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M aintenance of Heavy Concrete Structures 
M innesota Power & Light Com pany Practice*

By CLAY C. BOSWELLt
M em ber Am erican Concrete Institu te

and ALBERT C. GIESECKEt
S Y N O P S I S

The practice of The Minnesota Power & Light Company in repair­
ing and restoring a concrete dam is described and illustrated and com­
parisons made with a much older structure, which has had no repair cost 
because construction methods were better.

T he severity  of the  clim ate in the area of this com pany’s operations 
produces a less frequent, b u t more severe type of frost dam age, than  
th a t  which occurs in a m ilder clim ate in the  presence of a frequently  re­
occuring “ cycle of freezing-thaw ing” , such as is usually associated w ith 
concrete d isintegration problems.

I t  is the  deeper penetration  of frost, in to  such concrete structures 
as are vulnerable to  its  dam aging effects, which form s im p o rtan t reason 
for the  practice developed by th e  M innesota Pow er & L ight Com pany, 
and which lends substan tia l m eaning to  the term  “ heavy concrete re­
pair slab” as p ictured in th is article.

T he practice of th is com pany in dealing w ith problem s of th is type  
dates back to  1926 when the  first m ajor work of sim ilar character was 
done. A num ber of com parable applications have since been made. 
Ages of two m ajor applications are approaching 18 years, and  results 
to  da te  are m ost satisfactory.

In  no sense is i t  the  a u th o r’s suggestion th a t the  m ethods herein 
described be adopted in to to  for o ther conditions; instead it is his con­
viction th a t  conditions prevailing a t each situation  will require local 
decisions as to —

♦Received by  th e  In s ti tu te  Nov. 5, 1945.
fV ice P res id en t and  Chief E ngineer, M innesota Pow er & L ight C om pany, D u lu th .
^H ydrau lic  E ngineer, M inneso ta  Pow er & L igh t C om pany, D u lu th .

(277)
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1. Design of details of slab and  reinforcing.
2. Design of concrete mix.
3. Spacing and detail of construction  joints.

F O N D  DU L A C  H Y D R O  ELECTRIC S T A T IO N  D A M

If proof were w anted  as to  w hether v a ria tions in  techn ique used by  
the builder can m ake th e  difference betw een a concrete dam of good 
quality, as against one in which m ain tenance is a  m ajor item , i t  w ould be 
available by  th e  sim ple process of inspecting th e  T hom son D am  an d  th e  
Fond du Lac D am , b o th  on th e  St. Louis R iver, M innesota , w hich, a t  
th is date, are 39 and  21 years old, respectively.

The excellent condition of th e  Thom son D am  was recognized in  1928 
when it  was described by  H . C. Ash, in th e  A C I Proceedings, V. 25 of 
1929.

Such lack of erudition  as m ay  have hindered th e  efforts of th e  builders 
of Thom son D am , was in  am ple m easure offset by  d iligent app lica tion  
of simple fundam entals. T hey  used clean aggregate; m ixed aggregate 
as densely as possible by  com bining p it gravel and  lake gravel; th e y  
cleaned days-w ork planes, and , in th e  w ords of M r. Ash “ d ry  concrete 
requiring m uch tam ping, and  free w ater on th e  surface of placed con­
crete, were b o th  discouraged w ith  em phasis.” T he concrete, according 
to  M r. Ash, approxim ated  proportions of 1 :1.7:4.3.

T he Fond du Lac concrete was crushed stone and  p it sand, b o th  of 
w hich were clean and sound. T he mix was generally  1:3:6 and  m ost 
concrete was placed b y  a system  of chutes. Good p ractice  w as v io­
la ted , p rincipally  in th e  wide varia tion  and  excessive use of m ixing 
w ater, w ith consequent gross segregation w hich now is th e  obvious 
nucleus of m ost of th e  weakness requiring rem edy w ith in  th e  decade 
ending approxim ately  as th e  stru c tu re  reaches th e  end of its  first 25 
years of service.

T he 39-year-old Thom son D am  is in  essentially  a perfect s ta te  of p re ­
servation  w ith  no concrete m aintanence expense “ a f t” or “ fo rw ard .” T h e  
21-year-old Fond du Lac D am , however, will, before i t  is 39 years old, 
have involved substan tia l m aintenance costs in  add ition  to  those a lready  
incurred.

The Fond du Lac maintenance problem
Signs of im pending concrete m ain tenance  problem s were seen as early  

as 1928, when the dam  was b u t 4 years old, a t  w hich tim e d isin teg ra tion  
was, in  m inor degree, noticeable in th e  ta in to r  gate  w aterw ays. T his 
was then, however, considered “of no immediate c o n c e r n G rea ter con­
cern was felt over the  condition of tw o gate piers. Fig. 1, on close 
exam ination, will reveal th a t  su b stan tia l evidence of d isin tegration  was
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Fig. 1 (above)— Downstream face of 
Fond du Lac Dam showing ta in to r gates 
numbers 4 to  1 7 inclusive. September, 
1928
Fig. 2 (righ t)— Downstream face of 
Fond du Lac Dam in area o f gates 8, 9  
and 10. June 1936

visible on the dow nstream  face of the  dam , even when viewed from  
several hundred feet away.
Condition in 1 936

Fig. 2 shows the  condition near ta in to r gates 8, 9 and 10 in June 1936. 
Also, in October, careful field inspection revealed ta in to r gate w aterw ay 
spalling as shown on Fig. 3. T he lesser dep th  of spalling in ta in to r gate 
16, and  a t several ad jacen t ones, is accounted for, a t least in  p art, by  the 
less frequent discharge th rough these gates as com pared w ith  those near 
the m iddle of the  dam.

A t th is point, records of original construction were reviewed and it  
was found th a t  concrete specifications were complied w ith, except as to
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C R O S S  S E C T IO N  OF D A M

SEAT5 OF TAINTOR GATES

S E C T IO N S  A T  L O C A T IO N S  IN D IC A T E D

LEG EN D  A S  TO  S U R FA C E  C Q N O IT IQ N
Of DISINTEGRATION WAS ACTUALLY MEASURED H -X -H  ORIGINAL SURFACE ENTIRELY GONE 

n -Y—-H ORIGINAL SURFACE PARTLY GONE
ORIGINAL SURFACE SUBSTANTIALLY INTACT H-XY--4 IRREGULAR PATCHES OF CONDITIONS X A N O Y  

f - X i - H  IRREGULAR PATCHES OF CONDITIONS X AND *  
»•-Y i-w  IRREGULAR PATCHES OF CONDITIONS Y A N O Î

F ig . 3— Part record o f inspection o f downstream face o f Fond du Lac Dam in O c tobe r, 1936
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Fig 4— Downstream face o f Fond du Lac Dam in area o f first concrete restoration. O ctobe r,
1940

lavish use of mixing w ater; compressive streng th  tests were m ade as the 
w ork progressed, and these should have been w arning enough to  call 
for corrective measures. The chuting system  of placing concrete was 
the occasion for excessive and varying m oisture contents, and th is re­
sulted p artly  in defective conditions th roughou t large areas, and else­
where in lenses of poorer concrete (and even sheet laitance) interspersed 
inside masses of som ew hat b e tte r quality.

Repair program
F acto rs outside the Fond du Lac D am  were largely responsible for 

adop ting  the plan to  which the job readily len t itself, nam ely, dividing 
the repair job in to  3 blocks, one each for 1940, 1945 and 1948. This 
program  perm itted  the work to  be kep t w ithin the capacity  of the 
com pany’s repair crew, staggered w ith the periods in which similar work 
elsewhere had  to  be done. F u rth e r i t  accom m odated in best possible 
degree, th e  coordination necessary between work of th is kind and the 
requirem ents of power production.

1940 repa ir work
The area restored in  1940 is indicated on Fig. 3, as well as in Fig. 4, 

which shows the forms still in place a t  ta in to r gates 14 and 15, and in  the  
right foreground, the  interspersion of w eaker lenses in otherwise fairly  
sound concrete. In  the  distance, (as well as a t the  upper right corner), 
the  generally poor areas form ing parts  of subsequent repair blocks is 
show n.
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Fig. 5— Downstream face o f Fond du Lac Dam showing de ta ils  o f construction. O c to be r,
1940

M ethods of dealing w ith  sim ilar problem s, developed on o ther s tru c ­
tures as m uch as 14 years earlier, were applied a t  Fond du Lac in  1940, 
and  a t  th is  date , no ind ication  of failure has m anifested  itself. W hile 
necessarily th e  rem edy involves a cover over large areas, th e  cover is 
in no sense a “ veneer” because i t  is fa r too  heavy  to  be so designated.

D e ta il o f heavy concrete repa ir slab
T he concept of a  “heavy repair s lab ” is descrip tive of the  su b s tan tia l 

thickness of reinforced concrete w hich we use to  tre a t such a  surface. 
T he slab is usually  specified to  have a t  least 24 in. average th ickness and  
well reinforced w ith  reinforcing connected m echanically  by  hooks to  th e  
dowel rods, which, in  tu rn , b y  wedge and , or grout, provide anchorage to  
th e  underlying concrete a t  dep th  beyond the reach of frost pene tra tion .

A t Fond du Lac the  vertical construction jo in ts  in  th e  repair slab were 
spaced on th e  center line of each ta in to r gate. T his placed a repair slab 
jo in t a t each of the  original s tru c tu re  jo in ts which occurred a t  cen ter lines 
of a lte rn a te  gates. T he placing of concrete was carried from  th e  bo tto m  
to  th e  very top  of each section as a continous operation.

T he new concrete is deposited on surfaces generally scrubbed by  a 
heavy sp ray  of high pressure air and  w ater;, th en , shortly  before con­
crete is placed, a g rou t wash is applied. All concrete is of clean, sound 
aggregate, of s tan d a rd  p o rtlan d  cem ent (w ithou t adm ix tu re  or air en­
tra in in g  agent) and  w ater sufficient to  produce th e  m inim um  slum p con­
s isten t w ith  placing th e  concrete w ithou t honey-com bing. O ur general 
practice is to  use ab o u t 6 to  6 ^  bags of s tan d a rd  p o rtland  cem ent per
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F ig . 6 — Draw ing from specifications governing the 1940 concrete restoration a t Fond du
Lac Dam

Fig. 6a, upper left; 6b, upper right; 6c, lower right; 6d, lower left

cubic y a rd  and in ternal v ibration  is resorted  to  w herever i t  can be 
applied. In  curing green concrete, th e  usual precautions of applying 
am ple m oisture are observed for from  six to  eight days.

Fig. 5 shows m any item s of interest. A t th e  extrem e righ t edge, new 
concrete from  which forms have already been rem oved is visible. N ext 
is the  large area in which concrete is being placed, while on the left is an 
area which is being readied for concrete, w ith  panel forms covering a por­
tion of th e  area, and leaving to  view the arrangem ent of dowels and rein­
forcing bars, as well as giving indication of thickness of th e  concrete slab 
being provided. Fig. 6 shows the  details in draw ing form.

EL 6 8 7 0

W S E L  682
E A R T H  F ILL  

HO O K D O W E LS

I ' R O D S  AT 3F T  
ON CENTERS

Vt RODS AND
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Fig. 7— V ie w  o f 1940  concrete in the  
r igh t fo reground and o f a d is in teg ra ted  
area beyond the center line  o f ga te  1 5 , 
which is scheduled for 1945 restora tion . 
Ju ly , 1945

Fig. 8— Typ ica l pond face d is in teg ra tion  on vertica l walls a t Fond du Lac dam ; trash 
gate p ier to  r igh t o f staff gage. September, 1941
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F ig . 9 — Typ ica l pond face restoration, 
show ing in p ro file , the p ie r appearing  
on Fig. 8.

Fig. 6a shows the  arrangem ent of dowels and reinforcing steel. I t 
also indicates the  position and m anner of placing steel columns a t  the  
heel of the ta in to r gate pier. Such a steel column is partly  visible behind 
the incom pleted forms in Fig. 5.

Fig 6b shows detail a t  location of original construction joints.

1945 repa ir work:
W ork scheduled for 1945 em braced dow nstream  face areas, as well as 

pond face item s. Fig 6c shows details of restoration  of the forebay 
retaining wall, and Fig. 6d shows m anner of dealing w ith w ater line 
disin tegration .

Fig. 7, a t  th e  left, shows an area scheduled for trea tm en t in 1945, 
and  a t  the  righ t, a large p a rt of the  1940 work. T he dividing line between 
these tw o areas is th e  center line of ta in to r gate 15.

Fig. 8 shows w ater line d isin tegration suffered a t th e  pond face. This 
pa rticu la r view shows th e  trash  gate pier ju s t to  the  righ t of the  staff 
gage, and  th e  m anner of trea tm en t given it  is indicated  in Fig. 9 which 
shows the sam e trash  gate pier in profile.
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Two Special Methods of Restoring and Strengthening  
M asonry Structures*

By J. W . KELLYf and B. D. KEATTSt
Members Am erican C oncrete Institute

S Y N O P S I S
Structures and foundations damaged by weather, erosion, scour, or 

settlem ent have been restored and strengthened by ingenious methods 
involving the pumping of cement-base stabilizing material into small 
interstices and the filling of larger spaces by aggregate which is then 
embedded in the stabilizing material under pressure. Herein are des­
cribed several applications of the methods to various structures in­
cluding bridge piers and abutments, reservoirs, dams, and underwater 
construction.

IN TR O D U C T IO N

I t  has been well said th a t  g reater engineering skill is required to  
restore an old stru c tu re  th a n  to  build  a new one. C ertain ly  restoration  
challenges th e  engineer and  calls for a high degree of experience and 
ingenuity . However, i t  is the  only solution to  m any problem s where 
th e  use of th e  stru c tu re  m ust no t be in te rru p ted  and  where th e  cost of 
rem oval and  replacem ent would be prohibitive.

M any  cut-stone s tructu res on th is continent are now alm ost a  cen­
tu ry  old, and  m any  concrete struc tu res are abou t a half-cen tury  old. 
As a class these structu res are durable and  stable, b u t one need no t go 
far to  find m any th a t  are in  need of trea tm en t. Some are defective 
because of fau lty  design or construction resulting in porosity, honey­
combing, laitance, or cracking. O thers, even if well built, are in un­
sa tisfactory  condition because of severe w eathering, leaching, cracking, 
or exposure to  fum es or o ther corrosive agents. Foundations have been 
subject to  scour and  to  uneven settlem ent. In  m any cases th e  live loads

*Received b y  th e  In s titu te , D ec. 3, 1945.
tA ssoc ia te  Professor of C iv il E ngineering , U niversity  of California.
JE ng ineer, In tru s io n -P re p a k t In c ., C leveland .
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have increased far beyond the  original design loads, and  new uses of the 
s tru c tu re  have been developed.

Special a tten tio n  to  these conditions has long been given by  th e  
construction organizations whose work is described herein, and  hundreds 
of struc tu res have been reconditioned th rough  the  use of tw o special 
techniques developed no t only by  field experience b u t also b y  extensive 
labora to ry  research. W hile these are p rop rie ta ry  processes, the ir app li­
cation has been so w idespread and  so consistently  successful th a t  a 
factual account of the ir general n a tu re  and  typ ical accom plishm ents 
will be of in te rest to  all who have the  responsibility  for th e  m aintenance 
and repair of m asonry structures.

In  order to  avoid repetition  in  th e  descriptions of th e  w ork on in ­
div idual struc tu res, it is desirable first to  explain th e  tw o general processes, 
intrusion and prepacking.

IN TR U S IO N

Briefly, the  in trusion  process of stabilizing a s tru c tu re  or founda­
tion consists in drilling holes a t  in tervals and  in jecting  an in trusion  m ix­
tu re  w hich consists of po rtland  cem ent, a pow dered m ineral filler, an 
in trusion  aid, w ater, and  in  some cases a fine sand. T he m ateria ls and 
proportions are necessarily varied  to  m eet th e  particu la r conditions, 
w ith in  lim its which are established b y  lab o ra to ry  te s t  and  field ex­
perience. F eatu res of th e  process are th e  characteristics of th e  in tru sion  
m ixture, special fittings and  connections for in trusion, th e  sequence of 
solidifying various portions of th e  m ass, and  th e  determ ination  of 
adequate  penetration.

T he m ineral filler used in the in trusion  m ix ture  is a  finely divided 
siliceous m ateria l called Alfesil. In  th e  fresh m ix ture  i t  tends to  p rev en t 
agglom eration of th e  grains of po rtland  cem ent and  th u s  increases th e ir  
effectiveness. In  th e  hardened  m ixture, i t  com bines w ith  lime liberated  
by  th e  hyd ra tin g  po rtland  cem ent to  form  calcium  silicates w hich are 
re la tively  insoluble and  w hich contribu te  to  streng th . T he effect of th is  
puzzolanic m aterial becomes evident in th e  considerable developm ent 
of stren g th  a t  la te r ages, a fter a slow sta rt.

T he in trusion  aid, or agent as it is com m only called, is used p rim arily  
for th e  purpose of increasing th e  pum pab ility  or flow ability of th e  m ix­
tu re  th rough the extrem ely sm all crevices and  voids w hich m u st be 
traversed  to  secure thorough penetra tion  of th e  s tru c tu re  b y  th e  solidi­
fying m aterial. T he agent also assists in  dispersal of th e  cem ent grains, 
and  together w ith th e  filler i t  reduces se ttlem en t and  elim inates early  
shrinkage of the  m ixture after i t  reaches its  final location in th e  void 
spaces. N um erous te s t specimens cu t from  struc tu res w hich have been



Fig. 1 .— To prepare for 
in trusion, holes are d rille d  
th roughout structure and  
foundation .

RESTORING AND

in truded  show th a t  the spaces rem ain com pletely filled, w ithout the 
p artia l separation from th e  walls and top  of the  cav ity  th a t  is often 
observed in the case of portland-cem ent grouts.

E ach struc tu re  presents distinctive problems, b u t in general the 
process of in trusion involves the  following steps. Holes are drilled a t 
various in tervals and to  various depths as required by  the  condition of 
th e  stru c tu re  (Fig. 1). C are is of course taken  no t to  dam age th e  stru c­
ture. Before a given section is trea ted  i t  is tested  under w ater pressure 
in order to  determ ine w hether the  drilling is adequate  and to  select the  
proper consistency of the  in trusion  m ixture.

T he in trusion  m ixture is thoroughly  mixed by m echanical stirring  and 
ag ita tion  un til a sm ooth slurry is obtained (Fig. 2). W here a high degree 
of penetra tion  in to  small voids and passages is required, th e  mixing 
tim e m ay be as m uch as 20 m inutes. T he m ixture is ag ita ted  continually  
in order to  keep it  uniform .

The in trusion  m ix ture  is in jected by pum ping under pressure sufficient 
to  secure thorough penetra tion  of the  stru c tu re  w ithou t displacem ent 
of s tru c tu ra l p a rts  (Fig. 2). The sequence of filling the  various holes and, 
if necessary, th e  various depths in a given hole, is such as to  expel the 
w ater and a ir from  the cavities ahead of the in trusion  m ixture. W hen no
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Fig. 2 .— M a te r ia ls  from  
p la tfo rm  (center) are meas­
ured in to  m ix ing  tanks. 
Piston pumps a t le ft fo rce  
in t r u s io n  m i x t u r e  in to  
structure.

Fig. 3.— A  special ex­
pand ing connection ca lled  
an intrusion insert is used to 
connect pressure hose to  
hole.
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Fig. 4 .— Piece o f concrete  
cut from dis in tegrated tun­
nel lin ing  70 ft. from nearest 
po in t o f intrusion. N o te  
penetration o f intrusion  
m ateria l (so lid  g ray ) in to  
o ld  structure.

additional m aterial can be in truded  im m ediately, pressure is m ain­
ta ined  long enough to  insure any additional penetration  th a t  m ay  be 
m ade possible b y  slow flow of the m ixture in to  cavities. T he thorough­
ness of penetration  a t  any given hole is judged by the  inflow in  relation  
to  conditions observed during the drilling, by  the pressure a t which 
in trusion stops, and by  the showing of intrusion m ixture a t  d is tan t 
cracks or o ther openings. W hen necessary, ad jacen t openings are 
calked to  preven t loss of in trusion  m aterial. A special expanding con­
nection has been developed to  connect the  pressure hose quickly and 
tig h tly  to  the  drilled holes (Fig. 3).

T he results obtained by  in trusion  become evident in  the perform ance 
of th e  struc tu re . If  th e  struc tu re  is one which is exposed to  w ater under 
pressure, the  results can be observed visually a t  once. T he am ount of 
m aterial in truded  is of course one m easure of solidification. Surpris­
ingly large am ounts can often be in jected in to  struc tu res w hich on the  
surface appear to  be fairly sound (Fig. 4). T est cores m ay be taken  to  
prove the com pleteness of penetration  and to  determ ine th e  strength .

Tests for s treng th  and o ther physical properties of the  in trusion 
m ixture itself have been m ade b y  a num ber of laboratories. I t  m ust be 
em phasized th a t  the  m ixtures are no t standardized b u t are proportioned 
to  m eet th e  requirem ents of the  particu lar job, and th a t  any  streng th  
equal to  th a t  of com parable concretes can be produced. In  one series of 
tests, 2-by 4-in. cylinders and s tandard  tensile briquets were m olded 
from  a m o rta r which contained equal parts  by  weight of intrusion paste 
and sand, w ith  a ra tio  of w ater to  cem ent plus Alfesil of 0.47 by  weight. 
T he specimens were standard-cured. T he following streng ths were 
obtained.

7 day 28 day 3 mo. 1 yr.
Compressive strength, p s i........................................... 2510 4200 6860 9090
Tensile strength, psi...........................................................  330 465 505 590
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C om parative tests  of intrusion pastes w ith  portland-cem ent g rou t 
of equal consistency disclose (1) th a t  the bleeding of th e  in trusion  paste  
is negligible whereas under the  sam e conditions th e  portland-cem ent g rout 
bleeds as m uch as 4 per cent of w ater by  volum e; (2) th e  in trusion  paste  
quickly passes th rough glass tubes filled w ith coarse sand, w hich canno t 
be penetra ted  w ith  portland-cem ent grouts of corresponding consistency ; 
and (3) the  volum etric shrinkage during  th e  first 24 hours is fa r less for the  
in trusion  paste th a n  for th e  portland-cem ent grout.

To sum m arize, the in trusion  m ix ture m ain ta in s th e  solids in sus­
pension, flows easily and w ithou t plugging, is low in se tting  shrinkage, 
and develops in  the  cavities a dense strong  paste  tig h tly  bonded to  th e  
walls.

PR EPAC K ING

P rep ak t is concrete m ade by  packing the  form s w ith  coarse aggregate 
and then  pum ping in a  cem ent-base in tru sion  m ix tu re  to  fill th e  voids 
under pressure. I t  is used bo th  for resto ra tion  and, in  special cases, for 
new construction.

One principal purpose of placing th e  aggregate in  advance is to  bring  
th e  pieces of aggregate in to  con tac t or near-con tact, w ith o u t th e  clear­
ance w hich is required  for p lastic ity  in  ord inary  concrete. B y  th is  
arrangem ent, even if th e  in tervening  m o rta r were norm al in  drying- 
shrinkage characteristics, overall shrinkage of th e  concrete would be 
relatively  low because th e  pieces of coarse aggregate are in  con tac t w ith  
one another. W hen the coarse aggregate is su itab ly  graded th e  void 
spaces are relatively  low, w ith  correspondingly low requ irem ent of 
m o rta r and  therefore cem ent. T he low cem ent con ten t, to g e th e r w ith  
th e  slow -hardening characteristics of th e  in trusion  m ixture, m ake for 
low and slow hea t generation, w hich is of im portance in  m ass concrete.

Packing th e  aggregate in advance also facilita tes placing in  difficult 
locations, and perm its inspection before concreting  in  order to  assure 
com plete filling of th e  forms.

As in  the  case of in tru sion  m ixtures, th e  s tren g th  of P re p a k t con­
crete is m ade to  m eet the  job requirem ents. T he average com pressive 
stren g th  of 32 P rep ak t concretes for w hich records are conveniently  
available, tes ted  in  th e  form  of 6- b y  12-in. cylinders, was 2,200 psi a t  
7 days, 3,540 psi a t  28 days, and  4,330 psi a t  3 m onths. Some of these 
concretes a tta in ed  a  com pressive stren g th  of 3,200 psi a t  7 days and  6,700 
psi a t  3 m onths. T he dry ing  shrinkage of P re p a k t concrete is less th a n  
th a t  of ordinary  concrete of th e  sam e cem ent conten t, and  th e  resistance 
to  cracking is correspondingly high. R esistance to  w eathering has been 
established as sa tisfactory  n o t only b y  accelerated lab o ra to ry  te s ts  b u t



RESTORING AND STRENGTHENING MASONRY STRUCTURES 295

also by  field experience under several years of exposure. As in regular 
concrete, resistance to  freezing and thaw ing m ay be m arkedly  im proved 
through  the  use of a ir-entrain ing agents.

The bond s treng th  of P rep ak t concrete to  regular concrete, tested  
in  th e  form  of beam s jo in ted  a t  m idspan, was found to  be ab o u t 65 per 
cent greater th an  th a t  for regular concrete cast against regular concrete; 
in fact, i t  was abo u t 70 per cent of the s treng th  of corresponding u n ­
jo in ted  beam s of regular concrete. In  freezing-and-thaw ing tests  of 
P rep ak t concrete cast against air-entrained regular concrete, the  jo in t 
betw een the tw o portions rem ained in tac t even after severe disin tegra­
tion  of the  concretes them selves had  taken  place.

The general process of restoration w ith  P rep ak t is illu strated  in Fig. 
5a to  5c. D efective concrete of the struc tu re  is chipped out, a  form  is 
applied, and the space behind the form  is packed tigh tly  w ith  coarse 
aggregate. In tru sion  m ixture is pum ped in and, under pressure, no t 
only fills th e  spaces w ithin th e  prepacked aggregate b u t also penetrates 
in to  the pores of the underlying surface and in to  connecting cracks and 
void spaces. T he cem enting to  and stabilizing of the  underlying mass 
is a distinctive feature of th is m ethod of repair.

New construction w ith P rep ak t is perform ed in a sim ilar m anner, 
w ith  m odifications as necessary. F or exam ple, in  a  larger m ass th e  in ­
trusion  in lets which are placed a t  in tervals horizontally  and vertically  
m ay be perforated pipes em bedded w ithin the  aggregate; and the in ­
trusion  m ixture m ay  be in jected successively a t  various elevations. F or 
underw ater work it  is usually  no t necessary to  unw ater th e  struc tu re . 
T ests in  field and labo ra to ry  have shown repeatedly  th a t  th e  rising mass 
of in trusion  m ixture displaces the  w ater w ithou t m ixing w ith  it, and  th a t  
satisfactory  strengths and densities are uniform ly obtained. Fig. 6 
shows one labo ra to ry  te s t in  progress; in trusion  m ixture is being forced 
in a t th e  lower left edge of th e  form and is rising th rough to  lj^ - in . 
aggregate previously subm erged in w ater. In  com parable te s ts  w ith 
portland-cem ent grout, th e  zone of dem arkation  betw een grout and 
w ater is cloudy, and segregation and dilution of th e  grout occur.

A P P L IC A T IO N S

On m any piers of the older railw ay bridges, surface d isin tegration 
has occurred due to  w eathering particu larly  a t  th e  w ater (and ice) lines. 
Fig. 7a and  7b show restoration  in a typical case. F irs t th e  foundation 
rock and th e  m asonry base of th e  pier were in truded . Then the  in ­
terior, which was filled w ith loose rock, was solidified as well as th e  
m o rta r jo ints. D efective portions'o f the concrete pedestal cap and th e  
facing stones were rem oved and replaced w ith P rep ak t concrete; i t  was



necessary to  cast a P rep ak t b lanket com pletely around th e  lower portion . 
In  ano ther s tru c tu re  the pier footings were extended dow nw ard and  o u t­
w ard  w ith  P rep ak t concrete, providing no t only a  grea ter bearing  area 
b u t also a bearing on firm er ground a t  th e  lower elevation.

Fig. 5a .— To p re ­
pare fo r restoration  
with P repakt, o ld  
concrete is trimmed  
a w a y  t o  s o u n d  
m ateria l.
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Fig. 5b .— Forms are  
packed w ith coarse  
agg rega te , and in ­
trusion m ixture is 
pumped in.

F ig. 5c.— F in is h e d  
s u r f a c e ,  b e f o r e  
c lean ing .



RESTORING AND STRENGTHENING MASONRY STRUCTURES 297

Fig. 6 .— Labo ra to ry  test o f p lac ing  Prepakt concrete under water. N o te  sharp line  o f 
demarkation between rising intrusion m ixture and water be ing displaced.

D uring floods it  is no t unusual for m ud or gravel to  be w ashed from  
under piers which rest on piles. If th e  am ount of m ateria l rem oved is 
considerable, th e  la tera l support to  th e  piles is lessened to  such an ex ten t 
th a t  th e  s tru c tu re  weaves noticeably  under load. One instance in  which 
th is condition was corrected b y  in trusion  is illu stra ted  in  Fig. 8. Holes 
were drilled down th rough  the footings, m ud and  sand were flushed out, 
and  th e  space was filled w ith  in trusion  m ixture, w hich also spread a- 
round th e  pier and stabilized an area greater th a n  th e  original. T he 
holes were extended fu rther dow nw ard and  were in tru d ed  to  form  a 
solid wall to  p reven t fu tu re  scour. Still fu rth er down, th e  existing 
layer of coarse sand and  gravel was flushed ou t and solidified by  in ­
trusion. T he approxim ate final lim its of intrusion, as determ ined by  
drilling, are ind icated  on th e  drawing. In  stabilizing th e  piers of o ther 
bridges, in  some cases th e  opening beneath  the  p ier has been so large 
th a t  i t  was filled w ith  rip rap  or w ith  prepacked aggregate in order to  re­
duce th e  am ount of intrusion m ixture required.

A bu tm en ts and wing walls are restored in  a  m anner sim ilar to  th a t  
previously described for piers. A typ ical case is illu stra ted  in Fig. 9a
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and 9b. In  addition  to  th e  work shown, the  en tire  in terio r of th e  m a­
sonry  and  jo in ts was solidified by  in trusion. In  ano ther case an  en tire  
a b u tm en t was b u ilt w ith  P rep ak t concrete w hich could be cast m ore 
econom ically w ith  p lan t already  a t  th e  site th a n  b y  bringing in  a con­
ventional p lan t and casting ordinary  concrete (Fig. 10).

A com m on ty p e  of early  construction  of sm all single-arch bridges 
consisted of cut-stone m asonry to  the  spring line and  brick  m asonry  in  th e  
arch. O vercoating of the  d isin tegrated  m asonry  w ould lessen th e  
opening of the  w aterw ay. Several bridges of th is  ty p e  have been re­
stored  by  rem oving the stone in a lte rn a te  lengths and  casting  P rep ak t 
concrete to  th e  original line of th e  s tru c tu re  (Fig. 11a and  l ib ) .  Solidifi­
cation of the  P rep ak t under pressure assured tig h t co n tac t and  p re­
ven ted  se ttlem ent of the  arch. In  one case, th e  arches of a  stone bridge 
were deepened over the ir en tire  area w ith  a P repak t-concrete  arch which 
because of the  pressure filling was able to  share th e  load w ithou t se ttle ­
m ent of th e  arch.

R esto ra tion  of th e  piers of a long railw ay bridge under heavy  traffic 
and  severe underw ater conditions was accom plished by  th e  in trusion  
and  P rep ak t m ethods in 1941-1943.* T he piers, 70 years old, had  been 
b u ilt b y  sinking w a te rtig h t tim ber caissons in  place and  th en  bu ild ing  
a concrete base and  cut-stone pier on each base. A round som e of th e  
piers had  been placed open-bottom  caissons w hich were filled w ith  rip ­
rap . D eterio ra tion  of th e  ou ter caissons even tually  allowed m uch  of th e  
rip rap  to  escape; in  some cases dam age to  th e  tim b er of th e  cen tra l 
caisson had  perm itted  erosion and d isin tegration  of th e  concrete founda­
tion ; and  th e  cut-stone portion  of th e  p ier was in  b ad  condition p a rtic ­
u larly  a t  the  jo in ts. A t some of th e  piers, th e  w ate r was as deep as 50 
feet, and  th e  cu rren t was as sw ift as 12 miles per hour. In  spite  of 
these adverse conditions, th e  en tire  resto ra tion  was accom plished a t  a  
cost estim ated  to  be less th a n  th a t  for th e  construction  of one new  pier. 
In  the  upper portion  of th e  piers, w hich were originally  faced w ith  ashlar 
m asonry and  filled w ith  rubble  m asonry se t in  lim e m o rta r, th e  volum e 
of in trusion  m ateria l pum ped in  was up  to  12 per cen t of th e  overall 
volume.

A nother ou tstand ing  renewal, th a t  of th e  24 piers of a  ra ilw ay  bridge 
85 years old, was accom plished a t  a  cost estim ated  to  be one-ten th  of th e  
cost of replacem ent, f  In  no case was i t  necessary to  u n w ater th e  p iers ; 
only a row of sheet piling was driven across the  nose of th e  p ier in order 
to  slow th e  cu rren t and  perm it proper inspection and  w ork b y  divers. 
F igure 12 is a  w in ter view under th is  bridge.
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*” S u b stru c tu re  R epa irs  U nder D ifficu lt U n d erw ate r C o n d itio n s ,”  Roads and  Bridges  (T o ro n to ), N ov 
1943, pp . 36-40, 65-69.

f ‘R e ju v en a te s  85-Y ear-O ld  B ridge P ie rs ,” C . P . D isney, R ailw ay Age, Ju n e  16, 1945, p p . 1049-1051.



