 38, P art II , p. 354.

‘‘Designing Workable Concrete,” by C. A. G. Weymouth; Engr. News-Record, Dec. 29, 
1938, p. 818.

“ How to Design Concrete Mixtures,” (JPP No. 35-21); Stanton Walker, ACI J o u r n a l ,  

Jan., 1939; Proc. (1939) V. 35, p. 211; J. C. Pearson, ACI J o u r n a l ,  June, 1939; 
Proc. (1939) V. 35, p. 584; Proc. E. N. Vidal and W. H. Price, ACI J o u r n a l ,  Sept., 
1939; Proc. (1940) V. 36, p. 99.
See also: “Proportioning Concrete Mixtures,” by Standon Walker, J. C. Pearson, 
John C. Sprague, E. N. Vidal, and W. H. Price (from ACI Jl.). Circular 21 Na
tional Sand and Gravel Association, Oct. 1941; also a publication of National Ready 
Mixed Concrete Association.

“Elements of Modern Concrete,” by Charles E. Wuerpel, Civil Engineering, P art I, 
“An Approach to the Design of Concrete,” Aug. 1939, p. 463; P art II, “Aggregate 
Selection and Concrete Mix Design,” Sept. 1939, p. 539.

“ Materials Required per Cubic Yard of Slag, Stone and Gravel Concrete and Cement 
M ortar,” by Fred Hubbard, National Slag Association, Bulletin 94-13C, 1940.

“The Properties of Concrete Mixes,” b y  Blanks, Vidal, Price, and Russell; ACI J o u r n a l ,  
Apr. 1940; Proc. (1940) V. 36, p. 433.

“ The Design of Concrete Mixes,” by Charles T. Kennedy, ACI J o u r n a l ,  Feb. 1940;
Proc. (1940), V. 36, p. 373.

“ Revised Application of Fineness Modulus in Concrete Proportioning,” by Henry L.
Kennedy; ACI J o u r n a l ,  June, 1940; Proc. (1940) V. 36, p . 597.

“The Application of Some of the Newer Concepts to the Design of Concrete Mixes,” by 
IV. M. Dunagan; ACI J o u r n a l ,  June 1940; Proc. (1940) V. 36, p. 649.

Report of Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete, published by the ACI and the ASTM, June 1940, see also Proc. A. S. C. E., 
Dec. 1940 and Bull. 419 of the A. R. E. A., Sept.-Oct. 1940, p. 27.

“ Designing Concrete Mixture for Pavements,” by W. F. Kellermann, Public Roads, Sept.
1940, p. 121; Proc. Am. Soc. Testing Mats., 1940, V. 40, p. 1055.

“Design and Control of Concrete Paving Mixtures—Texas,” by E. B. Cape; ACI J o u r 
n a l ,  Feb. 1941; Proc. (1941) V. 37, p. 413.

“The Design and Control of Paving Concrete in Iowa,” by Bert Myers; ACI J o u r n a l ,  

Apr., 1941; Proc. (1941) V. 37, p. 577.
“ The Proportioning of Concrete M aterials,” by J. C. Watt; Concrete, M ay 1941, p. 33. 
‘‘Proposed Recommended Practice for the Design of Concrete Mixes,” By ACI Com.

613; ACI Journal, Jan. 1942; Proc. (1942) V. 38, p. 193.
“A Method for Proportioning Concrete for Compressive Strength, Durability and Work

ability,” by A. T. Goldbeck and J. E. Gray, Crushed Stone Journal, May-June 1942. 
(Also published as Bulletin 11 of the National Crushed Stone Association.) 

“Significance of Tests of Concrete and Concrete Aggregates,” by ASTM Com. C-9, 
Second Edition, 1943, Am Soc. Testing Materials.

“ C hart for the Design and Adjustment of Concrete Mixes,” by Howard E. Burr, ACI 
Journal, Sept. 1943; Proc. V. 40, p. 53.





Title  41 ~2 7  — a p a rt o f PROCEEDINGS, A M E R IC A N  C O N C R ETE INSTITUTE V o l.  41

ACI Standard
Spécificatio ns for Concrète Pavem ents a n d  Bases  

(A C I 617-44)*
Reported by ACI Committee 617

H. F. CLEMMER

These specifications apply  to  the construction of portland  cem ent con
crete pavem ent and  base under norm al conditions, including the  prepara
tion  of th e  subgrade, and  shall govern unless modified by  special provisions 
to  tak e  in to  account unusual conditions of traffic, subgrade, drainage, 
exposure and  o ther factors.

2. A p p ro v a l o f sources o f m a teria l supply

P o rtlan d  cem ent, aggregates and  w ater shall be furnished only from  
sources of supp ly  approved by  th e  engineer before shipm ents are started . 
T he basis of approval of such sources shall be th e  ab ility  to  produce 
m aterials of th e  quality  and  in the  q u an tity  required.

3. P ortland cem ent

(a) C em ent shall conform  to  the requirem ents of the  curren t American 
Society for T esting M aterials S tandard  Specifications for Portland  
C em ent (D esignation C 150). T ype I cem ent shall be supplied unless 
Type I I  (M oderate H ea t of H ydration) or Type I I I  (High E arly  Strength) 
is required  by  th e  special provisions.

(b) C em ent shall be pro tected  from  th e  w eather and  against loss in 
handling or in tran sit. E ith e r package or bulk cem ent m ay be used.

♦A dopted  as a  S tan d a rd  of th e  A m erican C oncre te In s titu te  a t  its  40 th  A nnual C onvention , M arch  2, 
1944 as  rep o rted  by  C om m ittee  613; ratified  by  L e tte r  B a llo t Ju ly  28, 1944. (W ith  ed ito ria l revisions 

, from  re p o r t as pub lished  A C I J oukna l , N ov. 1943).

J O U R N A L
o f the

A M E R I C A N  C O N C R E T E  I N S T I T U T E
(c o p y rig h te d )

V o l.  1 6  N o . 6  ____ 7 4 0 0  S E C O N D  B O U L E V A R D , DETROIT 2 , M IC H IG A N  June 1945

Chairm an
R. D. BRADBURY 
A .  T. G O LDBEC K 

FRED H U BBAR D

FRANK H . J A C K S O N  

BAILE Y  TREMPER 
S T A N T O N  W ALKER

SCOPE

1. Concrete pavem ent and base

M A T E R IA L S

(6 7 3 )



6 7 4  J O U R N A L  O F  THE A M E R IC A N  C O N C R ETE  INSTITUTE Jun e 1945

4. A g g re g a te s

(a) A ggregates shall conform  to  th e  requirem ents of the  cu rren t 
A STM  S tan d ard  Specifications for C oncrete A ggregates (D esignation 
C 33).

Note: I t  will be necessary to include limits in these specifications to  meet local
conditions.

Coarse aggregate shall be furn ished  in  tw o separa te  sizes w ith  the 
separation  a t  the  % -in. sieve when com bined m ateria l g raded  from  No. 
4 to  1^2 in - is required, and a t  th e  1-in. sieve when com bined m aterial 
g raded from  No. 4 to  2 in. is required.

(b) In  arranging  for storage of aggregates, positive m eans shall be 
used to  p reven t th e  inclusion of foreign m ateria l. A ggregates shall not 
be placed upon th e  finished subgrade. A ggregates of different k inds and 
sizes shall be placed in  different stock  piles. S tock piles of coarse aggre
gates shall be b u ilt up  in  successive horizontal layers n o t m ore th a n  3 ft. 
th ick . E ach  layer shall be com pleted before th e  nex t is s ta rted . Should 
segregation occur, th e  aggregates shall be rem ixed to  conform  to  the 
grading requirem ents.

(c) Frozen aggregates or aggregates contain ing  frozen lum ps shall be 
thaw ed before use. W ashed aggregates and  aggregates produced or 
m an ipu lated  b y  hydraulic m ethods shall be allowed to  d ra in  for a t  least 
tw elve hours before use. S tock piles or cars and  barges equipped with 
weep holes are considered to  offer su itab le  o p p o rtu n ity  for drainiage.

5. W a te r

W ater used in mixing or curing concrete shall be clean and  free from 
injurious am ounts of oil, salt, acid, vegetable or o th e r substances harm ful 
to  the  finished product. Sources of w ater shall be m ain ta ined  a t  such a 
depth , and  th e  w ater shall be w ithdraw n in such a  m anner (by enclosing 
pum p in take, etc .), as to  exclude silt, m ud, grass or o th e r foreign m aterials.

6. Reinforcem ent steel and accessories

(а) Steel wire fabric. Steel wire fabric reinforcem ent shall conform to 
the  requirem ents of th e  cu rren t A STM  S tan d ard  Specifications for 
W elded Steel W ire Fabric  for C oncrete R einforcem ent (D esignation: 
A 185).

(б) Bar mats. T he steel in b ar m ats shall conform  to  th e  requirem ent 
of th e  cu rren t A STM  S tan d ard  Specifications for B ar or R od M ats  for 
C oncrete R einforcem ent (D esignation: A 184). M em bers shall be of the  
size and  spacing shown on th e  plans. All in tersections of longitudinal 
and  transverse  bars shall be securely w ired, clipped or w elded together.

(c) Dimensions of wire fabric and bar mats. T he w id th  of fabric sheets 
or b a r m ats shall be such th a t, w hen properly placed in  the  work, the  
extrem e longitudinal m em bers of the  sheet or m a t will be located  no t less
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th a n  3 in. nor more th an  6  in. from  th e  edges of the slab. The length of 
fabric sheets or b ar m ats shall be such th a t, when properly placed in the 
work, th e  reinforcem ent will clear all transverse jo in ts by  no t less th an  
2 in. nor m ore th a n  4 in. as m easured from  th e  center of th e  jo in t to  the  
tip  ends of th e  longitudinal m em bers of th e  sheet or m at.

(d) Bars. R einforcem ent bars shall conform  to  th e  requirem ents of 
the cu rren t A STM  S tandard  Specifications for B illet-Steel Bars for 
Concrete R einforcem ent (D esignation: A 15) or for Rail-Steel Bars for 
Concrete R einforcem ent (D esignation: A 16). B ars depending upon 
bond for th e ir  effectiveness shall be free from  excessive rust, scale, or 
o ther substances which p reven t the bonding of the  concrete to  the 
reinforcem ent.

(e) Tie bars. T ie bars shall be deform ed steel bars conforming to  the 
requirem ents of th e  specifications for reinforcem ent bars except th a t  rail 
steel bars shall no t be used where th ey  are to  be ben t and restraightened.

(/) Dowels and sleeves. Dowels shall be p lain  round bars conforming 
to  the  requirem ents of th e  specifications for reinforcem ent bars.

W hen m etal sleeves are used th ey  shall cover th e  ends of the  dowels 
for no t less th a n  2 in. nor more th a n  3 in. T he sleeve shall be closed a t  
one end. I t  shall have a su itab le stop to  hold the end of the bar a t  least 
1 in. from  th e  closed end of the  sleeve. I t  shall be of such rigid design 
th a t the  closed end will no t collapse during construction.

(g) Chairs. C hairs for holding tie  rods in  correct position while the  
concrete is being placed shall be of m etal, slightly  rounded and  tapered  a t 
one end. The m inim um  dimensions shall be: Thickness 16 gauge (U. S. 
S tandard  G auge 1893), length 1 2  in., w idth 1 %  in. m easured along the 
m etal.

(h) Stakes. S takes used to  support expansion jo in t fillers shall be 
channel- or U -shaped, a t least %  in. wide and %  in. deep and of m etal 
no t th in n er th a n  16 gauge (U. S. S tandard  Gauge 1893). T hey shall be 
15 in. long or longer if required to  provide proper bearing support. .

7. S ubgrade paper

Subgrade paper shall conform to  th e  requirem ents of the  current 
A m erican A ssociation of S ta te  H ighw ay Officials S tandard  Specification 
for Subgrade Paper, M 74.

8. Expansion jo in t fille r

E xpansion Jo in t F iller shall conform to the requirem ents of the curren t 
A STM  or AASHO S tandard  Specifications for Preform ed Expansion 
Jo in t Fillers for Concrete.

9. M e ta l jo in t p la te  and pins

P lates for tongue and groove jo in ts shall be steel or iron not th inner 
th a n  16 gauge, (U. S. S tandard  Gauge, 1893). Each section shall be a
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continuous s trip  of m eta l n o t m ore th a n  15 ft. long having  a w id th  3^ in. 
less th a n  th e  dep th  of th e  pavem en t; i t  shall be provided  w ith  an  end 
connection which will hold th e  ends of s trips firm ly together. E ach  
section shall be of th e  specified cross section, and  shall be punched  for 
dowels or tie  bars, and  pins, as shown on th e  plans.

P ins shall be channel shaped, pressed o u t of sheet steel of n o t less th an  
1 2  gauge (U. S. S tan d ard  Gauge, 1893) and  no t less th a n  15 in. long.

10. Cover m ateria ls fo r curing

(a) Burlap. B urlap  shall be m ade from  ju te  or hem p and , a t  tim e of 
using shall be in good condition, free from  holes, d irt, clay, or any  other 
substance which in terferes w ith  its  absorp tive  quality . I t  shall n o t con
ta in  any  substance which would have a deleterious effect on th e  concrete. 
B urlap  shall be of such q u a lity  th a t  i t  will absorb  w ater read ily  when 
dipped or sprayed  and  shall weigh n o t less th a n  7 oz. p er square y a rd  when 
clean and  dry. B urlap  m ade in to  m ats m ay  be used if care in  handling is 
exercised to  avoid m arring  th e  finished surface of th e  concrete.

(b) Cotton mats. C o tton  m ats  for curing concrete shall conform  to  the  
requirem ents of th e  cu rren t AASHO S tan d ard  Specifications for 
C o tton  M ats for C uring C oncrete P avem ents. (D esignation M 73).

11. Testing m aterials

M ateria ls shall be tes ted  in  accordance w ith m ethods referred  to  in the 
app rop ria te  specifications, except as otherw ise specified.

12. F lexural strength tests o f concrete as basis o f design

Flexural s treng th  tests  to  be used as th e  basis for th e  design of concrete 
m ixtures shall be carried ou t in accordance w ith  th e  cu rren t A STM  
S tan d ard  M ethod  of T est for F lexural S treng th  of C oncrete. (L abora
to ry  M ethod  Using Sim ple B eam  w ith  T h ird  P o in t Loading, D esignation 
C 78).

, 1 3. F lexural strength tests o f concrete fo r fie ld  con tro l

(a) F lexural tests  of concrete specim ens m olded and  cured in  th e  field 
shall be m ade, w henever feasible, using th e  testing  m achine described 
in  A STM  M ethod C 78. Field C ured Specim ens should n o t be used as a 
basis for design of m ixtures. If  an o th er ty p e  of te s tin g  m achine is 
used, resu lts ob tained  w ith i t  should be correla ted  w ith  those obtained 
from  th e  s tan d a rd  ap p ara tu s . A ppara tu s for m aking  flexure te s ts  of 
concrete shall be so designed as to  incorpora te  th e  following principles:

(1) The distance between supports and points of load application shall remain 
constant for a given apparatus.

(2) The load shall be applied normal to the loaded surface of the beam and in 
such a manner as to  avoid eccentricity of loading.

(3) The direction of the reactions shall, a t all times during a test, be parallel to the 
direction of the applied load.
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(4) The load shall be applied a t a uniform rate and in such a manner as to avoid 
shock.

(5) The ratio of distance between point of load application and nearest reaction to 
the depth of the beam shall not be less than  one.

Note: The directions of loads and reactions may be maintained parallel by judicious 
use of linkages, rocker bearings and flexure plates. Eccentricity of loading can be 
avoided by use of spherical bearings.

(b) M olding, curing and marking. C oncrete for th e  field te s t specimens 
shall be secured in accordance w ith the  curren t A STM  M ethod of Sam p
ling Fresh C oncrete (D esignation: C 172) from  the  concrete deposited 
on th e  subgrade. T he specimens shall be m olded and  finished as described 
in the  cu rren t A STM  M ethod of T est for Flexural S treng th  of Concrete 
(D esignation C 78). T hey  shall be cured, as nearly  as practicable, 
in the  sam e m anner as th e  pavem ent concrete. T hey  shall be properly 
identified as to  da te  of m olding and  location of pavem ent represented; 
w eather conditions prevailing a t  the tim e of m olding shall be noted.

(c) Num ber of specimens. A t least tw o beam s shall be m ade for each 
one thousand  square yards of pavem ent.

14. Specific g ra v ity  and  absorp tion  o f aggregates

(a) Fine aggregate. T he bu lk  specific g rav ity  and absorption of fine 
aggregate shall be determ ined in  accordance w ith  the  curren t ASTM  
S tandard  M ethod  of T est for Specific G rav ity  and  A bsorption of Fine 
Aggregates. (D esignation C 128).

(b) Coarse Aggregate. T he bu lk  specific g rav ity  and absorption of 
coarse aggregate shall be determ ined in accordance w ith the current 
ASTM  S tan d ard  M ethod of T est for Specific G rav ity  and  A bsorption of 
Coarse Aggregate. (D esignation C 127).

1 5. Consistency

C onsistency shall be determ ined in accordance w ith the curren t ASTM  
S tandard  Slum p T est for consistency of concrete. (D esignation C 143).

P R O P O R T IO N S  O F  M A T E R IA L S

16. Basis o f proportions

The proportions of w ater, cem ent and aggregates shall be in accordance 
with Proportions based on design for m inim um  strength (Section 17) or in 
accordance w ith  Proportions based on uniform  cement factor (Section 18) 
as specified in the  special provisions.

17. Proportions based on design fo r minimum strength

(a) T he proportions of cem ent, fine aggregate, coarse aggregate and 
w ater to  be used in th e  mix shall be determ ined by  th e  Engineer, w ithin 
the  lim its of Sections 17(b) and 17(c), by  m eans of laboratory  tests of 
the  flexural s treng th  of concrete m ade w ith aggregates from  th e  same
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sources and  of th e  sam e gradings as will be em ployed in  th e  w ork and  
th a t  po rtland  cem ent which is found to  produce th e  low est s tren g th  
concrete of any  acceptable cem ent available for th e  work.

(b) T he m ix ture  determ ined  upon shall produce w orkable concrete 
having a slum p of 2 in. to  3 in . for u n v ib ra ted  concrete, or in. to  \y ¿  
in. for v ib ra ted  concrete, and  a m odulus of ru p tu re  a t  14 days of n o t less 
th a n  550 psi as determ ined from  specim ens m ade, cured and  te s ted  in 
accordance w ith th e  cu rren t A STM  M ethod C 78.

(c) The resulting  p roportions shall be such th a t  th e  m ixing w ater, 
including free surface m oisture on th e  aggregates b u t  exclusive of mois
tu re  absorbed b y  th e  aggregates, shall n o t exceed 6  gal. per sack  of cem ent 
for any  individual b a tch  in  localities where th e  concrete will be subjected  
to  severe freezing and  thaw ing  conditions. In  no case shall the  mixing 
w ater exceed gal. per sack of cem ent for an y  ind iv idual b a tch . The 
cem ent con ten t shall be n o t less th a n  5 sacks p er cubic yard .

(d) Unless otherw ise specified in  th e  special provisions th e  following 
requirem ents shall govern th e  con trac tu ra l relations concerning propor
tions based on design for m inim um  s tre n g th :

(1) Upon request, the Engineer will furnish prospective bidders with information 
as to the proportions by weight required for aggregates from established sources avail
able for use on the project. This information will also include the grading of the aggre
gated used in determining these proportions.

(2) P rom ptly after receipt of notice of award of the contract, the Contractor shall 
furnish the Engineer w ith the location, or locations of the source or sources of aggre
gates which he proposes to use. The proportions will be designated by the Engineer. 
Except as hereinafter provided the designated proportions shall govern as long as 
materials aré furnished from the sources designated and as long as they continue to 
meet the requirements specified.

(3) If, during the progress of the work, the contractor proposes to use aggregates 
from approved sources other than  those originally designed, the Engineer will designate 
the new proportions to  be used.

(4) If satisfactory plasticity and workability are not secured using the proportions 
and aggregates originally designated, the engineer may alter such proportions. If such 
alterations change the designated cement factor originally fixed by 2 per cent or less, no 
adjustm ent in the am ount paid the contractor shall be made. If such alterations change 
the designated cement factor by more than 2 per cent, the source and quality of the 
aggregates remaining the same, paym ent shall be adjusted for or against the contractor 
in whatever am ount the to tal cost of materials, f.o.b. contractor’s m aterial yard, has 
been increased or decreased by more than  2 per cent. The calculation of the amount 
of such increase or decrease shall be based upon the designated cement factor and not 
on count of bags of cement used or of the batches where bulk cement is used.

18. P roportions based on uniform  cem ent content

(a) T he p roportions herein specified have been shown b y  experience 
to  give sa tisfac to ry  resu lts for m ateria ls m eeting th e  requirem ents of 
these specifications. T hey  are so fixed as to  produce concrete of constan t
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yield for all types of m aterials m eeting the requirem ents of these specifica
tions. T he proportions of w ater, cem ent and sa tu ra ted  surface dry  aggre
gates for th e  m ixture shall be selected from  Table 1, unless otherwise 
specified in th e  special provisions. To determ ine the  pounds of sa tu ra ted  
surface d ry  aggregate per bag of cem ent, m ultip ly  th e  factors given under 
Sand, G ravel, C rushed Stone, or slag by th e  bu lk  specific gravities of 
the aggregates to  be used. B atch  weights th u s determ ined, shall be 
corrected to  tak e  in to  account the m oisture condition of th e  aggregates 
as delivered to  th e  m easuring bin. If th e  aggregates contain  more w ater 
th an  required for sa tu ra tio n  the  weight shall be increased accordingly; 
if th ey  contain  less w ater th a n  required for sa tu ra tio n  the weights shall 
be decreased accordingly.

(b) M ixture A shall be used when th e  concrete is to  be com pacted 
and finished w ith a s tan d ard  finishing m achine w ithou t vibration. M ix
tu re  B shall be used when th e  concrete is to  be com pacted and finished 
by  v ib ra tion  and  i t  is desired to  m ain ta in  the same w ater-cem ent ra tio  
as when the  s tan d ard  finishing m achine w ithout v ibration  is used. 
M ixture C shall be used when th e  concrete is to be com pacted and 
finished by  v ib ra tion  and where i t  is desired to  m ain tain  the sam e cem ent 
con ten t as when the s tan d ard  finishing m achine is used.

(c) T he ra tio  of fine to  coarse aggregate m ay be adjusted , for different 
g radations w ithin th e  lim its of these specifications, to  secure concrete 
of sa tisfac to ry  p lastic ity  and  w orkability . D uring the progress of the  
work, th e  to ta l weight of aggregate per bag of cem ent shall no t be changed, 
except as necessary to  com pensate for differences in  specific gravity , and 
except when concrete of sa tisfactory  p lastic ity  and  w orkability  cannot be 
m ade w ithou t exceeding the  m axim um  n e t w ater conten t specified; under 
these la tte r  circum stances the  Engineer shall reduce the to ta l weight of 
aggregate as com puted from  Table 1, by  an  am ount sufficient to  insure 
th a t  the m axim um  ne t w ater conten t will not be exceeded. The C ontrac
to r  shall no t receive additional com pensation for any  ex tra  cem ent which 
m ay be required  b y  such ad justm en t.

M E A S U R E M E N T  A N D  H A N D L IN G  O F  M A T E R IA L S

19. Cement, aggregates, water

(a) S tandard  size sacks of cem ent as packed by  the m anufacturer shall 
be considered to  weigh 94 lb. net. Bulk cem ent and cem ent from  frac
tional sacks shall be weighed.

(5) W hen package cem ent is used, the  cem ent shall be em ptied from 
th e  sacks in to  th e  b a tch  im m ediately  prior to  mixing. W hen bulk cem ent 
is used, sa tisfac to ry  m ethods of handling and weighing shall be employed. 
A separa te  hopper shall always be so designed and operated th a t the
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q u a n tity  of cem ent for each batch  will be m ain tained  in a separate  con
ta in e r so as n o t to  come in  direct contact w ith th e  aggregates.

(c) Aggregates shall be weighed. Each size of aggregate shall be weighed 
separately .

(d) T he scales for weighing cem ent and  aggregates shall be accurate 
w ith in  one-half of one per cent th roughou t th e  range of use. O peration 
shall be w ith in  a m axim um  allowable error of one per cent for cem ent and 
tw o per cent for aggregates.

(e) M ixing w ater m ay  be m easured by weight or by  volume. T he w ater 
m easuring device shall be accurate to  3^ of 1 per cent. O peration shall 
be required  to  be w ith in  a  m axim um  allowable error of 1 per cent. W hen 
wash w ater is used as a portion  of the  mixing w ater for succeeding batches 
it  shall be m easured according to  th is requirem ent.

M IX IN G

20. M ix in g  a t site or a t centra l m ix ing  p la n t

(a) T he concrete shall be mixed in  a ba tch  mixer. W hen a drum  
m ixer is used it  shall conform  to  th e  requirem ents of the  concrete mixer 
standards of th e  M ixer M anufactu rers B ureau of the  Associated G eneral 
C ontractors of America. If  ano ther type  of m ixer is used it  shall be of a 
type  satisfac to ry  to  the  Engineer. The mixer shall be capable of com
bining th e  aggregates, cem ent and w ater in to  a thoroughly mixed and 
uniform  m ass w ith in  th e  specified tim e, and  of discharging the  m ixture 
w ithout segregation. E ach  batch  of concrete shall be mixed for one 
m inute or m ore a fte r all m aterials, exclusive of the  mixing w ater, are in 
th e  m ixer drum . T he batch  shall be so charged in to  the  mixer th a t  some 
w ater will en te r in  advance of the  cem ent and  aggregate, and will con
tinue  to  flow for a period which m ay extend to  th e  end of the first one- 
th ird  of the  specified m ixing tim e. The mixer shall ro ta te  a t the ra te  
recom m ended b y  its  m anufacturer. Concrete shall be mixed only in 
quan tities required  for cu rren t use; any  concrete which has set so th a t it 
cannot be placed properly shall no t be used. R etem pering of concrete 
which has p artia lly  set, b y  mixing with additional w ater, will no t be 
perm itted .

(b) T he m ixer shall be equipped with a suitable charging hopper, w ater 
storage, and  a w ater-m easuring device controlled from  a case which can 
be k ep t locked. C ontrols shall be so arranged th a t the  w ater can be sta rted  
only while th e  m ixer is being charged and so as to  lock autom atically  the 
discharge lever u n til the  batch  has been mixed th e  required tim e after 
all m aterials are in the-m ixer. The entire contents of the  drum  shall be 
discharged a fte r each charge has been mixed th e  required tim e. In  case 
of mixing a t  th e  site suitable equipm ent for discharging and spreading
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the  concrete on the  subgrade will be provided. The m ixer shall be cleaned 
a t  su itab le  in tervals. T he pick-up and  throw -over b lades in  th e  d ru m  
shall be replaced w hen th ey  have lost ten  ( 1 0 ) per cen t of th e ir  dep th . 
T he volum e of th e  m ixed m ateria l per b a tch  shall no t exceed th e  m a n u -1 
fac tu re r’s norm al ra ted  capacity  of the  m ixer, exclusive of th e  overload. 
The m anufactu rer shall in stall a  p la te  upon  th e  m ixer s ta tin g  th e  ra ted  
capacity  and  th e  recom m ended revolutions per m inute.

21. R eady m ixed concrete

R eady  m ixed concrete shall be mixed and  tran sp o rted  in  accordance 
w ith th e  cu rren t A STM  Specifications for R eady  M ixed C oncrete 
(D esignation C 94).

H IG H  E A R L Y  S TR E N G TH  C O N C R ETE

22. M e thod s  o f p roductio n

H igh early  stren g th  concrete shall be produced by  one of th e  following 
m ethods, or any  com bination  thereof, as specified in  th e  special provisions.

(a) B y th e  use of liigh-early stren g th  p o rtland  cem ent T ype I I I  in 
lieu of norm al po rtland  cem ent (T ype I or T ype II ) .

(b) B y  the  use of additional norm al poi’tlan d  cem ent (T ype I  or 
T ype I I )  in  which case th e  to ta l am oun t of cem ent shall n o t exceed seven 
bags of cem ent per cubic yard  of concrete.

(c) B y th e  use of calcium  chloride as one of th e  ingred ien ts of th e  
concrete in an  am ount betw een one and tw o pounds of calcium  chloride 
per sack of cem ent. Calcium  chloride m ay  be added  either d ry  or 
in solution. W hen used in  solution, i t  is convenient so to  p roportion  th e  
solution th a t  one q u a rt contains one pound of calcium  chloride.

H igh early  stren g th  concrete shall m eet th e  requirem ents of these 
specifications for p o rtland  cem ent concrete.

S U B G R A D E  P R E P A R A T IO N

23. G ra d in g  stakes

G rading stakes shall be p ro tected  by  th e  C on trac to r. S takes which 
become d isturbed  shall be reset a t  th e  C o n trac to r’s expense.

24. D isposal o f excavated m ateria l

M aterial rem oved in  excavation shall be used in fills on th e  job, or 
otherw ise disposed of as provided on th e  plans or in th e  special provisions.
If excavation is in  excess of fill, the  excess m ateria l shall be disposed of 
by  th e  C on trac to r a t  his expense.

25. E xcavation be lo w  the subgrade

W here th e  work is in cut, if th e  C o n trac to r excavates below th e  su r
face of th e  subgrade shown on th e  plans, he shall refill w ith  approved 
m ateria l com pacted as provided for filling and com paction a t  his expense.
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26. Borrow ed m a te ria l

If filling is in  excess of excavation, th e  contrac to r shall secure th e  neces
sary  m ateria l from  borrow  p its  indicated  on th e  plans. If no such loca
tion  is ind icated  or if th e  am ount in th e  ind icated  location is insufficient 
he shall furnish  m ateria l sa tisfac to ry  to  th e  Engineer. P aym en t shall be 
m ade for such m ateria l a t  an agreed-upon price per cubic yard.

27. Rem oval o f sod

Any sod w ithin  th e  lim its of th e  fill shall be com pletely rem oved to  a 
dep th  of a t  least six inches.

28. F illin g  and com pacting

All fills shall be m ade in  layers no t more th a n  9-in. th ick  which shall be 
thoroughly  com pacted by  m eans of a sm ooth roller, pneum atic tired  roller, 
or a tam ping , or sheepsfoot roller. Sm ooth rollers shall be self-propelled 
and weigh no t less th a n  six tons nor less th a n  250 lb. per in. w idth of 
tread .

P neum atic tired  rollers shall be tow ed by  m echanical equipm ent suffi
ciently powered to  m ain ta in  an even rolling speed. The roller shall be 
capable of delivering a t  least 2 0 0  lb. per in. of tire  tread , and an in ternal 
pressure of 4.5 psi shall be m aintained.

T am ping or sheepsfoot rollers shall consist of m etal rollers, drum s or 
shells su rm ounted  by  m etal studs w ith tam ping feet projecting not less 
th an  6  in. from  th e  surface of th e  roller, drum  or shell. The rollers shall 
be of such weight th a t  th e  load upon each too th , when any  one row of 
tee th  is supporting  th e  whole weight of the roller, shall no t be less th an  
1,250 lb. E ach  tam ping  roller shall consist of two sections and the  length 
of each section shall no t be less th a n  four feet.

Inaccessible places, and  places where rolling is no t practicable on 
account of possible dam age to  subsurface structures, shall be thoroughly 
com pacted w ith  m echanical tam pers capable of strik ing a  blow equiva
lent to  a t  least 250 lb. per sq. ft. The dead w eight of any mechanical 

-tam per shall be in  excess of 40 lb. per sq. ft. of bearing surface. Paym ent 
for com pacting layers in  fills b y  rolling or tam ping  shall be included in 
the  con trac t price per cu. yd. for ‘'G rad ing .’

29. Rem oval o f unsuitable m ateria l

Fill m ateria l shall no t contain trash , brick, broken concrete, tree roots, 
sod or cinders, and all unsuitable m aterial shall be rem oved to  a depth 
of a t  least 18 in. below the  finished surface of the  subgrade. The Con
tra c to r  will be paid for th is work a t  the prices bid for grading, and m ater
ials used. W hen unsuitab le  m ateria l is rem oved from  th e  subgrade th e  
surface shall be b rough t to  th e  correct elevation w ith approved m aterial 
placed and com pacted as specified herein. P aym ent for th is w-ork will 
be m ade a t the con tract prices for grading and m aterials.
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30. Rem oving and g rub b in g  fo r stumps

W here fills higher th a n  10 ft. are to  be m ade th e  ground shall be cleared 
of all underbrush  and  trees. W here fills are less th a n  1 0  ft. high, all 
underbrush , trees, tree  stum ps and  saplings shall be grubbed  and  en tire ly  
rem oved.

31. S o lid  rock

Solid rock (boulders of one cubic y a rd  or m ore in  con ten t, or ledges in 
the ir original bed) shall be rem oved six inches below grade and  shall be 
paid for a t  the  con trac t price p er cubic y a rd  of solid rock.
32. S id ew a lk  g ra d in g

Sidewalk grading included in  th e  co n trac t shall be done a t  th e  same 
tim e th e  roadw ay is rough graded.

33. Paym ent fo r g ra d in g

T he co n trac t prices for grading shall include th e  cost of excavating 
and  filling, clearing and  grubbing, excavating and  rem oving unsuitable 
m aterials as required , shaping th e  subgrade to  th e  prescribed lines and 
grades, sloping cuts, intersections and  approaches, and  rolling or tam p 
ing below th e  subgrade in  th e  case of fills; and  in  connection w ith  stree t 
construction, sloping and  filling betw een the  curb and  sidew alk pavem ent, 
and  grading and  shaping of sidew alk spaces w here show n on th e  plans. 
The w ork shall be estim ated  to  th e  grades and  slopes show n on th e  plans.
34. R o llin g  the subgrade

T he subgrade shall be p repared  b y  com pacting w ith a self-propelled 
roller weighing n o t less th a n  6  tons. Places inaccessible to  th e  roller 
shall be com pacted w ith  m echanical tam pers capable of strik ing  a  blow 
equ ivalen t to  a t  least 250 lb. per sq. ft. T he dead w eight of any  m echan
ical tam p er shall be m ore th a n  40 lb. per sq. ft. of bearing  surface. If 
th e  sub-grade is d istu rbed  a fte r acceptance it  shall be reshaped  and  com
pacted  w ithou t add itional com pensation. P ay m en t for com pacting 
subgrade shall be included in  th e  co n trac t prices for grading.

35. W e ttin g  the subgrade

C oncrete shall be placed on a  m oist subgrade except where subgrade 
paper is required  by th e  special provisions. The subgrade shall be th o r
oughly w etted  a sufficient tim e in advance of th e  placing of th e  concrete 
to  insure th a t  there  will be no puddles or pockets of m ud w hen th e  con
crete is placed. T he degree of sa tu ra tio n  shall depend upon  th e  charac
ters of m aterials in  the  subgrade. T he subgrade shall no t be allowed to  
d ry  o u t before th e  concrete is placed.

36. P lac ing  subgrade pa per

W hen specified in  th e  special provisions th e  subgrade a fte r  i t  has been 
shaped and com pacted, shall be covered w ith  subgrade paper. A djacent
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strips of paper shall lap  4 in. and  ends shall lap 12 in. A fter being placed 
on th e  subgrade, the  paper shall be kep t reasonably in ta c t and  shall no t 
be hauled  over nor have unnesessary holes punched through it.

37. Testing and  correcting  subgrade

Im m ediately  prior to  placing concrete, the subgrade shall be tested  for 
conform ity w ith  th e  cross section shown on the plans by  m eans of an 
approved tem p la te  riding on th e  side forms. If  necessary, m ateria l shall 
be rem oved or added, as required, to  bring all portions of the  subgrade 
to  th e  correct elevation. I t  shall then  be thoroughly  com pacted and  again 
tested  w ith  th e  tem p la te . Concrete shall no t be placed on any  portion of 
the subgrade which has no t been tested  for correct elevation.

FO R M S

38. M a te r ia l,  d im ensions, setting

Side forms shall be of m etal of a cross section approved by the Engineer. 
The height of th e  forms shall be equal to  th e  specified edge thickness of 
the concrete. B uilding up  of form s shall no t be perm itted . Flexible or 
curved form s of proper radius shall be used for curves of 1 0 0  ft. radius or 
less. Form s shall be of am ple streng th , no t less th a n  ^  in. thick. They 
shall be provided w ith  adequate  devices for secure se tting  so th a t  when 
in place th ey  shall w ithstand , w ithou t visible springing or settlem ent, the 
weight, im pact and v ib ra tion  of the  finishing m achine. In  no case shall 
base w idth  be less th an  8 in. for forms 8 in. or more in height. The flange 
braces m ust extend outw ard  on the base no t less th a n  tw o-thirds (% ) 
the height of th e  form. T he forms shall be free from  warp, bends, or 
kinks. A ny varia tion  of th e  top  of a form from  its tru e  plane when 
tested  w ith a 1 0  ft. s tra ig h t edge shall no t be greater th an  3 4  in. in 1 0  ft. 
and any  varia tion  la tera lly  when tested  w ith a 1 0  ft. s tra ig h t edge shall 
not be g rea ter th a n  3 4  in- in 1 0  ft.

39. G ra d e  and  a lignm e nt

T he alignm ent and  grade elevations of the  forms shall be checked and 
the necessary corrections m ade by the  contractor im m ediately before 
placing th e  concrete. W hen any form  has been disturbed or any sub
grade thereunder has become unstable, th e  form  shall be reset and 
rechecked.

40. Base support

T he subgrade under th e  forms shall be com pacted and cut to  grade so 
th a t  th e  form  when set shall be uniform ly supported  for its  entire length 
and  a t th e  specified elevations. Subgrade found to  be below established 
grade a t  the  form  line shall be filled to  grade in lifts of 3 4  in- or less for 
18 in. on each side of th e  base of th e  form  and thoroughly re-rolled or
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tam ped . Im perfections and  varia tions above grade shall be corrected  by 
tam p ing  or by  cu ttin g  as necessary. In  exceptional cases th e  E ngineer 
m ay require su itab le stakes to  be driven to  the  grade of th e  b o tto m  of the 
form s to  afford additional firmness.

41. S taking forms

Form s shall be s taked  w ith th ree  or more pins for each 10 ft. section. 
A pin shall be placed ad jacen t to  each side of every  jo in t if required. 
F orm  sections shall be tig h tly  joined by  a  locked jo in t free from  p lay  or 
m ovem ent in  any  direction.

42. A d v a n c e d  setting

W here practicab le  forms shall be set for a t  least 300 ft. in advance of 
th e  po in t where concrete is being placed. Form s shall rem ain  in  place a t 
least 1 2  hours a fte r th e  concrete has been placed and  shall be cleaned and 
oiled each tim e th ey  are used.

IN S T A L L A T IO N  O F  JO IN T S  A N D  R E IN F O R C E M E N T  

43. G enera l

(a) Longitudinal and  transverse jo in ts  shall be constructed  as shown 
on th e  plans.

(ib) T ransverse jo in ts shall be expansion jo in ts, con trac tion  jo in ts, or 
construction  jo ints. Unless o ther locations are  show n on th e  plans 
longitud inal jo in ts shall be along or parallel to  th e  cen ter line of the 
pavem ent. T ransverse jo in ts shall be a t  rig h t angles to  th e  cen ter line 
and  shall extend th e  full w id th  of th e  pavem ent. All jo in ts shall be per 
pendicular to  th e  finished grade of th e  pavem en t and , w hen te s ted  w ith 
a 1 0  ft. m etal straight-edge placed a t  righ t angles to  th e  jo in t, th e  surfaces 
of ad jacen t slabs shall no t v a ry  from  each o ther b y  m ore th a n  }/g in. 
Jo in ts  shall be finished as shown on the  plans or as ind icated  in th e  special 
provisions.

(c) Especial care shall be taken  to  finish th e  subgrade accurately  to 
th e  required cross-section, a t  th e  locations w here transverse  jo in ts are 
to  be installed . If, for an y  reason, th e  subgrade is trim m ed  too low, or 
if th ere  are any  open spaces b eneath  th e  jo in t, th e  jo in t m ateria l shall be 
rem oved, th e  subgrade backfilled and  firm ly tam ped , and  th e  jo in t reset.

(d) T he edges of the  pavem en t a t  jo in ts  shall be rounded to  the  radius 
shown on th e  plans. T he jo in ts  shall be continuous from  form  to  form, 
from  jo in t to  jo in t, or from  form  to  edge of slab, as th e  case m ay  require. 
T he final horizontal position  of transverse  jo in ts  shall be a t  rig h t angles 
to  th e  center-line of th e  pavem ent on tangen ts and  rad ially  on curves. 
Longitudinal jo in ts and  reinforcem ent, except dowels, shall no t extend 
th rough  any  transverse  jo ints.
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44 . Longitudinal joints

(а) T ie bars shall be placed across longitudinal jo in ts as shown on 
th e  plans. T hey  shall be held in  position, by  chairs or o ther supports.

(б) L ongitudinal “ m etal s tr ip ” jo in ts shall be form ed b y  installing 
a  m etal partin g  strip  of th e  gage, shape and dimensions shown on the 
plans, to  be left perm anen tly  in  place. The m etal strip  shall be held 
securely in place, tru e  to  line and grade by  suitable steel pins, which m ay 
be e ither channel shaped or round bars, spaced a t  in tervals th a t  average 
no t less th a n  3 ft. and in no case m ore th a n  4 ft. T he m inim um  length 
of m etal strips shall, be 1 0  ft. and  adjoining sections shall be securely 
fastened  b y  lapping and  pinning, b y  m eans of a slip jo in t, or o ther 
approved m ethod. The C ontrac to r shall furnish an approved gage to  
ride on th e  side form s for checking th e  position of th e  parting  s trip  before 
concrete is placed against it.

(c) L ongitudinal “ dum m y” jo in ts shall be form ed b y  a groove or cleft 
in  th e  to p  of th e  slab of th e  dim ensions shown on the  plans. The groove 
m ade in th e  soft concrete b y  a su itab le tooling device, shall extend verti
cally dow nw ard from  th e  surface to  a t  least one th ird  the dep th  of slab 
and  shall be tru e  to  line. W hen th e  jo in t is of the  poured type, th e  groove, 
as soon as possible a fte r its  com pletion, shall be cleaned and poured full 
of approved .sealing m aterial. W hen th e  jo in t is of the  prem olded type, 
s trips of prem olded filler shall be inserted in th e  groove im m ediately after 
i t  is form ed.

(d) L ongitudinal construction  jo in ts (i.e. jo in ts betw een slabs placed 
separately) shall be form ed as shown on th e  plans or as indicated in the 
special provisions. In  form ing these jo in ts th e  contact edge (or edges) 
of th e  previously com pleted slab (or slabs) shall be pain ted  w ith a heavy 
coat of b itum inous m ateria l before the  concrete of th e  ad jacen t slab is 
placed, unless a prem olded jo in t filler is required and used betwreen the 
slabs. In  such cases th e  jo in t shall be trim m ed and sealed as required for 
transverse  expansion joints.