Fig. 11a (le ft)—Disintegrated  
stone masonry in bench walls  
of this single-arch ra ilw ay  
bridge was removed in a lte r­
nate 5 -foo t sections and re­
p laced with Prepakt con­
crete.
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Fig. 11b (righ t)— Second stage of 
replacement— Prepakt concrete sec­
tions perm it fu ll flow  section and p ro ­
v ide  smoother surface than o rig ina l 
construction.

T he lining of several tunnels has been solidified and stabilized by the  
in tru sion  process, w ith  P rep ak t concrete used w henever required to  
replace displaced or dam aged sections. One of the earlier jobs is de­
scribed in Western Construction News, Feb. 1939, pp. 35-38 and in R ail­
way Age, M arch 4, 1939, pp. 373-376.
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Fig. 12 .— O ne  of two long ra ilw ay  bridges fo r which the piers were restored by intrusion  
and prepacking. Severity o f ice conditions causing d is in tegra tion is apparen t. S ca ffo ld ing  
fo r work interrupted by w inter conditions is s till on nearest piers.

A reservoir, shown in Fig. 13a and 13b, had  been b u ilt in  sandstone 
excavated to  a dep th  of 14 feet and on th e  fill form ed by  th e  excavated  
sandstone to  an additional dep th  of 14 feet. T he sides were on a slope of 
1 to  1. T he en tire  area  of th e  cu t and  fill had  been surfaced w ith  a 
b lanket of clay, on w hich had  been cast a  concrete slab 4 to  6 in. th ick . 
Settlem ent of th e  fill was so serious th a t  i t  was im possible to  fill th e  
reservoir more th a n  half full, and  m uch of th e  clay b lan k e t w as even­
tually  washed aw ay leaving large voids and  cavities. T his condition 
was corrected by  in trusion  th rough  and  under th e  b lanket, and  th e  
reservoir was rendered stable and  w atertigh t.

A large concrete dam  bu ilt in  th e  days of long g rav ity  chutes, w et 
mixes, and consequent segregation and  la itance  form ation, is show n in 
Fig. 14. V ertical construction  jo in ts  were spaced 25 ft. a p a rt, and  
lifts were abo u t 5 feet deep. Leakage of w ater th ro u g h  b o th  types of 
jo in t was extensive. In  order to  stop  th e  leakage th ro u g h  th e  vertica l 
jo in ts, holes were drilled a t  in tervals  along each jo in t, extending  in to  
th e  rock foundation. In tru sion  was com pleted in  th e  early  spring, when 
th e  w idth  of th e  jo in ts was a m axim um  due to  seasonal con trac tion  of 
the concrete blocks. T he horizontal construction  jo in ts  were also sealed
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Fig. 1 3a.— Reservoir b u ilt 
ha lf in excavation and ha lf 
in embankment showed 
extensive leakage in spite 
o f c la y  b lanke t.

Fig. 13b .— A fte r intrusion 
to  seal foundation and re­
p lace  eroded portions of 
b lanke t, jo ints were sealed 
and entire surface treated  
w i t h  w a t e r p r o o f i n g  
compound.

Fig. 14 .— V e rtic a l and  
horizon ta l construction  
jo in ts have since been 
sealed by intrusion. Down­
stream face w ill be restored 
la ter.

b y  drilling and in trud ing  from  the top , each laitance seam being th o r­
oughly flushed ou t before intrusion.

One in teresting  developm ent has been the  solidification of rock-fill 
b reakw aters and sea walls to  prevent scour and break-up in heavy storm s. 
F igure 15 shows a troublesom e section of rock apron w hich has been 
stabilized by  filling th e  spaces betw een the  large stones w ith crushed- 
rock aggregate and then  in trud ing  th e  m ass to  form  a five-foot apron and 
toe  wall extending well below low tide. In  a subsequent storm , much 
of th e  u n trea ted  rock section shown a t the  left of th e  photograph  was 
washed out, w hereas th e  trea ted  section is still in tac t.

Inspection of a large concrete-lined spillway tunnel disclosed several 
eroded cavities in the  invert. The largest of these breaks was about



Fig. 1 5 .— Section o f sea 
w a ll subject to  heavy tide  
and wave ac tion  has been  
s tab ilized  by in trud ing  to  
form a so lid  b lanke t 5 feet 
th ick. Rock Fill a t le ft has 
since been washed ou t by  
storm, leav ing  the in truded  
apron in tact.
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112 ft. long and 33 ft. wide, w ith  a m axim um  dep th  ol scour of 36 ft. A 
description of the  repair w ork by  the  P rep ak t m ethod  is given in ‘'E ro ­
sion Causes In v e rt B reak in B oulder D am  Spillw ay T u n n el,” by  K en­
neth  B. K eener, Engrg. News-Record, N ov. 18, 1943, pp. 762-766. Q uot­
ing from  th e  description, “ . . . investigations ind icated  th a t  such a 
m ethod had  definite advan tages in  th a t  th e  high bonding s tren g th  of 
prepacked concrete, its  low cem ent con ten t and  low tem p era tu re  rise, 
sm all shrinkage and  therefore less inclination  to  cracking, would m ore 
th a n  com pensate for its  slowness in  a tta in in g  streng th . H ow ever, th e  
p rim ary  reason for adoption  of th a t  process was th e  conclusion th a t  th e  
repairs could be m ade m ore econom ically th a n  b y  regular concrete 
placing m ethods.”

A unique design for bridge piers in  deep w ater has been devised b y  
C. P. D isney.* In  th is design, steel H -piles set in th e  bed rock are en­
cased in a  P repak t-concrete  pier. Sheet piling is d riven  to  th e  outline of 
th e  finished pier, th e  enclosure is w ashed clear of all m ate ria l except th a t  
w hich is su itab le for inclusion in  th e  s tru c tu re , th e  rem aining space is 
packed w ith  aggregate, an d  th e  p ier is in tru d ed  to  form  a m onolithic 
whole. W hile th e  operation  is n o t th a t  of reconditioning as are those 
previously described, i t  illu stra tes th e  possibilities for a lte ra tio n s of, 
and  additions to , existing structures.

T he w ork of resto ra tion  b y  either m ethod  discussed herein  is con­
ducted  by  In tru sio n -P rep ak t, and  new construction  using th e  P re p a k t 
m ethod  by  th e  P re p a k t C oncrete Co., b o th  w ith  offices in  Chicago, 
C leveland, and Toronto.

*“ R edesign of th e  Q uebec B ridge ,” b y  C. P . D isney , Roads and Bridges  (T o ro n to ), F eb . 1943, pp . 17-22, 
48.
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S Y N O P S I S
The effects of the incorporation of each of nine different air-entraining 

admixtures in concrete were investigated by the making of a large num­
ber of batches of concrete under carefully controlled laboratory condi­
tions. The results of tests on the plastic and hardened concrete speci­
mens from batches made in parallel with and without each admixture 
are presented and discussed. An interpretation of the significance of the 
data and their application to the successful use of air entrainm ent in 
concrete is given.

IN T R O D U C T IO N

The practical advantages to  be derived from  th e  en tra inm en t of well 
d istribu ted  m inute  spheroids of air in concrete m ixtures were b rought 
to  th e  a tten tio n  of th e  w riter in 1939 by  work perform ed by  th e  P o rt­
land C em ent Association on experim ental pavem ents. Several field and 
labo ra to ry  investigations had  been in stitu ted  b y  others during  th e  
previous decade w ith  some vague idea of th e  benefit to  the  hardened 
concrete inheren t in air en tra inm ent. Search of th e  lite ra tu re  reveals a 
num ber of references to  th e  use of fats, oils, and greases in  cem ent 
earlier in th is  cen tu ry  as is indicated  in th e  bibliography appended to  
th is  paper. Reference was found (2) J to  th e  following specification for 
stucco as w ritten  by  M arcus V itruvius Pollio, th e  fam ous R om an archi­
tec t, in the  first cen tu ry  A .D .; “ A m ixture of w ell-hydrated lime, m arble 
dust and  w hite sand mixed w ith w ater, to which m ixture is added either 
hogs’ lard, curdled m ilk or blood.” T he reference to  the  “ blood” is sinister,

♦R eceived b y  th e  I n s ti tu te  D ec. 12, 1945. . . .
( t)  E ng ineer in  C harge , C en tra l C oncre te  L a bo ra to ry , N o rth  A tla n tic  D ivision, C orps of Engineers* 

U . S. A rm y, M o u n t V ernon, N ew  Y ork . ,
( t )  T h e  num bers in  p aren these  refer to  th e  b ib liography  appended  hereto .

(305)
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b u t th e  reference to  “hogs’ la rd ’’ is illum inating  in th a t  i t  ind icates 
th a t  th e  p ractical use of th e  benefits of en trained  air is n o t a  tw en tie th - 
cen tu ry  discovery. This earlier work no tw ithstand ing , th e  peculiar 
m erit of purposeful en tra inm en t of air in concrete has becom e generally  
know n and m ade use of only in  th e  p as t five years.

T he d a ta  compiled by  th is  labo ra to ry  from  te s ts  on field specim ens 
and observations m ade in  connection w ith  th e  construction  of num erous 
projects, using plain and  air-en train ing  concrete, b y  th e  Corps of E n ­
gineers since April 1941 have been published (79). T he resu lts of studies 
by  th is labora to ry  of various form s of Vinsol resin in terg round  w ith  
cem ent have also been published (30, 31, 45, 65, 71, 77, 81 an d  82).

I t  is th e  purpose of th is paper to  p resen t the  resu lts of the  m ost recent 
labo ra to ry  studies of a ir-en train ing  adm ixtures w hich were au th o rized :

(a) To determ ine if th e  benefits were solely a ttr ib u ta b le  to  th e  agen t 
used or to  th e  air en tra ined  or to  a  com bination  of bo th ;

(b) To determ ine th e  m ost effective use of a ir en tra in m en t and  th e  
optim um  lim its of such use, and

(c) To develop a specification for a ir-en tra in ing  adm ixtures an d  re la ted  
m ethods of test.

T he work was divided in to  an  in itia l and  secondary phase, th e  re­
sults of w hich are hereinafter repo rted  in detail, and  a te r tia ry  phase, 
involving concrete contain ing large (6-in.) aggregate, w hich has n o t 
progressed sufficiently to  w arran t m ore th a n  brief m ention  a t  th e  close 
of th is paper.

IN IT IA L  P H AS E
Adm ixtu res

I t  was decided th a t  the  investigation  should n o t be lim ited  to  adm ix­
tu res w hich had  been in terg round  w ith  th e  cem ent, b u t  should include 
those w hich are added  a t  th e  mixer. F o r th is  purpose, th e  m ateria ls 
listed in T able  1 were included in  th e  work.

TA B LE  1— N A T U R E  O F  A D M IX T U R E S

Q—A combination of spent transformer oil and triethanolam ine.
R —A neutralized form of gasoline insoluble resin of the pine tree.
S—R  plus calcium chloride (non-proprietary).
T —Saponified beef tallow (non proprietary).
U—A combination of an alkali salt of a fa tty  alcohol sulfate and calcium lignin 

sulfonate.
V—A combination of R, calcium chloride and aluminum powder.
X —Paraffin-oil (non proprietary).
Y—A solution of calcium chloride in water containing a small am ount of an un­

identified organic m aterial—not an air-entraining agent.
Z—A combination of fly ash, calcium chloride and calcium lignosulfonate.

N o t e : In  all cases the symbol P  represents concrete without admixture.
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Preparation

T he adm ix tu res were p repared  and used in the  m anner and  in  the 
am ounts described below:

A dm ixture Q was used in th e  am ount of 20 ml. per 100 lb. of cem ent or 
0.015 per cent of the admixture solids by weight of cement. T he am ount 
to  be used, based on th e  weight of cem ent, was m easured ou t by  volum e 
and  th en  d ilu ted  w ith  w ater to  m ake 100 ml. of liquid to  be added a t  th e  
mixer. T he am ount of m ixing w ater was decreased b y  100 ml. when 
A dm ixture Q was used.

Adm ixture R. T he proportions of th e  R  solution were: resin pow der: 
249 g .; sodium  hydroxide; 37.4 g .; w ater: sufficient to  m ake tw o liters 
of the  solution .

T he N aO H  was dissolved in a small am ount of w ater and then  added 
slowly to  a suspension of th e  resin powder in  w ater. S tirring  was con­
tinued  u n til neu tralization  of th e  resin was complete. T he solution 
contained 0.1245 g. of resin per ml. of solution. I t  was desired to  use 
0.01 per cent neutralized resin by weight of the cement, so 34.3 ml. of solution 
was required per bag of cem ent. F rom  the  weight of cem ent to  be used 
in each b a tch  of concrete, the  volum e of th e  solution required was com­
puted, m easured, and th en  d ilu ted  w ith  w ater to  a to ta l volum e of 100 
ml. for addition  to  th e  batch . The am ount of mixing w ater was reduced 
by an equivalen t volume.

Adm ixture S. T he R  adm ixture  was prepared  in solution and m eas­
ured out exactly  as described above except th a t  i t  was no t d iluted. Com ­
m ercial calcium chloride (77 - 80 per cent CaClf) was weighed ou t in the  
am ount of 1 per cent by  weight of th e  cem ent. A volum e of cold w ater 
was m easured out, as follows:

W
Vol. of w ater, ml. =  — x (473.17 - R)

94
where : W  =  weight in pounds of cem ent used,

R  =  volum e of R  solution to  be used, in  ml. and 
473.17 =  num ber of ml. in 1 pint.

Hence the  volum es were such th a t  th e  volum e of the  R  solution +  volum e 
of w ater would be 1 p in t per bag of cement.

The cold w ater was added to  th e  CaCl2 and  it  was stirred  and heated  
u n til solution was com plete. T he CaCl2 solution was then  allowed to  
cool. Im m ediately  prior to  adding to  the mixer th e  CaCk solution was 
added to  th e  R  solution and th e  m ixture stirred. T he m ixture was 
“ s trin g y ” w hen added to  the  mixer. W hen th is adm ixture was used the  
am oun t of m ixing w ater used was decreased by  an am ount equal to  th e  
com bined volum es of th e  R  solution and th e  w ater added to  th e  CaCl2
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(i.e. by  1 p in t per bag of cem ent). T he a d m ix tu re s  was used in  th e  
am oun t of 1.06 per cent b y  w eight of th e  cem ent.

A dm ixture T. T he sem i-liquid beef tallow  was weighed ou t in  four 
120-g. batches. To each b a tch  was added a  solution  contain ing  50 g. of 
N aO H , 150 ml. of H 20 , and  100 ml. of alcohol. T he m ix tu re  was th en  
boiled slowly (refluxed) u n til saponification was com plete. T h e  sapon­
ified m ixture was then  added to  a cold sa tu ra ted  solution of N a C l  in 
w ater to  “ sa lt-o u t” th e  soap. T he soap was th en  sep ara ted  from  th e  im ­
purities and  th e  sa lt solution b y  vacuum  filtration . T he soap was dried 
a t  95 C. to  constan t w eight and  pulverized by  grinding in a m ortar. T he 
pow dered soap was weighed ou t in  the  am oun t of 0.01 per cent by weight 
of the cement and th en  approxim ately  1000 ml. of w ater was added  to  th e  
soap. T his m ixture was heated  and  s tirred  u n til th e  soap was com­
plete ly  dissolved. T he soap solution was th en  d ilu ted  w ith  w arm  w ater 
to  a  volum e of 3000 ml. W hen th is  adm ix tu re  wyas used, th e  am o u n t of 
mixing w ater was decreased b y  3000 ml.

Adm ixture U  was ob tained  as a d ry  pow der and  th e  am o u n t to  be 
used was m easured b y  w eight so th a t  1.06 per cent was added by weight 
of the cement used (equal to  1 lb. per bag  of cem ent, as required  b y  th e  
m anufactu rer). T he adm ixture  was added to  th e  b a tch  in  th e  pow der 
form  following th e  addition  of first 2 /3  of the  w ate r and  before th e  
cem ent.

Adm ixture V  (not used in  in itia l phase of work). T his adm ix tu re  was 
developed by  th e  w riter during th e  progress of th e  work*. I t  was used 
in lieu of adm ixture  S in all except th e  in itia l phase of th e  w ork and  was 
added to  th e  b a tch  in th e  pow der form  in th e  am o u n t of 1.06 per cent by 
weight of the cement.

Adm ixture X .  T he paraffin oil (see list of p roperties below) was 
received as an  oil in  which p rec ip ita ted  lum ps of paraffin were suspended. 
T he m ix ture was hea ted  on a w ate r b a th  u n til th e  lum ps w ere com­
pletely  m elted. An am oun t of th e  oil equal to  0.5 per cent by weight 
of the cement was tak en  up  in  a  g rad u a ted  p ip e tte  an d  expelled in  a  th in  
stream  in to  th e  weighed am oun t of cem ent. T he am o u n t of cem ent 
tre a te d  varied  from  60 to  100 lb. per b a tch . T he cem ent was th en  
mixed in a  modified Los Angeles A brasion M achine (from  w hich the  
shelf had  been rem oved) for 500 revolu tions w ith  a wreigh t of % -in. 
d iam eter steel balls equal to  4 tim es th e  w eight of th e  cem ent. T he 
cem ent was then  rem oved from  th e  drum , sep ara ted  from  th e  balls, and  
placed in 5-gal. cans w hich were sealed except for pressure-relief valves. 
T he cans were placed in  an oven, m ain ta ined  a t  a  tem p era tu re  of 200 F. 
for tw o days, and  allowed to  cool w ith th e  oven for tw o days. T hey  were

♦ P a te n t app lied  for.
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rem oved from  the  oven and the cem ent weighed ou t for use in concrete 
on th e  day  th e  concrete was to  be made. T his aging was s ta ted  to  be 
necessary by  th e  agency recom m ending th e  m aterial.

PR O PER TIES OF PA RRA FIN  OIL

Wax C ontent................................................................ 20 to 25 per cent
Specific G rav ity ...........................................................0.850 to  0.857
Flash P o in t................................................................... 230 F. to 260 F.

(Cleveland Open Cup)
Cold T est.......................................................................65 F. to 75 F.
Viscosity a t 100 F ........................................................43 to 48 (Saybolt Universal)

Adm ixture Y  was purchased  as a liquid from  a local d istribu to r and 
was added to  th e  m ixer in th e  am ount of 1.5 gal. per cu. yd. (abs. vol.) 
of concrete as recom m ended by  m anufactu rer for “ m ass” concrete. T he 
am oun t to  be added to  a  given b a tch  was determ ined by  weight so th a t  
for th e  following cem ent factors th e  per cen t by  w eight of cem ent was, 
as follows:

C. F. (b. per cu. yd.) Admixture, per cent
4 .50 2.96
5.25 2.53
6.00 2.22

W hen adm ixture Y was used the  am ount of mixing w ater was decreased 
by  an  am ount equal to  th e  w eight of solution added.

In  view of th e  claim by  th e  m anufactu rer th a t  th is m ateria l afforded 
in tegral curing, th e  concrete m ade w ith  th is  m ateria l received no fog or 
w ater curing after molding.

Adm ixture Z  was purchased as a d ry  pow der from  th e  m an u fac tu rer’s 
com m ercial stock in A ugust 1944 and th e  am ount to  be used was meas- 
sured by w eight so th a t  1.06 -per cent was added by weight of the cement 
used (equal to  1 lb. per bag of cem ent, as required by  m anufacturer).
T he adm ixture was added to  th e  ba tch  in  the  pow der form  following the
addition  of th e  first 2 /3  of th e  w ater and before th e  cem ent.

Cements
I t  was found to  be im practical to  ob tain  several brands of com m er­

cially produced Portland  cem ent containing the  desired am ounts (based 
on air en trainm ent) of th e  various intergrindable adm ixtures (Q, R, T, 
and X ) and, as certa in  adm ixtures of th e  non-in terground v a rie ty  were 
to  be used, i t  was decided to  add  all of th e  adm ixtures a t  th e  tim e of 
m ixing the  concrete (except X , see description of use above). The 

' cem ent used was a blend of equal p arts  of four brands of cem ent m anu­
fac tu red  com m ercially to  m eet Federal Specifications SS-C-206a (A.S. 
T .M . C 150 T ype I I ) . P roper quan tities of equal parts  of each of th e  
cem ents were added to  each b a tch  of concrete a t  th e  tim e of mixing.
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Aggrega tes
T he fine aggregate used was from  a single lo t of n a tu ra l siliceous sand  

from  Long Island  having a F .M . of 2.60. T he coarse aggregate was 
C onnecticut tra p  rock of lj^ - in . m axim um  size and  having  a F .M . of 7.0. 
T he characteristics of th e  aggregate are shown in T able  2.

TAB LE  2— P H Y S IC A L  CHARACTERISTICS O F  A G G R E G A T E S
Bulk Absorp. Soundness Strength Abrasion Spec-

Type Sp. Grav. per cent Loss-% („) R atio  Loss-%0,) H eat

Stone 2.93 1.3 0 .5  . . . .  9 .6  0.208
Sand 2.62 0 .5  2 .5  109

(o) MgSO., 5 cycles.
(&) Los Angeles Machine.

Concrete
(a) M ixtures and rounds. M ix tures were designed w ith  each of th e  

adm ixtures to  produce nom inal cem ent factors of 4.5, 5.25 and  6.0 bags 
per cu. yd. of concrete w ith a nom inal slum p of 3 in. T he W /C  and  
sand-aggregate ra tio  were perm itted  to  fluc tuate  as affected b y  th e  ad ­
m ixture. The properties of th e  m ixtures used are given in T able  3.

In  th is  in itia l phase of th e  work, one round  of 4.5- and  6.0- bags 
cem ent-factor concrete and th ree  rounds of th e  5.25-bag cem ent-factor 
concrete were m ade. In  each round, 3.3-cu. ft. ba tches of concrete were 
m ade for each of nine conditions of concrete.

M ixing was accom plished in  a  3.5-cu. ft. S m ith  tiltin g  d rum  m ixer. 
T he batches were m ixed for tw o m inutes, allowed to  re s t for th ree  
m inutes followed by  a  one m inu te  re-mixing. T im ing of th e  m ixing 
s ta r te d  w hen all m aterials including w ater had  en tered  drum .

(b) Specimens. T he  specim ens p repared  from  each 3.3-cu. ft. b a tc h  
were; four 6-in. b y  12-in. cylinders, one 6-in. by  6-in. b y  30-in. colum n, 
one 6-in. b y  6-in. by  30-in. beam , th ree  33^-in. b y  4 ^ - in .  b y  16-in. 
beam s, tw o 6-in. b y  6-in. b y  8-in. prism s (for ho rizon ta l and  vertica l 
pu ll-ou t tests), and  specim ens for air con ten t and  bleeding. All specim ens 
were consolidated in the ir molds by v ib ration , except for slum p and  air 
con ten t tests. E x terna l v ib ra tion  a t  3600 r.p .m ., was used except th a t  
in te rna l v ibration , a t  7000 r.p .m ., was used for th e  colum n specimens.

T he specimens were cured and  tested*  as follows:
Cylinders. S tripped  a t  24 hr. and  cured in fog to  tim e of test. T ested  

a t  10 and  30 days.
Columns and beams (large). S tripped  a t  48 hr. and  cured in fog 

for 16 add itional days, th en  stored  in lab o ra to ry  air pending sh ipm ent to  
T re a t Island, M aine for in sta lla tio n  on th e  tid a l exposure rack  in  O ctober 
1944.

*T he d ev ia tion  from  s ta n d a rd  tim es of s trip p in g , curing  an d  te s tin g  was necess ita ted  b y  th e  w orking 
schedu le of th e  la b o ra to ry .
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TA B LE  3— CONCRETE M IXTURE D A T A

Admixture

Cement Factor 
bags per cu. yd.

W /C
g.p.b.

Sand 
%  by 
Vol.

Unit 1 
lb. per

Yeight 
cu. ft.

Theoret.* Actual Theoret.* Actual

Pf 4 .5 4.36 8.75 46 154.6 149.5
Q 4 .7 4.35 7.40 40 158.0 145.2
R 4.7 4.36 7.40 40 158.0 145.7
S 4 .7 4.47 7.40 40 158.0 149.7
T 4 .7 4.54 7.45 40 157.9 152.5
U 4.7 4.30 6.75 37 160.1 145.0
X 4 .7 4.37 7.50 40 157.8 146.0
Y 4 .5 4.41 8.60 46 155.0 151.9
Z 4 .7 4.49 6.70 37 160.3 152.8

Pt 5.25 5.17 7.25 44.5 155.9 153.4
Q 5.50 5.16 6.25 39 158.7 148.4
R 5.50 5.15 6.10 37 159.4 148.2
s 5.50 5.10 6.10 37 159.4 147.1
T 5.50 5.29 6.35 39 158.4 152.0
U 5.50 5.09 5.85 36 160.3 147.5
X 5.50 5.29 6.30 39 158.5 152.4
Y 5.25 5.15 7.15 44.5 156.2 153.3
Z 5.50 5.24 5.85 36 160.3 152.5

P t 6 .0 5.90 6.25 43.5 156.6 153.9
Q 6.2 5.84 5.60 38.5 158.8 149.1
R 6.2 5.82 5.60 38.5 158.8 148.4
s 6.2 5.83 5.60 38.5 158.8 148.6
T 6.2 5.98 5.70 38.5 158.5 152.8
U 6.2 5.85 5.25 35.0 160.5 150.9
X 6.2 5.87 5.60 38.5 158.8 149.9
Y 6.0 5.89 6.20 43.5 156.7 153.8
Z 6.2 5.85 5.20 35.0 160.7 151.0

♦T heoretical cem ent fac to r an d  th e o re tica l u n it w eight a re  based  on  calcu la tions of th e  concre te  mix­
tu re  in  an  air-free condition .

f P  =  C oncre te  w ith o u t ad m ix tu re . f

Beams (small). S tripped  a t 48 hr., th en  cured in fog for 14 days (for 
labo ra to ry  freezing and  thaw ing) or u n til tim e of te s t (for flexural 
s treng th ).

Prism s  (pull-out). U nd istu rbed  in m old and  p ro tected  against 
v ib rations for 96 hr. (exposed surface coated w ith  m em brane com pound), 
then  stripped  and  cured for additional 22 days in  fog followed by  seven 
days in  labo ra to ry  air. T ested  a t age of 33 days.
Discussion o f results— plastic concrete

T he characteristics of th e  unhardened  m ixtures in th is  phase of th e  
program  are given in Tables 3 and  4. These characteristics are discussed 
briefly below:

(a) Water demand. T he d a ta  ind icate  the  large reduction in W /C  
m ade possible b y  use of th e  a ir-en train ing  adm ixtures w ith  th e  cem ent 
factors, and  aggregate type  and size used. I t  was no ted  th a t due probably  
to  higher a ir con ten t, th e  reduction in W /C  was greater w ith th e  addition 
of all a ir-entrain ing adm ixtures a t the  mixer th an  was practicable w ith
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sim iliar m ixtures containing neutralized  Vinsol resin in terground a t th e  
mill (65 and  82) even though, in th e  case of neutralized  Vinsol resin, com­
parable quan tities of th e  resin were used. I t  is to  be noted, too, th a t  
p ractically  no reduction in W /C  resulted from  th e  non-air-entrain ing 
adm ixture Y.

(b) Consistency (slump). T he basic m ixtures were designed to  de­
velop a  slum p of 3 in. T he ac tual slum ps obtained are shown in T able 4.

(c) Bleeding (water-gain). T he large reduction in  bleeding* developed 
by  th e  m ix ture contain ing air-entrain ing adm ixtures is ev ident in  Table
4. T he largest reduction  was obtained w ith  adm ixture  S. In  general, 
th e  a ir-en train ing  adm ixtures reduced th e  bleeding of th e  plastic m ixtures 
b y  a t  least 40 per cent of th a t  resu lting  from  th e  use of p la in  cem ent.

(d) A ir  Content. T he a ir en trained  in  s tan d ard  m o rta r (A .S.T .M . 
C 185-44T) and  in th e  concrete m ixtures, and  th e  ra tio s betw een air-in- 
m o rta r and air-in-concrete are shown in  Table 4. T he particu lar value 
of th e  d a ta  is in th e  rela tive am ounts of a ir en tra ined  b y  th e  various 
m aterials in th e  several types of m ixtures. Of value, too, is th e  record 
of th e  highly variable ra tio  of a ir-in -m ortar to  air-in-concrete as i t  re­
flects on th e  ab ility  of A .S.T .M . M ethod  C 185 to  predict from  air-in- 
m o rta r values th e  am ount of a ir which will be en trained  in concrete. 
The ratios are p articu larly  divergent from  th e  value of 2.54 determ ined 
as the  average in  previous work, in  th e  cases of plain cem ent and  ad­
m ixtures, T , U, X , Y, and  Z. I t  appears from  these d a ta  th a t  th e  am ount 
of a ir  w hich will be en tra ined  in  a given concrete m ix ture w ith  a given 
am ount of an air-en train ing  adm ixture can be determ ined accurately  
only b y  te s ts  using th e  concrete and adm ixture involved. I t  should be 
noted that the excessively high air contents of the concrete made with several 
of the admixtures were not corrected by reducing the amount of the adm ix­
ture in  the m ixture because it was desired to use the admixtures in  the a- 
mounts recommended by the manufacturer or common in  previous practice.

Discussion o f results— hardened concrete
(a) Compressive strength. The influence of the  various adm ixtures 

in  th e  am ounts used on th e  compressive stren g th  of concrete containing 
th ree different cem ent factors is shown in Table 5. A dm ixture Z shows 
th e  m ost beneficial effect on s treng th  w ith  all cem ent factors and a t 
b o th  ages; as m ight be expected from  the  large reduction  in w ater de­
m and resulting from  its use. Due, probably to  the  presence of accelera­
tors, adm ixtures S and U show a beneficial effect of s treng th  under all 
conditions of cem ent factor and age, w ith S showing th e  m ost beneficial 
resu lt w ith  th e  low cem ent factor, where such effect is m ost needed. None 
of th e  air-entrain ing adm ixtures shows a m aterially  de trim ental effect on

♦D ete rm ined  using  m ethod  sim ilar to  th a t  described in th e  “ H andbook  for C oncre te  an d  C em en t” 
pub lished  b y  th is  office; M eth o d  C C L-C O N -7, p. 127.
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stren g th  under any  of th e  conditions of age and cem ent factor despite 
ra th e r high air contents.

(b) Flexural strength. T he influence of th e  various adm ixtures on th e  
flexural s treng th  of concrete, containing th ree cem ent factors, is shown 
in T able 5. T he results shown are the values obtained on the  3H>-in. 
by  4 ^ - in .  b y  16-in. beam s m ade and tested  in parallel w ith the  d u ra ­
b ility  te s t specimens, b u t cured for the ir en tire  age in  w ater a t  70 F. T he 
d a ta  indicate th a t  none of the  air-entrain ing adm ixtures exerts an 
appreciably  adverse influence on the  flexural s treng th  of concrete in 
spite  of ra th e r  high a ir contents.

(c) M odulus of elasticity. T he m odulus of elasticity  of the  concrete 
was determ ined dynam ically  a t  an age of 16 days ju s t prior to  the  freezing 
and  thaw ing  test. T he values obtained are given in T able 6 as general 
inform ation.

TA B LE  6 — A V E R A G E  D Y N A M IC  M O D U L I O F  ELASTIC ITY
Age: 16 days_______________________

Nominal Cement Factor b. per c.y.

Admixture 4.50 | 5.25 | 6.00 
Dynamic E—psi x 106

P 5.43 6.26 6.35
Q 5.05 5.66 5.75
It 5.15 5.73 5.68
S 5.78 5.49 5.80
T 5.80 5.98 5.98
U 4.95 5.67 5.86
X 5.27 6.24 5.98
Y 4.17 5.12 4.62
Z 6.41 6.27 6.16

(d) Bond-to-steel. T he tests  of bond of concrete, containing the 
various adm ixtures, to  reinforcing steel were perform ed using % -in. 
high yield-point H I-B O N D  bars. However, these d a ta  were consolidated 
w ith  more com prehensive d a ta  from  subsequent tests  and will be dis­
cussed la te r in th is paper.

(e) D urability. (1) Field. Colum n and beam  specimens were in ­
stalled  on the exposure rack a t T rea t Island in October 1944, b u t the 
deterioration  of specimens has no t progressed to  the  point perm itting  
any  com m ent or conclusions a t th is time.

(2) Laboratory freezing and thawing. T he influence of th e  various 
adm ixtures on the  resistance of concrete to  rap id  freezing and thaw ing 
(84) is sum m arized in Table 7 in term s of durab ility  factors calculated 
as in  Fig. 1. T he sa tu ra ted  specimens im m ersed in w ater were subjected 
to  reversals in tem pera tu re  from  42 =*= 2 F. to  0 ±  2 F. eleven tim es in  24 
hr., com m encing a t  an age of 16 days.
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where:
DFE = Durability factor in per cent of dynamic E  a t  zero cycles.

P  = Relative E of 50 per cent or greater a t time of test based on E a t zero 
cycles.

N  =  Number of cycles a t which P  reaches 50 cent or the  ultim ate num ber of 
cycles of the test prior to completion of test.

M  =  Ultimate number of cycles of the test.