45. Expansion joints a t structures

Expansion jo in ts shall be form ed abou t all s tructures and features 
pro jecting  through, in to , or against th e  pavem ent. Lnless otherwise 
ind icated  on th e  plans, such jo in ts shall be not less th an  %  in. th ick  and 
shall be of th e  prem olded type.
4 6 . Transverse prem olded  expansion joints

(a) T ransverse jo in ts using prem olded expansion m aterial shall be 
form ed during th e  placing of the  concrete. The m ethods of construction 
shall be such th a t  th e  jo in ts will extend to  th e  full dep th  and w idth of a 
slab. T he finished jo in t shall be tru e  to  th e  transverse line prescribed 
w ith  an  allowable varia tion  of ^  in. in  th e  w idth of one traffic lane.
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(b) T ransverse prem olded expansion jo in ts shall be form ed by  securely 
stak ing  an  approved  “ installing  b a r” or installing  device perpend icu lar 
to  th e  proposed surface of th e  pavem ent. T he insta lling  b a r shall be of 
su b stan tia l m etal p late  and  shall have a length  one-half inch less th a n  
th e  required  w id th  of th e  slab and  shall be cu t to  th e  required  dep th  and 
crown of th e  slab. I t  shall be securely stak ed  in  position  so th a t  th e  top  
edge, unless otherw ise provided on th e  plans, will be un iform ly  in. 
below th e  pavem ent surface. T he lower edge shall be cu t to  conform  to  
th e  prescribed cross-section of th e  subgrade. T he installing  b a r shall be 
slo tted  from  th e  bo tto m  as necessary to  perm it th e  in sta lla tion  of the 
required  dowels. Suitable m eans shall be p rovided  on th e  b a r  for facili
ta tin g  its  rem oval. H eader boards, sheet m eta l holders or o ther devices 
used in  lieu of th e  installing  b a r shall be sub jec t to  approval by  the  
Engineer. T he jo in ts shall be p ro tec ted  against dam age u n til th ey  are 
installed  in  the  work. Jo in ts  dam aged during  tran sp o rta tio n , or by  
careless handling, or while in  storage shall be replaced or repaired  b y  th e  
C on trac to r. R epaired  jo in ts shall no t be used u n til  th ey  have been 
approved  b y  th e  Engineer.

(c) T he designated prem olded jo in t filler shall be app rop ria te ly  
punched to  th e  exact d iam eter and  a t  th e  locations of th e  dowels. I t  
shall be furnished in  lengths equal to  one-half th e  designated  w id th  of th e  
slab. W here m ore th a n  one section is used in  a jo in t, th e y  shall be securely 
laced or clipped together. T he prem olded jo in t filler shall be placed on 
th e  side of th e  “installing  b a r” nearest th e  mixer. T he b o tto m  edge of 
th e  filler shall extend dow nw ard to  or slightly  below th e  b o tto m  of th e  
slab, and  th e  to p  edge, unless otherw ise prescribed, shall be held abou t 
one-half inch below th e  surface of th e  pavem en t in  o rder to  allow th e  
finishing operations to  proceed continuously. T he to p  edge of th e  filler 
shall be p ro tec ted  while th e  concrete is being placed, b y  a m eta l channel 
cap of a t  least ten  gage m ateria l, having flanges n o t less th a n  1 J^ in. 
deep. T he installing  device m ay  be designed w ith  th is  cap self-contained.

47. Transverse m etal strip jo ints

T ransverse “m eta l s tr ip ” con traction  jo in ts shall be form ed during the  
placing of th e  concrete b y  installing  a m eta l p a rtin g  s trip  to  be left in 
place. T his strip  shall conform  to  th e  requirem ents for type , gage, shape, 
and  dim ensions show n on th e  plans or ind ica ted  in  th e  special provisions 
and  shall be securely stak ed  in  place. T his s trip  shall be tem porarily  
capped w ith a m etal channel cap. T he dowel assem bly and  th e  m ethod  of 
placing it  shall be as ind icated  for transverse  expansion jo in ts, except th a t  
sleeves or caps on dowels will no t be required . C oncrete shall be deposited 
as for transverse  expansion jo in ts. A fter th e  long itud inal floating has 
been com pleted b u t before th e  surface is finished th e  m etal cap shall be
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rem oved and  th e  concrete edged, and the jo in t sealed as required for 
expansion jo ints.

48. Transverse w eakened p lan e  joints

Transverse jo in ts of the  weakened plane or “ dum m y” type  shall be 
constructed  in  a m anner sim ilar to  th a t  provided for dum m y jo in ts for 
longitudinal jo in ts, except th a t  such jo in ts shall be provided w ith slip 
dowels or o ther load transfer devices of the  type, size, and arrangem ent 
shown on th e  plans.

49. Transverse construction joints

Unless o ther prescribed jo in ts occur a t  the  sam e points, transverse 
“ construction” jo in ts shall be m ade a t  th e  end of each d ay ’s run  or 
where in terru p tio n  of more th a n  30 min. occurs in the  concreting opera
tions and the length of pavem ent laid from  th e  last jo in t is more th an  
10 ft. T ie bars ^  in. in d iam eter and  3 ft. in length  shall be placed a t 
in tervals of 2}/% ft. across all transverse  construction joints.

50. Transverse weakened p lan e  con traction  joints in pavem ent base

C oncrete bases shall be provided w ith expansion and contraction joints 
as shown on th e  plans. Unless otherw ise shown on th e  plans contraction 
jo in ts in  bases m ay be m ade by  form ing a cleft or groove in  th e  upper 
portion  of th e  slab either b y  in sta lla tion  of subgrade paper, or other 
approved w ater-proof m aterial, or by m eans of an  installing b ar or 
device used to  form  th e  cleft or groove. The installing bar shall be 
designed to  rem ain  s tra ig h t and tru e  during operation. The groove shall 
extend across the  full w idth of th e  slab in a s tra igh t line and shall extend 
vertically  dow nw ard from  the  surface for a t  least one-half th e  depth  of 
the  slab. T he groove shall be form ed before the concrete has tak en  an 
initial se t and  in  such a m anner th a t  th e  finished concrete base shall not 
be undu ly  disturbed. R einforcem ent shall no t extend across weakened 
plane jo ints.
N ote: For bases other than  those laid monolithicly (such as brick vibrated into fresh 
concrete) with the surfacing material, it is especially im portant to reduce the interval 
between joints by means of closely spaced contraction joints so as to control the amount 
of joint opening (which may extend through the surface course) due to shrinkage and 
contraction. Experience indicates th a t the best results are obtained when the spacing 
of such joints does not exceed 20 ft. Preferably the spacing should not exceed 15 ft.

51. L o a d  transfer devices

(a) Dowel bars or some o ther approved type of load transfer device 
shall be placed across all transverse jo in ts in the  m anner shown on the  
plans. T hey  shall be placed a t  th e  approxim ate center of the  slab depth. 
Dowel bars shall be held rigidly in horizontal and vertical alignm ent 
e ither by  suitable holders to  be left perm anently  in place, or they  shall be 
insta lled  as preassem bled un its  wherein th e  dowels are held in proper
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alignm ent b y  spacer bars welded or otherw ise firm ly secured to  th e  fixed 
ends of th e  dowels. A to lerance of one in  36 from  correct a lignm ent for 
each dowel, and  one in  48 from  an y  ad jacen t dowel, will be  p erm itted .

(6) Supporting  stakes, when used, shall be located  n ea r th e  ends of 
th e  dowel bars. T hey  shall no t be a ttach ed  to  th e  spacer bars, no r shall 
th ey  be placed to  support th e  dowel bars betw een th e  spacer b a r  and  the 
expansion jo in ts. T hey  shall be left perm anen tly  in  place.

(c) T he free end of each dowel b a r  shall be p a in ted  w ith  one coat of 
red  lead  or basic su lphate  blue lead  p a in t a t  th e  site  of th e  w ork. W hen 
th e  p a in t has dried, th e  free end of each b a r shall be thorough ly  coated 
w ith heavy  oil im m ediately  before i t  is placed in  position. T he free end 
of each b a r for expansion jo in ts  shall be provided  w ith  a  close fitting  dowel 
sleeve.

(d) W hen a load transfe r device o ther th a n  a  dowel b a r  is used i t  shall 
be of th e  type , size, and  spacing shown on th e  plans, and  shall be installed 
in  a m anner m eeting  th e  approval of th e  engineer.

52. Ins ta lla tion  o f jo ints

(a) If  the  paving m ixer is operated  from  th e  shoulder, th e  jo in ts  shall 
be set im m ediately  a fte r th e  final testing  of th e  subgrade. If  th e  paving 
m ixer is operated  from  th e  subgrade, th e  jo in ts  shall be se t im m ediately  
a fte r i t  m oves forw ard, so as to  perm it as m uch tim e  as possible for proper 
insta lla tion .

(b) T he assem bled jo in t shall be p u t in  place on th e  p repared  sub
grade. I t  shall be placed a t  righ t angles to  the  centerline of th e  pavem ent. 
The to p  of th e  jo in t shall be se t a t  th e  p roper distance below th e  pave
m en t surface and  th e  elevation checked b y  a properly  designed tem plet. 
On widened curves, th e  longitud inal cen ter jo in t shall be placed so th a t 
it  will be, as nearly  as possible, equ id is tan t from  th e  edges of th e  slab. 
T he jo in t shall be se t to  th e  required  line and  grade and  shall be securely 
held in th e  required  position  by  stakes or an  approved  insta lling  device 
or b o th  during th e  placing and  finishing of th e  concrete. Jo in ts  shall 
be insta lled  so th a t  th e  concrete pressure will n o t d istu rb  th e ir  align
m ent. T he jo in ts shall be vertica l and  no jo in t shall dev iate  m ore th an  
one-fourth  inch in  horizontal alignm ent e ither w ay from  a s tra ig h t line. 
If jo in ts  are constructed  in  sections, th ere  shall be no offsets betw een 
ad jacen t un its. Dowel bars shall be checked for exact position  and  align
m en t as soon as th e  jo in t is s taked  in  place on th e  subgrade and  th e  jo in t 
shall be te s ted  to  determ ine w hether i t  is firm ly supported . A ny jo in t 
no t firm ly supported  shall be reset.

53. P lac ing  re in forcem ent

(a) R einforcing steel, when placed in th e  work, shall be free from
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dust, d irt, scale, or o ther foreign m atte r, and ru s t of such degree of devel
opm ent as to  im pair bond of th e  steel w ith  th e  concrete.

(b) W hen b a r assemblies are shown on th e  plans, th e  reinforcem ent 
bars shall be firm ly fastened  together a t all intersections. A djacent ends 
shall lap n o t less th a n  30 diam eters.

(c) W here bars are fab rica ted  in to  m a t form  b y  positive welding a t  all 
in tersections, th e  lap  m ay be of such length  as will perm it cross bars to  
overlap each o ther b y  a t  least 2  in. T he sam e requirem ents app ly  to  
end laps and  side laps.

(id) Steel fabric sheets shall be lapped and  shall clear all edges of the  
slab, as shown on th e  plans. W here steel fabric is used, th e  concrete shall 
be s tru ck  off b y  m eans of a tem pla te  a t  th e  ind icated  dep th  of th e  rein
forcing below th e  finished surface of th e  slab. T he fabric reinforcem ent 
shall th en  be placed d irectly  upon  the  concrete a fte r which the  balance 
of th e  required  concrete shall be placed above it.

(e) W here sheets of wire m esh or b a r m ats are required to  be lapped, 
ad jacen t sheets or m ats shall be tied  so as to  m ain ta in  th e  required lap 
during p lacem ent of th e  concrete.

(/) If  shown on th e  plans, m arginal bars shall be placed on chairs or 
supports, to  insure th a t  th e  bars will be in  correct position a fte r th e  con
crete is placed. T hey  shall be given one coat of red lead or of basic sul
p h a te  blue lead p a in t. A t th e  tim e the  m arginal bars are placed, the  
p a in t shall be d ry  and  hard . A fter being placed in position, th e  m arginal 
bars shall be coated  w ith  heavy oil.

(g) D isplacem ent of reinforcem ent during concreting operations shall 
be prevented .

P L A C IN G  A N D  F IN IS H IN G  CONCRETE  

54. G enera l

(а) C oncrete shall be d istribu ted  to  such depth, above grade, th a t 
when consolidated and  finished, th e  specified slab thickness will be 
ob tained  a t  all po in ts and  th e  surface will no t be below the grade specified 
for th e  finished surface a t  any  point.

(б) T he concrete shall be deposited on the  subgrade in such m anner as 
to  require as little  rehandling as possible. I t  shall be thoroughly con
solidated  against and  along the  faces of th e  forms. N ecessary hand  
spreading shall be done w ith shovels, not w ith rakes. W orkm en shall 
no t be allowed to  walk in th e  concrete w ith boots or shoes covered with 
ea rth  or o ther foreign substances.

(c) Concrete shall be placed only on subgrade which has been prepared 
as specified and approved. A t all tim es during operations, a t  least 300
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ft. of subgrade shall have been prepared  ahead  of th e  m ixer. C oncrete 
shall no t be placed on a frozen subgrade. N o concrete shall be placed 
around m anholes or o ther s tru c tu res  u n til th ey  have been b rou g h t to  
th e  required  grade and  alignm ent.

(d) P avem ent less th a n  30 ft. wide m ay be constructed  e ith er to  its 
full w id th  in  a single construction  operation  or in lanes, unless one or the  
o ther m ethod  is expressly s tip u la ted  on th e  plans. P avem en t m ore th a n  
30 ft. wide shall no t be constructed  in a  single operation. W hen pave
m ent is constructed  in  separa te  lanes, th e  junc tion  line shall n o t deviate 
from  th e  tru e  line shown on th e  p lans b y  m ore th a n  in. a t any  point.

(e) R etem pering  concrete by  adding w ater or b y  o th e r m eans will no t 
be perm itted .

55. P lac ing  and fin ishing concrete a t jo ints

(a) C oncrete shall be deposited on th e  subgrade as near to  th e  expan
sion and  con traction  jo in ts as possible w ithou t touching  them . I t  shall 
th en  be shoveled against b o th  sides of th e  jo in t sim ultaneously , m ain
ta in ing  equal pressure on bo th  sides. I t  shall be deposited to  a height of 
approxim ately  tw o inches m ore th a n  th e  dep th  of th e  jo in t, care being 
taken  th a t  i t  is worked under th e  load tran sfe r devices. The concrete 
shall no t be dum ped from  th e  discharge bucke t of th e  m ixer d irectly  upon 
or against the  jo in ts, nor shall it be shoveled or dropped d irectly  on top  
of the  load transfe r devices. In  placing th e  concrete, against expansion 
and  contraction  jo in ts and in operating  a v ib ra to r ad jacen t to  them , 
w orkm en shall avoid stepping  upon  or d istu rb ing  in  any  w ay th e  jo in ts 
or load transfer devices, e ither before or a fte r th ey  are covered w ith 
concrete.

(b) T he concrete ad jacen t to  th e  jo in t shall be com pacted  w ith a 
v ib ra to r inserted  in  th e  concrete and worked along th e  en tire  leng th  and 
on b o th  sides of th e  jo in t. T he v ib ra to r shall no t come in  co n tac t w ith 
th e  jo in t, th e  load transfer devices, or th e  subgrade. If any  of th e  dowel 
bars are displaced, th ey  shall be realigned before th e  finishing m achine 
passes over them .

(c) A fter the  concrete has been v ib ra ted , th e  finishing m achine shall 
be m oved forw ard until th e  fro n t screed is approx im ately  eigh t inches from  
the jo in t. Segregated coarse aggregate shall be rem oved from  b o th  sides 
of and  off of th e  jo in t. T he screed shall be lifted  and  b rough t d irectly  
above th e  jo in t, se t upon  it, and  th e  forw ard m otion of the  finishing 
m achine shall be resum ed. W hen th e  second screed is close enough to  
perm it th e  excess m o rta r in fron t of i t  to  flow over th e  jo in t, i t  shall be 
lifted and carried  over the  jo in t. T hereafter, the  finishing m achine m ay 
be run  over th e  jo in t w ithou t lifting th e  screeds, provided there  is no



C O N C R ETE P A V E M E N T S  A N D  BASES (A C I 6 1 7 -4 4 ) 693

segregated coarse aggregate im m ediately betw een the  jo in t and the 
screed or on top  of th e  jo int.

(d) A fter the  concrete has been placed on bo th  sides of the  jo in t and 
struck  off, th e  installing b ar or channel cap shall be slowly and carefully 
w ithdraw n leaving th e  prem olded filler in place. A fter the installing bar 
or channel cap is com pletely w ithdraw n the concrete shall be carefully 
spaded and  additional freshly mixed concrete worked in to  any depressions 
left by  th e  rem oval of th e  installing bar. The installing bar shall be 
cleaned and reoiled prior to  each in stalla tion  of a  jo int.

Im m ediately  a fte r all finishing operations, including brooming, have 
been com pleted and before th e  concrete has taken  its in itial set, it shall 
be edged ad jacen t to  all expansion and  contraction jo ints. Care shall 
be used to  rem ove any  concrete which m ay be over the  prem olded jo in t 
m aterial. The edging tool shall be so m anipulated  th a t  a  well-defined, 
continuous rad ius is produced and  a sm ooth, dense m orta r finish obtained. 
T he edging tool shall no t be tilted  while being m anipulated.

A fter th e  rem oval of th e  side form s, the  ends of prem olded transverse 
jo in ts a t  th e  edges of th e  pavem ent shall be carefully opened for the 
en tire  dep th  of th e  slab, and  in  the  case of air cushion jo in ts any concrete 
th a t  has been deposited over th e  end closure shall be removed, care being 
tak en  no t to  in ju re  th e  ends of th e  jo in t. A fter the  curing period and 
before th e  pavem ent is opened to  traffic, prem olded jo in ts shall be sealed 
or topped  out, leaving a neat uniform  strip  of an approved filler m aterial.

56. F inishing methods

(a) M achine finishing. The concrete as soon as placed shall be struck  
off and screeded by an approved finishing m achine to  the  crown and 
cross-section shown on the  plans and  to  an  elevation slightly above grade 
so th a t  when properly  consolidated and finished the  surface of the  pave
m ent will be a t  th e  exact grade elevation indicated on the  plans and free 
from  porous places.

T he finishing m achine shall be of the screeding and troweling type, 
equipped w ith tw o independently  operated  screeds, designed and operated 
bo th  to  strike  off and  to  consolidate. The m achine shall go over each 
area of pavem ent as m any tim es and a t  such in tervals as is necessary 
to  give th e  proper com paction and to  leave a surface of uniform  tex ture , 
tru e  to  grade and crown. Excessive operation over a given area shall 
be avoided. T he last tr ip  for a given area shall be a continuous run  of a t 
least 40 ft. The tops of the  forms shall be kep t clean by  an effective 
device a ttach ed  to  the m achine and the travel of the  machine on the 
form s shall be m aintained tru e  w ithout lift, wobbling, or o ther varia
tion tending to  affect the precision of finish. The finishing machine shall
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be of am ple s tren g th  to  w ith stan d  severe use and  shall be fu lly  and  
accura tely  ad justab le  for loss of crown or o ther derangem ent due to  wear.

D uring th e  first pass of th e  finishing m achine a uniform  ridge of con
crete a t  least 3 in. deep shall be m ain ta ined  ahead  of th e  fro n t screed 
for its  en tire  length . E xcep t w hen m aking a construction  jo in t, th e  
finishing m achine shall n o t be opera ted  beyond th a t  p o in t w here the  
above described surplus can be m ain ta ined  ahead  of th e  fro n t screed.

(b) H and finishing. W here h an d  finishing is p e rm itted  th e  concrete 
shall be s tru ck  off and  consolidated b y  m eans of a m eta l shod screed to  
the  crown and  cross-section shown on th e  p lane and  to  such an  elevation 
above grade th a t  w hen consolidated and  finished, th e  surface of th e  pave
m en t will be a t  th e  required  elevation. T he screed shall be m oved for
w ard w ith  a  com bined longitud inal and  transverse  m otion, m oving 
alw ays in  th e  d irection in w hich th e  w ork is progressing and  so m an ipu
la ted  th a t  ne ither end is raised from  th e  side form s during  th e  strike-off 
process.

(c) Vibrated finishing. W hen v ib ra ted  finishing is required , b y  the 
special provisions, th e  finishing m achine shall be equipped  for applying 
high frequency v ib ra tion  to  th e  upper surface of th e  concrete in  accord
ance w ith th e  requirem ents for e ither of th e  following types. T he p a rticu 
lar ty p e  selected b y  th e  con trac to r shall be sub jec t to  approval of the  
Engineer. T he v ib ra to ry  un its  shall be synchronized and  shall operate 
a t  a  frequency of n o t less th a n  3,500 cycles per m inute.

1. Vibrating un its mounted directly on the screeds. T his ty p e  shall 
consist of tw o independen tly  opera ted  screeds. T he fro n t screed shall be 
equipped w ith  no t less th a n  one v ib ra ting  u n it for each 7)/£ ft. leng th  or 
portion  thereof of v ib ra to ry  screed. T he fro n t screed shall be n o t less 
th a n  15 in. wide and  shall be equipped w ith  a bull-nose fro n t edge having 
a rad ius of no t less th a n  2  in.

2. Vibrating pan mounted independently of the screeds. T his ty p e  shall 
consist of tw o independen tly  operated  screeds to g e th er w ith  an  inde
p enden tly  opera ted  v ib ra to ry  p an  (or pans). T he pan  shall be m ounted 
in  such a  m anner as no t to  come in con tac t w ith  th e  form s. I t  shall rest 
d irectly  on th e  concrete and  shall be so ad ju sted  as to  produce uniform  
v ib ra tion  over th e  en tire  w id th  of pavem en t surface. T he p an  shall be 
equipped w ith  n o t less th a n  one u n it for each 7 ^  fee t of leng th  or portion  
thereof of v ib ra ting  pan. T he screeds shall be capable of operating  in a 
position th a t  will s trike  off the  concrete a t  a  sufficient heigh t above th e  
to p  of th e  form s to  allow for p roper com paction  w ith  th e  v ib ra to ry  pan.

8. In ternal vibrators. In te rn a l v ib ra to rs  m ay  be approved  for use w ith 
th e  s tan d ard  finishing m achines if specified in  th e  special provisions.



r

(d) Floating. As soon as possible, a fte r the  concrete has been struck  off 
and  consolidated, i t  shall be fu rth e r sm oothed and  consolidated by  m eans

'ton- of a longitud inal float of a suitable design approved by  the  Engineer.
In  th is  operation  th e  longitudinal float shall be worked w ith a sawing 

t, tie m otion, while held in a floating position parallel to  the  road centerline
re tl( an(f passed g radually  from  one side of th e  pavem ent to  th e  other. Move-
ed. m ents ahead  along th e  centerline of th e  road shall be in successive

advances of n o t m ore th a n  one-half th e  length  of th e  float.
m e t *  6

(e) Straightedging. A fter th e  longitudinal floating has been com pleted 
ivatioi an<f the  excess w ater rem oved, b u t while th e  concrete is still p lastic, the
: p aV(. slab surface shall be tested  for trueness w ith  a 1 0  ft. straightedge swung
edfor- from  handles 3 ft. longer th a n  one-half the  w idth of the  slab. The
novjj, straigh tedge shall be held in  successive positions parallel to  th e  road
laiipj. centerline in con tac t w ith  th e  surface and  th e  whole area gone over from

one side of th e  slab to  the  o ther. A dvance along the road shall be in 
successive stages of no t m ore th a n  one-half length  of th e  straightedge. 
Any depressions found shall be filled im m ediately  w ith freshly mixed 
concrete, s tru ck  off, consolidated and  refinished. H igh areas shall be 
cu t down and  refinished. T he straightedge testing  and refloating shall 
continue u n til th e  en tire  surface is found to  be free from  observable 
departures from  th e  straightedge and the slab has the  required grade 
and crown.