Fig. 1— Calcu la tion o f re la tive d u ra b ility  fac to r— based on re la tive  dynam ic  modulus o f
e las tic ity

The d a ta  in Table 7 ind icate  th a t  a t  215 cycles of quick freezing and  
thaw ing all of the  concrete contain ing air-en tra in ing  adm ixtures is v as tly  
m ore durable th a n  concrete m ade w ith  p lain  cem ent or w ith  th e  non- 
air-en train ing  adm ixture  Y. T he concrete contain ing  adm ix tu re  R  w ith  
each of th e  cem ent factors was a t  least sligh tly  m ore durab le  th a n  con­
crete containing any  of th e  o ther adm ixtures, w ith  adm ix tu re  S being 
only very  slightly less durable.

TA B LE  7— INFLUENCE O F  A D M IX TU R E S  O N  D U R A B IL IT Y  O F  CONCRETE  
A S  TESTED IN  L A B O R A T O R Y  Q U IC K  FREEZER

D urability Factor D FE  a t 215 cycles
Nominal Cement Factors 

in bags per cu. yd.

Admixture 4.50 5.25 6.00
P* 31 7 25
Q 82 86 86
R 85 88 89
S 84 87 86
T 77 81 83
U 74 81 88
X 84 82 86
Y 18 25 13
Z 76 81 88

*P  =  C oncre te  w ith o u t ad m ix tu re .

T he h isto ry  of th e  decrease in  dynam ic E  of th e  specim ens is shown 
in Fig. 2 to  a m axim um  of 360 cycles of freezing and  thaw ing . T he 
order of decreasing d u rab ility  is n o t changed appreciab ly  from  th a t  w hich 
existed a t  215 cycles, b u t th e  degree of d e te rio ra tion  is considerably 
greater, particu larly  in th e  case of adm ix tu re  Z a t  5.25 bags per cubic 
yard , and  adm ixture  U a t  4.50 bags per cubic yard .

A check on the  reliab ility  of th e  d u rab ility  fac to r based  on decrem ent 
is dynam ic E  is afforded by  th e  ra tio  of flexural s tren g th  of th e  frozen 
and  thaw ed specim ens a t  th e  u ltim ate  num ber of cycles of th e  te s t, to  the  
flexural s treng th  of sim ilar unfrozen specimens a t  equal age. T he ra tio  
is expressed as th e  D .F .M ., or relative m odulus of rup tu re . T he relation-
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Fig. 3— Relationship between d u ra b ility  factors E and M  
(1 ) Rela tive modulus o f rupture M . (2 ) D u rab ility  factor based on decrement in dynam ic E.

ship betw een D .F .E . and D .F .M . is reasonably good as ind ica ted  in  
Fig. 3.

T he foregoing d a ta  were considered to  be in adequate  for final con­
clusions to  be draw n b u t w hen considered in  conjunction  w ith  th e  w ork 
previously accomplished, th ey  were considered to  be an  ad eq u ate  basis 
for th e  d rafting  of a  ten ta tiv e  specification and  m ethods for evaluating  
adm ixtures for concrete (77). T he te n ta tiv e  specification was based 
upon th e  perform ance of an adm ixture w ith tw o cem ents m eeting  F ederal 
Specification SS-C-206a b u t differing in reaction w ith  certa in  of th e  
adm ixtures. I t  was a  fu rth e r purpose of th e  specification to  place ad ­
m ixtures in  a  definite category as a  m ateria l for use in  concrete sub jec t 
to  acceptance testing  as are th e  o ther m ateria ls for concrete: cem ent 
and aggregate. The action appeared desirable in  view of th e  beneficial 
effects on th e  perform ance of concrete inheren t in  th e  use of certa in  
adm ixtures providing th a t  protection was afforded against uncerta in ties  
of perform ance or sacrifice in  ra te  and  degree of s tren g th  gain.

SE CO N D  P H A S E

T he previous work dem onstrated  th e  excellent effect of a ir-en tra in ing  
adm ixtures on th e  durab ility , w orkability , and  coherence of concrete 
m ixtures, b u t additional d a ta  were required  on th e  effect of various types 
of adm ixtures on these and  o ther properties of concrete.
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TA B LE  7 A — C H E M IC A L  A N A L Y S E S  O F  CEMENTS " A "  A N D  "C "

Cement A Cement C

Oxides:
S i0 2 2 2 . 2 0 21.15
AI2O3 4.28 5.08
Fe2() 3 3.42 4.05
CaO 64.96 63.42
MgO 1.26 2.09
S 0 3 1.30 1.80
Ign. Loss 1.27 0 . 8 8

Ins. Residue 0.08 0.14
Free CaO 1 . 0 2 0.41
P 20 5 0.150 0.229
¡\ln 2O3 0.051 0.055
N a 20 0.167 0.130
K 20 0.463 0.727
H 20  Sol. N a20 0.031 0.083
H 20  Sol. K 20 0.164 0.443

Compounds:
C3S 58.3 52.3
C2S 19.8 21.3
C3A 5.6 6 . 6

c 4a f 10.4 12.3
CaS0 4 2 . 2 3.1

Ratios:
CaO Saturation 69.26 67.64
Colony’s Ratio 2 . 6 8 2.65
Al20 3 /F e 20 3 1.25 1.25
Si0 2 / R.f L 2 . 8 8 2.32
C aO /Si0 2 2.93 3.00

M ate ria ls
F or th is  purpose, an extended program  was set up  based on th e  te n ta ­

tive  specification referred to  above, using the  following m aterials:
(a) Cements. Com m ercial SS-C-206a cem ents from  tw o mills.*
(b) Aggregate. N a tu ra l siliceous sand (F .M . 2.60) and  C onnecticut 

tra p  rock (l)^ -in . m ax.) as used in  th e  prelim inary  program s.
(c) A d m ix tu re s^ ). The following adm ixtures were added a t  the  

m ixer a t th e  tim e of mixing in  th e  form  and  proportions previously 
described: Q, R, U, V, and Z. The sym bol P  was again used to  desig­
na te  concrete m ade w ithout adm ixture.

M ix tu res, m ix ing and specimens
E xcep t where special factors were to  be determ ined requiring a devia­

tion  th e re fro m ; the m ixtures were designed to  have nom inal ac tual cem ent 
factors of 4.5 and  6.0 bags per cu. yd. w ith W /C  and sand conten ts v a ry ­
ing as m ade practicable by  th e  characteristics of th e  adm ixtures to  de­
velop a nom inal slum p of 2 x/ i  in. P relim inary  and  sm all batches (0.8 cu. 
ft.) were mixed in a 1-cu. ft. tilting-drum  mixer. The preponderan t

*See T a b le  7 A fo r chem ical analyses of th e se  cem ents.
f i t  is em phasized  th a t  th e  com m ercial adm ix tu res used  w ere of th e  com position and  qu a lity  com m er­

cially  ava ilab le  in  A ugust, 1944.
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num ber of batches were 2.75 cu. ft. in volum e and  were m ixed in  a 3.5- 
cu. ft. tilting-drum  mixer. Following th e  add ition  of all m ateria ls includ­
ing w ater, all batches were mixed for 2 min. followed by  a  3-m in. resting  
period and a 1-min. re-mixing period. All batches were discharged in to  a 
m etal pan  or boat and tu rned  over th ree tim es w ith  a shovel and  th en  cov­
ered w ith dam p burlap  to  minimize loss of m oisture during  th e  m olding 
of specimens. The m olding of all specimens was accom plished b y  rigid 
adherence to  s tandard  practice and each operation was perform ed insofar 
as practicable by the  same person th roughou t th e  program . All condi­
tions and  variables tested  were repeated  on a t  least th ree  d ifferent days. 
T he principal types of specim ens were rem oved from  th e ir  m olds and  
cured, as follows, w ith deviations therefrom  explained in  th e  succeeding 
tex t as th ey  occurred:

(a) Cylinders. S tripped  a t  24 hr., cured in fog a t  70 ±  2 F. u n til tim e 
of test.

(b) Beams ( S f i  by by 16 in .) and bars {2 by 2 by 11 in .)  E xposed 
surface coated  w ith  m em brane com pound 2 hr. a fte r m olding. S tripped  
a t  48 hr., and  cured in  fog a t  70 ±  2 F . u n til tim e of test.

(c) P rism s (pull-out). Exposed surface coated w ith  m em brane com­
pound 2 hr. a fte r m olding. S tripped  a t  96 hr. and  cured in  fog a t  70 =*= 
2 F. u n til tim e of te s t a t  28 days.

Discussion o f results— plastic concrete
T he effects of th e  various adm ixtures on th e  p rincipal p roperties of 

th e  p lastic  and  hardened  concrete dup licated  w ith  tw o cem ents are dis­
cussed in  th e  following paragraphs. N o attempt was made to regulate the 
air content o f the mixtures to an optim um  amount by varying the am ounts 
of the admixtures added, although such regulation is  possible and most 
desirable in  obtaining the optim um  benefits from  air entrainment. D ev ia­
tion  from  th e  s tan d a rd  procedures described above are explained w here- 
ever th ey  occur.

(a) Water demand. Using m ixtures hav ing  nom inal ac tu a l cem ent 
factors of 4.5 and  6.0 bags per cu. yd ., th e  influence of th e  adm ix tu res on 
th e  W /C  necessary to  develop a nom inal slum p of 2.5 in ., was determ ined  
in  0.8-cu. ft. batches of concrete. T he w ater-cem ent ra tio s so determ ined  
were then  used in  th e  rem ainder of th e  program  in  0.8 and  2.75 cu. ft. 
batches except w here otherw ise especially no ted . T he resu lts w ere 
sim ilar w ith  b o th  cem ents and  are ta b u la te d  in  T able  8 to g e th er w ith  th e  
sand-aggregate ra tios used.

(b) Cement demand. T he effect of th e  adm ixtures on th e  cem ent 
con ten t of concrete m ixtures having w ater-cem ent ra tio s  of 5.5 and  
6.5 gal. per bag and  in  w hich th e  slum p was m ain ta ined  a t  2.5 in. is 
shown in T able 9. These m ixtures were m ade in  0.8-cu. ft. ba tches an d  
th e  values were verified by  check te s ts  on different days.
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TA B LE  8— EFFECT O F  A D M IX TU R E S  O N  W ATE R -CE M EN T  R A T IO

Admix.

Cement Factor = 4.5 b/cu.yd. Cement Factor =  6.0 b/cu.yd.

S/A  
% by 
Vol.

W/-C
g.p.b.

Reduc­
tion

g.p.b.

S/A 
% by 
Vol.

W /C  .
g.p.b.

Reduc­
tion

g.p.b.

p* 46 8.60 0 43.5 6.25 0
Q 41 7 35 1.25 37.5 5.60 0.65
R 41 7.40 1.2 37.5 5.65 0.60
U 39.5 6.90 1.7 37.5 5.30 0.95
V 41 7.35 1.25 37.5 5.60 0.65
z 44 7.75 0.85 40.5 5.75 0.50

♦C oncre te  w ith o u t adm ix tu re .

TA B LE  9— EFFECT O F  A D M IX TU R E S  O N  CEM ENT D E M A N D

Admix.

W /C  =  5.5 g.p.b. W /C  = 6.5 g.p.b.

S/A 
% by 
Vol.

C.F.*
Reduc­

tion
b/cu.yd.

S/A 
% by 
Vol.

C.F.*
Reduc­

tion
b/cu.yd.

P t 42 6.80 0 44 5.40 0
Q 38 6.12 0.68 40 4.86 0.54
R 38 6.16 0.64 40 4.90 0.50
U 37 5.55 1.25 38.5 4.25 1.15
V 38 6.15 0.65 40 4.90 0.50
z 39 6.17 0.63 40.5 4.80 0.60

♦A ctual cem ent facto r in  bags per cu. yd. 
•{■Concrete w ith o u t adm ix tu re .

TAB LE  10— EFFECT O F  A D M IX TU R E S  O N  SLU M P

Theo. Cement 
Factor = 4.6 b/cu.yd.

Theo. Cement 
Factor = 6.1 b/cu.yd.

W /C  = 8.60 g.p.b. 
S /A  = 46 per cent by vol.

W /C  = 6.25 g.p.b.
S/A  = 43.5 per cent by vol.

Admix. Cement A Cement C Aver. Cement A Cement C Aver.
Slump, in. Slump, in. Increase 

Slump, in.
Slump, in. Slump, in. Increase 

Slump, in.

p* 2.25 2.25 0 2.50 2.50 0
Q 6.25 4.00 3 4.75 5.00 2.5
R 5.50 4.25 3 5.75 4.75 3
U 8.00 7.25 5.5 7 00 6.50 4
V 6.75 4.00 3 5.75 5.00 3
z 5.25 5.00 3 6.75 5.75 4

♦C oncrete w ith o u t adm ix tu re .

(c) Consistency. T he effect of adm ixtures on consistency (slump) 
of concrete m ixtures, when th e  W /C , sand-aggregate ra tio  and  cem ent 
con ten t used w ith  plain cem ent are held constan t is shown in Table 10 for 
relatively  lean and rich mixtures.
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(d) Bleeding. T he effect of adm ixtures on bleeding of concrete 
m ixtures, in  which th e  ac tua l cem ent factors and  slum p rem ain  co n stan t 
and  th e  W /C  and S /A  were as shown in T able 8 is shown in  T able  11.

TAB LE  11— EFFECT O F  A D M IX TU R E S  O N  BLEED ING

Cement Factor =  4.5 b/cu.yd. Cement Factor =  6.0 b /cu.yd.

Admix. Cement A 
Bleeding — %

Cement C 
Bleeding — %

Cement A 
Bleeding — %

Cement C 
Bleeding — %

P 100 (14.8) 100 (14.1) 100 (9.7) 100 (7.4)
Q 52 49 42 34
R 59 56 49 49
U 25 25 19 15
V 42 33 36 30
z 55 57 25 20

N o te : F igures in  paren theses are  average  values of b leeding  b y  concre te  con ta in ing  no  adm ix tu re .

(e) A ir  content. T he effect of adm ixtures on th e  a ir  con ten t of con­
crete m ixed for a  to ta l period of 3 m in. as previously described b u t w ith  
differing conditions of design is shown in  T able  12. These d a ta  ind ica te  
th e  considerable influence of ty p e  of m ixture, ty p e  of cem ent, an d  am o u n t 
of adm ixture  on a ir conten t. These effects are sub jec t to  contro l b y  
regulating  th e  am oun t of adm ix tu re  used.

(f) Effect of m ixing time on air content. T he  effect of tim e of m ixing 
on a ir con ten t w ith  various adm ixtures was stud ied  concurren tly  w ith  
and  as a p a r t  of th is  program . E ven  thou g h  th e  conditions of th e  te s t 
were som ew hat different th a n  those w hich have been described, i t  is 
felt th a t  th e  d a ta  should be inserted  in  th is  position  in  th e  paper.

T he influence of cem ent itself on a ir en tra in m en t in  th e  presence 
of an  adm ixture  (which did n o t depend on a  chem ical reac tion  w ith  
cem ent to  becom e active) was tes ted  b y  m ixing large (approx. 2.75-cu. 
ft.)  batches of O ttaw a sand, neu tralized  Yinsol resin, and  w a te r in  a  3.5- 
cu. ft. tiltin g  mixer. T he a ir con ten t of th e  sand-w ater m ix tu re  was 
determ ined a t  frequen t in tervals and  m ixing was continued  u n til  th e  a ir 
con ten t began to  dim inish from  th e  m axim um . A sim ilar te s t  was run  
in  w hich calcium  oxide was added to  th e  w ate r to  determ ine w hether 
possible precip ita tion  of calcium  sa lts m ight affect th e  a ir en tra in m en t. 
T he foregoing te s ts  on cem ent-free sand-w ater m ix tures were dup lica ted  
using a sim ulated  concrete m ix tu re  w ith  qu artz  pebbles j^ -in . in  size as 
coarse aggregate to  determ ine th e  influence of such pebbles on air en­
tra in m en t in th e  absence of cem ent. A th ird  group of te s ts  w as con­
ducted  in  w hich C em ents A and  C were added to  th e  sim ulated  concrete 
m ixture. A fou rth  series of te s ts  was m ade using C em ents A, B, C, and 
D in regular concrete m ixtures. In  th is fourth  series, each of th e  cem ents
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TURES W ITH  V A R IO U S  C O N S T A N T  BASES O N  DESIGN
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a

C onstant Actual Cement 
Factor * b /cu . yd. Cement

Air Content, per cent 
Admixture

P Q R U V Z

4.5 A 1.6 6.2 5.2 10.7 6.0 5.3
4 .5 C 2.3 7.6 6.5 10.7 6.6 5.5
6.0 A 1.5 4 .7 4.5 7.7 4 .4 4 .6
6 .0 .  c 2.1 5 .6 5.7 9.7 4.4 4.7

b

Constant W /C  & Slump f Air Content, per cent
Admixture

W /C Slump, Cement
g.p.b. in. P <4 R U V Z

5.5 2.5 A 1.4 4.2 3 .6 6.0 3.8 3.1
6.5 2 .5 A 1.3 3.9 3.5 6.4 3.3 4.1
5.5 2 .5 C 1.3 5 .4 5 .3 8.2 5.9 4 .0
6.5 2 .5 C 1.4 4.4 4 .8 8.7 5.1 4 .9

c

Constant Theo. Cement 
Factor, W /C, and S /A f

Cement

Air Content, per cent 
Admixture

Theo. C.F. 
b /cu . yd.

W /C
g.p.b.

S/A 
% by Vol. P Q R U V Z

4.6 8 .6 46 A 1.6 6.2 5.7 8.7 6.7 4.9
4 .6 8 .6 46 C 2.3 7.0 6 .9 8.3 7.0 4.0
6.1 6.25 43.5 A 1.5 5 .5 4.7 8.1 6.3 5.1
6.1 6.25 43.5 C 2.1 7.3 6 .7 10.1 7.8 5.9

*See T ab le  8. fS ee  T ab le  9. tS ee  T ab le  10

was tested , (a) w ith  no adm ixture, (b) w ith  in terground flake Vinsol 
resin, (c) w ith  in terground neutralized  Vinsol resin, and  (d) w ith  a 
solution of neutralized Vinsol resin added to  th e  batch  a t  th e  mixer. A 
fifth series of tests  was m ade in which C em ents A and C were used in 
regular concrete m ixtures w ith  and w ithout several o ther types of air- 
en tra in ing  adm ixtures. Sam ples were ex tracted  from  the  mixer for air- 
con ten t determ ination  a t  regular in tervals and mixing was continued 
u n til the  air con ten t dim inished from  the  m axim um . T he m o rta r and 
sim ulated  concrete batches were m ade w ith silica sand and quartz  
pebbles to  m inimize any possible opportun ity  for grinding action to  
affect the en tra inm en t of air. T he results of these tests are presented in 
Fig. 4 and  5.

The d a ta  in Fig. 4a indicate th a t  the  presence of Ca (OH)2 in solution 
increases th e  tendency  tow ard  en tra inm ent of air, b u t the  influence of
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M I X T U R E  D A T A

T Y P E A G G R E  G A T E C 0 N S I S T E N C Y SAMPLE C E M E N T W/C
s / b .

C . F
b / c y .SIMULATED MOPTAA 

CONCRETE

5 0 %  G- O.S. -  S .  O. S .

0.0. S.-S.OS. Tl/ziNQTE. PCBBLL5 
LJSAND-I%IN.MAX. tr a p  rock

100-110%. E l  O N  
/OO-HOT. • 

NET-&-I0/NSLUMA 
4 IN. NOMINAL

L ITE R  

tfio c u n
!/E ■■ -

P LAIN
H E .

7 Z
6 / 6

s o
5 .3 !

(I) FOR DETERMINATION ON AIR. C O N TE N T  M IX E R  • '- 3 . 5  C U E !  SM IT H  TILTING

I I - I /2  2 3 5 10 15 2 0  3 0  40 6 0  10 0  I4 0  2 0 0
M I X I N G  T I M E ,  MI N.

Fig. 4— Rela tion o f a ir content to  length o f m ix ing  time
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th e  cem ent itself on air en tra inm en t is negative, th a t  is; the  am ount of 
air en tra ined  and the du ra tion  of additional air en tra inm ent are reduced 
appreciably  by th e  presence of cem ent. T his is in  accord w ith the 
findings of others (65) th a t  air en tra inm en t is particu larly  a function 
of th e  am ount and  grading of the  fine aggregate. As th e  fineness of the 
sand or th e  ra tio  of cem ent to  sand increases, the tendency tow ard air 
en tra in m en t is reduced. T he sim ulated concrete batches en trained  
considerable air and were coherent and  plastic m ixtures despite the 
com plete absence of cement.

T he d a ta  in Fig. 4b indicate the  am ount of air en tra ined  in concrete 
w ithou t adm ixture, contain ing four different brands of cem ent and the 
ra te  and  degree to  w hich th e  air is entrained. T here is no evidence of 
increase in air con ten t w ith continued mixing although there is some 
difference in th e  to ta l am ount of air en trained  by  th e  four cem ents used.

Fig. 4c shows the effect of tim e of mixing on the air en tra inm en t of 
th e  concrete m ixtures cited when th e  four basic plain cem ents are in te r­
ground w ith 0.03 per cent flake Vinsol resin. In  th is case, air en tra in ­
m en t increases for an appreciable tim e before reaching a m axim um  and 
com m encing to  recede. T his tendency is due, probably, to  the con­
tinued  reaction  betw een the  unneutralized  Vinsol resin and th e  soluble 
alkalies p resen t in th e  cem ents. E ach of the  four cem ents reacts differ­
en tly  under the influence of equal am ounts of Vinsol resin.

Fig. 4d shows th e  effect of tim e of m ixing on th e  a ir en tra inm en t 
when the four basic plain cem ents are in terground w ith 0.01 per cent 
neutralized Vinsol resin. Air en tra inm en t continues w ith mixing tim e 
b u t the  peaks are reached a t  an earlier period and the differences in air 
con ten t are no t as great as in Fig. 4c. T he delay in air en tra inm en t 
is due, probably, in th is case to  adsorption of the  interground neutralized 
Vinsol resin by the particles of cement.

Fig. 4e shows the effect of tim e of mixing on th e  air en tra inm ent 
when 0.01 per cent neutralized  Vinsol resin is added a t  the mixer to  
sim ilar concrete batches containing th e  four basic plain cements. In  
th is  case, th e  m axim um  air en tra inm en t is reached early  and  recedes 
thereafter, and  the differences betw een the cem ents are minimized. This 
action  is due, probably, to  the im m ediate and  com plete availab ility  of 
all the  adm ixture.

Fig. 5 shows th e  effect of tim e of m ixing on the  air en tra inm en t when 
th e  recom m ended quan tities of several of th e  adm ixtures are added 
a t  the  mixer w ith tw o of the  basic plain cements. T he ra te  of air en­
tra in m en t and th e  recession in air con ten t is generally sim ilar to  th a t 
shown in Fig. 4e w ith neutralized Vinsol resin when added a t  th e  mixer.

T he recession in air con ten t in all cases where appreciable a ir is en­
tra ined  is due, probably, to  final exhaustion of the  sudsing property
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M I X I N G  T I M E ,  M I N .

Fig. 5— Relation o f m ix ing time to  a ir content o f concrete made w ith and w ithou t adm ixtures

of th e  adm ixture  and  escape or b u rsting  of some of th e  a ir bubbles. In  
m ixtures contain ing readily  grindable aggregates, recession in  a ir con­
te n t m ay  be accen tuated  by  increased fineness of cem ent and  aggregate 
due to  the  grinding action.

T he d a ta  from  th e  te s ts  described above are im p o rta n t pa rticu la rly  
as th ey  reflect th e  influence of time of m ixing on th e  a ir co n ten t of con­
crete. The particu la r am ounts of a ir en tra ined  are less im p o rtan t, 
because these amounts are regulable b y  ad justing  th e  am o u n t of th e  a d ­
m ixture used. Such regulation  of am oun t of air and  am oun t of adm ix tu re  
is m ost p racticab le  when th e  adm ixture  is added a t  th e  mixer.

I t  should be in  m ind, too, th a t  these te s ts  were m ade in  a s ta tio n a ry  
tilting-d rum  m ixer and th e  resu lts m ay  or m ay  no t have re la tionsh ip  to  
air en tra ined  b y  tra n s it mixers.

Discussion o f results— hardened concrete
(a) Compressive strength. T he effect of th e  adm ix tu res on com ­

pressive stren g th  of concrete m ixtures m ade under various conditions 
is shown in T ables 13, 14, and  15; and  in  Fig. 6.

U nder norm al conditions of s tan d a rd  m aking  an d  curing (70 ±  2 F .) 
and  w ith  th e  proportions given in  T able  8, th e  adm ix tu res affect th e  
stren g th  of concrete a t  th e  ages of 2 and  28 days as shown in  T ab le  13, 
in  term s of s tren g th  gained a t  equal ages w ith  th e  tw o cem ents an d  no 
adm ixture. T he effect of th e  accidental use of double q u an titie s  of each 
of th e  adm ixtures is also shown. I t  is ap p aren t from  these d a ta  th a t  
th e  large reductions in  W /C  m ade possible b y  add ition  of th e  adm ix­
tu res a t  the  m ixer reinforced b y  th e  presence of accelerators in  some of th e  
adm ixtures resu lted  in  superior streng th , as com pared to  concrete w ith ­
ou t adm ixture, a t  th e  early  age of tw o days in all cases except w ith  ad-
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m ixture U com bined w ith C em ent C. T he im provem ent in early  stren g th  
is uniform ly greater in the lean th an  in the  rich m ixtures; w ith  adm ix tu re  
Y developing th e  m ost m arked im provem ent.

T he effect on streng th  a t the  early  age is considered to  be m ost im ­
p o rtan t due to  its  influence on th e  rem oval of form s, early  use of the 
struc tu re , and  the fact th a t  the  th in  and  exposed sections of s tru c tu res  
rarely  if ever receive curing com parable w ith  storage in fog a t  70 =*= 2 F. 
continuously for 28 days.

T he effect of the adm ixtures on stren g th  is beneficial in all cases 
w ith  th e  lean m ixture and bo th  cem ents a t  the  28-day age. However, 
the effect is no t m arked in the rich m ix ture  and is som ew hat less th an  
p a rity  in several cases; p articu larly  so w ith  C em ent C.

The effect of doubling the q u a n tity  of th e  adm ixtures is p a rticu la rly  
variable a t  th e  early  age, w ith  adm ixture  Z failing to  harden  sufficiently 
to  resist th e  m inor stress of form  rem oval a t  an age of 24 hr., and  ad ­
m ixture Y m ain tain ing  a large im provem ent in  s tren g th  except in  th e  
rich m ix ture w ith  Cem ent C. A t 28 days th e  va riab ility  of effect is n o t 
g reat and  th e  streng th  is generally som ew hat less th a n  p a rity  w ith  con­
crete contain ing no adm ixture. I t  is ev ident from  these te s ts  th a t  
adm ixture  Z is th e  only adm ixture  te s ted  w hich is adversely  affected 
to  a serious ex ten t by  th e  accidental use of a  double q u a n tity  in  a b a tch  
of concrete and  th is  effect is noticeable w ith  only one of th e  tw o cem ents 
used.

W hen advan tage  is tak en  of th e  w orkability  co n tribu ted  b y  th e  ad ­
m ixtures b y  reducing th e  cem ent con ten t (T able 9) in stead  of reducing 
th e  W /C , th e  effect on com pressive s tren g th  a t  th e  age of seven days* 
is as ind ica ted  b y  th e  d a ta  in T able  14.

*N o te s ts  m ade a t  o th e r ages.

TA B LE  14— EFFECT O F  REDUCTIO N  IN  CEM ENT C O N TE N T  W IT H  A D M IX ­
TURES O N  R E LA T IV E  COM PRESSIVE STRENGTH O F  CONCRETE A T  SEVEN

D A Y S  A G E

Admix.

W /C  =  5.5 g.p.b. 
Cement

W /C  =  6.5 g.p.b.
Cement

A C A C
P* 4180psi. 4395psi. 2440psi. 2550psi.

100% 100% 100% 100%
Q 92 91 92 90
P 90 88 91 89
U 88 84 79 76
V 99 96 111 108
Z 105 101 113 108

*C oncre te  w ith o u t adm ix tu re .
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T he influence of low tem pera tu re  on the  ra te  of early  streng th  gain 
w ith  and  w ithou t adm ixtures, was tested  by  pre-cooling all ingredients 
and  mixing th e  concrete a t a tem pera tu re  of 40 ±  2 F. and then  storing 
one-half of th e  num ber of specimens in each batch  in fog a t 70 =*= 2 F. 
and  storing  th e  o ther half of the  specimens, sealed in th e ir  molds, a t 
40 ±  2 F. (rel. hum id ity  80 ±  10 per cent). Com panion specimens were 
then  tested  in com pression a t  ages of 1, 2, 3, and 7 days. T he results 
are shown in T able 15 and in Fig. 6 . The s treng th  of the  plain portland- 
cem ent m ixture is reduced m arkedly  by  the  lower tem pera tu re  of mix­
ing and curing and  th a t  th e  reduction in streng th  and the  ra te  of s treng th  
gain for the  first seven days is no t affected appreciably by any  of the  
adm ixtures except V. A dm ixture V exerts a m arked beneficial effect on 
early  stren g th  even a t  a low tem perature.

TA B LE  15 INFLUENCE O F  L O W  TEMPERATURE O N  STRENGTH D E V E LO P ­
M E N T  O F  CONCRETE

Nominal cement factor =  6 bags per cu.yd. CementA. W /C andS /A asshow n in  Table8

Strength Ratios — Age in Days

Strength a t 40 F. as %  of strength Strength a t 40 F as % of strength
Admix. of plain concrete cured a t 70 F. a t of plain concrete cured a t 40 F.

equal age.

1 2 3 7 1 2 3 7

89psi. 310psi. 505psi. 1470psi.
P* 18 26 28 45 100 100 100 100
Q 14 18 26 43 78 70 92 96
R 19 23 29 42 105 91 102 93
U 6 13 23 50 32 52 80 111
V 60 55 60 62 285 193 211 138
z 9 23 34 60 52 91 121 134

*C oncre te w ith o u t adm ixture .

(b) Flexural strength. T he effect of adm ixtures on the flexural s treng th  
of concrete m ixtures, under s tan d ard  conditions and w ith  th e  proportions 
shown in T able 8 , a t th e  age of 28 days is shown in T able 16 in term s 
of th e  stren g th  of plain concrete. The effect of a  doubled q u an tity  
of th e  adm ixture  is also shown. The d a ta  indicate th a t  the  s treng th  
developed in the  presence of th e  adm ixtures is approxim ately  equal to  
th a t  of plain concrete, except th a t  there  is a  uniform  im provem ent in 
s tren g th  in  the  concrete contain ing th e  adm ixture V.

(c) Bond-to-steel. T he effect of adm ixtures on the  bond of con­
crete* (Table 8 ) to  steel was tested  by  determ ining the un it load in lb. 
per sq. in. of steel em bedm ent a t  a slip of 3 x 10' 4 in. m easured a t th e  free

♦P ropo rtioned  as show n in T a b le  8 and  w ith  air con ten ts as show n in T ab le  12a.
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A G E  — D A Y S

Fig. 6 — Influence o f temperature on strength deve lopm ent o f concrete  
Cement factor: 6  bags per cu. yd . Concrete m ixed a t 40 F., cured a t temperatures shown.
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OF CONCRETE

Cement A Cement C

Recommended Doubled Recommended Doubled
Admix. Amt. of Admix. Amt. of Admix. Amt. of Admix. Amt. of Admix.

Cement Factor =  4.5 bags per cu. yd.

PP) 495 psi 555 psi
100% — 100% -—

Q 105 96 93 91
R 109 96 100 89
U 101 90 100 88
V 119 111 114 109
z 109 67 (°) 98 102

Cement Factor =  6.0 bags per cu. yd.

P(6) 705 psi 740 psi
100% — 100% -—

Q 98 98 98 97
R 104 95 106 90
U 99 87 89 89
V 112 102 112 105
z 101 73(°) 103, 92

(a) Specim ens from  one ro u n d  crum bled  on str ip p in g  a t  48 hr.
(b) C oncre te  w ith o u t adm ix tu re .

end of M -in. round, high yield-point, H i-B ond bars. The bars were cast 
in  a horizontal position in 6 -in. by  6 -in. by  8 -in. prism s and were left 
com pletely und istu rbed  for 96 hr. prior to  rem oval of forms. T he pull- 
o u t te s ts  were m ade a t  an age of 28 days on a to ta l of 454 specimens. 
T he specim ens were m ade in groups of th ree  and  repeated  on th ree  to  
seven different days.

T he grand  average resu lts obtained from  all th e  tests  m ade w ith  
nom inal cem ent factors of 4.5 and  6.0 bags per cu. yd. and  tw o cem ents 
are shown in  T able 17.

TA B LE  17— B O N D  STRENGTH O F  CONCRETE TO  STEEL

Cement A Cement C

C.F. 4.5 bags per C.F. 6.0 bags per C.F. 4.5 bags per C.F. 6.0 bags per
cu. yd. cu. yd- cu. yd. cu. yd.

Admix. psi % psi % psi % psi %

P* 354 100 412 100 423 100 470 100
Q 270 76 412 100 300 71 473 100
R 230 65 355 86 342 81 496 106
U 265 75 485 118 290 69 541 115
V 540 153 860 209 504 119 1054 224
z 430 121 582 141 302 71 638 136

♦C oncre te w ith o u t adm ix tu re .
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T he deviation in  individual results was considerably less th a n  de­
veloped in previous te sts  using bars w ith diam ond-shaped deform ations 
and  less careful handling of th e  specimens a t  th e  very  early  ages, howr- 
ever, th e  va riab ility  in  results wras sufficiently g reat to  m ake th e  general 
average values of more im portance in term s of re la tiv ity  w ith plain 
concrete th a n  in  term s of specific s trengths in lb. per sq. in. of steel 
em bedm ent. Since th is  paper is concerned particu larly  w ith  th e  relative 
effect of th e  adm ixtures on bond to  steel, no special com m ent on bond 
stren g th  as affected b y  ty p e  of b ar or o ther factors will be m ade.

T he d a ta  ind icate  th a t  bond to  steel is affected adversely to  a serious 
degree in  concrete containing a  cem ent con ten t of 4.5 bags per cu. yd. 
and adm ixtures Q, R, or U. W ith  adm ixture Z, th e  bond is benefitted 
when used w ith C em ent A b u t is relatively  poor when used w ith  C em ent 
C. T he adm ixture  V has a  m arkedly  beneficial effect on bond w ith  bo th  
cem ents.

The d a ta  indicate, also, th a t  when used in concrete having a cem ent 
con ten t of 6.0 bags per cu. yd., all of the adm ixtures except R  achieve 
a t  least p a rity  w ith plain concrete. A dm ixture R  reduced bond with 
Cem ent A and  slightly  increased bond w ith Cem ent C. A dm ixtures V 
and Z caused a m ateria l increase in bond w ith bo th  cem ents; th e  increase 
w ith adm ixture  Y being very  large, and verified by  seven separate  runs of 
th ree  specim ens w ith each cement.

(d) Volume change. T he effect of adm ixtures on volum e change of 
concrete was tested  in the  m anners and w ith  th e  results described below :

(1) Normal shrinkage and expansion. T he effect of wrettin g  and  drying 
on concrete m ade w ith  and w ithou t the  adm ixtures wTas tested  by m olding 
2 -in. by  2 -in. by  1 1 -in. beam s from the m ixtures referred to  in Table 8 , 
except th a t  aggregate larger than  %  in. was rem oved by hand  picking. 
T he beam s were cured in fog (70 =*= 2 F.) for 14 days and then stored 
in air (70 =*= 2 F .) a t  25 =*= 5 per cent R .H ., circulated over th e  specimens 
a t  a  speed of 15 m .p.h. for 28 days. A t th e  end of th is  period, th e  beam s 
were stored  in w ater a t  70 ±  2 F. for an additional period of 28 days. 
T he reversals of drying and w etting  were continued for th ree cycles.

T he results of th e  tests  indicate th a t  none of th e  adm ixtures exerts 
an appreciable influence on the reaction of th e  concrete to  w etting  and 
drying. Sum m arized d a ta  for the  tw o cem ents and twro cem ent contents 
are shown in T able 18 and typical expansion and contraction curves are 
shown in Fig. 7. A dditional d a ta  are sum m arized in Table 19 to  show 
th e  effect of th ree repeated cycles of w etting  and drying on th e  length 
change of concrete m ade with and w ithout th e  adm ixtures and w ith 
th e  blend of four cem ents as used in the in itial phase of the work. The 
im m ateria l effect of the adm ixture on th is p roperty  of concrete m akes 
fu rth e r presen tation  of detailed d a ta  of little  value to  th is paper.
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Fig_ 7 — The effect o f we tting  and d ry ing  on length change o f concrete con ta in ing  various
adm ixtures w ith cement A  

Cement factor: 4 .5  bags per cu. yd .



TA B LE  19— LE N G T H  C H A N G E  O F  CONCRETE DUE TO  W ETT ING  
A N D  D RY IN G
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Length Change in Per Cent x 1CH

Admix. Cycle

After 14 days Fog 
Cure a t 70 F.

After 28 days dry­
ing a t 90 F. and 

25 =*= 5% Rel. Hum.
After 28 days sat­
uration a t 70 F.

Cement Content 
b ./cu . yd. 

4.50 5.25 6 .0

Cement Content 
b ./cu. yd. 

4.50 5.25 6.0

Cement Content 
b./cu. yd. 

4 .50 5.25 6 .0

P t 1 +  5. +  11 +  4 - 5 3 - 6 3 -5 0 +40 +36 + 45
2 - 3 2 - 3 4 -3 2 + 37 + 33 + 36
3 - 2 7 - 2 9 -2 8 +32 +39 + 34

Q 1 +  6 +  10 +  2 - 5 5 - 5 7 - 5 4 + 47 + 43 + 44
2 - 3 7 -3 5 -3 4 + 40 +43 +41
3 - 3 2 - 3 2 - 2 9 + 38 +39 + 36

R 1 +  6 +  10 +  3 - 5 3 - 5 4 - 5 0 +41 +41 +39
2 - 3 3 - 3 3 -3 3 + 36 +40 + 40
3 - 2 8 - 2 8 -3 8 + 34 + 35 + 44

S 1 +  12 +  6 +  7 - 4 8 -6 1 - 5 0 +41 +47 +41
2 -3 1 -3 7 -3 6 + 37 +42 + 38
3 - 2 6 -3 2 - 3 9 + 36 + 39 + 48

T 1 +  7 -  2 +  4 - 5 6 - 7 7 -5 2 +34 * + 37
2 - 3 0 * - 3 4 +35 * +42
3 -2 5 * -3 9 +31 * + 45

U 1 +  10 +  14 +  5 -5 2 - 5 2 - 4 9 +33 + 42 + 47
2 -3 2 - 3 2 -4 3 + 34 + 39 + 35
3 -2 3 -2 9 - 3 2 + 34 +35 +43

X 1 +  6 +  14 +  2 - 4 9 - 5 4 - 4 9 +40 +41 +39
2 - 3 3 -3 2 -3 3 +39 + 39 +40
3 -2 7 -3 1 -3 7 + 35 + 35 +46

Y 1 No Initial Curing - 5 5 -5 1 - 5 8 +42 +41 + 53
2 m  Fog - 3 3 -3 5 -3 7 + 38 +31 +41
3 - 3 0 -2 7 - 3 2 +35 + 36 +37

Z 1 +  8 +  14 +  5 - 4 4 - 4 8 -4 9 +39 + 44 +43
2 -2 9 - 3 2 -2 9 +35 + 38 + 34
3 -2 5 - 3 3 -3 0 +35 +35 + 36

* A fter 28 days  d ry in g  p in  becam e loose— hence no  fu r th e r  le ng th  change m easurem ent. 
f P =  C oncre te  w ith o u t adm ix tu re .

(2) Early shrinkage and expansion. T he effect of adm ixtures on the 
volum e constancy of concrete m ixtures in  th e  transition  from  th e  plastic 
to  th e  w ell-hardened s ta te  was tested  experim entally  by  pycnom etric 
m eans, as described below:

A sam ple of th e  mixed concrete (Table 8 ) of approxim ately  0.1-cu. ft. 
volum e was placed in  a  synthetic-rubber basket-ball bladder* of approxi­
m ate ly  equal capacity  when undistended. Loading was accomplished

*D arex  N o. B 21185 o b ta ined  from  th e  D ew ey an d  A lm y C hem ical Co.
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in a  m anner designed to  elim inate extraneous air. T he b ladder was 
corked tig h tly  and placed on a w ire-ring tripod  su pport in a vo lum eter 
which consisted of a  Pyrex vacuum  desiccator (200 m m. I .D .) w ith  a 
tu b u la ted  cover accom m odating a No. 8  rubber stopper. The covered 
desiccator was filled w ith w ater un til the  level rose to  a  desired po in t 
in a  b u re tte  inserted  in the  rubber stopper. Air trap p ed  in  th e  desiccator 
was rem oved by m ild ag ita tion  and  tapping.

T he procedure of the  te s t was arranged  so th a t  th e  in itia l read ing  
of th e  w ater level in th e  b u re tte  was tak en  2 0  m inutes a fte r  th e  w ater 
was added to  th e  cem ent in the m ixture. Subsequent readings w ere 
tak en  by  an observer a t frequent in tervals  u n til the  end of th e  w orking 
day. R eadings were tak en  during  th e  n igh t and  for th e  rem ainder of th e  
96-hr. te s t period a t one-half hour in tervals  by  an au to m atica lly  oper­
a ted  m oving-picture cam era.

T he ap p ara tu s  was m ain tained  a t a  co nstan t tem p era tu re  of 70 ±  2 F . 
th rou g h o u t th e  test. T he absence of volum etric influences caused by 
evolution  of h ea t w ithin the  te s t specim en was observed b y  placing 
therm ocouples in several te s t specim ens and  in  th e  su rround ing  w ater. 
T he tem p era tu re  v aria tion  a t th e  center of g rav ity  of th e  specim en was 
inappreciable, being less th a n  4 F. in  all cases.

E ach  of th e  curves shown in Fig. 8  represen ts th e  average of te s ts  
m ade in  duplicate and  repeated  on tw o different days. T he concordance 
betw een ind iv idual resu lts was good up to  th e  40-hr. period b u t diverged 
som ew hat the rea fte r from  causes n o t y e t determ ined. T he d a ta  ind icate  
m arked  differences in  th e  influence of th e  several adm ix tu res and  th e  
tw o cem ents on th e  early  volum e of concrete. T he effect is m ost no tab le  
w ith  adm ixture  V in  which th e  delayed generation  of hydrogen gas 
causes an early  tendency  tow ard  expansion and  approx im ately  zero ne t 
expansion a t  th e  end of th e  test.

W ork w ith  th is  te s t procedure will be extended b o th  in  com bination 
of m aterials te s ted  and  in  d u ra tion  of th e  te s t. T he d a ta  presen ted  
herein are of re la tive value only and  a d irec t in te rp re ta tio n  of th e  effects 
shown in term s of th e  volum e constancy  of restra ined  concrete cannot 
as y e t be m ade.

(e) Laboratory freezing and thawing. T he effect of th e  adm ixtures 
on th e  resistance to  rap id  freezing and  thaw ing  was determ ined  w ith  
tw o cem ent conten ts and tw o cem ents. T he m ixtures were p roportioned  
as indicated  .in T able  8 . T he 3 x/i~  by  \ x/i~  by  16-in. beam  specim ens 
were rem oved from  th e  m olds a t  an age of 48 hr. and stored  in fog a t  
70 ±  2 F. for seven days. T he beam s were m ade in groups of th ree  and  
each variab le  in th e  program  was repeated  on a t  least th ree  d ifferent 
days. Freezing and  thaw ing  was com m enced a t  an age of specim en of
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T I M E  , H O U R S

F ig . 8— Early unrestrained volume change o f concrete made with and w ithou t adm ixtures
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nine days, w ith  the  dynam ic E  a t  th is  age being tak en  as th e  zero or 
reference value (the averages of these references values of E  and  those 
for 28 days are shown in T able 20 as in form ation). An add itional series 
of specimens was prepared  to  duplicate  th e  above in  all respects except 
th a t  th ey  were subjected  to  freezing and  thaw ing  a fte r a  curing period of 
28 days. T he object of th is  second group was to  determ ine w hether 
subjecting th e  specimens to  freezing a t  th e  early  age of nine days w ould 
result in low or otherwise abnorm al values for durab ility .

TAB LE  20  D Y N A M IC  M O D U L I O F  ELASTIC ITY— PS I.x l 0 5
Nominal Cement Factor; bags per cu. yd.

4.50 6.00
Cement

A C A C

Admix. Age a t Test—Days

9 28 9 28 9 28 9 28

Dynamic Moduli of Elasticity—psi xlO6

P 4.85 5.68 4.82 5.53 5.86 6.54 6.03 6.36

Q 4.91 5.50 4.51 5.03 6.12 6.64 5.81 6.25

R 4.95 5.69 4.89 5.56 5.87 6.35 5.78 6.08

U 4.58 5.00 4.81 5.31 5.92 6.51 5.20 5.67

V 5.26 5.92 4.83 4.52 5.91 6.35 6.01 6.61

z 5.08 5.68 5.06 5.67 5.89 6.39 6.03 6.32

N o te : A ll values are  average resu lts  for 9 specim ens for each  cem en t a n d  adm ix tu re .

T he nine-day age for com m encem ent of freezing was chosen in  order 
th a t  a t  least 2 0 0  cycles of freezing and thaw ing, plus th e  curing period, 
could be accom plished in th e  28-day period norm ally  available for 
acceptance testing.

C oncordance betw een th e  th ree specimens w ith in  each round  and  
betw een each of th e  th ree  or more rounds was sufficiently good to  permit, 
use of uncorrected  values in th e  sum m arized d a ta  shown in T ab le  2 1  and  
p lo tted  in Fig. 9 and 10.

T he d a ta  indicate th e  rem arkable increase in  d u rab ility  resu lting  
from  th e  use of each of th e  adm ixtures as com pared to  p lain-cem ent 
concrete. T he difference betw een th e  d u rab ility  of th e  concrete co n ta in ­
ing th e  various adm ixtures is relatively  small, w ith  d u rab ility  factors*  
for all adm ixtures except Z being above 75 a t  250 cycles for th e  concrete  
cured for nine days.

♦C alcu la ted  as in  F ig. 1.
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I

F A S T  C Y C L E S  OF F.  8  T .

Fig. 9 -Influence o f adm ixtures on d u ra b ility  o f concrete
Cement factor.- 4 .5  bags per cu. yd .
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F A S T  C Y C L E S  O F  F. a  T .

Fig. 10— Influence o f adm ixtures on d u ra b ility  o f concrete  
Cement factor: 6.0 bags per cu. yd.
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The effect of curing the  specim ens for 28 days in stead  of nine days 
was surprisingly sm all; tend ing  tow ard  a negative effect in all cases 
except th e  6 -bag m ixtures m ade w ith  cem ent C in  w hich a sligh t positive 
effect was ind icated  w ith  four of th e  adm ixtures. T he adverse effect of 
th e  prolonged curing was m ost m arked  in  all concrete contain ing  ad ­
m ixture Z.

T he effect of the  higher cem ent conten t, w ith  com plem entary  re­
duction in  W /C , was noticeable in  th e  plain-cem ent m ix tures w ith  bo th  
ages of curing, b u t was generally inappreciable a t  2 0 0  cycles in  th e  
m ixtures contain ing th e  various adm ixtures w hich were cured for only 
nine days. T he concrete cured for 28 days was m odera te ly  im proved  in 
du rab ility  a t 200 cycles w ith  reduction  in  W /C  w ith  th e  im provem ent 
being more m arked w ith  cem ent C th a n  w ith  cem ent A.

T he large num ber of specimens to  be te s ted  p reven ted  th e  num ber 
of cycles of th e  te s t being extended beyond 260 cycles except in  a few 
cases tow ard  th e  end of th e  program  when i t  was found possible to  con­
tin u e  certa in  of the  specimens to  a decrem ent in  dynam ic E  of 50 per 
cent. These few d a ta  shown in Fig. 11 represen t average values for th e  
fo u rth  and fifth rounds m ade w ith  adm ix tu re  V and  cem ent A. T he 
effect of th e  increased W /C , concom itan t w ith  reduced cem ent factor, 
becomes m arked  w ith  prolonged freezing and  thaw ing ; th e  du rab ility  
fac to r for th e  4.5-bag concrete being 26 as com pared to  49 for th e  6 -bag 
concrete, w ith  b o th  factors based on 1 0 0 0  cycles.
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8 0
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2  °  6° o —
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5 0
0  10 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  8 0 0  9 0 0  1000

F A S T  C Y C L E S  OF  F .  a  T .

Fig. 11— U ltim a te  d u ra b ility  o f concrete con ta in ing  adm ixtu re V  and cement A

A supp lem en tary  series of te s ts  were m ade w ith  adm ix tu re  V and  
cem ent F* for th e  express purpose of determ ining th e  effect of W /C  on 
d u rab ility  of otherw ise sim ilar concrete. T he resu lts to  400 cycles are

*A cem ent m eeting  A .S .T .M . Specification  C 150, T y p e  I ,  n o t used  p rev iously  in  th is  w ork.
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shown in  Fig. 12 in w hich each curve represents the  average of nine 
specim ens m ade in groups of th ree on three different days. T he an tic i­
pa ted  influence of W /C  on durab ility  is apparen t, b u t the  full degree of 
difference was n o t developed a t 400 cycles when the d a ta  were compiled 
for th is  paper.

F A S T  C Y C L E S  OF F R E E Z I N G  AND THAWING

Fig. 1 2— Influence o f varia tion  in water— cement ra tio  on d u ra b ility  o f concrete con ta in ing
adm ixture V

(f) Thermal properties. The influence of th e  adm ixtures on the 
th e rm al coefficient of diffusion of concrete proportioned as shown in  Table 
8 , appears to  be entirely  negligible as indicated  by  the  results given in 
T able  22. I t  is evident th a t  th e  presence of m inute well d istribu ted  air 
voids should reduce th e  ra te  of h ea t diffusion, b u t th is  effect is no t 
m arked  w hen th e  am ount of air en trained  is of th e  order w hich is optim um  
for th e  best resu lts in  concrete.

Discussion o f results— supplemental studies
(a) Effect of superimposed load. T he effect of a  load equal to  2 psi 

im posed on th e  p lastic  concrete im m ediately  a fte r m olding was studied  
b y  m aking duplicate cylinders, beam s, and  prism s from  th e  batches of 
concrete (Table 8 ) m ade for determ ining compressive and  flexural 
streng th , bond-to-steel, and  durab ility . P latens were m ade to  fit each 
of these types of specimens and  m etal cans were prepared containing 
steel sho t in quan tities sufficient to  apply  a uniform  load of 2  psi to  the 
exposed surface of each specimen. Im m ediately  after molding, the  load



TA B LE  22— T H E R M A L  D IFFUSIV ITY O F  CONCRETE C O N T A IN IN G  
A IR -E N T R A IN IN G  A D M IX TU R E S

Diffusivity in sq. ft. per hr.
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Cement A Cement C

Cement Factor—-bags per cu. yd. Cement Factor—-bags per cu. yd.

Admix. 4.5 6.0 4 .5 6 .0

P* 0.035 0.034 0.035 0.035
Q 0.034 0.033 0.033 0.032
R 0.034 0.032 0.035 0.032
U 0.033 — 0.033 —
V 0.034 0.032 0.035 0.032
z 0.037 0.034 0.035 0.034

♦C oncrete w ith o u t adm ix tu re .

was applied w ith  a m inim um  of im pac t or v ib ra tion  and  p e rm itted  to  
rem ain  in  place for 24 hr. T he effect of th e  loading is sim ilar to  testing  
th e  b o tto m  th ird  of specim ens 3 ft. deep.

T he influence of such loading on th e  s treng th , bond, and  du rab ility  
of th e  concrete m ade w ith  and w ithou t th e  adm ix tu res is show n in T able 
23. I t  is ev ident from  the  d a ta  th a t  th e  properties te s ted  were all bene- 
fitted  b y  th e  superim posed load, w ith  th e  benefit vary ing  m arked ly  
w ith  th e  adm ix tu re  used and  w ith  p lain  cem ent. T he p ro p e rty  benefitted  
to  th e  grea test degree was bond-to-steel. C oncrete contain ing  adm ix­
tu re  V, having  developed an  ex trao rd inary  im provem ent in  th e  norm al 
te s t  (see T able  17) showed a m inim um  im provem ent in  bond-to-steel 
under th e  loaded condition. D urab ility  was th e  p ro p e rty  least bene­
fitted  b y  th e  loaded condition.

(b) Effect of vibration on air content. T he  a ir co n ten t of concrete 
m ix tures is determ ined norm ally  b y  com paring th e  w eight per cu. ft. 
of th e  p lastic  m ix ture  w ith  the  theore tica l u n it w eight in  accordance 
w ith  A .S .T .M . M ethod  C 138-44. In  th is  m ethod , th e  p lastic  u n it 
w eight is determ ined by  hand-rodding  th e  m ix tu re  in  th e  container. 
In  view of th e  prevalence of consolidation of concrete b y  in te rn a l v ib ra ­
tio n  in  the  field, i t  is im p o rtan t to  know  th e  effect of v ib ra tion  on th e  a ir 
con ten t as determ ined  by  th e  s tan d a rd  m ethod. T his problem  w as 
investiga ted  by  m aking a series of 2 0  m ix tures w ith  p lain  cem ents and  
w ith  adm ixture  V, and  determ ining  th e  u n it w eight in  1  cu. ft. m easures 
sim ultaneously by  th e  s tan d a rd  rodding m ethod  and  by  in te rn a l v ib ra tion . 
T he air conten ts were determ ined b y  calculation and  th e  average values 
ob tained  are given in T able  24. T h e  v ib ra tion  was continued  beyond 
th e  tim e w hich would be op tim um  in th e  field for th e  m ix tu res used in  
order to  accen tuate  ra th e r  th a n  m inim ize th e  effect thereof on a ir con ten t.
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TA B LE  24— EFFECT O F  V IB R A T IO N  O N  A IR  C O N TE N T  O F  CEM ENT

Air Content in Per Cent

Plain Cement Admixture V

Rodded Vibrated Difference Rodded Vibrated Difference

1.3 1.0 - 0 .3 3 .3 2.9 - 0 . 4
2.1 1.5 - 0 .6 3 .7 3.2 —0.5
2 .5 1.8 - 0 .7 3.9 3.6 - 0 .3
2 .8 1.9 - 0 .9 4 .2 3.7 - 0 .5
3.4 2.4 - 1 .0 4 .4 3 .7 - 0 . 7

N T he d a ta  indicate th a t  v ib ra tion  does resu lt in  an ap p a ren t reduction  
in air conten t, w ith  th e  degree of reduction  being g rea test in  p lastic  
m ixtures of plain-cem ent concrete hav ing  rela tive ly  high a ir contents. 
T his phenom enon is believed to  be explained in p a r t  by  th e  n a tu re  of 
th e  voids form ed in  plain concrete and  in  concrete w ith  purposefully  
en tra ined  air. T he air en tra ined  in p lain  concrete is p resen t usually  in 
re la tively  large voids of sufficient volum e to  develop buoyancy  in  suffic­
ien t degree to  cause rap id  upw ard  m igration u n d er the  influence ' of 
v ibration . However, the  w idely d is tribu ted  m inu te  voids form ed u n d er 
th e  influence of a  sudsing agen t have in adequate  volum e to  exert effective 
buoyan t force. L ittle  evidence of upw ard  m igration  of th e  m in u te  voids 
have been no ted  in  hardened concrete under th e  m icroscope, w hereas, th e  
m igration of large air voids under th e  influence of v ib ra tio n  is very  
ev ident to  th e  naked  eye in p lain  concrete. Therefore, i t  m ay  be possible 
th a t  th e  ap p aren t reduction  in  air con ten t in  th e  concrete-w ith-adm ixture  
m ay  be caused largely b y  loss of th e  large bubbles of inc iden ta lly  en­
trap p ed  air typ ica l of plain concrete w hich are p resen t also, in  purpose­
fully  a ir-en train ing  concrete. A second p a rtia l exp lanation  for ap p a ren t 
reduction  in  air con ten t m ay  be due to  a com pression of th e  a ir under 
th e  fluid pressure developed under effective v ib ra tion . I t  has been 
observed, too, th a t  th e  u n it w eight of hardened  concrete, as m easured 
by  displacem ent in  w ater, is usually  g rea te r th a n  th a t  of th e  sam e plastic  
concrete. T his reduction  in ap p a ren t air co n ten t m ay  be due in  p a r t  
to  shrinkage of th e  concrete, evapora tion  of m oisture, and  b y  p a r t i a l ' 
filling of some of th e  a ir voids w ith  w ater.

In  any  case, th e  ap p aren t reduction  in  a ir con ten t caused by  v ib ra tion  
is n o t sufficient in degree to  cause alarm  over th e  possible reduced 
effectiveness of air en tra in m en t on th e  desirable properties of concrete. 
T his has been dem onstra ted  definitely by th e  fac t th a t  all concrete 
specim ens repo rted  in  th is  paper were consolidated b y  thorough  v ib ra ­
tion  and  th e  beneficial effects of th e  purposeful a ir en tra in m en t are  
very  ap p aren t in  th e  freezing and  thaw ing  test.
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(c) Effect of total volume of air plus water on compressive strength. I t  has 
been suggested (4 7 , 83) th a t  th e  effect of en tra ined  a ir in concrete on 
com pressive stren g th  is to  cause a  reduction  sim ilar to  th a t  w hich w ould 
have been induced by  an increase in  th e  m ixing w ater in a volum e equal 
to  th e  volum e of th e  en trained  air. G onnerm an (47) shows a  curve for 
voids-cem ent ra tio  vs. com pressive stren g th  a t  28 days in  w hich th e  
curve represents bo th  plain and  a ir-en train ing  cem ent concretes and  for 
w hich th e  fac to r “voids” represents absolute volum e of a ir plus w ater. 
Since th is curve was constructed  on th e  basis of a p lo t using only 20 of 
th e  values given in  his T able 3 a t  b u t one age, a new g raph  was draw n 
using 42 values for each of five te s t ages (Fig. 13A). Sim ilar g raphs were 
constructed  for d a ta  developed in w ork conducted  a t  th is  lab o ra to ry  
w ith adm ixture  R  (Fig. 13B and  C). Also shown on Fig. 13C are  th e  
curves given in  Fig. 3 of a  paper b y  Bloem and  W alker (83).

T he relationships suggested by  th e  d a ta  p lo tted  in  Figs. 13A and  B 
have been ind ica ted  b y  curves. In  b o th  cases an  increased a ir plus w ater 
volum e resulted  in an appreciably  g rea ter reduction  in  s tren g th  w ith 
plain cem ent th a n  when an air-en train ing  adm ix tu re  was used, except 
for low values of W  +  A /C  a t  ages of seven days and  over. A sim ilar 
effect is suggested by  th e  curves from  Bloem  and  W alker. T he curves 
in Fig. 13C for w ork done by  th is  lab o ra to ry  fail to  show th is  re la tion ­
ship, due, principally , i t  is believed, to  th e  fac t th a t  a  num ber of diff­
e ren t b rands of cem ent were used with different coarse aggregates, under 
circum stances in  w hich there  was very  little  v a ria tio n  in  W /C  for any  
one com bination.

In  general, i t  is believed th a t  th ere  is an  ind ication  from  these d a ta  
th a t,  except for low values for W  +  A /C  a t  ages g rea ter th a n  seven 
days, a ir has less effect th a n  w ater, in  equal volum e, on com pressive 
s tren g th  of concrete.

(d) Effect of entrained air on reduction in  un it weight of concrete. One 
of th e  m ethods wThich has been applied in certa in  specifications as a 
lim iting  requirem ent for th e  a ir to  be en tra ined  in  concrete has been th a t  
th e  u n it w eight of the  concrete shall be reduced by  a specified num ber of 
pounds per cubic foot from  th a t  w hich would be ob tained  w ith  p lain  
concrete. T his m ethod leaves som ething to  be desired because i t  does 
n o t tak e  in to  account th e  effect of possible differences in th e  bu lk  specific 
g rav ity  of th e  fine and  coarse aggregate and  th e  reduction  in sand- 
aggregate ra tio  and  W /C  m ade p racticab le  and  desirable b y  purposeful 
en tra in m en t of air. T he d a ta  in  T able 25 d em onstra te  th e  effect 
w hich different com binations of aggregates have on reductions in  u n it 
w eight w ith air con ten ts v a ry ing  from  0 to  5 per cent.

348 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February T946
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TA B LE  25— V A R IA T IO N  IN  U N IT  W E IG H T  O F  CONCRETE A S  AFFECTED BY 

A IR  C O N TE N T  A N D  SPECIFIC G R A V IT Y  O F  A G G R E G A TE S

Bulk Sp. Gr. W /C
g.p.b.

Cement Factor 
bags per cu. yd.

S/A 
% by 
Vol.

Actual 
U nit Wt. 

lb. per 
cu. ft.

Air
%

Reduc. 
in Unit 
Wt. lb. 

per cu. ft.Sand C. Agg. Theo. Actual

2.50 2.90 6.00 4.50 4.50 35.0 159.4 0.0 0.0
2.50 2.90 5.80 4.54 4.50 33.7 158.6 1.0 0.8
2.50 2.90 5.50 4.59 4.50 32.4 157.9 2.0 1.5
2.50 2.90 5.25 4.64 4.50 31.1 156.9 3 .0 2.5
2.50 2.90 5.00 4.68 4.50 29.8 156.1 4 .0 3 .3
2.50 2.90 4.75 4.72 4.50 28.5 155.2 5.0 4 .2

2.65 2.65 6.00 4.50 4.50 35.0 154.2 0.0 0.0
2.65 2.65 5.80 4.54 4.50 33.7 153.0 1.0 1.2
2.65 2.65 5.50 4.59 4.50 32.4 151.9 2.0 2.3
2.65 2.65 5.25 4.64 4.50 31.1 150.9 3 .0 3.3
2.65 2.65 5.00 4.68 4.50 29.8 149.9 4 .0 4.3
2.65 2.65 4.75 4.72 4.50 28.5 148.8 5.0 5.4

2.65 2.50 6.00 4.50 4.50 35.0 149.3 0 .0 0 .0
2.65 2.50 5.80 4.54 4.50 33.7 148.1 1.0 1.2
2.65 2.50 5.50 4.59 4.50 32.4 147.0 2.0 2.3
2.65 2.50 5.25 4.64 4.50 31.1 145.8 3.0 3.5
2.65 2.50 5.00 4.68 4.50 29.8 144.8 4.0 4 .5
2.65 2.50 4.75 4.72 4.50 28.5 143.5 5.0 6 .0

FUTURE W O R K
Mass concrete

T he m ajor use of air en tra inm en t in  concrete to  d a te  has been in 
pavem ents and  relatively  non-m assive structures. However, th e  m ajor 
con tribu tion  of purposeful air en tra inm en t to  increased plasticity , 
w ater-re ten tiv ity , and du rab ility  should no t be ignored in connection 
w ith m assive structures. I t  is ap p aren t from  all work perform ed to  
da te  th a t  the  leaner m ixtures are benefitted  more th an  are the  richer 
m ixtures by  th e  use of a ir en tra inm ent. I t  is apparen t, too, th a t  th e  
very  lean m ixtures containing large aggregate used in m assive concrete 
s truc tu res are rela tively  non-plastic and possess a low order of co­
herence. I t  is a t  least reasonable to  expect th a t  th e  plasticizing effect 
of a ir en tra inm en t should im prove th e  m obility  and coherence of such 
m ixtures. P ilo t studies conducted in  th is  labo ra to ry  in  recent m onths, 
in w hich j/2 -cu. yd. blocks of lean concrete containing 4-in. and  6 -in. 
aggregate have been cast, cored, and tested , indicate m ajor im provem ents 
in  placeability , coherence, and  durab ility  w ith no sacrifice in  streng th  
and  minor reductions in  un it weight. In  cases where th e  adm ixture is 
added a t th e  mixer, very  close regulation and control of the am ount of 
en tra ined  air is thoroughly  practicable.

(a) A m ount of air desired. One of th e  principal features of th e  
application  of air en tra inm en t to  m ass concrete m ixtures is th e  fact
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th a t  th e  to ta l am oun t of en tra ined  a ir  need be less th a n  in pavem en t 
or s tru c tu ra l concrete m ixtures for equal effect, because use of con­
siderably larger coarse aggregate resu lts in  a  reduction  in th e  m o rta r 
com ponent of th e  mass. I t  is the  condition and  air co n ten t of th e  m o rta r  
w hich affects th e  m obility, coherence, and  d u rab ility  of th e  concrete. 
I t  can be dem onstra ted  th a t  a to ta l a ir co n ten t of 2.7 per cen t in  lean 
concrete m ixtures containing 6 -in. aggregate is com parable insofar as th e  
m o rta r constituen t is concerned to  a to ta l air co n ten t of 4.0 per cen t in  a 
pavem ent m ixture containing aggregate. F o r th is  reason i t  is
practicable to  achieve full benefits from  air en tra in m en t in m ass concrete 
w ith  a m inim um  of reduction  in u n it w eight.

(b) Determination of un it weight of mass concrete. T he  p relim inary  
studies referred to  above have included te s ts  of u n it w eight. In  these 
studies, it was demonstrated that the usual -procedure of wet-screening to 
remove aggregate larger than l} /2-in. to permit use o f standard containers 
was impractical and produced incorrect results. T he process of passing a 
concrete m ixture over a  sieve separates th e  ingred ien ts and  exposes a 
m axim um  of m o rta r surface to  th e  air. T he ag ita tio n  of th e  separa te  
m ixture perm its th e  loss of a  considerable portion  of th e  en tra in ed  air so 
th a t  th e  an tic ipated  relationship of a ir to  th e  residual concrete m ix ture 
sm aller in size th a n  th e  sieve used is n o t obtained. T herefore, i t  is con­
sidered necessary to  determ ine th e  a ir con ten t of all m ix tures w ith  a 
m inim um  of d isturbance and  w ithou t wet-screening. W hen aggregate 
larger th a n  2  in. is used, i t  becomes necessary to  determ ine u n it w eight 
in 2-cu. ft. m easures. Such te sts  are  being conducted  cu rren tly  in  th e  
laboratory .

I t  is proposed to  expand th e  stud ies of purposeful a ir  en tra in m en t in  
lean concrete m ixtures contain ing  large aggregate sizes w ith  th e  object 
of developing m eans for specifying and  contro lling  a ir en tra in m en t in 
m assive structu res.

G E N E R A L  D ISCUSSION

T he d a ta  presen ted  in  th is  paper are sum m arized  below  w ith  an  in te r­
p re ta tio n  of th e ir  significance an d  app lication  to  th e  successful use of 
air en tra in m en t in  concrete.