(/) Belting. A fter straigh tedging  when m ost of the  w ater sheen has 
d isappeared and ju s t before th e  concrete becomes non-plastic, the surface 
shall be belted  w ith  a  tw o-ply canvas belt no t less th an  8 in. wide and 
a t  least 3  ft. longer th a n  th e  w idth  of the  slab, or w ith an approved 

igtl« wooden belt. H and  belts shall have suitable handles to  perm it controlled
uniform  m anipulation. T he belt shall be operated  w ith short strokes 

biring transverse  to  th e  road centerline and w ith a rap id  advance parallel to
th e  centerline.

iesU (g) Brooming. As soon after belting and after the  surplus w ater has
risen to  th e  surface, th e  pavem ent shall be given a broom finish w ith an 
approved steel or fiber broom , no t less th an  18 in. wide. The broom 
shall be pulled gently  over the  surface of the  pavem ent from  edge to  
edge. A djacent strokes shall be slightly  overlapped. Brooming shall be 
perpendicular to  the  center line of th e  pavem ent and so executed th a t 

(„tin the  corrugations th u s produced will be uniform  in character and width,
jiii |  and  no t more th a n  y% in. deep. The broom ed surface shall be free from
etle ‘ porous spots, irregularities, depressions and small pockets or rough spots
pan, such as m ay be caused b y  accidentally  d isturbing particles of coarse

a ggregat e; em bodied near th e  surface. Broom ing will not be required for 
concrete bases.
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(h) Edging. A fter belting  and  broom ing have been com pleted, b u t 
before th e  concrete has tak en  its in itia l set, th e  edges of th e  slab shall be 
carefully finished w ith an  edger of th e  rad ius required  b y  th e  plans.

(i) F inal surface test. T he con trac to r will be held responsible for the  
correct alignm ent, grade, and  contour specified. A ny spots h igher th an

in. and no t higher th a n  in. for concrete pavem ents and  higher th an  
l/ i  in. for concrete bases b u t no t higher th a n  %  in. above th e  correct 
surface as shown b y  th e  1 0  ft. s tra igh tedge, shall be ground to  the  required 
surface b y  th e  con trac to r a t  his own expense. W here dev iation  exceeds 
the  foregoing lim its th e , pavem en t slab shall be rem oved and  replaced 
b y  th e  con trac to r a t  his own expense, as d irected  by  th e  engineer.

57. C o ld  weather concreting

(а) E xcept b y  specific w ritten  au thoriza tion , concrete placing shall 
cease w hen th e  descending a ir tem p era tu re  in th e  shade and  aw ay from 
artificial heat falls below 40 F. I t  shall no t be resum ed u n til th e  ascend
ing a ir tem p era tu re  in th e  shade and  aw ay from  artificial h ea t rises to 
35 F.

(б) W hen concreting is p e rm itted  during cold w eather th e  tem pera
tu re  of the  m ixed concrete shall be no t less th a n  60 F. nor m ore th an  
100 F. a t  th e  tim e of placing in  th e  form s. T he aggregates or w ater or 
bo th  m ay be heated . T he aggregates m ay  be heated  b y  steam  or dry 
heat prior to  being placed in the  mixer. T he w ater shall no t be ho tte r 
th an  175 F .; aggregates shall no t be used which are h o tte r  th a n  150 F.

(c) W hen concrete is being placed during cold w eather and  th e  air 
tem p era tu re  m ay be expected to  drop below 35 F ., a supply  of straw , hay 
grass or o ther su itab le b lanketing  m ateria l shall be provided  along the 
line of the  work. A t any  tim e when the a ir tem p era tu re  m ay  be expected 
to  reach the freezing po in t during the day  or n igh t th e  m ateria l so provided 
shall be spread over th e  concrete to  a sufficient dep th  to  p reven t freezing 
of th e  concrete. Such p ro tection  shall be m ain tained  for a t  least five days. 
If required  by  the  Engineer, concrete less th a n  24 hours old shall also be 
covered b y  approved  canvas or sim ilar enclosures and  devices capable 
of m ain tain ing  th e  tem p era tu re  w ith in  th e  concrete a t  50 F. or higher. 
Concrete in ju red  by frost action  shall be rem oved and  replaced a t  the 
C o n trac to r’s expense.

58. L ig h tin g  cond itions

W hen the  n a tu ra l light is insufficient for proper work, operations shall 
cease unless approved  artificial lighting is provided.
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C U R IN G

59. P re lim inary  curing p e riod

T he concrete shall be covered with tw o thicknesses of wet burlap  weigh
ing no t less th a n  7 oz. per sq. yd., co tton  m ats, or o ther approved m aterial 
of highly absorp tive quality , im m ediately after final finishing of the 
pavem ent surface. T he m aterial shall be kep t sa tu ra ted  by spraying 
and shall rem ain in place for a t least 1 2  hours.

60. F inal curing

(a) For com pletion of the  curing the burlap, cotton  or o ther m ats m ay 
be left in place and  kep t sa tu ra ted  for 72 hours, or they  m ay be removed 
a t the  end of th e  prelim inary  curing period and th e  concrete surface pro
tec ted  by  keeping th e  surface covered w ith w ater (ponding) for three 
days a fte r placing of th e  concrete; or b y  a  one-inch layer of thoroughly  
w et earth , or sand, or a  six inch layer of thoroughly  w et straw , hay  or 
sim ilar m aterial m ain tained  on th e  surface of th e  concrete and  kept 
thoroughly  wet for th ree days a fte r placing of the  concrete. O ther 
m ethods of final curing m ay be used if approved by  th e  Engineer. The 
sides of concrete slabs exposed by  th e  rem oval of forms shall be protected  
im m ediately  a fte r th e  rem oval of th e  forms in  such a m anner as to  pro
vide these surfaces w ith a curing trea tm en t equivalent to  th a t provided 
by  th e  m ethod prescribed for th e  surface.

(b) Form s shall no t be rem oved from  freshly placed concrete until it 
has set for a t least 1 2  hours.

M IS C E L L A N E O U S

61. Pavem erUthickness

(a) The thickness of the pavem ent shall be determ ined by m easuring 
the lengths of drilled concrete cores according to  the  procedure of the 
cu rren t A STM  T en ta tiv e  M ethod C-174-42T. A t such points as the 
E ngineer m ay select, in each 1,000 lin. ft. of pavem ent, two or more cores 
shall be taken  and  m easured. The average thickness of each mile of 
slab, or fractional mile, will be determ ined from these m easurem ents.

(b) P avem ent of which the  average thickness is w ithin y  in. of the 
th ickness required by  the typ ical cross-section shown on the plans, will 
be accepted and paid  for a t  the  con tract price.

(c) F o r pavem ent, th e  average thickness of which is less th a n  the 
th ickness shown on the plans by more th an  y % in. b u t by  less th a n  in., 
an  ad justed  un it price shall be used in paym ent. This price shall bear 
th e  sam e ratio  to  th e  con trac t u n it price as the square of th e  average 
th ickness of the  slab bears to  the square of the thickness specified on the 
plans.
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(d) P ay m en t will no t be m ade for pavem ent which is found  deficient 
in thickness b y  Y i in. or m ore. Such pavem ent shall be rem oved and 
replaced b y  th e  con trac to r w ith  pavem ent of th e  specified thickness a t  
his expense. W hen th e  m easurem ent of any  core ind icates th a t  th e  slab 
is deficient in  thickness b y  in. or more, de term ination  shall be m ade of 
th e  th ickness of transverse  sections of th e  slab a t  25 ft. in tervals  set off 
along th e  center line of th e  road  in  each direction from  th e  affected loca
tio n  u n til a  transverse  section of th e  slab is found w hich is n o t deficient 
in  th ickness b y  as m uch as in. T he a rea  of pavem en t for which no 
pay m en t will be m ade shall be th e  p roduct of th e  w id th  of pavem ent 
m ultip lied  b y  th e  d istance along th e  centerline of th e  road  betw een the 
transverse  sections found no t deficient in th ickness b y  as m uch as in. 
If  th e  C o n trac to r is n o t satisfied he m ay  request add itional cores and 
m easurem ents. Such m easurem ent shall be m ade a t  in tervals  of no t 
less th a n  200 ft. T he cost of add itional cores and  m easurem ents shall 
be deducted  from  any  sum s due th e  C o n trac to r unless th e  m easure
m ents ind icate  th a t  th e  slab w ith in  th e  area in  question  is of specified 
thickness.

(e) No additional p aym en t over th e  u n it co n trac t price b id  will be 
m ade for pavem ent found to  be th icker th a n  th e  specified am ount.

62. P rotection o f finished pavem ent

(a) T he C on trac to r shall erect and  m ain ta in  su itab le  barricades and, 
when required  in  th e  special provisions, shall em ploy w atchm en to 
exclude traffic from  th e  new ly constructed  pavem en t u n til open for use. 
These barriers shall be so arranged  as n o t to  in terfere  w ith  public traffic 
on any  lane in tended  to  be k ep t open, and  necessary signs and  lights 
shall be m ain tained  b y  th e  C on trac to r clearly ind icating  any  lanes open to  
the  public. W here, as shown on th e  plans or ind ica ted  in  th e  special 
provisions, i t  is necessary to  provide for traffic across th e  pavem ent, the  
C o n trac to r shall a t  his expense construct su itab le  and  sub stan tia l cross
ings to  bridge over th e  concrete.

(b) A ny p a r t  of th e  pavem ent dam aged by  traffic or o th e r causes prior 
to  its final acceptance shall be repaired  or replaced b y  and  a t  th e  expense 
of th e  con trac to r in a m anner sa tisfac to ry  to  th e  Engineer. T he Con
tra c to r  shall p ro tec t th e  pavem ent against bo th  public traffic and  traffic 
of his em ployees and  agents.

63 . Public use o f thoroughfare

(a) N orm al, un im peded  use of th e  thoroughfare  of which th e  proposed 
pavem ent is to  be a  u n it, is of value to  th e  public. I t  is, therefore, 
m u tua lly  understood, th a t  for th e  sections of the  thoroughfare  identified 
on th e  plans as requiring special traffic handling and  for th e  distances
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s ta ted  thereon , surfaced road  lanes as indicated  shall be m ade available 
by  th e  C o n trac to r for unim peded public traffic a t  all tim es, and m ain
ta ined  in  proper condition th roughou t th e  construction  period. These 
lanes shall be of the  clear w idths s ta ted  on th e  plans, and  shall be kep t 
en tire ly  free from  encroachm ent by  equipm ent of th e  C on tracto r, by  
w orkm en or em ployees of th e  C on trac to r or b y  storage or tran sp o rta tio n  
of m aterials in tended  for th e  work.

(i>) T he schem e and  sequence of construction of the  several lanes, slabs 
and  sections of pavem ent, including th e  sequence of the  shifting of public 
lanes during progress of construction, shall be as given on th e  plans or as 
described in  th e  special provisions.

(c) W here th e  edge of any  stipu la ted  public traffic lane is contiguous 
to  an edge of th e  slab or lane being placed, th e  C on trac to r shall provide, 
erect and  subsequently  rem ove, a  substan tia l tem porary  guard  fence, as 
shown on th e  p lans along th e  prescribed dividing line, which shall be 
m ain tained  there  u n til th e  slab is opened to  traffic. T he C on trac to r’s 
p lan of operation  shall be such as to  obviate any  need for encroachm ent 
on th e  public traffic lane or lanes. W here so shown on th e  plans special 
lanes for th e  C o n trac to r’s trucks and  sim ilar vehicles shall be provided, 
separate  from  and  n o t in terfering  w ith  th e  prescribed traffic lanes. 
W here th e  clearance betw een public traffic lanes and th e  C on trac to r’s 
operating  equipm ent is restric ted , special delivering equipm ent m ay be 
necessary, designed to  deliver and  depart w ithin th e  w idth of the  slab 
actually  being placed w ithout encroaching any  public lane.

(d) E xcept where a special b id  price for “ traffic handling” is required 
in the  proposal and  in  th e  special provisions, all cost of handling and pro
tecting  traffic, of special equipm ent, of tem porary  road surfacing and its 
m aintenance, of tem porary  guard fences and of o ther th ings to  be pro
vided or to  be done under th is  paragraph, shall be a t the expense of the 
C ontractor.

64. O p e n in g  to  tra ffic

Traffic will ord inarily  be excluded from  the newly constructed pave
m ent for 14 days a fte r the  concrete is placed and m ay be excluded for a 
longer period if cross-bending tests  indicate its  advisability . Cross- 
bending te s t specimens, prepared a t  regular in tervals from  th e  concrete 
as i t  comes from  th e  m ixer and  cured under the same tem perature, 
m oisture and  clim atic conditions as th e  corresponding slabs of pavem ent, 
shall be em ployed as a  m eans of fixing the  tim e of opening th e  pavem ent 
to  traffic. These beam s shall be m ade and tested  in accordance with 
Section 13. W hen tests of these specimens indicate th a t th e  correspond
ing pavem ent has a tta in ed  a m odulus of ru p tu re  of a t  least 450 psi. the 
pavem ent shall be cleaned, the  jo in ts filled and trim m ed and the pavem ent
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opened to  traffic. If th is s tren g th  is no t a tta in ed  w ith in  14 days, the 
E ngineer m ay  open th e  pavem ent to  traffic a t  his discretion. T he jo in t 
o r line of separa tion  betw een ad jacen t s trips or slabs of concrete, when 
th e  pavem ent is constructed  in strips or slabs shall be cleaned and  filled 
w ith an approved  sealing m aterial.
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The following proposed specification for cast stone is intended to 
supercede the  specification ten ta tiv e ly  adopted  by  the  A m erican Con
crete In s titu te  in F ebruary , 1929 (P3-A-29T) and which has since been 
generally recognized and  used com m ercially as a  s tandard  for the physical 
quality  of cast stone. T he principal changes which have been m ade are 
an increase in  compressive streng th  requirem ents from  5,000 psi. to  
6,500 psi. and a reduction  in perm issible absorption for 7 per cent to 
6 per cent. T he absorption period has been increased from  24 to  48 
hours, and  the  lower lim it of 3 per cent on absorption has been elim inated.

I. G E N E R A L

1 . T he term  “ cast s tone” shall be understood to  mean a building 
stone m anufactured  from  po rtland  cem ent concrete, p recast and  set in 
place as trim  or facing on or in  buildings and o ther structures.

2. T he m inim um  compressive streng th  of cast stone when delivered 
to the build ing site shall be 6,500 psi. when tested  as 2 by 2-in. cylinders 
or 2  by  2 -in. cubes in the m anner hereinafter specified.

3. T he average w ater absorption  of cast stone when delivered to  the 
building site  shall be no t more th an  6 per cent by  dry  weight of the 
specimens when tested  as 2  by  2 -in. cylinders or 2  by  2 -in. cubes in the 
m anner hereinafter specified.

* Arlontpd qs a S tan d a rd  of th e  A m erican C oncre te  In s titu te  a t  its 40th A nnual C onvention  M arch 2, 
1944; ratified  by  L e tte r  B allo t of th e  A C I M em bership  Ju ly  28, 1944.

( 7 0 1 )
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4. All aggregate used in the  m anufactu re  of cast stone shall be of 
know n durable quality .

II. S E L E C T IO N  O F  SPEC IM EN S F O R  TESTING

5. Specimens for b o th  com pression and  absorp tion  te s ts  shall be cut 
from  stone as delivered to  th e  job or from  regular stock in  th e  yard . 
Sam ples from  which specim ens will be cu t shall be selected b y  th e  p u r
chaser or his rep resen tative.

6 . Specimens of faced cast stone for com pression te s ts  shall be cut 
in such a  m anner th a t  th e  specim ens are com posed of approxim ately  
one-half of facing and  one-half of backing m aterial. Specim ens shall be 
tested  in th e  position in which th e  cast stone is laid in th e  wall.

III. M E T H O D S  O F  TESTING

7. N o t less th a n  3 and  preferably  5 specim ens shall be required  for 
each test.

8 . Specimens for absorp tion  te s t shall be dried a t  a tem pera tu re  
betw een 215 and  225 F . u n til th e  loss in  w eight is n o t m ore th a n  0.1 
per cen t in 24 hours of drying. T hey  shall be allowed to  cool to  room 
tem pera tu re , w eighted and  th en  subm erged in  w ater a t  a tem pera tu re  
betw een 60 and  80 F . for 48 hours. T he specim ens shall th en  be rem oved 
from  th e  w ater, th e  surface w ater wiped off w ith  a dam p cloth and  the 
specim ens weighed. T he percen tage of absorp tion  is th e  difference in 
weight divided by  th e  d ry  weight of th e  specim en and  m ultip lied  b y  1 0 0 .

9. Specimens for s tren g th  te s t  shall be dried a t  a  tem p era tu re  betw een 
215 and  225 F . u n til th e  loss in w eight is no t more th a n  0.1 per cent in 
24 hours of drying.

10. If bearing surfaces of specim ens for s tren g th  te s ts  are no t sm ooth, 
th ey  shall be m ade so b y  grinding. I f  th e y  canno t be ground to  a sm ooth 
surface th ey  shall be capped w ith a m ix ture of Y  p a r t  p o rtlan d  cem ent 
and  Y i  p a r t  p la s te r of paris, w hich shall be allowed to  h arden  a t  least 
5 hours before th e  te s t. T he cap shall be form ed b y  spreading the 
capping m ateria l upon  a  p la te  glass and  pressing th e  specim en firm ly on 
it  m aking th e  cap as th in  as possible. On specim ens th a t  are to  be capped, 
all surfaces w hich are likely to  come in to  co n tac t w ith  th e  capping 
m ateria l shall be shellacked and  th en  allowed to  d ry  before th e  capping 
is applied.

11. Load shall be applied th rough  a  spherical bearing block placed 
on top  of the  specim en in a  vertical testing  m achine. T he dim ensions 
of th e  bearing block shall be the  sam e, or slightly  larger, th a n  those of 
th e  te s t specimen.
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12. Load shall be applied uniform ly and w ithout shock. The speed 
of th e  m oving head of th e  m achine shall be no t more th a n  .05 in. per 
min. when th e  m achine is running idle.

13. Specimens shall be loaded to  failure and th e  u n it compressive 
s treng th  calculated in  pounds per square inch. T he type of failure and 
appearance of specim en shall be noted.
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Job Problems and  Practice

Five cash aw ards— $ 5 0 .0 0 , $ 2 5 .0 0  and 3 o f $ 1 0 .0 0  each are to be made 
fo r the best con tribu tion s  to  this departm ent in the current volum e ye a r—
Sept. 1 9 4 4  to  June 1 9 4 5 .

In JPP many M em bers may p a rtic ip a te  in fe w  pages. So, if you have 
a question, ask it. If an  a n sw e r is o f lik e ly  g e n e ra l interest, it w i l l  be 

b r ie fe d  he re  (w ith  au thorsh ip  c re d it unless the c o n trib u to r prefers not).
But d o n ’ t w a it  fo r a question. If you kn o w  o f a concre te  problem  solved 
— in fie ld , la b o ra to ry , fac to ry , o r o ff ic e — o r if you a re  moved to con
structive comment o r criticism , o b e y  the impulse,- jo t it d o w n  fo r JPP. 
Remember these pages a re  fo r inform al and sometimes te n ta tive  fra g 

ments— not the "c o p p e r -r iv e te d ”  conclusiveness o f formal treatises. 
"A n s w e rs ”  to questions do  no t carry  A C I authority,- they represent the 

e fforts o f M em bers to add  th e ir bits to the sum o f A C I M e m ber k n o w le d g e  
o f con cre te  " k n o w -h o w .”

Precast Concrete Irrigation Pipe Jacked under Railroad Trucks (41-167)

By P A U L A . JO N E S *

T he Buffalo R apids P ro jec t of the B ureau of R eclam ation was con
fronted w ith  the problem  of constructing ten  canal laterals across a 
railroad right-of-w ay which divided an irrigable area. The conduits 
ranged from  18 in. to  42 in. in diam eter. Inasm uch as the estim ated 
cost of approxim ately  $ 1 , 0 0 0  per struc tu re  for track  false work and 
placing m onolithic s truc tu res or precast pipe in open trenches was 
m uch in excess of the funds available it was necessary to  devise some 
o ther type  of construction.

Of the  types of construction  investigated the jacking m ethod of in
stalling precast pipe offered a practical and economical solution if diffi
culties in providing an adequate  seal for the  jo in ts could be overcome. 
This problem  was solved by the adoption of a m anufactured rubber 
gasket w ith projecting lips which perm itted  m ovem ent a t the joint 
w ithout losing the effectiveness of the seal.

* C o nstruc tion  E ng ineer, B ureau  of R ec lam ation , Buffalo R ap ids P ro jec t, M ontana .

(705)
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Fig. 1— Jack ing  36-in . d iam eter precast concrete p ip e  under ra ilro a d  tracks
I  M

The concrete pipe used was ex tra -s tren g th  pipe purchased under ASTM  
Specifications C76-37, th e  required  concrete s tren g th  being 4,500 psi.
The specifications s tip u la ted  th a t  the tongued and  grooved jo in ts have 1 k  
an an n u a la r clearance betw een ab u ttin g  ends of no t m ore th a n  3 / 16-in. 
and  a varia tion  betw een the ac tu a l and  specified in te rn a l and  external 
d iam eter of no t more th a n  Y  of one percent. i! pip<

Fig. 1 shows a 36-in. d iam eter pipe being jacked  under the  roadbed.
T he insta lla tion  of th is and  the  o th e r crossings was accom plished using 1111
the following procedure. A m inim um  w orking area of 10 +  12 ft. was 
excavated  as close to  the  tracks as safe ty  perm itted . T his hole was 
shored in loose ground. Screeds for supporting  and  alin ing th e  pipe 
were then  laid to  line and grade on a thoroughly  com pacted subgrade itai
and  securely anchored to  th e  sides of th e  excavated  w orking area. A 
length  of pipe was placed on the screeds and forced against the  excavated  |  emi
face of the  roadbed w ith a 50-ton jack. W hen available, a §>f-cu.-yd. ; ku
dragline was used to  handle the  pipe b u t for m ost of th e  crossings the 
pipe was placed in jacking position by  th e  use of a  winch, block and 1 is>
tackle, and snubbing posts. E qu ipm en t used in excavating from  the 
inside of 18-in. d iam eter pipe consisted of a 1 0 -inch post hole digger, a „
specially designed scoop shaped to  fit th e  inside of the  pipe, and a  wide ,,,
flat steel p la te  m ounted  on roller skate  wheels on w hich a m an m oved m
in and  ou t of the  pipe. A fter th e  excavation  reached a d istance of „
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abou t 16 feet a  hole was augered com pletely th rough for ventilation . A t 
th is po in t a flat pan  m ounted on roller skate  wheels was used to  tran sp o rt 
th e  scoop in to  th e  pipe and  a fte r tw o scoopfuls of excavation were placed 
in th e  pan  it  was rem oved and  unloaded. E xcavation  for pipe larger 
th an  18 in. was perform ed b y  a  m an working w ith in  the pipe, using a  
short-handled  shovel. A box m ounted on three small steel wheels was 
used to  facilita te  rem oval of th e  m ateria l thus excavated. To m ain ta in  
accurate alinem ent and grade of the larger crossings, the  bo ttom  90 
degrees of th e  excavation  was carefully trim m ed, and checked w ith a  
sheet-iron tem pla te , to  fit the  outside of th e  pipe. A clearance of ap
proxim ately  one inch was left for th e  rem aining circumference. The 
pipe was jacked  a t  in tervals of abou t one foot and when jacking had 
proceeded to  th e  end of a pipe section, a rubber seal and ano ther length 
of pipe was added. A construction  crew consisting of one subforem an 
and four laborers carried on th is work efficiently.

W hen installing  a rubber gasket on the  tongued end of the pipe, rubber 
cem ent was applied to  th e  inner side of the  gasket and a special lubrican t 
was applied to  th e  ou te r side, in accordance w ith  the  recom m endations 
of th e  m anufacturer. To provide protection  for the  rubber seal, asphalt 
em ulsion was applied to  the  pipe shoulders where ab u ttin g  ends come 
in contact. Care was exercised to  preven t th e  emulsion from  contacting 
the rubber seal. A section of the  rubber seal and of a com pleted jo in t 
is shown in Fig. 2 .

T he length  of pipe jacked for the  various crossings varied from  20 
feet to  52 ft. The longest installa tion  was 30 in. in d iam eter and was 
under the  m ain line and twro side tracks. No difficulty was experienced 
in jacking th is length  w ith  a single 50-ton jack. However, indications 
were th a t any  additional length would have strained the jack.



One of the  difficulties encountered  was excavating  in  the  cram ped 
space w ith in  a  24-in. pipe. T he sm allest m an  available had  to  work 
th e  m ateria l back  w ith  his feet. T his work was no t excessive for the  
20 ft. of 24-in. pipe installed . How ever, longer crossings would en tail 
considerable effort and  reduce progress m ateria lly . I t  is probable th a t 
th e  procedure la te r  developed for 18-in. d iam eter pipe w ould have been 
sa tisfac to ry  in  excavating  for 24-in. pipe.

Two crossings using 36-in .-d iam eter pipe were excavated  through 
gravel. In  th is loose m ateria l the pipe had a tendency  to  “ dig in ” as 
jack ing  progressed. To com bat th is  s itu a tio n  a  “sled” b en t to  fit the  
outside cu rva tu re  of the  pipe and curved upw ard a t  th e  forw ard end 
was insta lled  on th e  fro n t end of th e  pipe. T he arrangem en t worked 
satisfactorily . In  excavating  loose m ateria l, use was m ade of a  p ro tective 
shield, fastened  to  th e  upper p a r t of th e  pipe. T his p ro tec ted  th e  w orker 
from  falling rocks and  m ain ta ined  a sloping face th e  toe of w hich was 
beyond the  end of th e  pipe. Betw een w orking shifts, a rem ovable 
bulkhead was fitted  in to  the  forw ard end of th e  pipe or in to  th e  exca
vation  to  reduce th e  likelihood of caving.

F req u en t passage of tra in s  caused considerable v ib ra tion  and  tended 
to  enlarge th e  excavated  openings. Such caving, if excessive, resulted  
in  se ttlem en t of the  tracks. This se ttlem en t was p articu la rly  noticeable 
w here th e  clearance betw een th e  pipe and rails was sm all. P lans draw n 
for th e  railroad  crossings originally  required  3-ft. clearance betw een top  
of pipe and base of rail. No trouble was experienced in jack ing  24-in. 
pipe under these conditions. H ow ever, one 30-in. crossing was a ttem p ted  
w ith  3-ft. clearance and under heavy  fre igh t traffic the excavation  could 
n o t be held in place. W hen work on the crossing was in te rru p ted  and 
left for a  few days, it  was difficult to  jack  th e  pipe fa rther. I t  was decided 
th a t  th e  arching effect of 3 ft. of cover was insufficient for pipe 30 in. or 
larger. W hen clearance betw een to p  of pipe and  base of ra il was in
creased to  5 ft., th e  v ib ra tion  from  tra in  passage had little  or no effect.

Following is an  estim ate  of th e  cost of installing  30-in. pipe crossings. 
T his cost, except for th e  difference in  cost of th e  pipe itself, is a close 
approxim ation  for the  24-in. and 36-in. sizes as increased handling and 
excavation costs for th e  larger size are very  nearly  offset b y  th e  more 
difficult excavation  for th e  sm aller size.
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Cost per foot of pipe jacked

Work preliminary to jacking 
Excavation and jacking pipe 
Pipe and joint m ateria ls .. . .

$ 1.21
4.82
4.76
1.08Engineering and supervision

111.87
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R elatively  large savings were effected by jacking the  pipe under the 
tracks and the  quality  of the com pleted work is equal to  th a t  obtained 
by insta lla tion  of pipe in an open trench. I t  is believed th a t  the life of 
the rubber jo in ts as installed  will com pare favorably  w ith th a t  of grouted 
jo in ts, and  th a t  more flexibility under load and se ttlem ent is provided.

Setting Heavy Machinery on Concrete Bases (41-164)*

T he question  and  discussion under th is heading in F eb ru ary  seem to 
have prom pted  fu rth e r discussion of th e  subject of m achinery  bases 
and fu rth e r inquiry  on special problem s. F or instance a construction 
engineer w ith  a large industria l corporation w rites:

Q — In  connection w ith  a large com pressor installation, which we 
m ade, th e  unbalanced  load of the  com pressors caused considerable v ibra
tion  to  th e  en tire  concrete m a t under th e  foundations. Some tim e after 
th e  original foundations were installed  an additional compressor was 
added, and  the  concrete m a t was joined to  th e  existing m at w ith  the 
reinforcing dowel bars extending th rough from  th e  original concrete 
stru c tu re  in to  th e  new. T he question has now arisen w hether there  is 
enough m ovem ent in th e  concrete to  preven t proper bond betw een the 
reinforcing rods and  th e  concrete, during th e  period of the  initial set.

F rom  an A C I M em ber to  whom th is inquiry  was referred we have 
th is:

A — T he am oun t of bond secured around an em bedded bar, v ibrated  
while th e  concrete is setting , depends on the character of the v ibration  
of th e  bar. We have some unpublished tests of th e  results of v ib rating  
sm ooth % -in. bars in  6- by  12-in. concrete cylinders for 30 seconds a t 
15-m inute in tervals for periods of 1, 3, 5, and 7 hours. Some bars were 
v ib ra ted  in  a vertical position, some horizontal. A t 5 and 7 hours the 
m orta r was still plastic around th e  bars although surrounding concrete 
had  hardened. Conclusions were th a t  such v ibration  m aterially  in
creased th e  bond over th a t  obtained under ordinary  conditions and 
th e  beneficial results of the  v ibration  were obtained w hether the bars 
were v ib ra ted  in a vertical or horizontal position. Presum ably  this 
te s t does no t qu ite  represen t the  case reported  because v ibration  did 
no t continue u n til th e  m orta r did no t again become plastic around the 
bar when v ibrated . Also th is was in te rm itten t, no t continuous, vibration .

T he quality  of bond secured around a v ib rating  bar will depend also 
on the  distance from  the  source of v ibration  and the  dep th  of em bed
m ent. Also i t  seems to  be a m a tte r  of am plitude. A lthough vibrating  
concrete will harden, if there  is appreciable am plitude in a v ibrating
*A C I J o u r n a l ,  F eb . 1945, p . 360 ( J P P  41-164)
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b a r in  th e  concrete, i t  is conceivable th a t,  as th e  concrete passes from  
th e  p lastic  s ta te , th e  v ib ra tin g  b a r could have sufficient am p litu d e  to  
press th e  w eak concrete aw ay from  its  norm al position  and  p rev en t 
co n tac t and  bond. T his m ay  well be th e  case close to  th e  edge of th e  
new foundation  w here th e  dowels enter. D epending on the  leng th  of 
th e  dowels, surrounding  concrete will dam pen  th e  v ib ra tio n  to  th e  
p o in t w here bond  will be secured w ith o u t question, p a rticu la rly  if the 
u n v ib ra ted  end is fixed. T here is some discussion of th is  p o in t in  the  
A C I J o u r n a l  for Ja n u a ry  1945, pages 163-5.*

P robab ly  under horizontal bars, especially if of square  section laid 
flat, v ib ra tion  will a t  first aggravate  and  then  ten d  to  d issipate  th e  accum 
u la tio n  of bleeding w ater u n d er th e  b a r th a t  w ould te n d  to  im pair bond 
on th e  underside of th e  bar.

As we u n d erstan d  th e  case, th e  com pressor on one foundation  con
tin u ed  runn ing  w ith  re su ltan t v ib ra tion  of p ro tru d in g  dowTel bars during 
th e  se tting  of concrete in an  ad jacen t foundation  in  w hich th e  dowels 
were also em bedded. I t  w ould be of in te re s t to  know  if th e  question 
now raised is th e  resu lt of some adverse s tru c tu ra l evidence or m erely 
academ ic. E ith e r  w ay it is a  good question  and  n o t an  uncom m on 
one. W ould i t  be p racticab le  to  answ er th is  question  positively  w ith  
some drill cores?

By D O U G L A S  S. L A ID L O W f

I  m u st get in to  th e  discussion, w ith  a d ifferent s lan t from  th a t  of M essrs. 
T y ler and  Lewis, for th e  p ractice  of placing g rou t u n d er m ach inery  and 
colum n bases has long seem ed to  me to  be one of th e  h o ary  b lunders of 
our profession.

See w h a t happens: T he m an u fac tu rer of a  m achine bu ilds up  an
expensive base, e ither b y  casting  or welding, and  th en  tak es  th e  troub le  
to  m achine the  under side of i t  tru ly  parallel to  th e  horizontal axis of 
th e  m achine. T hen  we prop it  up  on little  s tacks of shim s and  pack  in 
some grout, generally very  v^et g rou t around  these shim s. U nless I am  
very  m uch m istaken , th e  g rou t e ither crum bles or shrinks aw ay from  the  
m achine and leaves i t  s ittin g  on th e  shim s to  be w racked ou t of shape 
as soon as the  m achine is p u t to  work. W e tak e  care to  get a good tru e  
bearing  surface a t  all jo in ts  except th a t  essential one a t  th e  to p  of the  
foundation .

A bout fifteen years ago, I found  th a t  such p ractice , wdiich had  been 
carried  over from  m achinery  to  s tru c tu ra l fram es, was being abandoned. 
T he D om inion B ridge Co., in  M ontrea l, s ta r te d  ab o u t th a t  tim e  to  have 
colum n bases poured a little  high and  dressed dow n by  han d  to  exact
*“ C on cre te  O pera tions  in th e  C oncre te  Ship P ro g ram , Proceedings, V . 41. 
f P o r t  A r th u r , O ntario .
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elevation  and the  tru e  level condition. Then th ey  set the ir columns up, 
on sm all jobs rig h t on th e  concrete, on im p o rtan t work using a  sheet of 
lead under th e  steel to  tak e  up any  m inor variations. This m ethod so 
appealed  to  me th a t  I w rote i t  in to  a specification for a s tru c tu ra l steel 
fram e to  be b u ilt in ano ther c ity  abou t five years la ter. W h at was m y 
horro r to  find th e  steel subcon trac to r coming to  me and begging to  be 
allowed to  use shim s and  grout. This was m ore rem arkable as I had 
given th e  job of dressing the  concrete to  th e  general contractor. W hat 
he was afraid  of, o ther th a n  th e  unknow n, is a m ystery  to  me to  th is 
day, for I did n o t consider th e  po in t im p o rtan t enough to  fight about 
an d  le t h im  have his way.

In  the  years th a t  followed, I  have become more and more convinced 
th a t  th e  m ethod  of dressing the  to p  of th e  foundation  is the proper 
m ethod  to  follow, for i t  is sim ilar to  th e  m ethod used a t  all o ther m ating 
surfaces. I t  is ju s t as easy, perhaps easier, to  dress concrete as steel, 
and  I ’m  all for th e  practice.

W h at holds us back? I th in k  th e  answ er is “ fear” . M en are afraid 
th a t, if some novelty  in  se tting  a m achine is used, and th a t  m achine 
subsequently  gives troub le  for any  reason a t  all, th e  m anufactu rer will 
blam e th e  m ethod  of installa tion , for all th e  trouble. Well, he m ight 
try , b u t th a t  doesn’t  say he would necessarily get aw ay w ith it. Sup
pliers of m ateria ls and  equ ipm ent will try  i t  on w ith anybody they  th ink  
it  profitable to  fool u n til th e  end of th e  world; i t ’s only a p a r t of th e  game 
and  its  possibility  need never w orry anyone who knows his business.

By CHARLES M A C K L IN *

T o m y knowledge the  only' m anufacturers who consistently  recognize 
th e  necessity  of incorporating  in the ir designs a positive m eans of ad 
ju stin g  objects placed on concrete are th e  m anufacturers of electrical 
floor junction  boxes.

Setting  base p lates can be done by  any  of the five schemes shown in 
Fig. 1 and  each m ay  serve a particu lar need. However schemes 3, 4 
and  5 are m ore accurate  and economical. T hey  do however require 
foresight and planning. W hen base p lates are inaccurately  set erection 
of s tru c tu ra l steel is com plicated and unnecessary stresses are introduced.

Schemes 1 and  2 require the  use of four supports, one near each corner 
of th e  base plate. Schemes 3, 4 and 5 are b e tte r  using only th ree points 
of su p p o rt b u t four m ay be used.

T he shrinkage of g rou t m ay  be assum ed to  be ab o u t 1/100 of th e  
th ickness of the  g rou t when th e  g rout sets under no pressure and no 
packing is done after filling. This value m ay be appreciably reduced by

♦Springfield, 111.
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1 SHIMS

2  GROUT PAD & SHIM

3  NUT WELDED TO BASE PLATE

4 C-CLAMP

5 LAG SCREW OR BOLT JACK

FIVE SCHEMES FOR LEVELING 
BASE PLATES

Fig. 1— Five schemes fo r leve ling  base plates

filling th e  g rout higher th a n  th e  bo tto m  of th e  base p la te  and  allowing 
se ttlem en t to  tak e  place for a  half hour and  th en  by  exerting  pressure 
on th e  form s and  apply ing  some ham m er blows th e  excess w ater rises 
and  spills over the  form . T his process m ay  be repeated  u n til th e  
g rout no longer responds to  pressure. In  applying pressure to  the 
form s tw o m ethods can be used. One is by  using a  clam p and  th e  o ther 
is b y  build ing a  rectangle of wood around  th e  form  and  apply ing  pressure 
w ith  jacks or wedges. In  e ither case th e  form  should be lim ber enough 
to  bulge no ticeably  from  th e  pressure of th e  g rou t and  a fte r th e  settling  
period th is  deflection can be reduced or elim inated.

M r. T y ler recom m ends th e  procedure of in troducing  th e  g rou t th rough  
a pipe which of course does no harm . I t  is of little  adv an tag e  unless the  
form  is sealed to  m ain ta in  a pressure over any  appreciable area. The 
pressure grad ien t in  g rout m ay  be very  steep  and  any  openings betw een 
th e  form  and  th e  p la te  m ake it  possible to  lose th is  pressure in  a  very  few 
inches. W hen th e  g rout com pletely  fills th e  space betw een th e  founda
tion  and  th e  base plate, pressure exerted  from  an y  outside source does 
help to  se ttle  the  grout, provided th ere  is some place to  w hich th e  excess 
will escape. T he se ttlem en t can be speeded up  b y  v ib ra tion . However, 
since th is  tim e elem ent is p resent, unless pressure is exerted  a fte r some 
se ttlem en t has tak en  place, no t m uch reduction  in shrinkage will result 
from  high in itia l pressures.
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T he article “ C oncrete O perations in th e  Concrete Ship P rogram ” 
A CI J o u r n a l , Jan . 1945 by  Lewis H. T uth ill describes th e  procedure 
for pa tch ing  ship hulls w hich is essentially the operation of patching 
betw een th e  foundation  and the base plate.

W hen th ey  receive the  colum n loads base plates deflect and, coming 
in con tac t w ith  th e  hardened grout, relieve the  local pressures on any 
type  of edge support. The possibility of a few thousand ths of an inch 
se ttlem en t to  m ake con tac t w ith th e  grout is of slight practical im port
ance.

Since bearing pressures rarely  exceed 1000 psi and 2 or 3 tim es this 
s treng th  is readily  ob tained  from w et m ortars, th e  object of using a 
grout of any  drier consistency which m akes placing difficult seems to  
th is w riter absurd  because th e  g reater settlem ent shrinkage of the  w etter 
concrete can be tak en  care of w ith  pressure. T he research of Giesecke 
(Proceedings A STM  p a r t  2, 1920 page 219) indicates th a t  rodded con
crete increases in stren g th  in spite of the  w ater used. The grout is 
com pacted and  increased in  s treng th  w hether worked by pressure on 
th e  form s a fte r a tim e in terval, or rodded.

Q — N ow  th e  fu rth e r re la ted  problem : Shall the pipe sleeves th a t
encase long holding-dow n bolts of a heavy m achine be filled w ith grout 
when, a fte r shim m ing up  th e  m achine in  proper alignm ent, grout is 
forced betw een th e  m achine base and the  concrete foundation?

By W . R O W L A N D *

A — T he purpose of th e  sleeves is to  allow enough m ovem ent of the 
top  of the  bo lt to  correct inaccuracies in se tting  the bolts.

A fter the m achine base is set w ith the bolts fitting properly, the sleeves 
should be filled w ith  g rout for two reasons: 1) no more ad justm en t of 
th e  bo lt location is required ; 2) By resisting in sheer (as they  should in 
conjunction  w ith  friction betw een base and foundation) bolts can pre
v en t any  horizontal m ovem ent of th e  m achine only when they  are 
g routed  in righ t up  to  the  underside of the machine base.

By L. C. H A N S O N *

A — On a five-stage horizontal, steam -driven compressor of which 
th e  pipe sleeves had  been filled w ith grout, some of the  anchor bolts 
broke off near th e  top  of the  grout. W hen in operation the m achine 
(moving 0.005 in. back and forth) ben t the projecting p a rt of the  bolts 
once back and fo rth  w ith  each revolution. Because the  projection 
m easured only 6 in. th e  bending m om ent was so great th a t  the  bolts 
broke from  fatigue. H ad  the pipe sleeves no t been filled w ith grout

*T he S o lvay  P rocess Co., H opew ell, Va.
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the  pro jecting  p a r t would have been approxim ately  sixteen tim es as 
long and  consequently  for the  sam e deflection th e  stress w ould have  
been l/2 5 6 th  as g rea t (sixteen to  th e  second power) and  therefore  safe. 
M y conclusion is th a t  sleeves should n o t be filled w ith  grout.
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Concrete overlays fo r a irfie ld  runways
Engineering News-Record , V. 1 3 3 , No. 2 4  (Dec. 1 4 , 1 9 4 4 ) ,  pp. 8 0 -8 2  Review ed b y  S. J . C h a m b e r l i n

Concrete runways were strengthened to carry a 37,000-lb. wheel load by a 6-in. over
lay of reinforced concrete. The old concrete was brushed clean, primed with hot tar 
and coated with a one-half inch layer of asphaltic concrete to act as a cushion and to 
prevent bonding with the new concrete. Portable pierced-plank steel runways served 
as emergency extensions during the remodeling to provide continuous operation of the 
field. New concrete runways have a thickness of 10:7:7:10 in. on a 4-in., dry-bound 
macadam base.

Prestressing bands on a concrete tank
John  J . C r o w l e y ,  Engineering News-Record, V. 1 3 4 , No. 18  ( M a y  3 , 1 9 4 5 ) ,  p p .  1 1 6 -1 1 8

Review ed b y  S. J . C h a m b e r l i n

In  building a 300,000-gal. prestressed concrete water tank, well known methods 
were used until the time came to get the right tension in the steel bands. After field 
and laboratory studies were made the extensometer method was abandoned and a 
shear wrench method developed. The shear wrench method consisted in tightening 
the nuts on the ends of the bands until the wrench handle sheared a pin of predeter
mined strength. Nuts and washers were coated with flake graphite mixed with oil. 
Laboratory calibration of the shear pins indicated 1/16-in. bronze Oxweld brazing rod 
suitable for the preliminary prestressing of 16000 psi in the %-in. square bars and 1/16- 
in. steel Oxweld welding rod for the final stress of 31,500 psi. I t  was concluded tha t 
refinement iD stress control (within 10 per cent) should not be expected.