A c tio n  o f a ir-en tra in ing  adm ixtures
A ir-en train ing  adm ixtures will cause th e  form ation  of a  foam  com posed 

of sm all to  m inu te  bubbles of air w hen shaken vigorously w ith  w ate r by  
reduction  in  th e  surface tension  of th e  solution. T he q u a n tity , dis­
persion, and  s tab ility  of th e  foam  is increased in  a  m ix tu re  of sand, 
w ater, and  a  given am oun t of adm ixture  as th e  q u a n tity  and  coarseness 
(w ithin th e  usual lim its of fine aggregate) of th e  sand  and  th e  tim e and
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vigor of mixing are increased. T he addition  of cem ent to  the m ixture, 
w ith  proportional reduction in  sand, results in  a decrease in  am ount of 
foam  as th e  ra tio  of cem ent to  sand increases to  the  u ltim ate  po in t where 
very  little  air is en trained  in  a simple cem ent-w ater-adm ixture system . 
Therefore, cem ent m ay be considered to  be a depressant of air en tra in- 
m ent. In  a  concrete m ixture, the  am ount of air en tra ined  varies inversely 
w ith  th e  cem ent con ten t and d irectly  w ith th e  sand-to ta l aggregate ratio. 
F u rth er, th e  am ount of air en trained  increases w ith  increased slum p or 
flow of th e  m ixture. T he en tra inm en t of air in  concrete m ay  be accom­
plished m ost satisfactorily  when th e  adm ixture is n o t dependent upon 
chem ical reaction w ith  th e  cem ent to  develop the  requisite sudsing 
property .

F rom  th e  foregoing, i t  is ap p aren t th a t  th e  term  “ air-entrain ing 
cem ent” is a  m isnom er, a lthough evolved n a tu ra lly  from  the  fac t th a t 
a ir-en tra in ing  adm ixtures were in troduced  to  m odern concrete practice 
as in terg round  additions to  cement.

R egu la tion o f the amount o f a ir entrained
T he close regulation of am oun t of air to  be en trained  in a m o rta r or 

concrete m ix ture  can be accom plished m ost p ractically  by  ad justm en t 
of th e  q u a n tity  of th e  given ty p e  of adm ixture  used; as regulation b y  
vary ing  th e  cem ent or sand  conten t, th e  tim e and  ty p e  of mixing, or the  
consistency of th e  m ixture is lim ited  by  economics, s tru c tu ra l design 
factors; and  available mixing, transporting , and  placing equipm ent. 
W hen th e  adm ixture is in terground  w ith  th e  cem ent, factors of adsorp­
tion , carbonization, volatilization, and  m etam orphism  caused by  the 
hea t of grinding affect th e  q u a n tity  of th e  adm ixture  necessary to  be 
added  to  develop a given am ount of a ir en tra inm en t in  a  m o rta r or 
concrete m ixture. B y use of a  standard ized  m o rta r te s t (A .S.T .M . C 
185-44T), i t  is possible to  regulate th e  am ount of adm ixture  necessary 
to  en tra in  a given am ount of air in th a t  m o rta r and, when th e  adm ixture  
is in terg round  w ith  th e  cem ent, th is  m ethod  of control is superior to  
q u an tita tiv e  lim ita tions based on chemical analysis. However, varying 
factors of cem ent con ten t; am ount and grading of sand; shape, grading, 
and  size of coarse aggregate; tim e and type  of mixing, and  consistency 
v itia te  largely th e  value of th e  s tan d ard  m o rta r m ethod as a m eans of 
p redicting or controlling th e  a ir con ten t in  concrete m ixtures.

Effect o f a ir-en tra in ing  adm ixtures on the properties o f concrete
T he effect of the  use of th e  so-called “ air-entrain ing adm ixtures” on 

th e  properties of concrete appears to  be a function of th e  am ount and 
condition of th e  a ir en tra ined , th a t  is; th e  num ber, size, and degree of 
d istribu tion  of th e  bubbles of air in th e  m orta r com ponent of th e  mix­
tu re , ra th e r th a n  on to ta l volum e alone. T he chemical effect of these



adm ixtures appears to  be lim ited  en tire ly  to  th e  possible presence and  
ty p e  of o ther th an  sudsing com pounds, such as accelerators, defloccula- 
tors, or gas-generating agents. C onsidering only th e  sudsing agent, th e  
effect of en tra ined  air is cum ulative, as ind icated  below:

(a) The en trained  air acts as a very  elastic and  stab le  non-reactive 
fine aggregate of high lubricating  value. I ts  presence perm its:

(b) A m arked reduction in  th e  w ater-cem ent ra tio  necessary  to  
produce th e  desired placeability  of th e  m ixture, and

(c) A reduction in th e  sand -to ta l aggregate ra tio  norm ally  required  
by  approxim ately  1 . 3  tim es the  am oun t of air en tra in ed ; th e reb y  re­
ducing the  to ta l surface area of rigid aggregate to  be coated  and  lu b ri­
cated  b y  th e  cem ent-w ater paste.

(d) R eduction in  the  W /C  effects a  basic increase in th e  s tren g th  
and  du rab ility  of the  cem enting m edium , and  th e  reduction  in  th e  
to ta l w ater p resen t in th e  m ixture reduces th e  am oun t of excess w ater 
available for form ation of channels th rough  th e  m atrix  of th e  concrete; 
th ereb y  reducing perm eability  and  bleeding.

(e) R eduction  in bleeding is increased beyond th a t  effected sim ply  
b y  reduced W /C  by  im m obilization of add itional w ate r th ro u g h  ad ­
sorption on th e  air bubbles. R eduction  in bleeding resu lts in  dim inished 
separation of th e  m atrix  from  th e  under sides of coarse aggregate  partic les 
and  in  dim inished flo tation upw ard of laitance.

(f) Finally , th e  num erous well dispersed a ir voids p rovide reservoirs 
for th e  relief of pressure created  in concrete due to  differential volum e 
m ovem ents in  th e  concrete caused by  tem p era tu re  change and  by  th e  
expansion accom panying the  tran sitio n  of w ater to  ice. T his con tribu ­
tion  to  d u rab ility  is reinforced by  th e  reduced W /C  and  lack of channel­
ization  of th e  m atrix  due to  bleeding.

I t  appears th a t  th e  en tra ined  air is m ore closely re la ted  to  th e  fine 
aggregate th a n  to  any  o ther com ponent of a concrete m ix tu re  and  th a t  
th e  benefits inheren t in  purposeful air en tra in m en t are re la ted  principally  
to  th a t  constituen t of th e  m ixture. Therefore, th e  op tim um  percentage 
of air en tra ined  should be a function  of th e  q u a n tity  of fine aggregate 
presen t in th e  m ix ture ra th e r  th a n  a fixed percentage of th e  to ta l mix­
tu re . In  rich m ixtures contain ing coarse aggregate of sm all m axim um  
size, th e  to ta l am oun t of air to  be en tra ined  for op tim um  results should 
be considerably grea ter th a n  would be required  in lean m ixtures con ta in ­
ing large coarse aggregate, because th e  sand com ponent of th e  form er is 
m uch greater in  am oun t th a n  in  th e  la tte r.

(a) Effect on strength and W /C . F rom  d a ta  w hich is based p re ­
ponderan tly  on te s ts  m ade w ith  Yinsol resin in terg round  w ith  cem ent
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a t  th e  mill and concrete containing l ^ - i n .  coarse aggregate (65, 71, 79, 
82) the  air en tra ined  in concrete results in a reduction in s treng th  which 
is re la ted  roughly in  am ount to  th a t which would accom pany an equal 
increase in volum e of w ater, th a t  is, the  volum etric ra tio  of w ater plus 
air to  cem ent is roughly b u t no t quite  equal to  th e  volum etric ra tio  of 
w ater to  cem ent in  its  effect on strength . Since the ra tio  of practicable 
reduction in W /C  to  increase in air content is reduced sharply  beyond 
approxim ately  4 per cent air, increases in air content beyond th a t am ount 
are accom panied by a rapidly  increasing reduction in strength . Since a 
m axim um  increase in  durab ility  appears to  be reached when the air con­
te n t is approxim ately 4 per cent and the reduction in s treng th  is no t ap­
preciable a t  th a t  point, th is am ount of air en tra inm ent is considered to  
be th e  optim um  for use in concrete m ixtures containing coarse aggregate 
up to  abou t \ Y i in. in  m axim um  size.

T he sacrifice in compressive and flexural s tren g th  and in bond of 
concrete to  steel which is associated usually w ith  th e  use of simple air- 
en tra in ing  adm ixtures in concrete m ay be m inim ized by addition  of 
th e  adm ixture  a t  th e  mixer where the q u an tity  added m ay be regulated  
a t  will and controlled closely to  produce th e  optim um  air content. D a ta  
from  the tests m ade w ith adm ixtures which are com pounds of sudsing 
agents and  various accelerators, deflocculators, and gas-generating 
agents ind icate  th a t  th e  full benefits of th e  en tra inm en t of air m ay be 
re tained  w ith  an accom panying definite increase in s treng th  and bond- 
to-steel. As would be expected, th e  degree to  which the  com pound 
adm ixture  affects th e  properties of th e  plastic and  hardened m ixture is 
a function of th e  com position of the  adm ixture.

T he benefits to  concrete quality  which appear to  be available, po­
ten tia lly , th rough  the  use of com pound air-entrain ing adm ixtures appear 
to  be very  great, b u t th e  com petitive n a tu re  of such adm ixtures and  the 
possible adverse influence of m inor quantities of certain  m aterials on 
concrete quality  m ake evident the  necessity for adequate laboratory  
perform ance te s ts  to  govern the ir acceptab ility  for use. In  recognition 
of these benefits and possible liabilities, a specification for air-entrain ing 
adm ixtures and a m ethod of evaluating  the ir perform ance in concrete 
have been form ulated  and subm itted  for the approval of th e  D ep art­
m ent. T hey  are n o t ye t available for publication.

(b) Effect on other properties. W hen added to  th e  concrete a t  the  
m ixer so as to  produce the  optim um  q u an tity  of entrained air, the  use 
of a ir-en train ing  adm ixtures will no t resu lt in increased re ta rda tion  of 
set or early  stren g th  gain a t  tem pera tu res above freezing. I t  is possible 
to  achieve increased early  s treng th  a t  low tem peratu res by  using a 
satisfactory  accelerator w ith or as a p a rt of th e  adm ixture w ith  no 
sacrifice in th e  desirable properties of concrete.
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Purposefully  en tra ined  and properly  dispersed a ir  will n o t be d is­
placed upw ard  or escape to  a m ateria l degree from  well designed concrete 
m ixtures consolidated by proper application  of v ib ration .

T he therm al properties of concrete are n o t affected to  a m ateria l 
ex ten t b y  th e  en tra inm en t of optim um  q u an tities of air.

T he volum e constancy of concrete, due to  m oisture or tem p era tu re  
changes, is no t affected m ateria lly  by  th e  en tra in m en t of op tim um  
quan tities of air.

T he degree to  which the a ir con ten t of a m ix ture  will increase is a 
function of th e  n a tu re  of the  adm ixture  and  th e  im m ediacy of its  av a il­
ab ility  as a  sudsing agent when in troduced  in th e  mixer. T he e n tra in ­
m en t of air is no t likely to  increase in  concrete m ix tu res b y  continued  
m ixing in s ta tio n ary  or pav ing-type m ixers beyond a  period of abo u t 
th ree m inutes when th e  adm ixture  is added a t  th e  m ixer. C on tinued  in ­
crease in air w ith  prolonged m ixing is likely to  occur beyond th is  period 
Avhen th e  adm ixture  is in terg round  w ith  th e  cem ent a t  th e  mill.

T he a ir con ten t of concrete resu lting  from  th e  use of a ir-en tra in ing  
adm ixtures should be considered as a  definite ingred ien t and  th e  design 
of m ixtures should be based on ingred ien ts of w ater, air, cem ent, fine and 
coarse aggregate.

In  view of th e  benefits to  be derived from  m ixtures of a ir-en tra in ing  
agents, accelerators, and  gas-generating agents, and  th e  regu lab ility  of 
effect achievable by  such use, the  adm ix tu re  should be added  to  th e  con­
crete m ix ture  in  th e  field a t  th e  b atch ing  p la n t or m ixer.

T he add ition  of adm ixtures should be m ade b y  m echanical ba tchers 
which will dispense th e  m ateria l in  accura te  and  regulable am ounts.
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Shrinkage Stresses in Concrete*

By GERALD PICKETTf
M em ber Am erican Concrete Institute

PART 2— A P P L IC A T IO N  O F  THE TH EO R Y  PRESENTED IN  PART 1 
T O  E X P E R IM E N TA L  RESULTS

Carlson’s results on prisms dry ing  from one end
As m entioned in P a r t  1, C arlson 1 applied diffusion principles to  th e  

problem  of com puting b o th  loss of m oisture and d istribu tion  of shrinkage. 
The fundam ental equations on which his com putations were1 based are 
th e  equations to  which E quations 5 and 22 of P a r t  1  reduce when the  
param eter B  is set equal to  infinity. In  his experim ental work th e  
prism s were allowed to  d ry  through one end only, the  rest of th e  surface 
being sealed. M easurem ents were m ade over gage lines th a t  were 
parallel to  the  direction of flow of m oisture. These conditions appear to  
be m ost favorable for th e  direct m easurem ent of the  d istribu tion  of 
shrinkage tendency since in an unrestrained  specimen shrinkage stresses 
should no t have any  appreciable effect on the u n it shortening in the 
direction of m oisture flow.

In  Fig. 3 of his paper Carlson showed two diagram s. One diagram  
gave th e  d istribu tion  of shrinkage as m easured a fte r a  definite period of 
drying and the o ther gave th e  com puted “d istribu tion  of d ry ing” (loss of 
m oisture) for different assum ed coefficients of diffusion for th e  sam e 
period of drying. T he observed d istribu tion  of shrinkage and the com­
pu ted  “ d istribu tion  of d ry ing” are in good agreem ent when the proper 
coefficient is selected. However, as shown by Fig. 1 of his paper, the 
m easured loss in  weight was no t in very  good agreem ent w ith the  theory. 
Carlson could have obtained slightly  b e tte r agreem ent betw een theory  
and m easured shrinkage if he had  taken  surface conditions in to  account,

* P a r t 1 of th is  p ap e r was pub lished  in  th e  A C I Jo u rn a l, Jan u a ry , 1946, an d  includes (p. 194) th e  com­
p le te  lis t of references.

JP rofessor of A pplied  M echanics, K ansas S ta te  College, M a n h a tta n , Ivan., form erly  P o rtla n d  C em en t 
A ssociation R esearch  L ab o ra to ry , Chicago.
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i.e., used a  finite value for the  param eter B. H ow ever, had  he done so, 
the discrepancy betw een theo ry  and m easured loss in  w eight w ould have 
been grea ter th a n  th a t  shown.

C arlson’s work is im p o rtan t evidence in su p p o rt of th e  hypothesis 
th a t  shrinkage of concrete approxim ately  follows the  laws of diffusion.
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Fig. 1 5— Comparison o f observed and ca lcu la ted  course o f shrinkage
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Shrinkage o f prisms o f various sizes d ry ing  from one or more sides
In  th e  w ork done in  th is lab o ra to ry  m easurem ents were m ade on 

gage lengths transverse  to  th e  direction of m oisture flow. Since varia tions 
in  shrinkage along th e  p a th  of m oisture flow resu lt in  stresses transverse  
to  th e  d irection of flow, th e  m easurem ents include th e  stra in s produced 
by  these stresses. If, however, th e  specim ens are long com pared to  th e ir  
dim ension in th e  d irection of m oisture flow and  th e  stress-stra in  relation  
is linear, th en  as shown in P a r t  I  th e  shorten ing  of th e  cen tra l axis will 
be equal to  th e  average shrinkage. T he results to  be discussed provide 
a te s t of the theory  for conditions in w hich b o th  size of specim en and 
num ber of exposed sides are variable.

Fig. 15 shows the  u n it shortening versus days of d iy in g  for th ree  
different sizes of prism s m ade of th e  sam e mix and  for th e  th ree  different 
d ry ing  conditions discussed in P a r t  1. M ix A and cem ent M , described 
in th e  A ppendix, were used. T he specimens were cured seven days 
under w ater. E ach  po in t is th e  average of th e  results from  tw o prism s. 
T he curves were constructed  from  com putations based on th e  theo re tica l 
equations developed in P a r t  1. These equations, w hich give th e  th eo re ti­
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cal relationship  betw een u n it shortening, the  constants of the  m aterial, 
and dim ensions of th e  specimen have th e  form

u n it shortening =  S av = f ( S « , -
\  k b2 b

where S  <*> is u ltim ate  shrinkage for the  assum ed final drying, /  is th e  
surface factor, k is the  diffusivity factor, and b and c are dim ensions 
of th e  specimen. T he exact form  of th e  function, especially th e  w ay in 
which c/b  en ters in to  it, differs w ith  the  drying condition.

T he three constan ts S& , / ,  and k  were evaluated from  average ex­
perim ental values for the  pair of prism s of 2 -in. square cross-section, 
dry ing  from  four exposed sides. F rom  these sam e constan ts the  curves 
were constructed , as shown in  Fig. 15, no t only for th is pa ir b u t also for 
th e  theoretical u n it shortening of the  o ther eight pairs of prisms. T he 
agreem ent betw een th e  experim ental values and th e  calculated curves is 
fairly  satisfactory  except for tw o pairs of 3x3-in. specimens, which were 
observed to  have cracked during  drying and therefore could no t be 
expected to  shorten  in accordance w ith the theory.

Discussion o f the v a lid ity  o f the theo ry on the basis o f the fo rego ing  da ta
T he d a ta  from  those specimens th a t  did no t crack, together w ith 

th e  d a ta  given b y  Carlson, m ight seem to  indicate ra th e r  conclusively th a t  
shrinkage does tak e  place in accordance w ith  th e  theory  developed in 
P a r t  1. However, such a conclusion would no t be justified. A good fit 
betw een an equation and experim ental d a ta  is necessary b u t i t  is no t 
sufficient proof of a  theory . A lthough constan ts in  the equations of 
P a r t  1 m ay be chosen so th a t  th e  theo ry  given there  will be in  good agree­
m ent w ith  experim ent for certain  m easurem ents on specimens under a 
few different conditions, the  theory  should be expected to  fail under 
some other conditions since i t  rests on some assum ptions th a t  are no t 
wholly correct. Shrinkage is no t linearly re la ted  to  change in m oisture 
con ten t; th e  flow of m oisture in  concrete does n o t follow th e  law of 
diffusion; and  th e  stress-strain  relation  is no t linear. Since th e  assum p­
tions are n o t wholly correct, th e  factors S c c , f ,k ,  and  E  th a t  are supposed 
to  characterize th e  m ateria l m ust be em pirical, and  experim entally  
determ ined num erical values of these factors will be different for different 
te s ts  on th e  sam e m aterial. T he good agreem ent betw een theory  and 
th e  experim entally  determ ined contraction  of the specimens discussed 
above m ust be th e  resu lt of the  balancing of opposing effects. T hey will 
no t necessarily balance the sam e w ay in ano ther test.

T he foregoing criticism  m eans th a t  however prom ising th e  theory  
m ay  appear from  the  results of a few experim ents, the  application of the  
theo ry  m ust be lim ited and ex trapolation  of th e  results to  sizes of speci­
mens or conditions of drying o ther th an  those for which th e  constants
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were determ ined cannot be m ade w ith  confidence. T he selection of 
these constan ts for given conditions constitu tes th e  chief difficulty for the  
practical use of the  equations. This does no t m ean th a t  th e  th eo ry  is 
of little  value; we believe i t  to  be of considerable value.

True, the  theoretical equations are no t rigorously correct and  th e  
constan ts cannot have exactly the  m eaning a ttach ed  to  them . B u t th e  
evidence is th a t  shrinkage does follow th e  diffusion equation  approxi­
m ately  and th a t  the  deform ations and  stresses are approx im ately  those 
given by the  theoretical equations if th e  em pirical constan ts  selected 
are such as to  give fair agreem ent w ith  experim ental results.

A lthough th e  experim ental results shown in Fig. 15 appear to  be 
in good agreem ent w ith the  theory , a close stu d y  shows th e  following in 
regard to  those prism s drying from  only one side: (1) A fter one or tw o 
m onths of drying the shortening of th e  prism s d ry ing  from  one side be­
comes progressively less th a n  th a t  ind icated  b y  th e  theo re tica l curves. 
(2) T he experim ental results from  the 2x2-in. prism s deviate  m ore from  
the  com puted values th a n  do those of lx l- in . cross-section. (The lx l- in . 
specimens drying from  one side have th e  sam e 5-values as th e  2x2-in. 
specimens from  w hich th e  constan ts Sa>, f ,  and  k  were determ ined .) (3) 
The 3x3-in. prism s drying from  one side dev iate  still m ore from  the  
com puted values th a n  do those of 2x2-in. cross-section. I t  is expected 
th a t  extrapolation  to  still larger sizes would resu lt in  still g rea ter dis­
crepancies betw een experim ental and  com puted values unless allowance 
is m ade for change in  th e  constan ts w ith  change in  5-value.

Comparison o f da ta on warp ing w ith da ta  on shortening
A m ore critical te s t of th e  theo ry  is provided b y  th e  results shown in 

Fig. 16. T he abscissa for these diagram s is th e  square roo t of th e  period 
of drying divided b y  th e  thickness of th e  prism .* As m entioned  in 
P a r t  1, using square-root-of-tim e as th e  abscissa gives a n early  s tra ig h t 
line for an  appreciable portion  of p lo ts of b o th  shorten ing  and  w arping. 
D ividing th e  square roo t of tim e b y  th e  th ickness of th e  specim en p u ts  
all specim ens on a more nearly  com parable basis. M ultip ly ing  the 
w arping (deflection of center of a 32-in. span) b y  th e  th ickness p u ts  the  
“ free w arping” specim ens on th e  sam e basis in  regard  to  u n it deform ation.

The p lo tted  po in ts in th e  upper diagram  of Fig. 16 rep resen t th e  
shortening of those prism s of Fig. 15 th a t  were drying from  only one 
side. T he poin ts in the  lower diagram  represen t th e  w arp ing  of the 
specimens m ade of th e  sam e kind  of concrete, also d ry ing  from  only 
one side. A lthough these tw o sets of d a ta  were no t ob tained  on th e  sam e 
specim ens a t the  sam e tim e, th ey  are represen ta tive  of w h at is ob tained  
when bo th  sets of m easurem ents are m ade sim ultaneously  on th e  sam e 
specimens.

*T he d im ension  in th e  d irection  of d ry in g  is ta k en  as th e  th ickness.
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Fig. 1 6 — Comparison o f observed and ca lcu la ted  course in shortening and warping o f 
prisms o f mix A and cement M

T he curves in th e  upper diagram  and  th e  solid curves in th e  lower 
diagram  were constructed  from  th e  theoretical equations using the 
sam e values of the constan ts S ™ ,  f ,  and k  as were used in constructing 
th e  curves of Fig. 15. Therefore, th e .th ree  curves in th e  upper diagram  
of Fig. 16 represen t the  sam e equations as th ree of the  curves in  Fig. 15; 
th ey  differ only in  th e  abscissas. T he solid curves in  th e  lower d iagram  
deviate considerably from  th e  p lo tted  points. This indicates even 
g rea ter disagreem ent w ith  theory  th a n  is shown in Fig. 15. However, 
th e  dashed curves obtained from  the  theoretical equation by using the 
sam e value of S  co b u t w ith /  reduced by 54 per cent and k  reduced by 
4 3  per cent are in  very  good agreem ent w ith  th e  experim ental values.



T he com puted shrinkage stresses will be ab o u t th e  sam e w hether th e  
first or th e  reduced values of /  and  k are used.

T he values of th e  constan ts Sa>, f ,  and  k, used in  constructing  th e  
dashed curves, were ob tained  from  th ree  m easurem ents as follows: ( 1 ) 
m axim um  w arping of th e  1 -in. specim en, (2 ) tim e a t  w hich th is  m axim um  
w arping occurred, and (3) final shorten ing  of a  com panion specim en. 
T he agreem ent th rou g h o u t th e  course of d ry ing  betw een th e  experi­
m ental values for w arping and  those given b y  th e  theo re tica l equations 
when these constan ts  are used is excellent for th e  1 -in. specim en and  very  
good for th e  2 -in. specim en.

T he above shows th a t  if d a ta  on w arping and  d a ta  on shorten ing  
are analyzed separately , e ither group of d a ta  will appear to  be in  accord 
w ith  th e  theo ry  if the  thicknesses of th e  specim ens do n o t differ too  m uch, 
b u t th e  values of /  and  k ob tained  from  th e  tw o groups of d a ta  will be 
different. The fac t th a t  th e  fac to r k  is an em pirical ra th e r  th a n  a fun­
dam enta l p roperty  of th e  m ateria l is believed to  be th e  chief reason 
w hy b o th  groups of d a ta  canno t be represen ted  sa tisfac to rily  b y  one set 
of constants. T he em pirical n a tu re  of /  is considered to  be of only 
secondary im portance in  th is  s tu d y  because i t  has m uch less effect th a n  
k  on th e  shortening-vs.-tim e an d  w arping-vs.-tim e relations.

Effect o f differences in k  on warp ing and shortening
T he effects of differences in  diffusivity  on th e  theo re tica l values of 

w arping (E quation  23) * and  shortening (E quation  22) * are show n in Fig. 
17 w here these quan tities  are p lo tted  against the p aram ete r y lft/b  for 
th ree  different re la tive values of k. As show n, differences in  k have 
p ractically  no effect on th e  early  w arp ing; each curve follows th e  sam e 
course u n til i t  approaches its  m axim um  poin t. T he low er k, th e  grea ter 
th e  m axim um  w arping. T his effect on m axim um  value of w arping, of 
course, would be an tic ipa ted  because of th e  effect of k th ro u g h  th e  
p aram eter fb /k  ( =  B) as shown in Fig. 9.* As show n by  th e  curves for 
shortening in Fig. 17, th e  effect of k upon  shorten ing  is en tire ly  different 
from  its  effect on w arping. T he ra te  of shorten ing  is m ateria lly  reduced 
b y  a reduction  in  k, b u t th e  m axim um  shorten ing  is unaffected.

T his theoretical analysis of the. different effects of changes in  k  on 
shorten ing  and on w arping has been useful in explaining differences in 
perform ances of concretes m ade w ith  cem ents of different com position. 
F o r exam ple, experim ental resu lts from  concretes m ade w ith  tw o diff­
e ren t cem ents are shown in Fig. 18. M ix C was used. A com parison of 
Fig. 17 and  18 leads to  the  conclusion th a t  th e  coefficient of d iffusiv ity  
for concretes m ade w ith  cem ent No. 5-1500-1.9 is lower th a n  for con­
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*See P a r t  1.
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cretes m ade w ith  cem ent No. 1-1500-1.9*. C oncretes m ade w ith  cem ent 
from  clinker No. 5 shortened a t  a lower ra te  b u t according to  d a ta  no t 
p lo tted  eventually  shortened more th an  concretes from  clinker No. 1.

Before th is  explanation  was found, i t  seemed surprising th a t  of tw o 
groups of specim ens drying from  one side only, sub jected  to  the  same 
exposure, one group would w arp more and  shorten  less th an  th e  other 
group. In  order th a t  one specim en w arp less th a n  a  second w hen th e  
tw o specim ens have th e  sam e average shrinkage, th e  d istribu tion  of 
shrinkage in th e  first specimen w ould have to  be more nearly  uniform . 
F o r th e  sam e surface conditions, a  large value of k th rough  th e  p a ra ­
m eter Jb /k , tends to  m ake shrinkage more nearly  uniform  and  therefore 
is accom panied by  less w arping. An increase in uniform ity  of shrink­
age also reduces th e  shrinkage stresses in an unrestrained  specimen 
and  therefore reduces the  tendency for spontaneous cracking. (Fig. 14 
P a r t  1— shows how th e  theoretical m axim um  stresses depend on th e  
p a ram e te r fb /k  ( = ! ? ) . )
Effect o f a lk a li content on k  and its possible effects on cracking

I t  had  been observed from  various labo ra to ry  te s ts  designed to  m easure 
cracking tendencies th a t  concretes m ade w ith  cem ents from  clinker 
No. 5 tended  to  crack more th an  those m ade w ith  cem ent from  clinker 
No. 1, even though m easurem ents often showed less volum e change a t 
th e  end of a  given period of drying for the  concretes of clinker No. 5. 
T his g reater cracking tendency of cem ent from  clinker No. 5 was a t­
trib u ted  to  its  higher alkali content, since th is  appeared to  be th e  only 
im p o rtan t difference in  the ir chemical compositions. A ttem p ts to  
evaluate  k  for concretes m ade w ith  cem ents from  these tw o clinkers 
showed th a t  for th e  same mix proportions th e  value of k  for concrete 
m ade w ith  th e  cem ent of higher-alkali con ten t was only one-half th a t 
m ade w ith the  cem ent of lower-alkali content. These observations sug­
gested th e  possibility th a t:  alkali reduced k, a reduced k resulted in 
higher shrinkage stresses, and  higher stresses resulted in m ore cracking.

To investigate  th is  effect of differences in alkali conten t more fully, 
several te s ts  were m ade using cem ent No. 1-1665-2.48. The procedure 
was to  add 0.91 per cent Na^O by  weight of cem ent in th e  form  of NaO H  
to  th e  mixing w ater of one of tw o com panion mixes. T he results of one 
te s t using mix B are shown in  Fig. 19 w here shortening and w eight losses 
of prism s are p lo tted  against period of drying.

T he dim ensions of th e  prism s were 2 j^ x 2 3 ^x ll3 4  in- T hey  dried from  
all surfaces except the  ends. B y using for the  specimens containing added 
alkali a tim e-scale equal to  one-third the scale used for the  regular 
specim ens th e  corresponding curves for bo th  sets of specimens approxi-

'  ■' 'e d  in th e  A ppendix, th e  first num ber is th e  clinker num ber, th e  second is th e  specific su rface  
A), an d  th e  th ird  is th e  percen tage  of SO 3.
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Fig. 1 7— Theore ti­
cal e ffect o f k  on 
the course o f con ­
trac tion  and w a rp ­
ing o f prisms d ry ­
ing from one side  
on ly

Fig. 1 9 — Shrink­
age and weight- 
loss fo r  s p e c i­
mens w ith and  
w ith o u t a d d e d  
a lk a li

Fig. 1 8— W a rp ­
ing and shorten­
ing o f prisms tha t 
d iffe r p rim a rily  in 
the a lk a li con ­
tent o f the ce­
ment used
Prisms 3-in. th ick in 
the d irection o f mois­
ture travel. Deflec­
tion  measured over a 
32-in . span. M ix  C. 
Cured 7 days.
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m ate ly  coincided, ind icating  th a t  th e  m ain  effect of th e  added alkali 
w as to  reduce the  diffusivities for b o th  shrinkage and m oisture flow to  
one-th ird  th e  value w ithou t added alkali.

T he effect of added alkali in  reducing th e  diffusivity of shrinkage 
for cem ent of clinker No. 1 is in  accord w ith  d a ta  repo rted  by  H aeger- 
m an n . 21 H aegerm ann was p rim arily  in terested  in  th e  effects on shrink­
age of additions of various sulfates to  cem ents of different C3A contents. 
T he sulfates tried  were ferrous, calcium, m agnesium , sodium, and  po­
tassium . The am ounts added were such as to  increase th e  S 0 3, con ten t 
1 per cent, based on th e  cem ent. F ive cem ents ranging from  15 per cent 
com puted  C3A  con ten t to  zero per cent C3A  were investigated .

T he d a ta  were presented  by H aegerm ann in th e  form  of curves. F or 
each cem ent, th e  curves representing th e  sodium  and  potassium  sulfate 
additions are of noticeably  different shape from  th e  o ther curves for th e  
sam e cem ent, the  difference in  shape being such as w ould result from  a 
lower diffusivity. Since H aegerm ann did no t give d a ta  on loss in  weight 
during  drying, i t  can only be inferred from  th e  d a ta  on shrinkage th a t  
th e  sodium  and  potassium  sulfates also reduced the  diffusivity of m oisture 
flow.

From  theoretical consideration, i t  appears th a t  any  highly soluble 
m ateria l should reduce th e  relative rate? of drying; i.e., should increase 
th e  tim e required to  lose a given percentage of th e  to ta l am ount of 
m oisture to  be lost.* However, since m any other factors affect the  
ra te  of shrinkage, and alkalies have m any  other effects which m ay  in­
d irectly  affect shrinkage, one should expect m any  real and apparen t 
contradictions to  the  above indication th a t an increase in alkali conten t 
will re ta rd  shrinkage.

T he effect of th e  added alkali on cracking was investigated  by m eans 
of th e  “ wedge te s t” f and by  th e  “ restrained-shrinkage te s t” (subse­
quen tly  described). T he result was th a t specimens of higher alkali 
content showed a m uch greater tendency to  crack, as m easured by  these 
tests.