R ig id -fram e concrete span requires no falsework
J a c o b  F e l d ,  Engineering News-Record , V . 1 3 4 , No. 18  ( M a y  3 , 1 9 4 5 ) ,  p p .  1 0 5 -1 0 6

Review ed b y  S. J .  C h a m b e r l i n

Structural steel frames are first designed as rigid frames to sustain the weight of 
forms and fresh concrete. When the concrete has hardened the structure becomes a 
reinforced frame, the structural angles acting as reinforcement in both faces. Three 
costly items can be eliminated: 1) supporting arch forms on falsework; 2) bending and 
placing long and heavy bars; and 3) separating and holding in proper position the 
intrados and extrados reinforcement layers. Structural steel ribs are spaced 24 in. on 
centers and are formed of double 4 x 4-in. angles in each chord. Diagonals are single 
angles and the struts are Z bars. The proposed structure will have a clear span of 80 
ft. 6 in. and a width of 100 ft.

(7 1 7 )
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Prestressed concrete design overseas
H e n r i  M a r c u s ,  Engineering News-Record, V. 134, No. 14 (A pr. 5, 1945), pp . 97-100

R e v i e w e d  b y  S. J . C h a m b e r l i n

European engineers have made considerable progress in the application to concrete 
of artifically induced stress. Short descriptions of several examples of prestressing 
are given (particularly the work of Edouard Freyssinet) including long span beams, 
slender bridges, increasing the heights of dams and precast caissons. Successful appli
cation involves adjusting the prestressing forces to the strain produced by natural 
forces, the use of adequate tubes for easy manipulation of the reinforcing cables and 
special grouts for their protection, and specially built hydraulic jacks for rapid and in
tensive stressing and anchoring of the wires.

R a ilro a d  tunnel ro o f re b u ilt from shaft
Engineering News-Record, V. 134, N o . 8 (F eb . 22, 1945), pp . 70-74

R e v i e w e d  b y  S. J . C h a m b e r l i n

Faced with the problem of replacing an old brick roof with a concrete arch without 
interrupting traffic, the contractor attacked the job from the top by sinking a vertical 
shaft and driving a crown drift above the damaged section. The area was then enlarged 
and shored to the old lining for a length of 10 to 15 ft. Haunch concrete was then placed 
and 7-segment timbering placed to which the roof supports were transferred. Center 
sections of the brick arch were removed and all areas above the lagging were back packed 
with old brick. Forms for the concrete arch were supported by the old timbering th a t 
had previously held the damaged brick section. The concrete was then pumped into 
place for the arch followed by concreting above the arch. Arch forms and the old 
timber support system will remain in place until the work is completed.

Engineering fo r dams
W i l l i a m  P . C r e a g e r ,  J o e l  D . J u s t i n  an d  J u l i a n  H i n d s .  3 vo ls . Jo h n  W iley  & Sons, N ew  Y o rk ; C hap - 
m an & H ill, L ondon, 1945. 929 pp ., illus., d iag ram s, tab les, c h a rts , c lo th , x 6 in ., S16.50.

R eview ed b y  R . F . B l a n k s

A very useful compilation of data and information on the investigation, design and 
construction of all types of dams, and also on related hydraulic problems, skillfully 
condensed to usable form. Volume I covers general investigation and design problems 
including geology, foundations, selection of type, model studies and hydrology. Con
crete engineers will find particular interest in Volume II, which deals, in detail, with the 
design of non-overflow and spillway types of solid gravity dams, arch dams and but
tressed, multiple arch and other types of concrete dams. Chapter 15 is devoted ex
clusively to concrete and concrete materials for concrete dams. Volume I I I  treats 
the investigation, design and construction of earth, rockfill, steel and timber dams. Soils 
tests, construction control and related subjects are given particularly prominent em
phasis. The authors were assisted by several eminent authorities on dam and hydraulic 
engineering.

Use o f a ll- in  aggregates in concrete
A. R . C o l l i n s ,  Concrete a,nd Constructional Engineering, V. 40, (Jan . 1945), pp. 15-19.

R eview ed b y  G l e n n  M u r p h y

The author describes expedient measures for producing concrete of reasonable quality 
in emergency construction where the available aggregate cannot be washed or graded. 
Studies indicate th a t the principal cause of deterioration is silt, clay, or other fine material 
which increases the w ater requirement. The resultant high water-cement ratio de
creases the strength and durability of the concrete. The need for holding the water- 
cement ratio constant by increasing the cement content a t the same time the water
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content is increased to maintain workability is pointed out. I t  is also noted th a t the 
resultant rich concretes may have a tendency to shrink and crack. Standard field tech
niques for making sieve analysis and for detecting the presence of silt and organic 
impurities are described. The author outlines a trial batch method for field design of 
the satisfactory mixture. The paper includes a table of gradings for assistance in 
combining aggregates to  improve the grading.

R econ d itio n ing  concrete floors to  carry  heavy warehouse tra ffic
Engineering News-Record, V. 134, N o. 4 (Jan . 25, 1945), pp . 86-89 Review ed by  S. J .  C h a m b e r l i n

The article is extracted from “Toppings and treatm ents for the correction of concrete 
floor deficiencies” compiled by the Repairs and Utilities Branch of the Office of the 
Chief of Engineers of the Army. The first step in resurfacing with concrete is to cut 
out the defective surface to a minimum depth of 2 in. w ith vertical and straight edges. 
After vigorous cleaning it  is recommended th a t the prepared surface be thoroughly 
saturated with water, later removed with a mop so the top will be in a surface-dry 
condition. A cement-paste slush coat should then be brushed in and the excess removed. 
Recommended proportions for the inlay concrete are 1:1 1/3:2 with a water-cement 
ratio of 4 to 43^ gal. per bag. Careful finishing and curing are essential. Asphalt mastic 
for use as an overlay in resurfacing should be a combination of portland cement, asphalt 
emulsion, water and sand, with a %-\n. minimum thickness and feathered a t the free 
edges. Sodium silicate solution and magnesium fluosilicate solution are recommended 
to retard  “dusting” of floors.

Cem ent-treated ro ad  base b u ilt in A r iz o n a
B e r n a r d  T o u h e y ,  Engineering News-Record , V. 134, N o. 2  (Jan . 1 1 , 1 9 4 5 ) ,  p p .  1 0 8 -1 1 0

Review ed b y  S. J . C h a m b e r l i n

The first step in the construction of the mixed-in-place base was spreading of the 
sand and gravel aggregate the full width of the roadway to a depth sufficient to assure 
a compacted thickness of 6 in. Cement was spotted on top for an approximate mix
ture of three sacks per cubic yard of compacted material. After motor patrols win- 
drowed the m aterial the dry aggregate and cement were mixed by one of the traveling 
plants. W ater was then added by the second traveling plant and the third plant com
pleted the wet mixing. The traveling mixing plants were pugmills swung under grader 
frames. Material was picked up in the pugmill and then forced back into the revolving 
spools to which the mixing paddles were welded. Mixed material was forced out the 
rear of the mixing box in a uniform flat-topped windrow. A blade grader followed 
immediately behind the third traveling plant. The mixture was rolled with both steel 
and pneumatic rollers and then sprayed with emulsified asphalt for a curing seal. Sub
sequently, a 2-in. plant-mix bituminous seal coat was added. Twenty-eight-day com
pressive strengths of the material averaged 2,037 psi.

Concrete construction in co ld  weather and du ring frost
R evision of p a rag ra p h  30 of ob liga to ry  specification for m o rta r and  concrete (A M B) of th e  G erm an  S ta te  
R ailw ays (D eu tsche  R eichsbahn ): Asph . u. Teer, 1944, 44 (¿¿), 27-8. R oad  A b strac ts, Vol. X I I ,  N o. 1, 
J a n u a ry  2, 1945. H i g h w a y  R e s e a r c h  A b s t r a c t s

The requirements for concrete construction in winter are given in greater detail than 
in the published account of the earlier revision of paragraph 30 of the specification for 
m ortar and concrete. The following additional points may be mentioned: Rapid-
setting cements and strongly exothermic cements are most suitable for winter construc
tion; German aluminous cements are almost unaffected by low temperatures. In 
frosty weather the proportion of cement may be increased. The proportion of mixing
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water shall be kept as low as possible by choosing a suitable grading for the aggregates. 
The concrete should ordinarily be “earth  dam p” (a somewhat w etter mix is necessary 
if aluminous cement is used) and should preferably be vibrated. Before being charged, 
the mixer shall be washed out with hot water. If the aggregate and w ater are preheated 
the cement shall not be added until it has been ascertained th a t the tem perature of the 
mixture does not exceed 40 C. (122 F). The tem perature of the concrete in the mixer 
shall not be below 20 C. (68 F.). The only admixture perm itted is calcium chloride 
(90 to 93 per cent pure), to be used in aqueous solution, and then only a t temperatures 
down to -15 C. (+ 5  F.). For earth-dam p concrete the proportion of calcium chloride 
should be 1 per cent of the cement used; 2 per cent may be used in w etter mixes.

Expansion jo ints unnecessary in pavements
Engineering  News-Record, V. 134, N o. 12 (M ar. 22, 1945), pp. 100-103 R ev iew ed  b y  S. J . C h a m b e r l i n

After three years of observations on two experimental paving projects the Oregon 
State Highway D epartm ent has decided th a t expansion joints are not needed in Western 
Oregon provided dummy (contraction) joints are properly spaced. On one project 
expansion joints of several types were spaced from a minimum of 30 ft. to a maximum 
of 495 ft., with dummy joints placed every 15 ft. The other test section was placed 
in two 1,320-ft. sections w ithout expansion joints, b u t w ith dummy joints again spaced 
a t 15 ft. The opening and closing of both types of joints were determined w ith a strain 
gage, and longitudinal displacements were measured from a transit line across the 
pavement. The indications were th a t a relatively rapid closure of expansion joints 
may be expected during the first season after construction, since most of the expansion 
between joints must be taken up by the slabs sliding along the subgrade. During the 
following winter contraction of the concrete opens the dummy joints, w ith expansion 
during the second and subsequent summers taken up by closing of the dummy joints. 
Although only about half of the dummy joints opened during the first winter all opened 
during the second winter. Vertical displacement of adjacent pavement sections under 
a 20,000-lb. axle load were measured with a displacement meter to determine the load- 
transfer property of the expansion joints. Results indicated th a t a joint with a concrete 
sill could be substituted for the usual doweled joint with an increase in rigidity.

O bservations reveal de form ations o f steel re in forcem ent
S. S e r g e v ,  Civil E ngineering , V. 15, N o. 2 (Feb., 1945), p . 92. R eview ed b y  J . R . S h a n k

Strain readings have been taken from time to time on the steel of reinforced concrete 
columns and beams of Biology Hall of the University of Washington. The basement 
columns, A = 325 sq. in., A„ =6.17 sq. in., of a 1:1:2 mix under a load of 160,000 lb. showed 
an average unit stress on the steel a t 10 years to be 30,000 psi. F irst story columns, 
same cross-section of 1:2:4 concrete showed 22,000 psi under a load of 136,000 lb. 
Readings on opposite faces in both cases showed deviations from the average of 20 
per cent in the basement columns and about 10 percent in the first story columns show
ing the effects of deformation stresses. Though the author speaks of this increase in 
unit stress as being due to shrinkage it  is obvious th a t it  is due to a combination of 
shrinkage and plastic flow. Previous data on plastic flow for similar concretes show 
an increase to 23,000 psi may be expected for the basement columns, leaving 7,000 psi 
of the increase due to shrinkage, which m ay be expected.

Strain readings on the tension steel a t mid-span points of beams showed a maximum 
tension of about 10,000 psi to have occurred a t 30 to 40 days, after which a slow reduc
tion was had, leaving an observed stress of only 2,500 psi a t 10 years. This is one-fourth 
what calculations would indicate for simple beam action.
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B onneville  Dam concrete a fter six years
C. C. G a l b r a i t h  an d  R . R . C l a r k ,  Engineering News-Record, V. 134, No. 10 (M ar. 8, 1945), pp . 121-124

Review ed b y  S . J .  C h a m b e r l i n

Considering the behavior of the mass concrete to be fully as im portant as th a t of 
the surfaces exposed to erosive action of water, the selection of a modified portland 
cement ground with 25 per cent pozzolanic material was based on the decision to build 
the blocks rapidly w ithout vertical joints parallel to the axis. The present condition 
of the concrete surfaces of the superstructure is approximately the same as a t the end of 
construction. The spillway dam discharges large flows for long periods and severe 
erosion has occured a t local zones a t the bases of all piers just downstream from the 
gate slots and on the curved overflow sections adjacent to the piers. I t  has been con
cluded after seasonal repairs with different brands of cements and admixtures th a t 
concrete is not suitable for surfacing these localized areas, and they have therefore been 
covered with 3drin. steel plate. Some of the steel plates have been torn away, but from 
the experience gained to date it will be possible to maintain these surfaces satisfactorily 
without excessive cost. Another localized zone of erosion is the downstream baffle 
deck. The erosion is localized on the vertical face of the triangular baffles and on the 
horizontal deck a t the downstream corners of the upstream row of baffles. At one spot 
the deck has eroded to a depth of 32 in., with depth ranges to 18 in. in spots a t all bays. 
Repairs with standard cement and a richer mixture seem to withstand the action of the 
high velocity water somewhat better than the concrete made with pozzolanic cement. 
The deck is about 20 ft. thick and it is thought th a t it will not require anything more 
than the renewal of the surface a t intervals of 15 to 20 years (a more favorable condi
tion than  was anticipated a t time of construction). The interior of the mass concrete 
appears to be in a satisfactory condition.

H igh-strength re in forced concrete colum n deve loped
G e o r g e  A . M a n e t ,  Civil E ngineering , V. 14, N o. 12, (D ec., 1944), pp. 496-498.

Review ed b y  J .  R. S h a n k

Reinforced concrete column specimens have been developed a t the Northwestern 
Technological Institu te capable of withstanding as much as 57,000 psi in compression. 
A number of im portant properties of concrete and steel and combinations of these were 
employed in this development among which were the high strength th a t may be devel
oped in portland cement products when vibration cast under high pressure using very 
low water contents and the high value of spiral column reinforcement when under 
tension. W ater contents as low as 1 gal. per sack of cement and pressures up to 18,200 
psi were used.

High strength steel wire was wrapped on a tubular steel section into which very dry 
concrete was placed and vibrated strenuously under high pressure for a minute, after 
which the vibration was stopped and the pressure was removed. I t  was found tha t the 
concrete was strong enough to maintain the spiral steel in initial tension. A neat cement 
specimen, 1 gal. of water per sack of cement, 11 percent of high-strength spiral wire and 
3.3 per cent of tubular liner by volume, under a forming pressure of 11,8000 psi developed
47,000 psi strength. The stress-strain curve was straight up to 12,000 psi indicating 
a modulus of elasticity of 9,400,000 psi. Another specimen 8.3 in diameter, 1:0.5:0.715 
mix by weight, 2 lA  gal. of water per sack, 19 percent spiral wire and 12 percent liner by 
volume, formed under a pressure of 13,500 psi reached 55,000 psi and showed an initial 
E value of 8,500,000 psi.

Further research is necessary to find the best types and proportion ranges for spiral 
wire and tubular steel, as well as forming pressures and concrete mixtures. I t  is appar
ent now th a t units can be manufactured which will have weights comparable to struc
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tural aluminum and have higher moduli of elasticities a t costs as low as one-third th a t 
of structural steel.

D e te rio ra tio n  o f concrete dams due to  a lk a li-a g g re g a te  reaction
R . F . B l a n k s  a n d  H . S. M e i s s n e r .  A m . Soc. C. E . Proc. V. 71, N o. 1 ( J a T . 1945) p . 3-18

R eview ed  b y  H .  J . G i l k e y

C onstitutes a progress report based on close continued observation of concrete dams 
and other structures and on continuing laboratory studies. Some structures develop 
signs of surface damage rapidly (within two or three years) and the rate of damage 
may soon decrease greatly. O ther structures may develop initial evidence of damage 
m uch more slowly b u t the progress of deterioration may be continued over a long 
period. The characteristic large surface cracks do not extend far inward bu t are the 
result of interior swelling as dem onstrated by decreased core strengths and greatly 
decreased concrete stiffness (lowered modulus of elasticity) of m aterial from the in
terior. The swelling has been further dem onstrated by chord measurements on arch 
dams and by measured up-stream movement of the arch crown, misalignment of mach
inery and by the rising of top surfaces in amounts proportional to  depth of concrete. 
The laboratory m ortar bar accelerated tests give valuable indications bu t the correlation 
w ith different actual structures is far from perfect. M ost “good” aggregates are prob
ably reactive to the alkalies of the cement in some degree b u t thus far no trouble has 
been encountered with cement for which the Na^O +  K 20 is less than  0.60 percent. One 
of the difficulties in studying any b u t the most recent of structures is the absence of 
knowledge regarding the alkali contents of the cements th a t were used, since such 
determinations were not a part of normal tests. Representative samples of the aggre
gates can usually be secured, however. In  spite of the many things not yet known 
regarding the problem the evidence thus far indicates th a t the use of a low alkali cement 
(under 0.60 per cent) is a desirable, and to  date the only reliable, precaution against 
possible damage. This may add anything from nothing to  $0.20 per barrel to  the cost 
of the cement bu t the absence of the alkali produces other beneficial effects in the con
crete such as reducing the C3A  (tri calcium aluminate) and the C4A F  (tetracalcium 
alumino-ferrite) with corresponding increases in the desirable constituents C3S  (tri
calcium silicate) and C2S  (dicalcium silicate). There is some evidence th a t pozzolanic 
cements may safely be used with reactive aggregates and th a t the addition of pumicite 
to  the cement is helpful. A list of eight selected references ties this paper to  the pre
ceding published observations on this vital subject.

South A m e rica n  b u ild in g  codes
A r t h u r  J . B o a s e ,  Engineering News-Record, V. 134, N o. 16 (A pr. 19, 1945), pp . 68-77

R eview ed b y  S. J . C h a m b e r l i n

The author points out the main similarities and great, dissimilarities between the 
building code of Brazil and the American codes (especially ACI 318-41). The engineers 
of Brazil have organized the Brazilian Association of Engineering Codes and this group 
has issued the six codes th a t refer to the calculation and erection of structures. Unit 
stresses and most other details as set up in one code apply to all reinforced concrete 
construction and these codes are used by everyone engaged in engineering work. The 
Brazilian code is direct and simple leaving much to the engineer. Specified minimum 
live loads are tabulated in the article and compared with those used in New York City. 
Provision is made in the framing of tall buildings for less than 100 per cent loading on 
lower floors. Wind pressure is assumed as a function of the height and is designated 
as q, while the pressure as a function of the type and form of construction is designated 
as c. Values of q and c are listed. The strength of concrete used is much lower than
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th a t used in this country. Reinforcing steeJ for the most part is plain and corresponds 
to our structural or intermediate grade. Permissible unit stresses are tabulated and 
compared w ith the ACI code as well as the German and French codes. Steel stresses 
in flexure of 21,300 psi and 25,000 psi in structural grade and intermediate grade re
spectively are permitted. Steel is about 10 cents a pound. One provision on bond 
stresses states th a t where bars or bundles of bars with a diameter of less than one inch 
are used in flexural member the bond stress need not be calculated, bu t all bars over 
T|-in. in diam eter must be hooked. Another provision states th a t where there are bent 
bars calculated to resist all diagonal tension stresses, twice the perimeter of the unbent 
bars may be assumed in bond calculations. Steel protection thicknesses are listed and 
compared; the protection being much thinner in Brazil. The minimum width of beams 
and girders is set a t 3.2 in. and the designers very often stay very close to this minimum. 
Beams and girders, one-way slab design, joist floor construction, two-way slab con
struction, mushroom flat slab design and column design procedures are discussed and 
compared, with one of the basic differences between the Brazilian code and the ACI 
code being the handling of continuity. The Brazilian code permits design on an ulti
mate design basis, th a t is, it is perm itted to design flexural members as a function of the 
rupture load.

Extend the life  o f concrete pavem ents— hints to  m aintenance men 
on pa tch ing  w ith P ortland  cem ent
A . A . A n d e r s o n ,  Civil E ngineering , V. 15, N o. 3, (M ar. 1945), pp . 131-134. Review ed by  J .  R. S h a n k

The determination of areas to be patched involves consideration of the condition 
of the existing pavement and the shape and dimensions of the patch. Patches are 
divided into five classifications:

1) full width patch; 2) half-width or single-lane patch; 3) exterior edge patch; 4) 
interior edge patch; 5) interior or plug patch.

The minimum length of a patch on one side of an expansion joint is 6 ft. and a t a 
contraction crack, 8 ft. The expansion joint may be moved to the end of the patch 
where the area to be patched lies on both sides of an expansion joint if the patch is 
full-width on both sides. Except for full-width patches, expansion joints should be 
reproduced in their original positions. Rectangular, or diamond-shaped interior or 
plug patches, should be not less than 4 ft. nor more than 6 ft. laterally from the center 
line and not less than 4 ft. long. For diamond-shaped patches a t some distance from 
joints, the angle between the sides of the patch and the center joint should not be less 
than 30 or more than 60 degrees. A t transverse expansion joints this angle should not 
be less than  30 or more than  45 degrees.

I t  is recommended th a t patches be of uniform thickness and th a t dowels and tie-bars 
be eliminated. The thickness of the patch should be of the same thickness as the 
existing slab for uniform thickness slabs, except a t unprotected corners where it should 
be 10 per cent thicker, to 1.3 times the center thickness a t unprotected corners for 
thickened-edge slabs, or, a t other places, 1.2 times the center thickness.

Edges of patches should be straight and vertical. The sides of rectangular patches 
are usually parallel to and a t right angles to the center line. Edges may be the original 
crack where the angle is not less than  30 degrees with the center line.

Concretes should be equal in specifications to, or better than the original concrete 
and high early strength materials and methods are usually advisable. A modulus of 
rupture of 500 psi is recommended'as the strength a t which to open patches to traffic. 
The concrete should be proportioned and mixed according to best practice and tamped 
nto place against dampened edges of old concrete. After delaying as long as possible,

i
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while still perm itting the surface to be finished, the concrete should be tam ped a second 
time. Best appearance results if patches are finished with a surface texture as nearly 
as possible like th a t of the original pavement.

Sawdust-cem ent
B u i l d i n g  R e s e a r c h  S t a t i o n :  R .I.B .A .J ., 1943, 50 (11), 259-63.

B u i l d i n g  S c i e n c e  A b s t r a c t s

D ata obtained and conclusions drawn from recent investigations on sawdust-cement 
conducted a t the B u i l d i n g  R e s e a r c h  S t a t i o n ,  Garston, are here summarized for the 
benefit of manufacturers and users. The shrinkage and expansion of sawdust-cement 
products are discussed and measures for reducing these movements as much as possible 
are detailed. For precast units the cement/sawdust ratio should be as high as possible, 
i.e., 1: 2 or 1 : 3 mixes, and the products carefully m atured for 4 to 6 weeks, the last 
stages being done under cover in the open. Residual movements when the products 
have been built into a structure, i.e., shelving, flooring, etc., may be further reduced by 
waterproofing with a paint or by a ta r or bitumen. Another alternative is to design 
the method of fixing so as to perm it some freedom of movement (1) by using tongued 
and grooved plank-shaped units with dry joints, (2) by holding roofing units to rafters 
with simple spring clips and covering these specially shaped units with clay or concrete 
tiles which can be nailed down, (3) by nailing or bolting flat slabs on roofs leaving the 
holes sufficiently large for movement and then covering the top surface with roofing 
felt. Uniformity in weight, strength and setting of sawdust cement may be ensured 
by (a) addition of hydrated lime to the cement-sawdust mix in the proportion of 34; to 
Yz volume per 1 volume of cement used; this method, which improves setting and 
strength development, is applicable to batches of the normal mixed wood sawdusts 
containing a minimum of larch, or (6) pre-treatm ent: a method equally effective with 
all sawdusts is outlined. Some points to be observed in the manufacture of pre-cast 
sawdust-cement products are briefly noted. The use for floors of small pre-cast blocks 
having a sawdust-cement base has proved satisfactory and it  is suggested th a t a jo in t
less flooring composition of the sawdust-cement type might be an efficient substitute 
for timber flooring or jointless surfacings which are now unavailable or in very short 
supply. Plain sawdust-cement mixtures, however, tend to lift or crack, so th a t to 
minimize this defect it is advisable to lay the mix immediately on fresh concrete or to 
use cement-sand-sawdust mixes ranging from 1 : 1 3 4  : 1/4 to 1 :1  : 2  whereby drying 
shrinkage is considerably reduced. Such mixes, too, may also be laid on old concrete if 
suitable precautions, here outlined, are taken. Some of the existing and possible uses 
of sawdust-cement are summarized and finally consideration is given to the question 
of appropriate performance tests for sawdust-cement products to meet specification 
requirements. Quantitative data regarding the physical properties and strengths of 
various cement-sawdust mixes are presented in four tables.

A c tu a l and estim ated im pact resistance o f some re in fo rced-concre te  units 
fa il in g  in be nding
L. G. S im m s . Jou rn a l o f the In s titu tio n  o f C ivil Engineers  (L ondon).

H i g h w a y  R e s e a r c h  A b s t r a c t s

W hat little attention has been given to the behavior of reinforced concrete units 
under im pact has normally been confined to analytical considerations applicable to the 
point where either the yield of the steel or the crushing of the concrete is reached. 
While the best way to determine the resistance to im pact of reinforced concrete is, 
and probably always will be, practical trial, there is some evidence th a t an approxi
mate analysis of transference of energy may, in certain simple cases, lead to the order 
of resistance to be expected.
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I t  is known th a t the criterion of resistance for loads acting over a short period is 
capacity to absorb energy; bu t since it has been usual practice to discontinue static 
tests on reinforced-concrete units when the maximum load is reached, few data are 
available as to energy-absorpton even under static loading.

In this report the beams tested were 7 ft. long, 4 in. wide, and 8 in. deep and the 
corresponding dimensions of the slabs were 6 ft., 20 in., and 6 in. respectively. In the 
beams, stirfups were provided to ensure th a t the failure was in bending without earlier 
shear failure. In general the longitudinal reinforcement consisted of mild steel bar, 
the quantity of steel ranging from 0.1 per cent to 3 per cent. In a few tests a high- 
strength steel was employed. The reinforcement in the slabs consisted of three types 
of cold-worked steel, ribbed mesh sheet steel, and three steels sold as mild steel.

The average crushing (cube) strength of the concrete employed in the beams was
3,000 psi, and of th a t in the slabs 3,800 psi.

Under load all specimens were simply supported, with restraint to the ends reduced 
to the minimum. The load, either static or impact, was transm itted to the concrete 
through a steel bearing-plate located a t the center of spans of 6 ft. and 5 ft. for the 
beams and slabs respectively.

In the im pact tests the deflections were obtained by a stylus fixed to the specimen and 
travelling with slight pressure over waxed paper fixed to a plate. The stylus, in remov
ing a line of wax coating, revealed the red surface of the paper behind.

The impact testing apparatus was simply a frame with guides for a weight dropped 
from various heights. I t  is realized th a t with this type of apparatus some of the avail
able energy is lost before impact, owing to friction between the weight and the guides, 
but it is considered th a t the efficiency of the machine was well above 90 per cent. In 
all cases it  was arranged th a t the weight of the falling mass was equal to th a t of the 
unit under test. The height of the frame was such that the limiting velocity of the 
falling mass on im pact was 30 ft. per sec.

I t  is im portant to note th a t in these experiments the conditions of test were as follows: 
1) all specimens were designed to fail in bending; 2) the impact was characterized by 
local deformation; 3) the weight of the falling mass was equal to th a t of the specimen; 
4) the striking velocity of the falling mass varied over a range from 8 ft. per sec. to 28 
ft. per sec.

The tests showed that, in general, the form of damage to some simply-reinforced 
concrete units was of the same type under impact as under static loading. In such 
cases reasonable estimations of damage due to impact were obtained from an equation 
in which a  reduction factor had been derived from considerations of an elastic material.

The tests have shown the limits of deformation in bending of some simple reinforced- 
concrete beams and slabs occurring after the steel had yielded or after the concrete had 
crushed.

In general, the form of damage to these units was roughly the same under either static 
loading or impact, and in such cases, the damage to beams and slabs due to impact was 
reasonably predicted from considerations of the energy absorbed under static loading, 
used in conjunction with a simple energy-equation.

Where the im pact strength of a reinforced-concrete slab was considerably over
estimated, the poor strength was shown to be associated with the low impact strength 
of the steel employed as mild-steel reinforcement. The very poor performance of this 
steel under impact was not indicated by the usual routine mechanical acceptance tests, 
and it  is considered th a t when the tension decides the capacity of reinforced-concrete 
units to absorb energy, the impact strength of the steel should be tested specially.
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Destruction o f concrete b y  frost
A r t h u r  R i c h a r d  C o l l i n s .  Journa l o f the In s titu tio n  o f C ivil Engineers, N o. 1 (N ov. 1944), (London)

H i g h w a y  R e s e a r c h  A b s t r a c t s

Under wartime conditions, with the necessity for speed of construction and shortages 
of suitable labor and materials, it  has not always been found possible to  apply normal 
peacetime standards, and concrete of very low quality has sometimes been produced.

In view of the serious nature of the failures, an investigation was begun a t the Road 
Research Laboratory on the general subject of the frost-resistance of concrete and a 
study was made of the mechanism by which damage is caused.

By means of a dilatom eter the total volume of the water and the material in which 
it was absorbed was measured over a range of temperatures. W ith a reduction in tem 
perature the normal contraction in volume occurred, b u t when any part of the water 
froze the volume-temperature relationship was interrupted by the increase in volume 
of the water. By plotting the volume against tem perature the freezing-point of the 
water in the voids was determined. This technique has been applied to  concrete and 
in an illustrated case the period of ice-formation extended from about — 3 to  — 4 C. 
in the case illustrated.

An im portant factor in the formation of ice in porous materials is th a t ice crystals 
in contact with water grow parallel to  the direction in which the heat is flowing, aDd 
not necessarily in the direction of least resistance. The crystals will continue to  grow 
so long as a supply of water is available or until the pressure atta ins a point a t which 
freezing is inhibited. This pressure which increases as the tem perature falls, reaches 
a maximum of about 30,000 psi a t •— 22 C. and is exerted in a direction parallel to  the 
axes of the ice crystals; th a t is, normal to  the cold surface.

The mechanism of the failure of concrete during freezing can be vizualized as follows: 
Cooling begins a t the exposed surface and extends slowly inwards. When any layer 
below the surface reaches a sufficiently low tem perature, the w ater in the largest pores 
begins to  freeze and the latent heat given up by it  tends to maintain constant tem pera
ture a t the point of ice-formation. The ice crystals so formed are in contact with un
frozen w ater in the surrounding smaller pores and, by drawing w ater from them, the 
crystals continue to  grow.

As already stated, the force exerted by the ice will be perpendicular to  the cold sur
face, and, if the concrete is of low strength, a plane of weakness parallel to  the cold 
surface will tend to  form a t the level a t w'hich the ice is forming. The w ater drawn in 
by the growing crystals of ice will come first from the largest of the unfrozen pores. As 
these become emptied the supply will be restricted and the rate of growih of the ice 
will be checked. The evolution of latent heat will not then be sufficient to  maintain 
the tem perature constant a t the point of ice-formation and the tem perature will begin 
to fall once more. As there is then little or no w ater in the largest pores in the concrete 
immediately below the first ice layer, freezing will not begin again until the cold front 
has penetrated some distance, th a t is, until either the tem perature has dropped suffi
ciently to  freeze the pores th a t do contain wrater or a level is reached where the larger 
pores are not affected by the ice forming above them. The result of this process is 
th a t the concrete will contain a series of planes of weakness parallel to the surface of 
cooling. During subsequent cycles of freezing the ice will again tend to  form a t the 
same levels as before, because the pores there have been distended by the previous ice, 
and the freezing-point of the w'ater in them  will be higher than in the surrounding 
concrete.

The damage to the concrete is considered to  be caused, not so much by the actual 
initial increase of volume of the water in the pores on freezing, as by the growth of 
the crystals afterwards and the consequent segregation and concentration of the ice 
into the layers.



CURRENT REVIEWS 727

Laboratory evidence demonstrating the difference between wet and dry freezing is 
given in Table 1, which shows the steady reduction in crushing strength of concrete 
frozen wet while th a t frozen dry continued to increase in strength though naturally a t a 
lower rate  than  when cured a t normal temperature.

T A B L E  1— EFFECT O F  W ET A N D  DRY F R E E Z IN G  O N  THE C R U S H IN G  STRENG TH

O F  CONCRETES

C rush ing  s tre n th  expressed as a  percen tage  of th e  s tre n g th  a t  7 days

of freezing 
and  thaw ing Frozen  w et F rozen  d ry

C ured  a t  norm al 
te m p era tu res  for sam e period

0 100 100 10010 141 165 18920 137 189 240
30 119 201 263
40 99 211 304
50 63 220 332
60 0 228 354

All specimens were cured a t normal tem perature for 7 days before freezing.

Conclusions. The main points raised in this paper may be summarized as 
follows: From the evidence available it appears th a t frost damage in concrete and other 
porous materials is due to the segregation of ice into layers rather than to the simple 
expansion of the frozen water in the pores. The mechanism is, in fact, similar to th a t 
occurring in soils during frost heaving.

The conditions favoring severe frost damage are concrete of high porosity and low 
strength, the presence of water within or in contact with the concrete, and cooling to a 
tem perature several degrees below freezing-point over an appreciably long period.

The frost-resistance of concrete, like many of its other properties, is determined 
largely by  the w ater/cem ent ratio, and the best way of obtaining good durability is 
by exercising proper control over the mixing operations. A nominal water/cement 
ratio of 0.70 by weight is suggested as a maximum for exposed concrete in emergency 
construction, bu t lower values than this would normally be required in peacetime.

An improvement in frost-resistance can be obtained, a t the expense of a possible 
reduction in crushing strength, by the use of certain admixtures as tallow, resins and 
organic foaming agents.

Once concrete of low quality has been placed, little can be done to protect it from 
damage except by restricting access to moisture and protecting it from extremes of 
temperature.
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ACI Book of Standards

In conformity with a decision of the Institute’s 
Board of Direction, to republish ACI Standards in 
their adopted form (including convention revisions 
and editorial corrections), the Proceedings pages of 
this J o u r n a l  are chiefly devoted to the Institute’s 
Standards adopted since the inauguration of the 
procedures under the Standards Committee in 1937. 
They have all been and will be available in separate 
prints and as soon as possible after the appearance 
of this June number they will become available for 
sale also in a single book publication. There will be 
re-publication of such books of Standards as rapidly 
as the appearance of new standards justifies.

I t is well to call special attention to the fact that 
Standards adopted by convention action subject to 
revision and editorial correction, and subsequently 
ratified as revised by letter ballot of the Institute 
membership appear now in their corrected form.

0 )
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New Members

The Board of Direction approved 39 
applications for Membership (34 Indi
vidual, 4 Corporation, 1 Student) received 
in M arch and April as follows:
Bross, W. A., U. S. Engineer’s Laboratory, 

U niversity of Wash. Campus, Seattle 5, 
Wash.

Burns, Bennett W., P. O. Box 591, Bay
town, Texas 

Coif, Leo, 198 Broadway, New York 7, 
N. Y.

Colegio Nacional de Ingenieros Civiles de 
Cuba, M anzana de Gomez, Havana, 
Cuba

Foss, Frederic D., 256 Whaley St., Free
port L. I., N. Y.

Gilbert, J. R., 6503 Florida St., Chevy 
Chase, Md.

Hawley, A. J., 236 Harborview, Bridge
port, Conn.

Kavanagh, Thomas C., 2005 Coyle St., 
Brooklyn 29, N. Y.

Keil, J. P. G., American Viscose Corp., 
Marcus Hook, Penna.

Kensley, Phillip R., U. S. Engineer Labor
atory, University of W ashington Cam
pus, Seattle 5, Wash.

Kuszewski, Zygmunt, 281 O’Connor St.
Apt. No. 6, Ottawa, Ont., Canada. 

Lashbrook, C. A., Okla. Testing Labora
tories, P. O. Box 1982, Oklahoma City, 
Okla.

Lemke, Kenneth F., Box 183, Shawano, 
Wis.

Lyttle, James B., 635 E ast 211th St., 
Bronx 67, N. Y.

McCammon, G. A., Division Chief Engin
eer, Creole Petroleum Corp., Apartado 
172, Maracaibo, Venezuela 

McCoy, H. W., 303 Gary Ave., Wheaton,
111.  '

McMillen, Dale S., 1621 Oakview Ave., 
Berkeley, Calif.

Maloney, Charles P., 3112 - K St., N. W., 
W ashington 7, D. C.

Paulmier, C. M., c /o  Oregon Shipbldg 
Corp., Adm. Bldg., Portland, Ore. 

Pelarz, Enrique A., M inisterio de Agri- 
cultura, H avana, Cuba 

Pritchard, E. O., Inversnaid U pton W irral, 
Cheshire, England 

Prokop, Charles J., 133-36 Dennis Ave., 
Springfield Gardens, Long Island, N. Y. 

Quraishy, Saleh, Head, D ept, of Civil 
Engr., Muslim University, Aligarh, 
India

Robertson, C. R., 627 Arsan Ave., Balti
more 25, Md.

Rydland, Anton N., 515 Union Bldg., c/o 
T. V. A., Knoxville, Tenn.

Simmons. Allen, P. O. Box 185, Bethany, 
West Va.

Societe Egyptienne de Tuyaux, Poteaux 
et Produits en Ciment Arme, 15 Rue 
Madabegh, B. P  No. I l l ,  Cairo, 
E gypt (Henry Barcilon)

Sorhegui, Agustin, M etropoiitana 238, 
Havana, Cuba 

Sproule, F. R., W yandotte Chemicals 
Corp., W yandotte, Mich.

Stearns, Edward W., 117 Meadowbrook 
PI., South Orange, N. J.

Stephenson, Henson K., Texas Engineer
ing Experim ent Station, A & M College 
of Texas, College Station, Texas 

Sundt, M. Eugene, 343 N orth  Hermosa, 
Albuquerque, New Mexico 

Tinkler, J. W., 16 Gould Street, Toronto, 
Ontario

Vaughan, Albert P., 5023 West End Ave., 
Chicago 44, 111.

Vilaret, Manuel, c/o  Sinclair Oil Co. of 
Cuba, Banco Canada, Aguiar No. 367, 
Havana, Cuba 

Wilson, Merle D., 1066 Berwin St., Akron 
10, Ohio

Wellington Harbour Board, P. O. Box 
938, Wellington, New Zealand 

Warzyn, W. W., 7318 Church Ave., Ben 
Avon, P ittsburgh 2, Pa.

Wayne County Road Comm., Board of. 
3800 Barium Tower, D etroit 26, Mich, 
(Paul Holland)
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Who’s Who

R. L. Bertin, Joseph D iS tasio  and  
M a u ric e  P. V anB uren

are all members of the Institu te; are all 
pretty  well known to the readers of this 
J o u r n a l  as their present paper, the only 
paper presented in this issue of the J o u r 
n a l ,  is not their first contribution.

Mr. Bertin, Chief Engineer of White 
Construction Company since 1917, has 
been a member of the Institu te since 1921 
and a record of some of his major acti
vities in the Institu te  will be found in the 
1944 Directory under his name, page 38. 
He has served as a member of the Board 
of D irection; has been active in committee 
work; w ritten several papers.

Mr. D i Stasio, member of the Institu te  
since 1920, Joseph Di Stasio and Co., 
Consulting Engineers, New York, has 
served as a member of the Institu te’s 
Advisory Committee and has twice con
tributed papers to these Proceedings; once 
before on the subject of the present con
tribution.

Mr. Van Buren has been a member of 
the Institu te  since 1926; collaborated 
with Joseph Di Stasio in presenting 
“Slabs Supported on Four Sides” to Vol
ume 32, p. 350, ACI Proceedings, Jan.-Feb. 
1936 Journal.

Patents fo r License

The United States Paten t office has 
pu t into operation a new service to 
industry and inventors, to bring to the 
attention of the public, patented in
ventions under which the owners are 
willing to grant licenses on reasonable 
terms. To accomplish the results desired 
by the new service, a “Register of Patents” 
is now being established and will be main
tained in the United States Paten t Office. 
I t  will be available to the public for 
inspection in Washington. Lists of patents 
will be published in the Official Gazette of 
the paten t office.

Honor Roll
February 1 to M ay 31, 1945

Rene Morales, in Havana, Cuba heads 
the list with 11 new Members since Feb. 1.

R ene M orales........................................ 11
A. A m irik ian ...........................................3
J. H. S p ilk in ........................................... 3
Charles S. W h itney .............................3
Ernst G ruenw ald.................................
Charles E. W uerpel............................. 2Vi
C. B lasch itz .........................................2
Francis M acLeay..................................2
J. M. Wells 2
J. W. K elly .....................
H. W. Cormack..............
H arry B. D ickens...........
R. F. D ierking................
Harrison F. Gonnerman.
G. H. Hodgson................
William G. M cFarland..
Denis M atthew s.............
D. E. Parsons...............
A. F. Penny.....................
Byram Steel.....................
G. W. Stokes................
M. A. T im lin...................
Maxwell U pson...............
Stanton W alker..............
Roy Zipprodt...................

Vi

The following credits are, in each in
stance, “50-50” with another Member:
Birger A rneberg
E . W . B aum an  
H arm er E . D avis 
L. I . Johnstone 
H . J . M cG illivray  
R . E . M cLaughlin

A dolph M eyer 
M . D . Olver 
K anw ar Sain 
J . L. Savage 
O skar Schreier 
W m . T . Sum m ers

W . F. W a y  O n ly  C o lonel in N a v y

Col. W. F. Way (ACI Member since 
1921) wrote us not long ago from England. 
He ventures th a t he has a t least one dis
tinction in being “ the only Colonel in U. S. 
Navy.” His address is Colonel W. F. 
Way, U. S. Navy, 949, c/o  Fleet Post 
Office, New York City. In  27 months 
he says he’s had eight addresses. His 
letter was written before V-E day and 
doesn’t  say too much, bu t he does report 
tha t he has been getting the ACI J o u r n a l
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lately and has read it in spite of the fact 
th a t destruction and not construction is 
his business. He says “I laugh a t ‘concrete 
for permanence’ as an old fashioned idea, 
and if we are to continue to have wars, 
it’s better to build with bricks because 
they can be used over again, while de
stroyed concrete structures don’t seem to 
make even good fill” .

Further he says, “really I ’m in the Navy 
and assigned to ship salvage. The work 
has been very interesting; even if not too 
constructive a t times.” He reports hav
ing been through the M editerranian and 
Normandy campaigns and recently in 
England to prepare for another duty.

N o rm an  F. Stinem an

one time editor of Concrete, Chicago, 
member of the Institu te  since 1930; twice 
a contributor to the Institu te  Proceedings, 
who has been connected with various 
federal war agencies in the engineering 
field for some time, is now in the Veterans 
Administration, identified with a big pro
gram of hospital construction.

W a lla c e  L . C a ldw e ll

ACI member since 1938, died April 22 in a 
Birmingham (Ala.) hospital from injuries 
received M arch 21 when his automobile 
rolled against him after he had parked it. 
He had been a resident of Birmingham 
since 1912 but was absent for some time 
in the twenties because of various exec
utive responsibilities.

He first went to Birmingham as manager 
of the Pittsburgh Testing Laboratory, and 
a t the time of his death, age 56, was presi
dent of the Alabama Asphaltic Limestone 
Co., president Southern Vacuum Con
crete, Inc., president of the Aerocrete 
Western Corp., Chicago, and Vice Chair
man of the Southern Research Institute.

He had been active in the field of light
weight concrete and lightweight concrete

aggregates; was the inventor of the Cald
well slag machine. He had been active 
in civic and church affairs in Birmingham; 
was a past president of the Associated 
Industries of Alabama and the R otary 
Club of Birmingham. At the time of his 
death he was a D irector of the National 
Association of M anufacturers and of the 
Associated Industries of Alabama. He 
was also a member of the American Society 
of Civil Engineers, American Chemical 
Society, American Society for Testing 
Materials, American Society of Municipal 
Engineers, Association of Asphalt Paving 
Technologists, Alabama Engineers and 
Birmingham Engineer Club. He was a 
deacon of the Independent Presbyterian 
Church.