O ther te s ts  m ade in  th is  lab o ra to ry  show th a t for cem ents containing 
an appreciable percentage of tricalcium  alum inate, an increase in  alkali 
con ten t will increase final shrinkage of labo ra to ry  specimens unless th e  
increase in alkali is accom panied by  an increase in  gypsum . T he g reater

*This reasoning  is based  on th e  supposition  th a t  a t  least p a r t  of th e  flow of w ater in concrete is by  m eans 
of th e  follow ing cycle: evapo ra tion  a t an  a ir-w ater in terface , vapor diffusion across a ir  space, capillary  flow 
in liqu id  filled space, and  again  evapo ra tion  a t  a ir-w ate r in terface . Since th e  diffusiv ity  of th e  so luble m a­
te ria l w ith in  th e  liqu id  is fin ite ra th e r  th a n  infin ite , a t any  a ir-w ater in terface  a t  w hich w ate r is evapo ra ting , 
th e  concen tra tion  of so luble m a te ria l will be h igher th a n  th a t for equ ilib rium  w ith  th e  ad jacen t liqu id  and  
th e reb y  ten d  to  re s tr ic t evapo ra tion  a t  th is  in terface , and  a t an y  a ir-w ate r in terface  a t  which w ate r is con­
densing  th e  concen tra tion  of so luble m a teria l will be low er th a n  th a t  for equ ilib rium  w ith th e  ad jacen t 
liqu id  an d  th e reb y  te n d  to  re s tr ic t condensation  a t th is  in terface . Therefore an y  highly  so luble m ateria l 
shou ld  re ta rd  th e  d ry ing  by  reducing  th e  d iffusiv ity  of m oisture flow.

+A specim en is cast in th e  form  of a wedge and , a fte r  curing, is p e rm itted  to  d ry  from  th e  tw o non-parallel 
surfaces.
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tendency  to  crack of th e  specim ens w ith  higher alkali con ten t m igh t 
have been due, a t  least in  p a rt, to  a  decrease in d iffusivity  and  an  in ­
crease in  final shrinkage.

On the  o ther hand, th e  possible benefits from  alkali should n o t be 
overlooked. T he lowered ra te  of m oisture loss will p erm it th e  in te rio r of 
concrete to  re ta in  sufficient m oisture for add itional h y d ra tio n  for a  longer 
tim e a fte r dry ing  of the  surface begins. P reven tion  of com plete d ry ing  
of the  in terio r during  th e  usual d ry ing  season should be especially ad ­
vantageous in preventing  cracking w hen restra in ts  against shorten ing  
are present. T ests in th is  labo ra to ry  have also shown th a t  concretes 
of higher alkali con ten t have g rea ter capacity  for p lastic  flow, w hich is a 
favorable property .

Decrease in k  as d ry ing  proceeds

As drying proceeds, th e  value of the  coefficient of shrinkage diffusivity  
k ap p aren tly  decreases. T his decrease no d o u b t resu lts from  a pro­
gressive decrease in  th e  ap p aren t d iffusivity  of m oisture, diffusiv ity  of 
m oisture probab ly  being a  function  of th e  m oisture con ten t. If  diffusi­
v ity  of m oisture is a function  of m oisture con ten t, th en  th e  shrinkage 
diffusivity  can be considered to  be a  function  of th e  shrinkage S  and  th e  
differential equation  becom es rfon-linear. A dding p a rticu la r solutions, 
as was done in P a r t  1, is th en  n o t perm issible.

How ever, if in  place of considering k  to  be a  function  of th e  dependent 
variable S  it is considered to  be a function  of th e  independen t variable 
t and  of th e  dim ensions of th e  body, th en  th e  d ifferential equation  re­
m ains linear. F u rtherm ore , if th e  f a c to r / i s  considered to  v a ry  w ith  tim e  
in  a like m anner so th a t  th e  ra tio  f / k  rem ains co n stan t (see, for exam ple, 
E q u a tio n  2a), th en  all of th e  equations for d isplacem ents, stresses and  
stra in s developed in  P a r t  1  still apply  if th e  sym bol t appearing  in  them  
is replaced by  a function  of t and th e  dim ensions. T he changes suggested 
above am oun t to  a continual change in  th e  tim e-scale so th a t  th e  tim e 
required  for given conditions to  develop becom es progressively  longer. 
By m odifying the  theo ry  in th is w ay b e tte r  agreem ent w ith  experim ental 
resu lts can be obtained.

Fig. 20 is an exam ple of applying th e  foregoing analysis. T he p lo tted  
po in ts are from  experim ental d a ta  on th e  average w arping of four 3 -in. 
specim ens of concrete of mix B w ith  cem ent 1-2280-1.94. W hen an 
a tte m p t was m ade to  select co n stan t values of / ,  k, and  S  » to  be used 
in th e  theoretical equation  th a t  w ould give curves in  agreem ent w ith  all 
of th e  experim ental values, no t all the  d a ta  could be b rou g h t in to  agree­
m en t w ith  th e  theoretical equation . B u t b y  tak ing  th e  following values 
for th e  factors, a b e tte r  fit was obtained.
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Fig. 20— C o m ­
parison o f theo ­
re tica l and ex­
perimenta l warp­
ing
Points are from the 
average warp ing o f 
four 3 - i n  b e a m s .  
Span 32-inches. M ix  
B. Cement 1 -2280  -  
1.94. Cured 7 days.

fc = 0.10 y j  in2/d a y

/  =  1.67 k in /d ay , i .e .J -  — 5
k

Sco =  765 x 10- 6

W hen these values are in troduced  in to  the  differential equations and a 
solution m ade, th e  sym bol T  in th e  final equations for w arping, etc., is 
replaced by

4M J 2 ± J  -  i 
b2 L M 2

where k„ is the initial value of k or 0.10 sq. in. per day. F o r convenience in 
m aking com putations prelim inary  to  p lo tting  of the  theoretical curve,

t was expressed in term s of T, or t — ------- 1--------- . T he tab u la r values
ko 8  k„2

used for constructing  th e  curve are given below:

From Table 4 Computed Values

26Vmax V t
T 3l°Sa> t b Vtnaxb

0.01 0.0152 1.00 0.333 0.0178
0.03 0.0326 3.61 0.635 0.0384
0.10 0.0538 19.1 1.46 0.0634
0.15 0.0557 36.4 2.01 0.0655
0.20 0.0539 58.5 2.55 0.0635
0.30 0.0470 118 3.62 0.0553
0.50 0.0336 298 5.75 0.0395
0.75 0.0219 639 8.41 0.0258

T he b e tte r  agreem ent th a t  can be obtained by  the  modified theory  
p robab ly  w ould no t com pensate for th e  ex tra  work in  all cases. Since th e
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Fig. 21 — C o m ­
parison o f th eo ­
re tica l and e x ­
perimenta l w arp ­
ing o f beam a b ­
sorbing moisture  
from one side
Points represent the  
warp ing o f a 1-in . 
beam, having a ll but 
one o f its surfaces 
sea led , du ring  sub­
m e r s io n  in water. 
Cured 7 days and 
then dried a t 50%  
R .H . for 10 months 
before testing. M ix  
B. Cement 1 -2 2 8 0 -  
1.94 . Span 32 inches.

Fig. 22— Shrink­ 1000

age o f slabs of
d iffe ren t t h i c k ­ V)
n e s s es  d r y i n g ^  8 0 0

from two oppo ­ o

site sides f ooo1 u!

CD
c
E

-C  4 0 0
O

<S)

c  200
ZD

S q u a r e  Root o f D a ys  D ry in g  _V t~  
H a lf  T h ic k n e s s  b

form s of the  resulting  differential equations, ra th e r  th a n  th e  reasonable­
ness of th e  assum ption used, were given first consideration, th e  value of 
such m odification is g rea tly  reduced.

W arp ing  o f prisms during absorption o f moisture from one side
E xperm ental results ind ica te  th a t  th e  theo re tica l equations are as 

applicable to  th e  swelling of concrete as th ey  are  to  th e  shrinking. How­
ever, th e  factors /  and  k are d ifferent; th e y  are m uch larger th a n  for 
shrinking if th e  exposed surface is subm erged in  w ater. A greem ent be­
tw een theo ry  and experim ent th a t  is som ew hat b e tte r  in  m ost respects 
th a n  th a t  usually  found in  absorp tion  te s ts  in  th is  investigation  is shown 
in Fig. 21. T he p lo tted  points give experim ental values and  th e  curve 
gives theoretical values for a 1 -in. prism  of concrete, mix B w ith  cem ent
1-2280-1.94. T he specim en, w hich had  all surfaces sealed except one, 
had  previously been dried a t  50 per cent relative h u m id ity  for ten  m onths. 
T his specim en reached a m axim um  w arp after ab o u t th ree  ho u rs’ abso rp ­
tion  of w ater and a t  th e  end of 24 hours had re tu rn ed  to  approx im ately
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zero w arp  w here i t  rem ained for th e  rest of th e  te s t, a period of one 
m on th . T he experim ental value for th e  w arp a fte r  6  hours’ exposure is 
considered to  be in  error. O ther te s ts  on 1 -in. prism s did n o t show th e  
in d ica ted  large decrease in  w arp betw een th e  fo u rth  and  six th  hours of 
exposure.

A lthough  th e  am oun t of experim ental d a ta  on swelling is ye t small, 
th e  ind ications are th a t  th e  application  of th e  theo ry  as developed in  
P a r t 1 is lim ited, first, because a t the  beginning of w etting  th e  m oisture 
a lready  presen t will ord inarily  not be uniform ly d is tribu ted ; second, 
because of having rem ained wet longer, th e  cem ent in th e  in terio r re­
gions will have h y d ra ted  m ore th a n  th a t closer to  the dry ing  surface; 
and  th ird , as th e  concrete becomes w et again, h yd ra tion  again sta rts . 
A greem ent w ith  diffusion theo ry  is no t expected while hyd ra tion  is 
occurring at an appreciable ra te , especially if th e  form ation of hyd ra tion  
p roducts causes expansion.
Effect o f thickness on rate and amount o f shrinkage o f walls or slabs

In  an investigation  of th e  effect of wall or slab thickness on the  ra te  
and  am ount of shrinkage th e  results shown in  Fig. 22 w ere obtained. 
T he specim ens from  w hich th e  d a ta  were tak en  were m ade of mix B. 
C em ents of tw o different com positions and  a fine and  a coarse grind of 
each are represented. The specimens were cured seven days under 
w ater. T he specim ens were 34 inches long and  of e ither 2x6- or 2xl2-in. 
cross section. B y sealing all b u t tw o surfaces th e  prism s were m ade to  
represent slabs or walls of 2 -, 6 -, and  1 2 -in. thicknesses drying from  tw o 
opposite sides. F o r exam ple, th e  specimens th a t represented a wall 12 in. 
th ick  were 2xl2x34-in. and  dried from  only th e  2x34-in. surfaces, there 
being 1 2  inches betw een these surfaces.

Sets of gage-points were cast in  these pseudo slabs so th a t the  short­
ening over th ree or four 30-in. parallel gage lines could be m easured on 
each specimen. D etails are shown in the Appendix. E ach  curve was 
obtained b y  averaging th e  results from  four specimens of a kind.

As shown in Fig. 22, th e  results from  these concrete specimens are in 
general sim ilar to  those obtained on th e  cem ent-silica mix discussed 
previously (see upper diagram , Fig. 16.). T he curves have the  charac­
teristic  S-shape found for sim ilar p lo tting  of d a ta  from  sm aller specimens. 
The th icker th e  slab th e  greater i t s / 6  k  ( =  B) and, according to  theory  
as shown by Fig. 8  (of P a r t  I) , the  greater th e  shortening should be for a 
given value of the  abscissa, V t/b . T he experim ental d a ta  are p artly  in 
agreem ent and  p a rtly  in  disagreem ent w ith  th e  theo ry  in  th is regard. 
In  th e  m iddle, straight-fine portions of th e  curves, th e  curves are in  the  
correct positions rela tive to  each other, b u t in  every  case th e  relative 
positions become reversed a t  larger values of V i/6 . Also, th e  relative
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positions of th e  curves representing  the  tw o coarser grinds are reversed 
a t  th e  very  beginning portion of th e  curves. This la tte r  dev iation  from  
theory  can be explained on th e  basis of a  non-linear stress-flow re la tion ­
ship.

If th e  positive plastic flow* exceeds th e  negative, the  specim en will 
no t shorten  as m uch as it would if p lastic  flow did n o t ta k e  place. Of 
course, if th e  to ta l positive and  negative flows are equal (algebraic 
average =  zero), the  length of the  specim en is no t changed by  p lastic  flow 
and the algebraic average m ust be zero in an  un restra ined  specim en if th e  
stress-flow relationship is linear. However, if th e  stress-flow  re la tion ­
ship of th e  concrete is non-linear over th e  range of stresses developed, th e  
flow increasing more rapidly  th a n  th e  first power of th e  stress, then , as 
explained in Ref. 20, shortening of the  specim en is reduced b y  plastic 
flow. The reduction would be m ore pronounced for th e  th ick e r speci­
mens (those of g reater b) because, as shown b y  C urve B of Fig. 14 (P a rt 
I) , an  increase in th e  p aram eter f b /k  ( = B) results in  an  increase in  the 
m axim um  stresses. The above explanation  (on th e  basis of a  non-linear 
stress-flow relationship) as to  w hy th e  rela tive positions of th e  first parts  
of th e  curves representing the  tw o coarser grinds were reversed from  
w hat th ey  should be according to  th eo ry  is no t en tire ly  satisfac to ry  
because th e  question arises as to  w hy th e  curves represen ting  th e  finer 
grinds were n o t reversed also. This po in t will be m entioned  again and 
an additional explanation  given in a la te r  section a fte r  o ther te s ts  w ith 
these concretes are reported.

T he reversal in  re la tive  position of the  curves beyond th e  stra igh t- 
line portion is a ttr ib u te d  to  th e  lesser final shorten ing  of th icker speci­
m ens and  to  th e  reduction  in diffusivity as d ry ing  proceeds. T he th icker 
th e  specim en th e  less th e  final shorten ing  b ecau se :

(1) T he very  low ra te  of dry ing  from  th e  in te rio r of th ick  specimens 
is favorable for continued  h ydra tion  and  add itional h y d ra tio n  reduces 
shrinkage tendency.

(2) In  a  th icker specim en th e  region losing m oisture  a t  an  appreciable 
ra te  is under g rea ter re s tra in t and  for a longer tim e th a n  in  a  th inner 
specim en; consequently , m ore inelastic elongation is developed.

Plastic flow
Before discussing fu rth e r th e  results of m easurem ents of plastic 

flow, certa in  com m on usages of th e  te rm  will be explained. T he term  
usually  calls to  m ind perm anen t deform ations of th e  infinitesim al ele­
m ents of a body as a resu lt of stresses. In  m any  cases, especially if 
shrinkage-stresses or therm al stresses are present, ne ither th e  ac tua l 
stresses nor th e  deform ations produced by  them  are known.

*T he te rm  “ p la s tic  flow ” is synonym ous w ith  th e  te rm  creep as u sed  b y  m a n y  w riters. I t  is uspd 
for e ith e r ten sile  (positive) or com pressive (negative) ine las tic  d efo rm ation . See th e  section  on  “ P la s tic  
F low ” for fu r th e r  exp lan a tio n  of th e  te rm .  ^
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In  th e  usual m easurem ents of plastic flow the  q u a n tity  m easured is 
th e  inelastic deform ation of a body th a t  results from  applied loads. 

h F rom  these m easurem ents com putations are m ade of th e  inelastic defor­
m ations of th e  individual elem ents, i.e., average u n it deform ation if 
th e  load is axial or u n it deform ation of th e  ou ter fiber if th e  load pro­
duces flexure. If stresses from  o ther sources are no t present, the  com­
pu ted  values m ay be represen tative of the ac tual plastic flow. B u t if 
stresses from  o ther sources are present, th e  com puted and  ac tual values 
m ay differ appreciably. Therefore, if in addition  to  load stresses a 

)n- specim en is under stress as a resu lt of non-uniform  tem pera tu re  or non-
uniform  shrinkage, i t  should be m ade clear w hether th e  term  plastic 
flow refers to  th e  resu ltan t plastic flows of elem ents or to  only com puted 
plastic flows produced by  loads. Since th e  effects of load and th e  effects 

eti of drying are no t sim ply additive, there  is no clear basis for deciding
how m uch of th e  to ta l deform ation is due to  the  stresses arising d irectly
from  th e  load. In  agreem ent w ith  previous w riters, the deform ations 
produced by  loads will be taken  as th e  difference betw een the  deform a-

mli tions of loaded specimens and the  deform ations of identical specimens
under th e  sam e drying conditions b u t no t under load. Only the defor­
m ations produced by loads will be com puted and represented by  curves, 
b u t in  th e  interpretation of results consideration will be given to  w hat th e  

jmj actual inelastic deform ations are believed to  be.
As shown by th e  form ulas for plastic flow used in th is paper, th e  to ta l 

deform ation produced by load is divided in to  tw o parts , elastic and 
igh;. inelastic. The elastic p a r t  is considered to  be th a t  which would be
ptfj. recovered im m ediately if the  load were rem oved; i t  is determ ined from

th e  com puted load-stresses and  th e  “ dynam ic” m odulus of elasticity. 
The rem aining p a r t is considered to  be the plastic flow produced by the

mens load.
Some investigators m ake a slightly  different division in  th a t  the  

elastic deform ation is considered to  be th a t which was produced im m e­
diate ly  upon application  of the  load ra th e r th an  th a t which would be
recovered im m ediately  upon rem oval of the  load. T he tw o values are 
equal if the m odulus of elasticity  does no t change during th e  test. Some 
w riters prefer to  divide th e  to ta l deform ation produced by load in to  th ree 
p a rts : ( 1 ) th a t  recovered im m ediately  upon rem oval of load, (2 ) th a t  no t 
im m ediately  b u t eventually  recovered, (3) th e  perm anent deform ation. 
M cH enry 22 restric ts th e  use of th e  te rm  plastic flow to  th e  th ird  part. 
This division in to  th ree p a rts  has m erit, especially for those cases in 
which the  second p a rt is an appreciable percentage of the to tal. F o r the 
d a ta  given in th is paper no separation  of the  second and th ird  parts  
could be m ade, b u t the perm anent deform ation (3) is believed to  be 
m uch greater th an  the tem porary  (2 ).
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If th e  specimen is no t shrinking while i t  is under load, th en  a con­
siderable p a r t of the  inelastic deform ation is p robab ly  only tem p o rary  
and apparen tly  the  result of viscous flow in the adsorbed w ater films. 
A fter rem oval of the  load, th e  elastic constituen ts of th e  gel-structu re  
tend  to  restore the original shape b u t are re ta rded  by the  viscosity  of 
th e  adsorbed w ater films. However, if an  elem ental volum e* of cem ent 
paste  is shrinking while under stress, th e  conditions are different. The 
loss of m oisture in troduces relatively  large in terpartic le  forces which 
tend  to  change the relative positions of the  colloidal partic les w ith in  an 
elem ent. Some ad jacen t particles are pulled closer together b u t others 
are moved fu rther apart. D uring th is tim e of m ovem ent th e  directions 
of relative m otion of the particles m ay be appreciab ly  affected by stresses 
on the elem ent. In  th is w ay stresses on an  elem ent during  th e  tim e it  is 
shrinking m ay produce com paratively  large perm anen t deform ations.

The foregoing is one explanation for th e  m uch larger am o u n t of 
plastic flow th a t a load will produce on a dry ing  specim en com pared to  
w hat i t  would produce if e ither th e  specim en were p reven ted  from  drying 
or had previously been dried. I t  is also an  explanation  of th e  rela tively  
great capacity  for the  concrete near the  drying surface to  deform  p lasti­
cally w ithou t cracking. If  th e  analysis is correct, th en  a definite stress- 
flow relationship cannot be ascribed to  a given elem ent of concrete since 
th e  am ount of plastic flow would depend n o t only upon  th e  m agnitude 
and  du ra tion  of stress on an  elem ent b u t also upon  the  changes in  mois­
tu re  con ten t th a t  occurred while the  elem ent was under stress.

Because m ost of the  inelastic deform ation was considered to  be per­
m anen t and because the  increase in deform ation  w ith  tim e was con­
siderad to  be controlled chiefly by  changes in  d is trib u tio n  of shrinkage 
and shrinkage-stresses w ith  relatively  sm all lag in tim e a fte r the  develop­
m ent of shrinkage-stress, th e  te rm  “ plastic  flow” ra th e r  th a n  “ creep” 
was selected for th e  inelastic p a r t  of th e  deform ation.

I t  is im p o rtan t to  know  in w hat w ay th e  pastic  flows of th e  ind iv idual 
elem ents con tribu te  to  th e  inelastic deform ations of th e  body  as a  whole. 
F o r exam ple, if a body is under axial load th e  p lastic  flow in  tension or 
com pression caused by  th e  load is the  difference in  th e  algebraic sum  
of th e  inelastic deform ation of each elem ent and  w h at th e  algebraic 
sum  would have been if th e  body had  n o t been under load. B u t th e  p lastic  
flow of a body  under flexural load depends on th e  moment of the  inelastic 
deform ation of each elem ent w ith  respect to  th e  “ n eu tra l axis.” B o th  
plastic  elongation on th e  tension side and plastic  com pression on th e  
com pression side of a beam  under flexural load co n tribu te  to  th e  m easured 
plastic flow of th e  beam  as a whole.

*In  th is  d iscussion non-hom ogeneity  of th e  cem ent p a s te  is recognized an d  an  e lem en t of p as te  is n o t 
infin itesim al b u t la rge enough to  be essen tia lly  like a d jacen t elem ents.
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Sum m ary of remarks on plastic flow. The actual plastic deform ation 
of e lem ental volum es of a  specim en m ay be m uch different from  th a t 
com puted  on the basis of labo ra to ry  experim ents if shrinkage-stresses 
are p resen t, b u t in th is paper the  p lo tted  curves represent such com puted 
values. C om puted values are based upon the  difference in the  deform a­
tions of loaded and  n o t loaded specimens. T he term  “ plastic flow” is 
used in th is paper to  refer to  e ither ac tual or com puted plastic deform a­
tion. P lastic  deform ation is a rb itra rily  defined as th a t  p a r t  of th e  to ta l 
deform ation produced by stress (either by  ac tual stress or by  load-stress 
as indicated  by  th e  tex t) th a t  w ould n o t be im m ediately  recovered upon 
rem oval of the  stress.

Effect o f thickness on stresses and plastic flow when the slab is p a rt ia lly  restrained against 
shortening

C om panion specimens of the  sam e size and  sealed in  th e  same m anner 
as those represented in Fig. 22 were partia lly  restra ined  against shrink­
age b y  specially designed steel bars, som ew hat as were those described 
by  C arlson . 23 T he m ain features of th e  steel bars are shown in Fig. 23. 
(The concrete specimen illu stra ted  in Fig. 23, however, is from  another 
te s t in which the concrete was allowed to  d ry  from  all sides and only one 
b ar was used per specim en). E ach specimen of 2 x6 -in. cross section con­
ta ined  tw o ^ 8 -in. d iam eter bars, and each specimen of 2 x 1 2 -in. cross 
section contained four ^ - in .  d iam eter bars. T he arrangem ent of bars 
is shown in th e  A ppendix, and in Fig. 24.

A rubber tube covered the  central 20 inches of each b ar so as to  prevent 
bond over a 2 0 -in. gage length, thereby  insuring th e  sam e axial force 
in th e  b ar over all sections of th e  gage length. T h a t p a rt of each steel 
b ar no t covered w ith  rubber was th readed  and  thus th e  bars were anchored 
to  th e  concrete for a  distance of 7 in. on each side of th e  gage length . Be­
cause of th is anchorage th e  shortening of th e  steel b ar over the  gage 
length  is equal to  th e  shortening of th e  concrete over th e  sam e gage 
length. M oreover, as is obvious from considerations of equilibrium , 
the  force in th e  concrete in  th is gage leng th  is equal and  opposite to  the 
force in th e  steel in th e  same gage length. Therefore, the average un it 
stress in the  concrete can be com puted from  the change in length, m odu­
lus of elasticity , and percentage of steel. T he form ula is

_ A SE S A I 
*c ~  A c I

w here <rc is average stress in the  concrete
A s is cross-sectional area of th e  steel 
A c is cross-sectional area of th e  concrete 
E s is Y oung’s m odulus for th e  steel
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AI is n e t change in  length  over gage length  a fte r corrections 
have been m ade for any  change in  tem pera tu re . * AI is nega­
tive  if the  specimen has shortened.

I is gage length.
N o t only th e  average stress caused b y  the  re s tra in t b u t also p lastic  

flow caused b y  th is  stress can be com puted if th e  m odulus of elastic ity  
of the concrete is know n and  th e  assum ption is m ade th a t  the  shrinkage 
tendencies of th e  restra ined  specim ens are the  sam e as those for com­
panion  unrestra ined  specimens of th e  sam e size. T he form ula is

w here c is u n it plastic flow caused by  restra in t,
Sav is th e  u n it shortening of th e  free-shrinkage specimens, and 
E c is Y oung’s m odulus for th e  concrete.

Performance of 'partially restrained specimens. As explained in the  
A ppendix all specimens were cured under w ater. T he specimens tended  
to  expand during  th is storage and  consequently the  concrete in those 
p artia lly  restra ined  w ith  restra in ing  bars was compressed. Therefore, 
for a short tim e after drying began, th e  direction of the  plastic flow 
produced by  th e  restrain ing  bars was in a negative direction. Shortly  
a fte r drying began, th e  stresses in  the  restra in ing  bars changed from  
tensile  to  compressive, and th e  average stress in  the concrete changed 
from  compressive to  tensile.

U nder th e  conditions of th is te s t the  average stress reaches a m axim um  
and  th en  slowly decreases if failure b y  spontaneous cracking does no t 
occur. A specim en’s average stress and  its  shortening necessarily reach 
th e ir m axim um s sim ultaneously if th e  tem pera tu re  rem ains constant. 
Therefore, th e  tim e of m axim um  average stress is th e  tim e when the  
ra te  of average shrinkage equals th e  ra te  of plastic deform ation. D uring 
th e  decrease of average stress, th e  ra te  of plastic deform ation exceeds 
th e  ra te  of shrinking.

O rdinarily  in  th is  te s t th e  specimens are no t perm itted  to  reach a final 
equilibrium  s ta te  in  regard to  shrinkage, shrinkage-stress, and plastic 
flow. B u t ju s t after th e  m axim um  restrain ing  force has been developed 
additional tensile load sufficient to  cause failure of th e  specimen is 
applied. T his load is applied to  th e  p ro trud ing  th readed  ends of th e  
restra in ing  bars by  a m achine designed for th e  purpose. W hile th e  load 
is being applied, m easurem ents are taken  so th a t  th e  added stress in 
th e  concrete can be determ ined. F u rth e r details are given in  Fig. 33 
of th e  Appendix.

*A11 te s ts  w ere conduc ted  in  a  room  m ain ta ined  a t  76 =±= 1°F an d  a  re la tive  h u m id ity  of 50 ±  2% , 
excep t for occasional dev ia tions from  these  lim its.
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Fig. 2 5— Plastic  
flow  in  the pa r­
t ia l ly  restra ined  
specimens o f Fig.
24

Factor of safety. The purpose of the  tes tin g  ju s t described is to  
learn  how close the specimen comes to  cracking spontaneously . The 
ra tio  of the  com puted stress a t  failure to  th e  m axim um  average shrinkage- 
stress is called a factor of safety. Specim ens th a t  crack spontaneously  
are reported  as having a fac to r of safety  less th a n  un ity . R esu lts show ing 
com puted average shrinkage-stresses and  plastic  deform ation  are  shown 
in  Fig. 24 and  25, respectively. T he record of th e  num ber of specim ens 
of each cem ent tl ia t  cracked spontaneously  and  of th e  average facto rs of 
safety  (f.s.) of those th a t  did no t crack is also shown in Fig. 24.

Effect of thickness on plastic flow. A tten tion  is called to  th e  sim ilarity  
of the  th ree  sets of curves in Fig. 22, 24, and  25. T he sim ilarity  is no t 
to  be in te rp re ted  as necessarily ind ica ting  th a t  th e  p lastic  deform ation 
of an  elem ent is p roportional to  its  stress. One is tem p ted  to  m ake th is  
in te rp re ta tio n  because, if i t  were tru e , th en  th e  p lastic  flow of a  specimen 
would depend only on average stress and  no t on th e  d is tribu tion  of stress. 
In  general, th e  d iagram s show th a t  th e  12-in. specim ens developed con­
siderably m ore p lastic  flow for th e  sam e am oun t of average stress th a n  
e ither th e  2 - or the  6 -in. specimens.

There are several possible reasons for th i s : first, because of th e  lower 
ra te  of shortening, th e  larger specim ens will have been under a  given 
range of stress longer th a n  th e  sm aller specim ens and  therefore  w ould be 
expected to  have m ore p lastic  flow for th e  sam e stress. Since th e  tim e 
required  for the  sam e am oun t of shorten ing  is approxim ately  p ropor­
tional to  th e  square of th e  thickness, th e  1 2 -in. specim ens will in general 
have been under a given range of stress abou t four tim es as long as th e  
6 -in. specimens. Second, since the  th icker specim ens will have h igher 
m axim um  stresses, th e  additional plastic flow could be accounted for 
by  a non-linear stress-flow relationship  w hether or n o t th is  re la tionsh ip

Cement 1-2280-1.94
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for each elem ent was modified while the elem ent was losing m oisture 
rapidly . T hird , th e  assum ption th a t  shrinkage tendencies of the  re- 
strained-shrinkage and free-shrinkage specimens are equal is no t entirely  
correct and  consequently  th e ir  com puted plastic flow are in  error. A 
difference in th e  shrinkage tendencies of the 1 2 -in. free and restrained  
specim ens m igh t resu lt since the  arrangem ent of th e  four bars was such as 
p artia lly  to  obstruc t th e  flow of m oisture.

P robab ly  all factors listed above contribu ted  to  th e  results. Of the 
factors causing th e  com puted plastic flow to  be greater in  th e  1 2 -in. 
specimens, th e  au th o r is of th e  opinion th a t  th e  non-linear stress-flow 
relation  con tribu ted  m uch more th a n  the  difference in du ra tion  of given 
stresses.* T h a t th e  m axim um  stresses in  th e  larger specimens are 
higher is shown by  th e  fac t th a t  all th e  1 2 -in. restra ined  specim ens of 
th ree  of the  four cem ents cracked (see Fig. 24) whereas only a few of the
6 -in. specimens and  none of th e  2 -in. specimens cracked.

According to  m ost of these argum ents th e  2-in. specimens should 
have less p lastic  flow th a n  th e  6 -in. specimens, whereas in  general they  
have slightly  m ore for th e  sam e shortening and for th e  same average 
stress. A com plete explanation for th is is no t a t  hand, b u t th e  lesser 
ex ten t of hyd ra tion  of the  cem ent in  th e  2 -in. specimens because of their 
m ore rap id  dry ing  m ay be a factor. Also, the  exposed surfaces of th e
2 -in. specim ens were th e  top  and bo ttom  surfaces as cast, whereas the 
dry ing  surfaces for all the  o ther specimens were the  sides as cast. Bleed­
ing and settlem ent of th e  plastic mix before in itia l hardening is com­
plete always m akes the  concrete near the  top and th a t  near the  bo ttom  
as cast different from  th a t  a t th e  sides. I t  m ust also be rem em bered 
th a t  th e  com puted plastic deform ation m ay be more or less th an  the  real 
plastic deform ation of the m aterial.
Use o f beams d ry ing  from on ly  one side fo r determ in ing p robab le  stresses in slabs or walls  
d ry ing  from two opposite sides

To obtain  inform ation on plastic flow and on th e  m agnitude and 
d istribu tion  of stresses in  unrestra ined  walls or slabs drying from  two 
opposite sides ano ther set of specimens, also com panion to  those repre­
sented  in Fig. 22, were m ade. These specimens differed from  those of 
Fig. 22 in th a t  they  were perm itted  to  d ry  from  only one side instead 
of tw o opposite sides and  in th a t  th e  thicknesses of corresponding speci­
m ens were ju s t half those of Fig. 2 2 . Since they  were half as th ick  and 
dried  from  only one side instead  of tw o sides (see A ppendix), any one of 
these specimens was considered to  have th e  sam e conditions of drying 
and  consequently  th e  sam e d istribu tion  of shrinkage tendency as e ither 
half of a corresponding specimen represented in Fig. 22.

*M ost con tem porary  w riters on th e  ine lastic  p roperties of concrete a p p a re n tly  w ould ta k e  th e  opposite 
view . T h is difference in  v iew poin t is explained  an d  an  arg u m en t for th e  a u th o r’s view  is given in  Ref. 20.



If  th e  d istribu tion  of shrinkage tendency  is th e  sam e and  if th e  correct 
external forces are applied so as to  m ake all th e  deform ations th e  sam e 
as those of e ither half of th e  corresponding specim en, th en  th e  d is trib u ­
tion  of stresses will also be the  same.

E igh t specimens of a  k ind were m ade, four of w hich were allow ed 
to  w arp freely and  four were restra ined  against w arping. I t  was no t 
feasible to  d istribu te  the  ex ternal restra in ing  forces on the  specim ens 
to  be restrained  against w arping in  exactly  th e  m anner th a t  th e  m u tu a l 
forces betw een the  tw o halves of th e  corresponding specim ens w ere 
d istribu ted . As shown in th e  A ppendix, th e  m ethod  ado p ted  was to  
support th e  specimen as a sim ple beam  and  to  app ly  enough force a t  the  
quarter-po in ts  to  p reven t w arping of th e  cen tra l half.

As discussed previously and  as shown b y  E q u a tio n  19*, th e  am oun t 
of w arping of a  specim en free to  w arp is ind ica tive  of th e  non-un ifo rm ity  
of shrinkage tendency. F rom  sim ilar considerations i t  follows th a t  th e  
am ount of m om ent necessary to  p rev en t w arping is ind ica tive  of th e  non­
uniform ity  of stresses resulting  from  th e  non-un ifo rm ity  of shrinkage 
tendency. F urtherm ore, th e  difference betw een th e  ac tu a l m om ent 
required  to  p reven t w arping and  th a t  com puted  from  th e  am oun t of 
free w arping, assum ing no p lastic  flow, gives an  ind ication  of th e  dis­
trib u tio n  of p lastic  flow. T he resu lts for one of th e  four cem ents a re  
shown in Fig. 26. T he lower curves give th e  ac tu a l m om ent developed, 
M , divided b y  th e  section m odulus, I /c ,  for beam s of th ree  different 
thicknesses. T he upper curves show w h at th e  M c / I  w ould have  been 
if th e  restra in ing  m om ent had  n o t produced p lastic  flow. T h e  upper 
curves are obtained from  th e  m easured values of th e  w arp ing  tendency  
and  Y oung’s m odulus of com panion specimens. Y oung’s m odulus was 
determ ined from  resonan t frequency of v ib ration .

Stresses based on flexure form ula. Since th e  o rd inates in Fig. 26 are 
in  te rm s of M c /I ,  th ey  rep resen t th e  stress in  th e  o u te r fiber according 
to  the  e lem entary  flexure form ula. A ccording to  th e  low er curves of 
Fig. 26 th e  com puted  stresses for th e  1-in. specim ens reached a m axim um  
of 410 lb. per sq. in. by  th e  end of th e  first d ay  of drying. T he com puted 
m axim um  stress in th e  3-in. specim en was 490 lb. per sq. in. and  was 
reached in 14 days. T he com puted  stress in  th e  6 -in. specim ens had  
reached 500 lb / in 2 a fte r 36 days and  th e  ind ications are  th a t,  h ad  th e  
te s t  been continued, th e  com puted  stress w ould have reached  a m axim um  
of ab o u t 550 lb per sq. in. a fte r ab o u t 1 0 0  days of drying. T hese com ­
pu ted  stresses in th e  ou te r fiber, based as th ey  are on th e  flexure form ulas, 
are of course n o t th e  ac tu a l stresses. T he ac tua l stresses in  th e  d ry ing  
surface will build  up  very  rap id ly  (see curve y /b  = 1.0 in  Fig. 1 2 *) and
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*See P a r t  1.
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Fig. 2 6 — C o m ­
parison o f actua l 
m o m e n t  neces- 
s a r y  t o  k e e p  ¿
b e a m s  f r o m  “  1200
warp ing  w ith the 
c o n p u t e d  mo-  ¿3
m e n t  necessary °-
» ■ ’ L a « 6 0 0t o  s t r a i g h t e n  J  
c o m p a n i o n  — 
beams tha t are 
f r e e  t o  w a r p .
(P lo tted in terms
of ^ - C )

° 0  ■ I 2  3  4  5  6  7  6

J/E
b

will build  up  as rap id ly  in th e  th icker slabs as in  th e  th inner. T he 
ac tual stresses are probably  b e tte r  represented by  th e  solid curves of 
Fig. 27.

Stresses based on modified theory. T he solid curves of Fig. 27 show 
stresses based upon a  modified theory . These curves were ob tained  by 
su bstitu ting  appropria te  values of th e  param eters y/b, k t /b 2, fb /k ,  E, and 
(Soo in to  E quation  20 of P a r t  1. F or the  construction of these curves the  
th eo ry  as presented in  P a r t  1 was modified in th a t, instead  of using 
constan t values for th e  factors k, f ,  Sa>, and E, th e  following procedure 
was pursued:

(1) T he u ltim ate  shrinkage S  co was set equal to  750, 700, and 600 
m illionths, respectively, for th e  1-, 3-, and 6-in. th ick  specimens. The 
selection of these separate  values ra th e r  th an  one value for all specimens 
was governed b y  the  app aren t u ltim ate  u n it shortenings of th e  cor­
responding free-shrinkage specimens (Fig. 22).

(2) T he ra tio  f / k  was set equal to  2.5 in . '1, i.e., f b / k  was 2.5 for 1-in., 
7.5 for 3-in. and 15.0 for 6-in. specimens. W hen th is value of f / k  and 
th e  above values of <So> were used, th e  theoretical m axim um  values of 
w arping as given by  curve A of Fig. 14* were found to  be in agreem ent 
w ith  th e  experim ental values of m axim um  w arping for each of the  th ree 
thicknesses of specimens.

(3) A value of k t/b2 was selected for each period of drying (1, 7, and 
28 days) and for each thickness of specimen, such th a t  when su b stitu ted  
along w ith  the  above values of S  co and f / k  in  E q ua tion  23* for w arping 
th e  resu lt wrould be in  agreem ent w ith  the  experim entally  determ ined 
values for these periods and  these thicknesses.

(4) A value of E  -was selected for each period of drying and each th ick ­
ness of specimen such th a t th e  theoretical m om ent given by  E quation  
27 w ould be in  agreem ent w ith  the experim entally  determ ined values.
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Fig. 2 7 — Theo­
re tica l d is tribu­
tion  o f shrinkage  
stresses (m od ified  
theo ry) in slabs 
d ry ing  from two  
opposite  surfaces 
fo r various d ry ­
ing periods and  
slab thicknesses
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(5) T he above values of £«>, k t /b 2, f b /k ,  and  E  to g e th er w ith  appro­
p ria te  values of y/b ,  were su b s titu ted  in to  E q u a tio n  20* and  com puta­
tions m ade for stresses. T he solid curves were p lo tted  from  these 
com puted stresses.

T he dashed curves show the  stresses th a t  are o b ta ined  when th e  fore­
going procedure of com puting stresses is used except th a t  th e  dynam ic 
m odulus of e lastic ity  is used for E. T he difference in th e  curves is a 
m easure of th e  relief of stress b y  plastic  flow and  th u s  is a  m easure of 
th e  am ount of p lastic  deform ation th a t  has occurred.

A lthough it  is believed th a t  for th e  m ost p a r t  th e  m agn itude  and 
d istribu tion  of stresses a fte r th e  various periods of d ry ing  and  for the  
various thicknesses of specim ens are ab o u t as given by  th e  solid curves 
of Fig. 27, th e  curves are probab ly  in erro r in certa in  respects. T he p rin ­
cipal source of error lies in  the  assum ption th a t  th e  effects of p lastic  
flow can be tak en  in to  account by  using a  reduced m odulus of e la s tic ity  
as is done when E q u atio n  20 is used. Inelastic  deform ation  is cum u­
la tive and depends on th e  past stress-history, no t necessarily on th e

*See P a r t  1.
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stress a t  th e  m om ent. F urtherm ore, as explained in  the  section on 
plastic flow, the  ra te  of flow for an elem ent will depend on the ra te  a t 
w hich the  elem ent is tending  to  shrink and m ay no t be proportional to  
th e  stress on the  elem ent. Therefore, near the  drying surface, where 
th e  stress has been relatively  high from  the beginning of drying, the 
p lastic  flow will be greater and  th e  stress will be less th an  th a t indicated. 
S lightly  fa rth e r inw ard  where th e  stress has only recently  changed from  
com pression to  tension th e  re su ltan t plastic deform ation will be less 
and  th e  stress more th an  th a t  indicated . T he do tted  curve in the  one 
d iagram  of Fig. 27 represents an a tte m p t to  show a b e tte r  estim ate  of 
the  ac tual stress.

Reversal of stress by plastic flow. Fig. 26 indicates th a t  eventually  the 
stress in  th e  ou ter fiber wall become negative, i.e., compressive. In  all 
restrained-w arping tests  th a t  were continued u n til equilibrium  of mois­
tu re  con ten t was nearly  reached, the  m om ent required to  p reven t w arp­
ing decreased to  zero and  would have then  become negative if restra in t 
against negative w arping had been provided. This m eans th a t  when a 
wall dries from  tw o opposite sides or a prism  dries from  all four sides, 
eventually  th e  ou ter shell will be in compression and  the  inner core will 
be in tension.

Of in te rest in th is connection is th e  fac t th a t specimens of n eat cem ent 
bars have been known to  break  spontaneously and  audibly while 
resting  in  place in  a storage rack. The explanation is th a t  during the 
early  p a r t of drying large tensile stresses developed in  th e  ou ter shell. 
As a resu lt the  ou ter shell was first perm anently  elongated and then  
caused to  fail in tension, i.e., to  crack. As drying proceeded inw ard, the 
inner core, which had  no t ye t been stretched , tended  to  become shorter 
th an  the ou ter shell. T he cracks closed, compression developed in  the  
ou ter shell, and  tension developed in th e  inner core. In  some cases th is 
tension was sufficient to  cause failure of the core. A specim en would 
break  spontaneously when failure of the inner core occurred a t a section 
where the  ou ter shell was already cracked.

Investigation o f properties o f concrete by  means o f slabs or prisms d ry ing  from one side on ly

As th e  foregoing has indicated , results from  prism s drying from  only 
one side have been very  valuable for ascertaining in w h at ways the 
th eo ry  of diffusion is applicable to  shrinkage of concrete. T hey are 
also valuable for investigating  certain  properties of concrete, especially 
if used in  connection w ith  the  diffusion theory. T he chief advantage of 
drying a prism  from  only one side is th a t  i t  tends to  w arp as well as 
shorten  as i t  dries and  thereby  m akes possible m easurem ents no t ob­
ta in ab le  on prism s drying from  all surfaces.
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As explained previously, th e  resu lts from  prism s drying from  only 
one side ind icated  a cause for concretes of h igher alkali con ten t to  show  a  
greater tendency  to  crack under some conditions. A dditional resu lts in  
regard  to  fineness of grinding and percentage of gypsum  will now be 
reported  for the  inform ation th ey  give to  illu stra te  how such prism s m ay  
be used to  investigate  properties of concrete.

Effect of finer grinding on plastic flow. As explained previously, in  
addition  to  the  one cem ent represented in Fig. 26 and  27, th ree  o ther 
cem ents were tested  a t  th e  sam e tim e and in th e  sam e m anner. T he re­
sults for the  other cem ents were sim ilar in m ost respects to  those show n 
in Fig. 26 and 27 for th e  one cem ent. T here were some differences, how­
ever. M ore plastic flow occurred in  the specim ens m ade w ith  th e  tw o  
finer-ground cem ents. T he differences in p lastic  flow w ith  fineness of 
grinding in  th is te s t were sim ilar to  and  in  agreem ent •with th e  differ­
ences shown for these cem ents in  th e  restra ined-shrinkage te s t  (Fig. 25).

T he effect of finer grinding on s tren g th  is sim ilar to  th a t  p roduced b y  
longer curing and  therefore since longer curing decreases p lastic  flow we 
m ight expect th a t  finer grinding w ould also decrease p lastic  flow. H ow ­
ever, several cem ents tes ted  in  th is w ay all show ed th a t  finer g rind ing  
increased plastic flow for b o th  restra ined-shrinkage and  restra ined- 
w arping specimens. O ther tests  in  th is  lab o ra to ry  ind ica te  th a t  th is  
effect of finer grinding on p lastic  flow is ind irect. A  given q u a n tity  of 
gypsum  added a t  th e  tim e of grinding is less effective in  re ta rd in g  th e  
early  chem ical reactions the  finer th e  cem ent.24 Lack of p roper re­
ta rd a tio n  of th e  early  reactions because of insufficient gypsum  resu lts 
in  a  concrete of g rea ter shrinkage tendency  and  g rea ter capacity  for 
plastic flow. Therefore, according to  th e  indications, finer grinding, if 
unaccom panied b y  increase in  percentage of gypsum , ind irec tly  produces 
a  concrete of g reater tendency  to  deform  inelastically .

T his still leaves unansw ered th e  question in troduced  in  th e  discussion 
of Fig. 22 as to  w hy th e  effects of p lastic  flow did  n o t also reverse th e  
relative positions of th e  curves for th e  finer-ground cem ents. Possibly 
a t  th e  very  beginning of drying th e  coarser-ground cem ents, because of 
the ir rela tively  low streng th , flow m ore readily  b u t  becom e less p lastic  
th a n  th e  finer-ground cem ents a t  th e  la te r ages when th e  stren g th s  are 
m ore nearly  equalized. However, since only slight differences in  th e  
w ay th e  different concretes dev ia te  from  the  th eo ry  could accoun t for 
th e  resu lts and  since concrete deviates from  th e  theo ry  in  m any  d ifferent 
ways there  are o ther possible answers to  the  question.

One possible answ er is suggested in Fig. 24, according to  w hich coarser 
grinding resu lted  in  grea ter negative stresses a t  th e  end of th e  curing 
period. These negative stresses were produced by  th e  tendency  of th e
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concrete to  expand during curing, especially th e  tendency to  expand 
a fte r some resistance to  plastic flow had  developed. A ny tendency  
for th e  in te rio r of th e  free-shrinkage specimens to  continue expansion 
a fte r th e  surface begins to  d ry  would reduce the ra te  of shortening a t th e  
beginning of th e  dry ing  period. If, as seems quite probable, th is  tendency 
is g rea test for th e  th icker specim ens w ith  th e  coarser-ground cem ents, 
th en  these specim ens would shorten  relatively  less a t the  beginning of 
dry ing  th a n  would be ind icated  by theory.

Effect of added gypsum. T he effect of th e  gypsum  in th e  cem ent on 
th e  properties of the  hardened concrete was observed in  an investiga­
tion  in  w hich 21 cem ents were m ade from  th e  five clinker com positions 
listed in  th e  Appendix. B y blending various grinds of these clinkers, 
cem ents of different finenesses and  different gypsum  contents were 
obtained from  each clinker. C oncretes (M ix C) m ade from  these 21 
cem ents were tested  in th e  m anner indicated  previously for prism s drying 
from  only one side. How ever, in  th is  investigation  only th e  3-in. size of 
specimen was used.

W here th e  C3A  con ten t of th e  clinker was m oderate or relatively  high, 
an  increase in  S 0 3, con ten t decreased shrinkage and w arping and  also 
decreased p lastic  flow. W here th e  C3A  con ten t was low, an increase in 
S 0 3 had  relatively  little  effect. According to  o ther d a ta  ob tained in th is  
laboratory , a still fu rth e r increase in  SO?, w ould have increased th e  
shrinkage.24 R epresentative results for a  cem ent of high CSA  con ten t 
are shown in Fig. 28, 29, and 30. As shown by  Fig. 28, th e  m axim um  
w arp of those specimens free to  w arp was reduced appreciably by  in­
crease in  per cent of S 0 3. T he reduction in shortening w ith increase in 
S 0 3 agrees w ith  th a t  reported  previously by  o ther in v estiga to rs21’24•25.

Fig. 29 shows th a t  the  re stra in t developed b y  th e  specimens restrained 
against w arping was in  general less w ith  th e  higher percentages of SOs. 
However, increasing th e  S 0 3 from  1.5 to  2.4 per cent had  only a  very  
sm all effect on the  am oun t of re s tra in t developed in  th e  restrained  
specim ens com pared to  th e  effect on th e  w arping of unrestrained  speci­
mens. The explanation is th a t  although the  increase in S 0 3 reduced 
w arping i t  also reduced th e  tendency  to  yield under stress. T he net 
resu lt is some reduction in  stress b u t no t as m uch as would be an tic i­
p a ted  from  th e  results of th e  free-w arping specimens.

Fig. 30 shows th e  effect of S 0 3 on th e  factor of safety  against cracking 
as determ ined by th is te s t of a cem ent of high C3A.

S U M M A R Y  A N D  C O N C L U S IO N S
T he theo ry  th a t  shrinkage of concrete follows th e  laws of diffusion 

sim ilar to  those followed by  th e  flow of hea t is tested  by  m eans of specially
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3 .0 Fig. 30 —  Effect 

of gypsum , pe ri­
od o f curing, and  
fineness o f g r in d ­
ing on facto r o f 
safety a g a i n s t  
cracking
Specimens same as 
those represented in 
Fig. 29.
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5 O3 C ontent o f Cem ent, %  by w e ig h t

designed experim ents. According to  th e  theory  th a t  was developed in  
P a r t  1, the shrinking and developm ent of stress in a given concrete 
under given conditions of drying is considered to  be characterized by 
certa in  constants. These constants are diffusivity of shrinkage, surface 
factor, u ltim ate  shrinkage, and Y oung’s m odulus of elasticity. E q u a­
tions were derived in P a r t 1 giving shortening and w arping of prism s 
versus period of drying in term s of these constants and th e  dim ensions 
of the  prisms.

In  P a r t  2 i t  is shown th a t  these constants can be selected so th a t the  
shortening of a prism  as com puted by  the  theoretical equations is in 
good agreem ent w ith  experim ental values of shortening. Furtherm ore, 
it  is shown th a t  by  using th e  same constants th e  shortening versus period 
of drying of o ther prism s differing in size and num ber of sides exposed 
to  drying can be predicted  w ith  fair accuracy if the difference in size is 
n o t too great. However, i t  is shown th a t  th e  theory  m ust be modified 
to  tak e  in to  account inelastic deform ation and  to  perm it th e  supposed 
constan ts to  v a ry  w ith  m oisture conten t and size of specimen if the  
theo ry  is to  be in  agreem ent w ith  all results on all types of specimens 
of a  given concrete.

T he theory  is used to  explain various th ings abou t concrete; in fact, 
paradoxically, i t  is used to  explain some of the  ways in which concrete 
does no t perform  as predicted by  th e  theory. T he tendency of large 
specim ens to  crack more and  shrink  less th an  sm aller specimens and th e  
effect of alkali con ten t of the  cem ent in  increasing th e  tendency to  warp 
while reducing the ra te  of shrinkage are explained on the basis of the



390 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1946

theory . I t  is shown th a t  w hen a sa tu ra te d  specim en is dried  a t  50 p er 
cen t re la tive  hum id ity  th e  stress developed w ould be m uch g reater 
th a n  th e  stren g th  of th e  concrete if i t  were n o t for th e  effects of p lastic  
flow. I t  is fu rth er shown th a t  when a  specim en is restra ined  against 
deform ing th e  restra in ing  forces are m uch less th a n  th ey  w ould be if 
p lastic  flow did n o t occur.

An exam ple is given of th e  use of th e  theore tica l equation  in  de te rm in ­
ing th e  d istribu tion  of stresses a t  various tim es during  th e  d ry ing  of a 
specimen. In  th is exam ple, consideration is given to  p lastic  flow and  to  
th e  decrease in diffusivity of shrinkage as th e  specim en dries.

T he restrained-shrinkage te s t and  th e  restra ined-w arp ing  te s t  are 
used to  determ ine a factor of safety  against cracking for concrete under 
conditions of drying and  of re s tra in t com parable to  those u n d er w hich 
th e  te s ts  are m ade. These tests, toge ther w ith  te s ts  on free-shrinkage 
an d  free-w arping specimens, are used to  m easure p lastic  flow.

T he various te s ts  described in  P a r t  2 and  in  th e  A ppendix to  P a r t  2 
when used in  conjunction w ith  th e  th eo ry  given in  P a r t  1 provide a 
m eans for study ing  some of th e  m ore fundam en ta l p roperties of concrete 
and  for pred icting  th e  perform ance of concrete u n d er some conditions 
in the field.
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P a r ts  b y  W eight
M ate ria ls

M ix A M ix B M ix  C

W a te r, n e t ............................................................ ................... 0 .5 0 .3 5 5  to  0 .3 8 8 0 .4 8 7

W a te r ad d ed  for ab s o rp tio n .......................... 0 .0 1 8 0 .0 8 3

T o ta l w a te r .......................................................... ................... 0 .5 0  .403 to  0 .436 0 .5 7 0

C e m e n t.................................................................. ................... 1 .0 1 .0 1 .0

P u lverized  s i l ic a ................................................. ................... 0 .6

E lgin s a n d ............................................................ 1 .2 8 2 .4 3

E lg in  g ravel m ax. s ize ).......................... 1 .8 2 2 .9 7

Consistency
Consistency of Mix B with different cements was maintained fairly constant a t from 

5 to  6 in. of slump with a 12-in. cone by varying the amount of mixing water. The 
consistencies of Mixes A and C were allowed to  vary with the different cements. Mix C 
usually gave a slump of from 2 to  4 inches, but with some cements the slump was as 
little as 1.5 inches and with others as much as 6 inches.

M ate ria ls
Cements: One cement designated M  was a mixture of four brands of Type I  cement,

purchased in Chicago. I ts  specific surface by the Wagner method was 1665 sq. cm. 
per g. The other cements were prepared from five different commercial clinkers. From 
each of these clinkers cements of three different finenesses, coarse, medium, and fine, 
were prepared by grinding a t the plant. In  addition, two cements, one of low and one 
of high gypsum content, were prepared from each clinker by grinding in a  small lab­
oratory ball mill. The purpose in preparing these five different cements from each 
clinker was to  make it possible to  obtain any desired fineness and gypsum content by 
blending different grinds of the same clinker. In  referring to  these cements in the text 
the first number in the designation is the clinker number, the second is the Wagner 
specific surface, and the third is the per cent S 0 3 content by weight.

The chemical compositions of the five clinkers and of cement M are shown below.

Oxides

C em ent C linker X o.

C em en t
M

1 2
3 *

5

C hem ical -Analysis, 
p e r cen t b y  w t. (corr. for m inor com ponents)

2 1 .5 4 20 .6 7 23 .0 5 2 7 .8 2 22 .5 6 2 1 .2 5
A I2O3 .................................................................... 6 .5 2 5 .4 8 4 .1 4 1 .93 5 .0 0 5 .9 8

1 .56 2 .5 0 4 .3 5 1 .87 2 .4 8 2 .6 9
C om bined  C a O ................................................. 64 .3 2 65 .0 0 6 4 .2 8 6 5 .3 8 64 .0 6 62 .56
M g O ..................................................................... 2 .1 7 1.31 1 .36 1 .75 3 .3 5 3 .0 4
SO*......................................................................... 0 .4 1 0 .1 9 0 .0 3 0 .1 7 0 .2 0 1 .75
Loss on Ig n ......................................................... 0 .1 5 0 .8 5 1 .05 0 .2 6 0 .3 7 1 .13

0 .9 8 2 .71 0 .7 3 0 .2 3 nil 0 .7 9
X asO ..................................................................... 0 .1 7 0 .3 0 0 .0 5 0 .0 5 1 .13 0 .2 8
K 2O ....................................................................... 0 .1 6 0 .4 0 0 .1 7 0 .2 2 0 .4 4 0 .6 3

C om pu ted  C om pound  C om position
C om pounds pe r cen t b y  w t.
C iS ......................................................................... 50 . / 3 66 . hi 5 2 .37 3 8 .5 8 51 .61 44 .1 5
C*S........................................................................ 23 .49 9 .0 5 2 6 .5 8 50 .66 2 5 .7 5 27 .6 2
C jA ........................................................................ 14 .72 10.29 3 .6 1 1 .9 5 9 .0 6 11 .30
C<AF..................................................................... 4 .7 5 7 .6 1 13.24 5 .6 9 7 .5 5 8 .1 9



Aggregate: Sand and gravel were from Elgin, Illinois. The gravel was screened
to  pass a ?^-in. sieve and be retained on a No. 4 sieve.

The sand was graded as follows:
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Sieve P e r C en t
No. P assing

100 ............................................
4 8 ............................................ ............................................... 15
2 8 ............................................ ............................................... 43

...............................................  67
8 ................................. 82

.......................................  100

Pulverized Silica: The silica was from the same source as standard O ttaw a sand, but
ground to cement fineness. I ts  specific surface by the air-permeability m ethod was 3200 
sq. cm. per g.

Procedure
With some exceptions the procedure in preparing and testing the specimens was as 

follows:

Preparing the specimens: The materials were mixed in a power-driven open-tub
mixer. The fractions of the various-sized aggregates and grinds of cement were weighed 
and placed in the tub. The mixing schedule was: mix Yi minute dry, 2 minutes wet, 
rest 3 minutes, mix 2 minutes. (Special tests showed th a t the grinds of cement were 
adequately blended in Yi minute of dry mixing in the presence of sand.)

The freshly mixed concrete was placed in steel molds and consolidated by light 
vibration by placing molds on a platform-type vibrator. Covers were fastened on the 
molds but not made water-tight. Each mold was equipped with restraining bars, 
gage inserts, etc., the details of assembly depending upon the tests to  be made.

The molds and contents were stored under water a t 74 F  for one day. The molds 
were then stripped and the specimens returned to  w ater a t 76 =*= 1 F  in a covered tank 
where they were left for one hour. The specimens were then removed one a t a  time, 
dried with a cloth, and all initial measurements of length, deflection, and weight were 
made. All dimension measurements were made within 30 seconds after removal from 
water, and weighings were made as soon thereafter as practical. The specimens were 
then returned to  the 76 F  curing tank.

One day before the end of the curing period the specimens were removed for sealing 
of certain surfaces against the loss of moisture. The surfaces to be sealed were wiped 
with a cloth and then allowed to air-dry until the surface just changed color. During 
this time, scheduled measurements were usually made. After the color change and 
before any appreciable loss of moisture by evaporation, one coat of black, quick-drying 
brushing lacquer was applied. After the lacquer had dried a  few minutes, the excess 
was removed with a cloth and one coat of hot paraffin was applied to the lacquered 
surface. While a second coat of paraffin was being applied, one thickness of news­
paper of appropriate shape was pressed into the still soft paraffin somewhat in the 
manner in which a  paper hanger applies wallpaper. Next, a final heavy coat of paraffin 
was applied. The layer of paper helped to eliminate pin holes. (When only the ends 
of prisms were sealed, the paper and final coat were omitted.)

After the specified surfaces were sealed, the unsealed surfaces and exposed steel parts 
were cleaned, vaseline was applied to  the steel parts, and the specimen was returned to 
the curing tank  for an additional day of curing. A t the end of the curing period the 
specimens were transferred from the curing tank  to a room maintained at 76 ±  l F  ancj
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50 ±  2 per cent relative humidity. A t this time the vaseline was removed from the 
steel parts and measurements for the beginning of the drying period taken.

Testing the specimens: The testing was considered to have begun in most of the
tests w ith the beginning of the drying period. The specimens may be divided into 
classes, according to the tests made, as follows:

Free shrinkage specimens were measured for length changes, w'eight losses and resonant 
frequency of vibration. Reference plugs were cast in the ends of the specimens for the 
length-change readings. They were hex-liead cap screws arranged to give the desired 
gauge length. Ordinarily these were single plugs centrally located in the ends. But 
for those prisms th a t represented slabs drying from two opposite sides the arrange­
ment was as shown in Fig. 31.

O O  O
y2 " /z " i !z " i ft"
■ 6"--------

s e a / e d

o
o
o

o

o

o

o

Zi"

3"

Fig. 31— End views showing arrangement o f gage plugs in specimens representing 2 - in .( 6 -
in. and 1 2 -in. slabs

The gage plugs for these specimens were Y% in. bolts 4 in. long.

Restrained shrinkage specimens were partially restrained against shrinkage by steel 
restraining bars. The arrangement of the bars in those specimens th a t represented 
slabs drying from t-wo opposite sides was the same as th a t shown in Fig. 31 for gage plugs 
except th a t only two bars 3 inches apart were cast in the 2x6-in. specimens. Square 
specimens th a t are perm itted to dry from all four sides and th a t are partially restrained 
by one centrally located bar are used in routine testing of resistance to  cracking. Further 
details in regard to restraining bars and the measurements for change in length of the 
restraining bar are shown in Fig. 32 and 33 as well as in Fig. 23 body of the text.

If the restrained-shrinkage specimen did not crack spontaneously before the maximum 
restraining force had been developed, additional increments of load were applied as 
shown in Fig. 33 until failure was produced.

Free warping specimens were measured for deflection over a 32-in. span. M ost of 
these specimens were also measured for length change, weight loss and resonant fre­
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quency. Some of the free warping specimens made in the early part of the work were 
not equipped for length-change measurements. Cross sections of free warping speci­
mens are shown in Fig. 34. See Fig. 35.

Restrained warping specimens companion to the free warping specimens were loaded, 
as shown by Fig. 36, so as to prevent warping between the loaded quarter-points. Read­
ings of the load required were taken periodically and, after the maximum restrain t had 
developed, the load necessary to produce failure was determined.

M easurements of shrinkage-stress are made whether cracking occurs or not. The 
comparator (in Fig. 32a) is used to  measure the changes in length of the steel restrain­
ing bar th a t result from the strains placed on it  by the concrete. From  these measure­
ments and the known properties of steel, the average stress in the concrete is computed.

Im portan t details of the restrained-shrinkage type of specimens are shown in Fig. 32b 
(See also Fig. 23 in the text.) N ote th a t the concrete can grip the bar only in the end- 
region; contact in the 20-in. central section is prevented by a thick layer of rubber.
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Fig. 33a Fig. 33b

This method of test has been used to  measure shrinkage-stress in specimens as wide 
as 12 in. and containing as many- as four restraining bars.

Those specimens th a t do not fail under shrinkage-stress alone are given additional 
stress with the machines shown in Fig. 33a and 33b. The machine a t the left (Fig. 33a) 
is used for most of the specimens; th a t a t the right Fig. 33b is used if the capacity of the 
other one is exceeded and if the specimen contains more than one bar. The load is 
applied to the bar, and the extension of the bar a t the time the concrete fails is determined 
by the strain-gage shown in the pictures. The net amount of load on the concrete a t 
failure is computed from the magnitude of the load and the strain-gage reading. The 
factor of safety is the ratio of the load on the concrete a t failure to the maximum load 
represented by the restraint against shrinkage.

“Sonic” testing: M ost of the “unrestrained” specimens are tested periodically for 
frequency of vibration with the apparatus shown in Fig. 35a. Young’s modulus is 
calculated from the resonant frequencies.
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t

Fig. 36a (above) 
Fig. 36b (le ft)  
Restrained warping
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Warping, length-change, and moisture-content: On specimens like th a t shown in Fig. 
35a, the change in length is measured w ith the comparator shown in Fig. 32 and the 
warping is measured with the curvature-gage shown resting on a specimen in Fig. 35b. 
Results are correlated with concomitant changes in moisture-content.

Warping due to swelling: Previously dried specimens are placed, uncoated side down, 
in a trough of water as shown Fig. 35b or they are exposed to  saturated  air. The result­
ing warping due to absorption a t one surface is more rapid th an  th a t due to  shrinkage 
and can give rise to  larger stresses.

The specimens shown Fig. 36 are supported only a t the ends. They are coated on all 
but the bottom  side and therefore as they dry they  tend to  bow upward. This tendency 
is opposed by the shackles a t the quarter-points which are connected to  a  lever system 
below, one for each specimen. The levers are held by the fine-thread screw-adjustment 
seen best in Fig. 36b. The screws are turned downward until the force is ju s t sufficient 
to prevent warping as indicated by the curvature-gage shown in both pictures. This 
instrum ent can be moved from specimen to  specimen.

The force on the lever is measured periodically by finding the weight (bucket of shot) 
th a t will just hold the specimen in the position m aintained by the screw. The force 
required reaches a  maximum and then recedes slowly to  zero as drying continues. When 
the maximum is reached, the specimens are loaded to failure. The ratio of the maximum 
force required to prevent warping to  th a t required for failure is the factor of safety.

This tes t gives approximately the factor of safety against cracking of slabs of twice 
the depth of the specimens, drying equally from both sides.
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Job Problems and  Practice

Five cash awards— $50 .00 , $25 .00  and 3 o f $10 .00  each are to  be made  
fo r the best con tribu tions to  this department in the current volume year—
Sept. 1945 to  June 1946 .

In JPP  many Members may participate in fe w  pages. So, if you have 
a  question, ask it. If an answ er is of like ly general interest, it w ill be 
briefed here (w ith  authorship credit unless the contributor prefers not).
But don’t w a it for a  question. If you know of a concrete problem solved 
— in field, laboratory, factory, or office— or if you are  moved to con­
structive comment or criticism, obey the impulse; jot it down for JPP . 
Remember these pages a re  for informal and sometimes tentative frag­
ments— not the "copper-riveted" conclusiveness of formal treatises. 
"A n sw e rs”  to questions do not carry A C I authority,- they represent the 
efforts of Members to add their bits to the sum of A C I Member knowledge 
of concrete "kn ow -how .”

Influence of M ix in g  W ater "Hardness" on A ir-Entra inment (42-172)

By C H A R LES E. W UERPEL*

T he question has been raised as to  th e  influence of th e  “hardness” 
of th e  mixing w ater on th e  en tra in m en t of a ir in  a  concrete m ix ture con­
ta in ing  an  air-en train ing  agent or adm ixture; i t  being believed possible 
th a t  hard  w ater in  certa in  sections of th e  coun try  m ight decrease th e  suds­
ing or a ir-entrain ing properties of neutralized  Vinsol resin or sim ilar 
a g en ts 'w ith  th e  resu lt th a t  less th a n  th e  desired am oun t of a ir would be 
en tra ined  in  concrete w ith  th e  norm al am ount of th e  agent.

T he absence of an  effect on air en tra inm en t caused b y  the  degree of 
hardness of the  m ixing w ater was dem onstrated  in a  series of experi­
m en ts in  w hich th e  following w aters, running th e  gam ut of hardness,
were used:

Type of w ater CaC03 p.p.m.
(a) Distilled 0
(b) Extreme softness in natural waters!1) 2.4
(c) M ount Vernon, N.Y. tap  water 20.0
(d) Extrem e hardness in natural waters!2) 1043.0

(1) A verage lake  w ate r according  to  D a ta  of G eochem istry  by  F . W . C larke.
(2) A rkansas R iver. D a ta  of G eochem istry , F . W . C larke.
♦E ngineer in  charge C en tra l C oncre te  L ab o ra to ry , C orps of E ngineers, M t. V ernon, N . Y.