J o u r n a l  V o l u m e  1 6 —

Proceedings Vol. 41

This June issue o f the A C I  

Journa l concludes Jou rna l V .  

1 6 , Proceedings V .  41 E X 

CEPT for the Suppl ement to  

the  N  ovem ber 19 4 5  Journa l 

which w ill co n ta in  T itle  pa ge , 

"C o n te n ts " , c los ing  discussion 

an d  Indexes— this Supplement 

to  be m a ile d  with the N o v e m 

ber Jou rna l. L ib ra ria n s  watch  

fo r it. The V o lu m e  is then  

co m p le te , re a d y  to  g o  to  the 

binders.
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SYNOPSES of RECENT AC I PAPERS and REPORTS
are available for the asking - - - - below is a small 
sampling only from JOURNAL issues of the current 
volume year

A  pam phle t inc lud ing  synopses for a ll o f the current volum e, 
Sept. 1 9 4 4  to  June 1 9 4 5 , w ill soon be a v a ila b le . The fo llo w in g  
and m any others m ay be had in separate prints a t 25 cents 
each except as otherwise no ted ; starred titles are 50 cents each.

THE EFFECTIVENESS O F  V A R IO U S  
TR EATM EN TS A N D  C O A T IN G S  FOR  
CONCRETE IN  R E D U C IN G  TH E P EN E 
T R A T IO N  O F  K E R O S E N E ......................  41-2
F. B. H O R N IB R O O K — S ep t. 1 9 4 4 , p . 1 3 -2 0  ( V .  4 1 ) 

M easurem ents w e re  m ade o f the  p e n e tra tio n  o f kerosene 
under a  12  fo o t pressure h ea d  in to  discs o f co ncre te  
which had re ce ive d  va riou s  treatm ents  o r  co a tin g s . The 
tests w e re  classified  in fo  7 g roups as fo llo w s : (1 )  re fe r
ence co ncre te , (2 )  in te g ra l adm ixtu res, (3 )  sodium s ilica te  
and magnesium flu o s ilic a te  tre atm ents, (4 )  p la s te r coats, 
p la in  and w ith  adm ixtures, (5 )  magnesium o xych lo rid e  
type coatings, (6 )  linse ed  o il a nd  sp ar varn ish  co ating s, 
and (7 ) syn the tic  p la s tic  e n d  la te x  co a tin g s . C o m p a ri
sons o f th e  re la t iv e  rates o f p e n e tra t io n  o f ke rosene  in to  
the specimens o f each  g ro u p  a re  g ive n , to g e th e r  w ith  a 
discussion o f va riou s  o th e r  p ro p e rtie s  o f each g ro u p .

A D M IX T U R E S  FO R C O N C R E T E   41-5
A  REPORT BY A C I  C O M M IT T E E  2 1 2 — N o v . 1 9 4 4 / 
pp.7 3 -8 8  (V .  4 1 )
W ith  th e  aim o f p ro v id in g  a  p e rsp e c tive  o f th e  fie ld  o f 
adm ixtures fo r th e  use o f th e  e n g in e e r co n fro n te d  w ith  a 
need o f m o d ify in g  co n c re te  to  m eet specia l requirem ents 
o f a g ive n  |o b , C o m m ittee  2 1 2  has classified  adm ixtures 
into 9  b ro a d  g ro u p s . Discussions a re  g ive n  o f th e  facto rs  
which m ight in d ic a te  th e  usefulness o f adm ixtures o f each 
group, a nd  o f th e  im p orta n t e ffe c ts  w h ic h  may o rd in a r ily  
be expe c ted  from th e  use o f m ateria ls  o f each g ro u p . The 
9 groups a re  as fo llo w s : (1 )  a c c e le ra to rs , (2 )  a ir -e n tra in 
ing agents, (3 )  gas-fo rm ing  a ge n ts , (4 )  n a tu ra l cem enting 
m ateria ls, (5 )  p o z z o la n ic  m ateria ls , (6 )  re ta rde rs , (7 )  w a te r -  
re p e llin g  a ge n ts , (8 )  w o rk a b i l i ty  a ge n ts , a n d  (9 )  m iscel
laneous.

THE EFFECT O F  C U R IN G  C O N D I
T IO N S  O N  C O M P R E S S IV E , TENSILE  
A N D  F L E X U R A L  S TR EN G TH  O F  
CONCRETE C O N T A IN IN G  H A Y D IT E  
A G G R E G A T E ................................................  41 -7

E. B. H A M S O N ,  JR. a n d  W .  T. N E E LA N D S  — N o v . 
1944, p p . 1 0 5 -1 1 6  ( V .  4 1 )
L ig h tw e ig h t co n c re te  has been_ g ive n  a severe  test in 
the U . S. M a rit im e  Com m ission’s p resen t c o n c re te  ship 
construction  p ro gra m . In its use, problem s a rose  th a t 
could  not be so lved  by th e  a p p lic a t io n  o f sa nd -g ra ve l 
concrete  d a ta . This p a p e r  describes some o f th e  strength  
characteristics o f this ty p e  o f c o n c re te . D a ta  h e re in  a re

consistent in sh ow in g  th a t ra p id  m oisture loss from H a y - 
d ite  c o n c re te  p roduces a serious re trogress ion  in the  
te n s ile  and  flexu ra l strengths, regard less o f th e  le n g th  o f 
moist cu rin g . This d e c lin e  in s tre ng th , caused by d ry in g  
shrinkage  stresses d e v e lo p in g  in th e  o u te r fibers as the  
moisture co n te n t becomes u nb a la nce d , is o f a tem porary  
n a tu re  a n d  a p p a re n tly  can be  cu rb ed  by the  a p p lic a t io n  
o f p a in t o r  membrane seal fo llo w in g  the  moist curing 
p e r io d . The d ry in g  shrinkage  may w e ll  c o n trib u te  to  
serious c ra ck ing  in some types o f structures if co n tro l is not 
m a in ta ine d .

CO NCRETE O P E R A T IO N S  IN  THE  
CO NCRETE SHIP  P R O G R A M *   41-9
LEW IS H . T U T H IL L — J a n . 1 9 4 5 , p p . 1 3 7 -1 8 0  (V .  4 1 ) 

This p a p e r describes o n ly  b rie fly  the  hulls constructed in 
th e  c o n c re te  ship program  o f the  U . S. M a rit im e  C om 
mission but goes in to  m ore d e ta il in co n n e c tio n  w ith  
problem s e nco un te red  a nd  th e ir  so lu tion  in the  course 
o f these  co ncre te  o p e ra tio n s . C o nstruc tion  jo in t p ro 
ce d u re , l ig h tw e ig h t  a g g re g a te  co ncre te  a n d  mix c o n tro l, 
h a n d lin g , p la c in g  and  v ib ra t io n  p ra c tic e , cu ring , testing  
an d  re p a ir  problem s a re  describ e d  in th e  b e lie f th a t much 
o f th is in fo rm a tion  is a p p lic a b le  to  a ny  co ncre te  w o rk  o f 
h igh  s ta n d a rd . Design o f hulls is not discussed excep t as 
co nstruction  is a ffe c te d . The ships h ave  not been in 
serv ice  s u ffic ie n tly  long  to  justify  much discussion o f th e ir  
pe rfo rm ance  o r  d u ra b ility .

A N  IN S T R U M E N T  A N D  A  TEC H N IC  
FOR FIELD D E T E R M IN A T IO N  O F  
THE M O D U L U S  O F  ELASTIC ITY ,
A N D  F L E X U R A L  STR EN G TH , O F
CONCRETE (P A V E M E N T S ).....................41-11
BARTLETT G . L O N G , H E N R Y  J . KURTZ, a nd  T H O M A S  
A .  S A N D E N A W — Ja n . 1 9 4 5 , p p . 2 1 7 -2 3 2  ( V .  4 1 )

A n  instrument fo r  d e te rm in a tio n  o f the  dynam ic modulus 
o f e la s tic ity  o f co ncre te , in situ, is d e scrib e d . Test results 
a re  p resen ted  w h ic h  sh ow  (a )  th e  com parison o f test 
va lues o f E, o b ta in e d  by va riou s  o ld e r  methods, w ith  th a t 
o b ta in e d  w ith  th e  n e w  instrument,- and (b ) th e  re la tio n sh ip  
o f such va lues to  th e  flexu ra l strength  o f co n cre te . It is 
co nc lu de d  th a t a d o p tio n  o f th e  n e w  m ethod a n d  techn ic  
is justified,- a nd  th a t w id e s p re a d  use o f th e  n e w  instru
ment w o u ld  e lim in a te  th e  necessity fo r casting  fie ld  sp e c i
mens d u rin g  co nstruction  (e x c e p t perhaps fo r d a y -to -d a y  
c o n tro l purposes) o r  o f rem oving co s tly  "sam ples”  from 
co m p le ted  w o rks . A  m ethod fo r  d e te rm in in g  th e  th ic k 
ness o f co ncre te  pavem ents is b rie fly  discussed. A  ra th e r 
extensive  b ib lio g ra p h y  is inc lu d e d .

synopses pam phlets, p ro v id in g  a survey o f recent A C I  

w o rk , are che erfu lly  sent on request - - - address

AMERICAN CONCRETE INSTITUTE
7 4 2  N e w  C e n te r B u ild in g  DETROIT 2, M IC H IG A N
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Sources of Equipment, Materials and Services

I A  reference list of advertisers who participated in the Fourth 
\  Annual Technical Progress Issue of the A C I JO U R N A L—  

the pages indicated w ill be found in the February 1945 issue 
and (when it is completed) in V . 41, A C I Proceedings. W a tch  , 

for the 5th A n n u a l T echn ica l Progress Section in the February V 

1 9 4 6  J O U R N A L .  ’

Concrete Products P la n t E qu ipm ent page

Besser M a n u fa c tu rin g  Co., 8 0 0  45 th  St., A lp e n a , M ic h ......................................................... 428
— C o n c re te  products p la n t equipm ent, p ro d u c tio n

Stearns M a n u fa c tu rin g  C o., Inc ., A d r ia n , M ic h ..........................................................................387
— V ib ra tio n  and tamp typ e  b lo ck  machines, mixers and skip load ers

C onstruction E qu ipm ent

B a ily  V ib ra to r  C o., 1 5 2 6  W o o d  St., P h ila d e lp h ia  2, Pa...................................................... 407
— T Io n c re te  v ib ra to rs

B la w -K nox D iv is ion  o f B law -K nox C o., Farmers Bank B ld g ., P ittsburgh, Pa.............. 3 9 4-5
— Truck m ixer lo a d in g  and bu lk  cem ent p lan ts, ro ad  b u ild in g  equipm ent, buckets, 

ba tch ing  p lan ts, steel forms

Butler Bin C o., W aukesha, W is ..........................................................................................................421
— C e n tra l mix, ready-m ix, bu lk  cem ent and ba tch ing  p lan ts, cem ent hand lin g  

equ ipm en t

Chain Belt Co. o f M ilw a u k e e , M ilw a u k e e , W is .................................................................... 4 1 8 -9
— M ix e rs , pavers, pumps

Electric Tam per & Equipm ent C o., L u d ing to n , M ic h ...........................................................410-11
— C o n c re te  v ib ra to rs

F lex ib le  R oad Jo in t M a c h in e  C o., W a rre n , O h io ....................................................................38 9
— Pavement jo in t and jo in t insta llers

Fuller C o., C ata sauqu a, Pa................................................................................................................. 377
— U n lo a d in g  and convey ing  p u lve rize d  m ateria ls

H e lfze l Steel Form & Iron C o., W a rre n , O h io ........................................................................3 7 8 -9
— Pavement expansion jo in t beams

Jaeger M a c h in e  C o., The, Colum bus, O h io ............................................................................ 392-3
— C o n c re te  pa v in g  equipm ent

C. S. Johnson Co., The, C ham paign , III..........................................................................................429
— M ix in g  and ba tch ing  p lan ts, buckets, e leva tors

K e lle y  E lectric  M a c h in e  C o., 28 7  H inm an A v e ., Buffa lo  17 , N . Y ...............................422-3
— F loo r fin ishing equipm ent

K oehring C o., M ilw a u k e e , W is .........................................................................................................3 80
— T iltin g  and n o n -tilt in g  construction mixers

M a ll  Tool C o., 7 7 0 3  So. C h ic a g o  A v e ., C h ica g o  19 , III......................................................427
— C o n c re te  v ib ra to rs

M a ste r V ib ra to r  C o., D ayton 1 , O h io ........................................................................................430-1
— C o n c re te  v ib ra to rs

— C o ntin ue d  next p ag e
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— Continued from previous page page

Ransome M a c h in e ry  C o., D une llen , N . J ................................................................................. 433
— M ix e rs — pa v in g , truck

V ib e ^ C o .,  7 2 6  So. F lo w e r St., Burbank, C a lif ..........................................................................381
— C on cre te  v ib ra to rs

Contractors, Engineers and Special Services
Kalm an F loor C o., Inc., 1 1 0  E. 42nd St., N e w  Y o rk  1 7 , N . Y ....................................... 390-1

— F loor fin ishing methods

P repakt Concrete C o., The, and Intrusion-Prepakt, Inc., U n ion  Commerce B ldq.,
C le v e la n d  1 4 , O h io ..................................    .3 9 7 -4 0 0
— Pressure fille d  concre te

R aym ond Concrete P ile  Co., 14 0  C e d a r St., N e w  Y o rk  6, N . Y ................   396
— P ile  foundations

Robejts and Schaefer Co., 307  N o . M ic h ig a n  A v e ., C h ica g o  1, III.................................426
— Thin shell con cre te  roofs

Scientific Concrete Service Corp., M cL a ch le n  B ldg ., W ash ing ton , D. C ...........................416
— M ix  con tro ls and  records

V acuum  Concrete, Inc., 4 2 1 0  Sansom St., P h ila d e lp h ia  4, Pa .................................4 0 9
— Suction con tro l o f w a te r  in the  concrete

M aterials and Accessories
Calcium  C h loride  A ssn., The, 4 1 45  Penobscot B ldg ., D e tro it 2 6 , M ic h .......................... 4 2 0

— C alcium  c h lo r id e

Concrete M a so n ry  Products Co., 1 4 0  W . 65 th  St., C h ica g o , I I I . .   ..............   385
— N on-shrink  m e ta llic  a g g re g a te

D ew ey and A lm y  Chem ical C o., C am b ridge , M ass...........................................................41 2-5
— A ir -e n tra in in g  and p lastic is ing agents

H orn  Co., A .  C., Long Island C ity  1 , N . Y ................................................................................ 417
— W a te rp ro o fin g

H u n t Process C o., 7 0 1 2  S tanford  A v e ., Los A n g e le s  1, C a lif ............................................ 425
— C u rin g  com pound

In land  Steel Co., The, 38 So. D earborn St., C h ica g o  3, III..........................................  .3 8 4
— R einfo rc ing bars

Lone Star Cement C orp ., 3 4 2  M a d iso n  A v e ., N . Y ...............................................  3 8 2-3
— P ortland cements

M a ster Builders C o., The, C le v e la n d , O h io , T o ron to , O n f.............................................. 402-5
— C em ent d ispersing and a ir-e n tra in in g  agents

R ail Steel Bar A s s o c ia tio n ........................................................................................ 386
— Reinforcem ent bars

R ichm ond Screw A n c h o r C o., Inc., 81 6  L ib e rty  A v e ., Brooklyn 8, N . Y ........................ 408
— Form ty ing  devices

Sika C hem ical C orp ., 37  G re g o ry  A v e ., Passaic, N . J ......................................................4 3 4 -5
— W a te rp ro o fin g s , p las tic ize r, and densifie r

U n ited  States Rubber Co., R ockefe lle r C e n te r, N e w  Y ork  20, N . Y . ..............................401
— Form lin in g

Testing Equipment
A m e ric a n  M a c h in e  & M e ta ls , Inc., East M o lin e , III............................................................... 388

— R ieh le  h yd ra u lic  testing machines
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A  few of the A C  I special publications 

in large current demand

A ir  Entrainment in Concrete (1944)

9 2  pages o f  reports  o f la b o ra to ry  d a ta  and  fie ld  e xp e rie n ce  in c lu d in g  a 3 1 -p a g e  p a p e r by
H . F. G onnerm an, "Tests o f C oncre tes C o n ta in in g  A ir -e n tra in in g  P ortland Cements o r A ir -  

e n tra in in g  M a te r ia ls  A d d e d  to Batch a t M ix e r ”  an d  61 pages o f the con tribu tion s  o f 15 p a rti

c ipan ts in a 1 9 4 4  A C I C onve n tion  Symposium, "C o n c re te s  C o n ta in in g  A ir -e n tra in in g  A g e n ts ," 

re p rin te d  ( in  specia l covers) from the A C I J O U R N A L  fo r  Jun e, 1 9 4 4 . $ 1 .2 5  p e r copy,- 75 
cents to M em bers.

A C I M anual of Concrete inspection (July 1941)

This 1 4 0 -p a g e  book (p ocke t size) is the w o rk  o f A C I Com m ittee 6 1 1 , Inspection o f C on

c re te . It sets up w h a t g o o d  p ra c tice  re qu ires o f con cre te  inspectors and a background of 

in fo rm ation  on the " w h y ”  o f such g o o d  p ra c tice . Price $ 1 .0 0 — to A C I members 75 cents.

"The Joint Committee Report" (June 1940)

The R eport o f the J o in t C om m ittee on S tand ard  S pecifica tions fo r C o n c re te  an d  Reinforced 
C o n c re te  subm itting "R ecom m ended P ractice  and S tand ard  S pec ifica tions  fo r C o n c re te  and 

R e in fo rced  C o n c re te ,”  represents the  te n -y e a r w o rk  o f the th ird  J o in t C om m ittee, consisting 

o f a ff il ia te d  com mittees o f the A m e rica n  C o n c re te  Institu te , A m e rica n  Institu te  o f A rch itects, 

A m erica n  R a ilw a y  E ng in e e rin g  A sso c ia tio n , A m e ric a n  S oc ie ty  o f C iv il E ngineers, Am erican 
S oc ie ty  fo r  Testing M a te r ia ls , P ortland C em ent A sso c ia tio n . P ublished Jun e  15 , 1 9 4 0 ; 140 
pages. P rice $ 1 .5 0 — to  A C I members. $1 00 .

Reinforced Concrete Design H andbook (Dec. 1939)

This re p o rt o f A C I Com m ittee 317  is in increasing dem and. From the C om m ittee’s Fore
w o rd : " O n e  o f the im portan t o b je c tive s  o f the com m ittee has be en to p re p a re  tab les covering 

as la rg e  a ra nge  o f unit stresses as may be  met in g e n e ra l p ra c tice . A  second and equally 

im portan t aim has been to re duce  the design o f members un der com bined be n d in g  and axial 

lo a d  to the same simple form as is used in the  so lu tion o f common flexura l p rob lem s."— 132 
pages, p r ic e  $ 2 .0 0 — $ 1 .0 0  to A C I members.

Concrete Primer (Feb. 1928)

P rep ared  fo r A C I by F. R. M c M il la n ,  it had five sep a ra te  p rin tings by the Institu te a lone 

( to ta llin g  n e a rly  7 0 ,0 0 0  cop ies). By specia l a rrang em e nt it has been tra ns la ted  and published 

a b ro a d  in many d iffe re n t languages. It is s till g o in g  strong. In the  fo re w o rd  the a u tho r said 
"T h is  p rim er is an a ttem pt to  d e v e lo p  in simple terms the  p rin c ip le s  g o ve rn in g  con cre te  mixtures 

and  to  show  h o w  a k n o w le d g e  o f these p rin c ip le s  and  o f the p ro p e rtie s  o f cem ent can be  ap p lied  

to  the p ro d u c tio n  o f perm anent structures in c o n c re te ."  46  pages, 25 cents (c h e a p e r in quantity).

For fu rther in form ation a b o u t A C I  M em bersh ip  and P ublications address

AMERICAN CONCRETE INSTITUTE
7 4 2  N e w  C e n te r  B u ild in g  DETROIT 2, M IC H IG A N
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Rationing, price and wage controls have held 
prices down . . . but the next step is up to youI

The silliest m an  (or wom
an) in  America to d ay  is th e  
one who th inks h e ’s ahead 
o f  the  game when h e  finds a  
w ay around  th e  rules o f ra 
tioning.

W hy is he silly?
B ecause every  tim e you 

pay  m ore th a n  ceiling prices, 
every  tim e you  b uy  ra tioned 
goods w ithou t s tam ps, you 
a re  breaking dow n th e  very  
controls th a t  have k e p t your 
cost o f  living lower in  th is 
w ar th a n  in  W orld W ar I.

W hat else can  you do to  
k e e p  p r ic e s  d o w n ?  T u c k  
aw ay every  do llar you can 
get your hands on. P u t i t  
safely aw ay in to  W ar Bonds, 
l i f e  in s u r a n c e ,  s a v in g s  
banks.

W hy? W ith  m ore money 
in  p e o p le ’s  p o c k e ts  th a n  
goods to  spend i t  o n —every 
unnecessary th in g  you buy  
tends to  push  prices up.

Save. D on’t  spend. I t ’s 
com m on sense fo r to d ay — 
safety  for tom orrow .

A  U n ited  S t a  tea l W a r m e ssa g e  p re p a re d  by  th e  W a r A d v e rtis in g  C ouncil ; 
a p p ro v e d  by  th e  Office o f  W a r In fo rm a tio n ; a n d  co n tr ib u te d  by  th is  
m ag az in e  in  c o o p e ra tio n  w ith  th e  M agaz ine  P u b lish e rs  o f  A m erica .

ONE PERSON CAN START ITI

You g ive  in flation  a  boost •  •  •

— when you buy anything you can 
do w ithout
— when you buy  above ceiling or 
w ithout giving up  stam ps (Black 
M arket)
—when you ask more money for 
your services o r th e  goods you sell.

Save  Your M oney. Buy and  hold
all the W ar Bonds you can 
afford—to  pay for th e  war 
and pro tect your own fu
ture. K eep up  your 
insurance.

- C

Prices based on first 66 months o f both wars 
Source: Bureau o f  Labor Statistics
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