(401)
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T he w aters (b) and  (d) were prepared , in accordance w ith  th e  m ethod  
suggested and  used by  the  D ep artm en t of W ater Supply, C ity  of New  
Y ork, b y  adding th e  equ ivalen t am ounts of calcium  and  m agnesium  in 
the  form  of C aC l2 and  M gC l2 to  d istilled  w ater.

T able  1 shows th e  results of te s ts  m ade on m o rta r b y  A .S .T .M . M ethod  
C 185-44T using A .S .T .M . C 150-44 T ype I I  cem ent w ith  0.010 per cent 
of neutralized  Vinsol resin solution added to  th e  w ate r a t  th e  tim e of 
mixing.

Table 1
W ater A ir  Content— %

a 16.4
b 16.6
c 16.4
d 16.2

T he lack of appreciable effect of th e  Qa and  M g  ions p resen t in  th e  
m ixing w ater on th e  sudsing properties of th e  a ir-en tra in ing  agen t is 
u nderstandab le  when consideration is given to  th e  m uch g reater con­
cen tra tion  of these ions w hich go in to  solution  from  th e  cem ent very  
rap id ly  a fte r th e  w ater comes in  co n tac t w ith  th e  cem ent. In  o ther 
w ords, th e  hardness of th e  aqueous po rtion  of a  concrete m ix tu re  is so 
g rea t as n o t to  be appreciab ly  affected b y  th e  hardness of th e  w ater 
supply.

Locating Points Along Beam Axis Corresponding to Known Moments
(42-1 73)

By W . C. G O O D W IN *

In  th e  design of concrete build ing  fram es i t  is desirable to  be able 
quickly  to  locate po in ts corresponding to  predeterm ined  m om ent values. 
T he location  of po in ts  of inflection, po in ts  to  bend  or anchor reinforce­
m ent, or to  change a  concrete section are exam ples. T he m ethod  sub­
m itted  is n o t re stric ted  to  sy m m etrica lt bending  an d  applies to  any  com­
bination  of uniform  and  co ncen tra ted  loads. I t  requires only th a t
shears and  m om ents be consisten t w ith  each other, th e  loading p a tte rn , 
and  conditions of re s tra in t an d  con tinu ity .

N o ta tio n
M  moment a t a support.
M ' any p art of M.
V  shear a t support, consistent with M .
P  concentrated load a t  distance a from support.
x  distance to  section X -X  from support.
w uniform load.

^ F ab rica te d  S tee l P ro d u c ts  C o., B oston . ,, .
tS e e  T ab ie  V, “ C o n tin u ity  In  C oncre te  B u ild ing  F ram es, T h ird  F d itio n , P o r tla n d  C em en t A ssociation .
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Formulas
In  Fig. 1, the  m om ent a t  section X - X  is 

M  — Vx — P  (x-a) — wx1/2 and
x = ( M  -  Pa) / ( V  -  P)  +  \ {wx2 /  2 (V  -  P ) \

If the  load P  does no t occur w ith in  th e  d istance x,  then
M  = Vx  — wx2/2 and
x  =  M / V  +  wx2/2V

If ne ith er th e  loads 
M  = Vx  and
x = M / V

P  nor w  c 

a

tccur w ithin the dis 

P

stance x,  then 

X

w

V

X
X

Fig. 1

(1)

(2)

(3)

A p p lica tio n

Case 1— W hen a beam  in a building fram e carries a concentrated  
load or loads near m id span and  the  w eight of th e  beam  is e ither negligible 
or for convenience included in  th e  concentrations, form ula (3) m ay  be 
used d irectly  for x.

Case 2— In  th e  more common case where the  beam  carries a uniform  
load w  either w ith  or w ith o u t concentrations, b u t w here i t  m ay be seen 
by inspection th a t  a is g reater th an  x, form ula (2) applies and  x  m ay be 
determ ined as follows:

C om pute q =  M ' / V  and r =  1000w / V  separately . W ith the ir 
p roduct rq en te r T able 1 and  select rx. T hen x = rx/r.

Case S— W hen a concentrated  load occurs betw een the support and 
section X - X ,  form ula (1) applies. Proceed as in Case 2 b u t su bstitu te  
M ' — Pa  for M '  and V  — P  for V.

q =  ( M r — Pa) /  (V  -  P) and r  =  lOOOw /  (F  -  P).
In  T able 1, values of M / V  =* rq were com puted for a constan t r =  1 

an d  various values of rx  in  th e  form ula, 
x  = M / V  +  wx2/ 2 V  =  q +  rx2 /2000,
W hen r =  1, rx = rq +  a;2/2000,
For any  value of r, x = rx/r.

Example 1— A beam  w ith  a span of 20 feet is loaded near mid span 
Avith a concentration of 100 kips Avhich is assum ed to  include the weight 
of the  beam . A t one support the m axim um  negative m om ent is 300 
foot kips and  the shear is 52 kips. F ind th e  point of inflection.
x  = M / V  = 300/52 =  5.8 feet,
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T A B LE  1

Values of rg and rx for r  = 1

rg
rx

rg
rx

rg
TX

rg
rx

rg
rx

rg
rx

rg
rx

10 20 30 39 49
10 20 30 40 50

104 113 122 130 139
110 120 130 140 150

188 196 204 211 219
210 220 230 240 250

262 269 276 282 289
310 320 330 340 350

326 332 338 343 349
410 420 430 440 450

385 394 403 412 420
520 540 560 580 600

461 466 471 476 480
720 740 760 780 800

58 68 77 86 95
60 70 80 90 100

147 156 164 172 180
160 170 180 190 200

226 234 241 248 255
260 270 280 290 300

295 302 308 314 320
360 370 380 390 400

354 360 365 370 375
460 470 480 490 500

428 435 442 449 455
620 640 660 680 700

485 489 492 495 500
825 850 875 900 1000

20 feet is loaded w ith 50 kips a tExample 2— A beam  w ith  a spai 
each th ird  po in t in add ition  to  a  uniform  load of 2 kips per foot. A t one 
support th e  m axim um  negative m om ent is 300 foot kips and  the  sheai 
is 75 kips, (a) F ind  th e  po in t of inflection, (b) F ind  th e  po in t corres­
ponding to  3 /5  of the  m axim um  negative m om ent.
(a) q =  300/75 = 4.0 r =  2000/75 =  27 rq = 108

rx  =  115
x =  115/27 =  4.3 feet.

(b) q =  3 /5  of 4.0 =  2.4 r =  27 rq =  65
rx  =  67

x = 67/27 =  2.5 feet.
Example 3— A beam  w ith  a span of 20 feet is loaded w ith  a  concentra­

tion of 50 kips located  2 feet from  one support, in add ition  to  a uniform  
load of 2 kips per foot. T he negative m om ent a t  th is  support corres­
ponding to  th e  m axim um  positive m om ent is 140 foot kips, and  th e  
shear is 68 kips. F ind  th e .p o in t of inflection for m axim um  positive 
m om ent.
q =  (140 -  50 X  2) /  (68 -  50) =  2.2 r  =  2000 /  (68 -  50) =  111 
rq = 245
rx =  287 x =  287/111 = 2.6 feet.
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F O R E W O R D

This is the  F ifth  A nnual Technical Progress Issue of th e  ACT Journal 
and the first of the  postw ar period. I t  carries gratify ing lv  more adver­
tising than  any  of its four predecessors.

To resta te  th e  original purpose and factors inv o lv ed : Once a j-ear in 
th is section of the  J o u r n a l  the  seller of goods and services in  th e  field of 
concrete would reach the po ten tia l buyer w ith  an o p p o rtu n ity  for m utual 
benefit, The technically  tra ined  engineer-buyer is scornful of ballyhoo, 
alienated  by overstatem ent, breezy generalities or b y  any  highly 
im aginative sales prom otion. The m an responsible for sales is likely to  be 
close to  the  advertising departm ent. To w hat degree can com m ercial 
advertising  “ copy” be m ade to  read like engineering good sense? Could 
the  salesm an’s claims be backed up  w ith  facts?

The Publications C om m ittee has stood guard. The surprising facts of 
the experience are tw o: 1) The sm all percentage of “ copy” subm itted
which has been sent back to  its  source for revision, and  2) th e  willingness 
of advertisers, alm ost w ithout exception, to  m eet th e  Publications 
C om m ittee’s suggestions to  reduce th e  “ claim s” for a p roduct to  s ta te ­
m ents which could be, a t  least partia lly , au th en tica ted . A dvertisers 
have seemed to  see th a t claims for th e ir  p roducts which pu t a severe 
stra in  on credulity  of the intelligent reader ju s t  aren’t good advertising.

This is no t to  say th a t  the Publications C om m ittee  critics are hard- 
boiled— by no m eans. T hey are able to  see th a t  m any  claim s w hich are a 
long wray  from  under-sta tem ent still do not deceive anyone. These critics 
know, and know th a t the  A CI public knows, th a t  sales view point may  be 
arrived a t  th rough  over-rosy spectacles. C an th e  copyw riter be expected 
to  p u t ou t a  m essage th a t is as com pletely qualified as the  typical 
researcher’s well hedged conclusions!

Som etim e there m ay be an accepted  buyer-seller esperan to , or a basic 
E nglish of the m arts  of trade . U ntil then  buyers will have some vestigial 
rem inder of th e  classic w arning, “ L et th e  buyer bew are!” Seriously, 
however, while ACT endorsem ent of the  pages w hich follow is neither 
given nor im plied, m ost of our advertising  seems to  be w ritten  against 
a background of perform ance and w ith  the  knowledge th a t, in th e  long 
view, there are profits only where there  is au then tic  “ s tra ig h t ta lk ” .

(408)
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T HE EXCELLENCE OF PRODUCTION th a t won four Army- 
N avy “ E ” awards for Stearns is again at w ork in its own, its 
original field: the design and manufacture of concrete products 
plant equipment.

•  STEARNS MACHINES, vibration and tamp-type block 
makers, mixers and m aterial handling skip loaders w ill solve 
any post-war production problem tha t concrete products manu­
facturers may have.

•  STEARNS ENGINEERS AND DEALERS w ill continue to 
give this v ital industry the benefit of their mature experience.

•  MAKE USE OF BOTH!

S tearns Im p ro v e d  
Jo ltc re te  N o . 9

GENE OLSEN. PRESIDENT

Pioneers in the development of new and improved equip­
ment for the volume production of concrete masonry units.
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B L A W - K N O X  D I V I S I O N  of B l a w - K n o x  C o m p a n y
Farm ers Bank Bldg. • P ittsburgh , P a .— New York, C h icago , B irm ingham , P h ilad e lp h ia , W ashington

USE THIS UP-TO-DATE
Dry, harsh , c o n c re te  p a v in g  m ix being 
h a n d le d  by Blaw -Knox Transverse-B lade 
A utom atic T ype C o n c re te  P av ing  Spread­
e r  e q u ip p e d  w ith  v ib ra to ry  attachment. 
C o n c re te  te s te d  Y i  to Ti in ch  slump. 
C o n tra c to r 's  p ro d u c tio n  in  sp ite  of diffi­
cu lt c o n c re te  w as in  ex cess of 4 0 0  lineal 
ft. of 12 ft. w id e  slab  9 "  th ick  p e r  hour. 
S p re ad er-V ib ra to r is on e  m an  operated. 
V ib ra tion  in c re a se d  s tre n g th  of concrete 
by 25  p e r  cen t.

B u lk  C e m e n t  
P la n ts

C o n c r e t e
B u c k e ts

View b e h in d  Blaw-Knox Spreader-V ibrator 
show n in  u p p e r  p h o to g rap h . C o n c re te  has 
been  sp re a d  to re q u ire d  e lev a tio n  an d  simulta­
neously  co m p ac ted  by v ib ra to ry  attachment. 
Note uniform ly sm ooth su rface  b e h in d  vibrator. 
Blaw -Knox F in ish ing  M ach ine  w orked  closely 
b e h in d  S p re ad e r-V ib ra to r  an d  k ep t p a c e  easily. 
C o res d r ille d  from co m p le ted  pav em en t showed 
no h o n eycom b at bottom  of s lab  or at joints and 
no ex cess m orta r at su rface  of pavem ent.

P a v in g  F o rm s  fo r  
R o a d s  a n d  A i r p o r ts

T r u c k  M ix e r  
L o a d in g  P la n ts

A g g r e g a t e  B a tc h in g  
P la n ts

S te e l  S t r e e t  
F o rm s

C la m s h e l l
B u c k e ts
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B L A W - K N O X

PAVING METHOD
for greater production . . .  low er cost 

and higher quality

|  A u to m a tic  T r a n s v e r s e  S p r e a d in g
* B la d e  s p r e a d s  c o n c r e t e  t r a n s ­

v e r s e ly  a n d  a t  t h e  s a m e  t im e  p u s h e s  
e x c e s s  c o n c r e t e  a h e a d  of m a c h in e ;  
a d ju s ta b le  fo r  s p r e a d i n g  h e ig h t .

^  F in is h in g  M a c h in e  f r o n t  s c r e e d
* s t r ik e s  o ff e x c e s s  o f c o n c r e t e  to  
e x a c t  g r a d e  a n d  c r o w n .  F in i s h e r  
h a s  e a sy  a n d  r a p id  o p e r a t i o n ;  fo llo w s  
c lo s e  b e h in d  S p r e a d e r - V ib r a to r .

S tr ik e -o ff  s h a p e s  c o n c r e t e  to  r e ­
q u i r e d  h e i g h t  a n d  c r o w n  a l lo w in g  

s l ig h t  e x c e s s  fo r  c o m p a c t io n  b y  
v ib r a to r ,  s t r ik e -o f f  is  h y d r a u l i c a l l y  
a d j u s t a b l e  fo r  e le v a t io n .

C R e a r  s c r e e d  of F in i s h in g  M a c h in e  
"  p e r f o r m s  f in a l  f i n i s h in g  a n d  

s m o o th in g  o p e r a t i o n .

V ib r a to r y  a t t a c h m e n t  c o m p a c ts  
c o n c r e t e  s i m u l t a n e o u s l y  w i t h  

s p r e a d i n g  o p e r a t io n ;  v ib r a to r  is 
s p r i n g  s u s p e n d e d  a n d  d o e s  n o t r e s t  
o n  s id e  fo rm s . A ll  v ib r a to r y  e f fe c t  
is  t r a n s m i t t e d  d i r e c t ly  to  t h e  c o n ­
c r e t e .  V ib r a to r  is  c o n t r o l le d  b y  
s p r e a d e r  o p e r a to r  a n d  l e a v e s  s l ig h t  
e x c e s s  of c o n c r e t e  fo r  f in i s h in g  
m a c h in e .

The m ethod of pav in g  co nstruction  illu stra ted  has b e e n  p ro v ed  on h u n d re d s  of m iles of concre te  
paving construction  for roads a n d  a irports .

Bädü'f-
7  _ The dry  an d  h a rsh  c o n c re te  m ixes freq u en tly  spec ified  by en g in ee rs  for m odern  pavem ents 

can be sp read , com pacted  an d  su rfaced  most rap id ly  an d  efficiently  by  the  com bination  of the 
»¡•la Blaw-Knox T ransverse-B lade  T ype A utom atic C o n c re te  Paving  S p re ad e r eq u ip p ed  with vibratory  
[y iliii attachm ent an d  th e  m od ern  Blaw-Knox F in ish ing  M achine.

; The S p reader-V ib ra to r sp read s  the  co n c re te  to the  re q u ire d  dep th  and  at the  sam e tim e com- 
Milfi- pacts the co n cre te  by v ibration . The F in ishing M achine follows close on the heels of the  S p readei- 

V ibrator an d  does a qu ick  an d  easy  su rfac in g  job. The Blaw-Knox S preader-V ib ra to r team ed  
with the  Blaw-Knox F in ish ing  M ach ine  h an d les  the  o u tpu t of two 34-E d ual d rum  p av ing  m ixers.

¡flpa*

«¡ilf Difficult co n c re te  is easily  h a n d le d  on a p ro d u c tio n  basis by  th is up-to-date pav ing  m ethod and  
the con trac to r g a ins —  in  g re a te r  y a rd ag e , low er co nstruction  cost, m inim um  of m anual o p e ra ­
tions and  h ig h e r quality  pav ing .

The Blaw-Knox F in ishing M ach ine  c an  also b e  e q u ip p e d  w ith  a v ib ra to ry  a ttachm en t. H ow ­
ever, ex p e rien ce  has show n that the  p av in g  v ib ra to r m oun ted  on the  sp re a d e r p rov id es better 

i  com paction, m ore p ra c tic a l o p era tin g  p ro ced u re , and  m axim um  p ro d u c tio n  of pav ing  slab. The 
\  S preader-V ibra to r alw ays rem ain s w ith the  pav ing  m ixer an d  does not have  to m ove b ack  to aid 
. in co rrec tion  of h ig h  or low areas .

\  Blaw-Knox S p re a d e rs  an d  F in ishers in c lu d in g  v ib ra to ry  a ttachm en ts a re  availab le  in  s tan d ard  
sizes as follows: 10-15 ft. ad ju s tab le  w idth, 20-25  ft. ad jus tab le  w idth.

Y o u r  N e a r e s t  B la w -K n o x  D i s t r i b u t o r  W ill P r o m p t ly  a n d  E f f ic ie n t ly  H a n d le  
Y o u r  I n q u i r i e s  fo r  C o n s t r u c t i o n  E q u ip m e n t .
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RAINCOATS 
for BUILDING EXTERIORS

Ten years ago our scientists 

started on the problem of finding 

a more effective w ay of restoring 

the masonry surfaces of concrete, 

stucco or brick buildings. Today 

America’s buildings are able to 

profit from our long research. For 

we have created a coating w hich 

bonds itself mechanically and 

chemically to exterior surfaces, 

yet lets the masonry breathe. It 

is called W aterfoil. There is no 

other protective coating like it.

W aterfoil is m anufactured of irre­

versible inorganic gels . . .w hich 

forms a hard, heavy, fine tex- 

tured coating. W ater vapor may 

escape, bu t w ater absorption is 

impeded, thus preventing rein­

forcing bar rust and spalling. 

W ith W aterfoil you can decorate 

and restore your disintegrating 

masonry walls . . . and preserve 

your buildings for tom orrow . Any 

careful w orkm an can apply W ater­

foil. Send for the literature  on 

W aterfoil . . . i t ’s im portant.

A. C. HORN COMPANY
E s ta b l is h e d  1897

M a n u fa c tu re rs  of M a te ria ls  fo r B u ild in g  M a in te n a n c e  a n d  C o n s tru c tio n  

LONG ISLAND C IT Y  1, N. Y.
H O U S T O N , T E X A S C H IC A G O , IL L IN O IS S A N  F R A N C IS C O , C A L IF .
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TESTING EQUIPMENT
FOR

CONCRETE CONSTRUCTION
T oday 's construction  projects classify their physical 
testing  equ ipm en t three ways. O ne, testing  m a­
terials o f  construction  in plant laboratories; tw o, 
testing  as a m eans o f  concrete quality con tro l in 
field laboratories; three, testing  in place.

T he Baldw in Locom otive W orks offers eq u ip ­
m ent for all three purposes: For m aterials o f  co n ­
struction  the 90 ,000# com pression m achine o f 
F igure 1 is especially bu ilt for 2" x 2" cubes, small 
cylinders and beam s and will be found in use w her­
ever com pression  testing  o f  cem ent and concrete 
cubes and cylinders is practiced.

Figure 2 is a typical 400,000# universal testing  
m achine installation  for plant laboratory service, 
fitted w ith the Emery capsule and the Tate-Em ery 
null m ethod  m ulti-range dial indicator. This 
m achine is designed for testing  concrete in com ­
pression and reinforcing steel in tension.

For field laboratories the 400,000# com pression 
m achine in Figure 3 is small, accurate and con­
venient to handle. This is a single purpose m achine 
o f all w elded plate construction  with packless ram 
and Emery null m ethod  dial indicator which m akes 
four revo lu tions o f  100,000# per revolution.

For dynam ic testing  o f  structures in place we 
in troduce  the Lazan M echanical O scilla tor o f  Figure 
4, useful n o t only for v ibratory testing  o f  a com ­
pleted structu re to  sim ulate service bu t for co n ­
so lida tion  purposes and any o ther use where high 
frequency m echanical vibrations will serve.

For experim ental stress analysis in such stru c­
tures, SR-4 strain  gages, Figure 5, are pre-em inent 
and can be used in many ways. Baldw in is ready to 
furnish details on  any o f  the above. T he Baldw in 
Locom otive W orks, Philadelphia 42, Pa., U . S. A. 
Offices: Philadelphia, New  Y ork, C hicago, Cleve­
land, W ash ing ton , B oston, D etro it, St. Louis, 
H o u s to n , P ittsbu rgh .

B A L D W I N
S O U T H W A R K

I TESTING EQ U IPM EN T



414 JOURNAL, AMERICAN CONCRETE INSTITUTE (advertising) Feb’y 1946

,ry record-y pe
ndvtion —conc ' 

Also caissons, con

2 - P

•  W h en  you  call in  the  R aym ond organization, 
you  are tu rn in g  y o u r foundation  contract over 

to m en  w ho are ex p e rtly  tra in ed  an d  thor­
o u g h ly  e x p e r ie n c e d  in  e v e r y  sc o p e  of the 
work. T hey know  th e ir jobs — from the  prelim­
in ary  in v estiga tion  of u n d e rg ro u n d  conditions 

to the  com plete  in sta lla tion  of the  foundation.
T hey also know  th e ir eq u ip m en t —how to 

h an d le  the  largest rig  an d  the  sm allest tool 

n e e d e d  in  th e  efficient p lac in g  of Raymond 
Piles. A nd, too — th ey  know  their responsibility 

for carry ing  ou t la rg e  an d  sm all jobs to suc­

cessful com pletion.
Since 1897 R aym ond C oncrete Piles have 

b e e n  con tin u o u sly  an d  increasin g ly  used by 
the  a rch itec tu ra l a n d  en g in ee rin g  professions. 

T o d ay  o v e r  50 m illio n  l in e a l  fee t of these 
stu rd y  cast-in-p lace p iles are in  world-wide 

use. W ith  over 11,000 contracts to its credit, 
R a y m o n d  h a s  a c c u m u la te d  a v a s t fund  of 

k n o w le d g e , e x p e r ie n c e  a n d  a b i l i ty .  Write, 
w ire, cab le  or p h o n e  for a com peten t Raymond 
e n g in e e r  to discuss y o u r n ex t pro jeel w ith you.

CONCRETE 
I L E CO*

140 CEDAR STREET .  NEW YORK 6, N. Y. |
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Reg. U. S. Pat. Off.

Non-Shrink Metallic Aggregate
K E M O X  is an  ou tstand ing  p roduct specially form ulated to  p er­
form difficult tasks in the field of surface and integral w ater­
proofing, grouting and general Industria l M aintenance.

Some of the  com ponents of Kem ox w ent to  war, consequently 
it  has been ou t of production, b u t  will soon be available in im ­
proved form. K E M O X  has been successfully em ployed in 
G overnm ent projects, and  by  M unicipalities and Industry . 
Testim onials a tte s t  to  Kemox as a dependable m edium  by which 
to  solve difficult and troublesom e industrial m aintenance p rob­

lems—

Inquiries invited.

C O N C R E T E  M A S O N R Y  PR O D U C TS  C O M P A N Y
140 West 65th St. - - Chicago
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JACKSON-The RIGHT
F o r  each  a n d  ev e ry  p u rp o se  to  w h ich  V ib ra to rs  a re  a p p lic a b le  in  th e  c o n c re te  in d u s try , we 
a re  co n fid en t we c an  su p p ly  th e  e q u ip m e n t t h a t  w ill g ive y o u  n o t o n ly  th e  b e s t  a n d  fa stes t 
p la c e m e n t, b u t  a lso  th e  m ax im u m  o f  d e p e n d a b ility  a n d  tro u b le -f re e  se rv ice . P io n e e rs  and 
o u ts ta n d in g  d ev e lo p ers  o f v ib ra to ry  e q u ip m e n t, o u r  c o m p le te  lin e  in c lu d es in te rn a l  and 
e x te rn a l v ib ra to rs  fo r: G en e ra l C o n s tru c tio n  *  L ig h t C o n s tru c tio n  ★ M a ss  C o n c re te  D am  
C o n s tru c tio n  *  H a rd - to -g e t-a t  P la c e s  ★ F o rm  V ib ra tin g  ★ F lo o rs , S tre e ts  a n d  H ighw ays 
*  P ip e  M a n u fa c tu r in g  *  M o v e m e n t o f  M a te r ia ls— V ib ra to ry  T a b le s , e tc . D ro p  us a  line 
fo r th e  b e s t so lu tio n  to  a n y  co n c re te  v ib ra t in g  p ro b lem .

J A C K S O N  H E A V Y - D U T Y  
V I B R A T O R Y  P A V I N G  T U B E

F o r  sp e e d y  fu ll w id th  h ig h w a y  a n d  a irp o r t  concrete  

p a v in g . U p  to  25 fe e t w id th s . S u b m erg ib le  dual 

tu b e s  en erg ized  b y  po w erfu l v ib r a to ry  m o to rs  quick ly  

tra n s fo rm  h a rsh  m ixes to  p la s tic  s ta te .  A ssu res com ­

p le te  co m p a c tio n — easy  fin ish in g . C e m e n t sa v in g s up 

to  10%  th ro u g h  re d u c tio n  in  W /C  ra t io . A ttach es  

to  a n y  m o d e rn  fin ish er. V ariab le  f re q u e n c y  3000- 

5600 V .P .M . H y d ra u lic  lif t . G ro u p e d  co n tro ls .

H S -A 1  H Y D R A U L I C  C O N C R E T E  
V I B R A T O R

T h is  is a  g en e ra l p u rp o se  m a c h in e  o f  th e  in te rn a l  type  
a d a p te d  to  a w id e  ra n g e  o f  a p p lic a tio n s . O p e ra te d  by 
lig h t oil p u m p e d  th ro u g h  h o se  lin e  34 fe e t long to 
h y d ra u lic  m o to r  in  v ib r a to r  h e a d . V alv e  on  power 
p la n t  a d ju s ts  fre q u e n c y  d e s ire d , f ro m  id ling  to  top  
sp e ed  o f  7200 V .P .M . A ll m o v in g  p a r ts  in  th e  h y ­
d ra u lic  m e d iu m  (o il) . V ib ra to r  h e a d  2 % "  d iam ete r, 
s ta n d a rd , gas en g in e , a ir  coo led  4.7 H .P .  A  general 
fa v o rite  b ecau se  o f  i ts  w id e  ra n g e  o f  a p p lic a tio n  and 
low  m a in te n a n c e .

J A C K S O N  P O R T A B L E  P O W E R  
P L A N T S

A  new  h ig h  in  d e p e n d a b le  p o r ta b le  po w er is now 
a v a ila b le  in  Ja c k so n  p o s tw a r  P o w e r  P la n ts  hav ing  
p e rm a n e n t m a g n e t g e n e ra to rs  in  w h ich  all u su a l m a in ­
te n a n c e  is e lim in a te d  ex cep t lu b r ic a tio n . K specially  
d es ig n ed  fo r se v e re s t se rv ice  u n d e r  co n tin u o u s  o p e ra t­
ing  co n d itio n s . S im p le , ru g g ed  c o n s tru c tio n  a n d  de­
sign , s tr ip p e d  o f  fu ssy  c o n tro l g ad g e ts . R u n  all 
Ja c k so n  V ib ra to rs , for lig h ts , a n d  all ty p e s  o f  con­
t r a c to r ’s pow er to o ls . O ne to  7.5 K V A  sizes av a ilab le .

ELECTRIC TAMPER & EQUIPMENT CO.,
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Answer
to E V E R Y  V I B R A T O R  PROBLEM
in the Concrete Construction Field

F S -6 A  G A S - D R I V E N ,  F L E X IB L E  
S H A F T  C O N C R E T E  V I B R A T O R

F o r  p lac ing  co n c re te  in  w all, co lum n  an d  slab  sec tions 
o f  o rd in a ry  size. T h e  sm a lle r v ib ra to ry  h ead  is ex ­
cep tio n a lly  w ell a d a p te d  to  co n cre te  p la c e m e n t in  
th in n e r  sec tions. 3 H .P . a ir-coo led  gas eng ine . A u to ­
m a tic  c lu tch , V -b e lt d r iv e . C o u n te rs h a f t h a s  o ilite  
b ea rin g s. T u rn ta b le  b ase , d ir tp ro o f . O p tio n a l 
w hee lb arro w  w ith  d ro p  d o w n  liftin g  h an d les . F le x i­
b le  sh a ft d riv e . V ib ra to r  h e a d  2 %  " d ia m e te r  x 18 
long  o r l y i "  x  17". F re q u e n c y  7000 to  7200 V .P .M . 
v a riab le  w ith  le n g th  o f sh a f t, size o f  h e a d , a n d  co n ­
c re te  consisten cy .

FS-7A ELECTRIC-DRIVEN, FLEXIBLE 
SHAFT CONCRETE VIBRATOR

A tru ly  g en e ra l c o n s tru c tio n  v ib ra to r  w h ich  becau se  
o f its  ex cep tio n a lly  pow erfu l b u t  l ig h tw e ig h t m o to r, 
will o p e ra te  a n y  o f  o u r s ta n d a rd  v ib ra to r  h ead s  (2 % "  

x 18% "; l H ' x  1 6 % ';  1 16% "; l H ' *  1 0 % " )w ith
sh a f t le n g th s  o f  24", 36", 7 ', 14 ' a n d  21 '. U n iv e rsa l 
m o to r, o p e ra te s  o n  115 V o lt A .C . o r D .C . a n d  will 
d e liv er 7000 to  10,000 V .P .M . d e p en d in g  on th e  con ­
sis te n c y  o f  co n c re te , h e a d  a n d  le n g th  o f sh a f t em ­
p lo y ed . D o es th e  w o rk  o f  m a n y  la rg e r  v ib ra to rs .

O N E  M A N  O P E R A T E D  E L E C T R IC  
V I B R A T O R Y  H A N D  SC R E E D

P ra c tic a l ly  se lf  p ro p e lled  in  fo rw ard  d irec tio n . S ec­
o n d  passes m a d e  b y  s im p ly  ro lling  b ack  necessary  
d is tan c e . G e ts  r ig h t  u p  to  w alls. V ariab le  freq u e n cy  
co n tro l, to  s u it  'c o n s is te n c y  o f  a n y  m ix  a n d  second

passes, m ay  b e  h a d  b y  in ­
s ta n t  a d ju s tm e n t o f  pow er 
p la n t  eng ine th ro tt le  (low 
as n ecessa ry  to  85 cycles). 
A ssures th o ro u g h  p u d ­
d ling  th ro u g h o u t section . 
M o s t co n v en ien t, tim e  
a n d  m o n ey  sav ing  v ib ra ­
to ry  h a n d  sc reed  on  th e  
m a rk e t.

L U D I N G T O N M I C H I G A N
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A n t i c i p a t i n g  T om o r r ow ’s

T H E  J A E G E R  M A C H IN E  C O M P A N Y , C O L U M B U S , O H IO  £

1 CONCRETE RE-MIXED ON THE SUB-GRADE
by compacting spreader screw:
C o m p a ra tiv e  te s ts  by h ig h w a y  e n g in e e r s  
o f  v a r io u s  S ta tes  h av e  p ro v e d  co n c lu s iv e ly  
th a t  th e  J a e g e r  m e th o d  o f  s c re w -s p re a d in g  
c o n c re te  p ro d u c e s  a m o re  u n ifo rm , d e n s e r  
a n d , th e r e fo r e ,  lo n g e r  w e a r in g  slab .

By its  t h o r o  a n d  p o s it iv e  r e -m ix in g  a n d  
in te r -m ix in g  o f  p i le s  d u m p e d  o n  th e  sub - 
g r a d e ,  b o th  th e  s e g re g a tio n  o f  c o a r s e  
a g g re g a te s  in  th e  b a tc h  a n d  th e  v a r ia t io n s  
b e tw e e n  d if fe re n t  p a v e r  b a tc h e s  a re  e l im ­
in a te d ;  b a d ly  p la c e d  b a tc h e s  a re  r e d i s ­
t r ib u te d  to  leav e  a  u n ifo rm  s p re a d  o f  
m a te r ia l  a h e a d  o f  th e  F in is h in g  M a c h in e , 
w ith  m a te r ia l  p la c e d  so  so lid ly  a g a in s t  
th e  r o a d  b ase  a n d  s id e  fo rm s  as to  e l im in ­
a te  th e  h o n e y c o m b  p r o b le m  a n d  th e  
e n t i r e  m a ss  c o m p a c te d  to  w e ig h t  a n d  
d e n s ity  a p p r o a c h in g  th a t  o f  v ib ra te d  
c o n c re te .

A s o n e  p r o m in e n t  e n g in e e r  s ta te s : " I t  h a s  
b e e n  d e m o n s tr a te d  th a t  th e  q u a li ty  o f  
c o n c r e te  c a n  b e  im p ro v e d  a n d  a t th e  sa m e 
t im e  c o s t  o f  p r o d u c t io n  to  th e  c o n t r a c to r  
c a n  be  r e d u c e d .”

I t  se e m s lo g ic a l  to  e x p e c t  th a t  r e -m ix in g  
o n  th e  s u b g ra d e  w il l  be  sp e c ifie d  w h e re  it

is  d e s ire d  to  in s u re  h ig h e s t  s t r e n g th ,  long­
e s t life  p a v e m e n ts .
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Pav ing  S pe c i f i c a t i o n s  . . .
2 VIBRATION ON THE FINISHER, not on the
concrete spreader:
A lth o u g h  J a e g e r  c a n  fu rn is h  a v ib ra to ry  jess d ifficu lt m ix tu re s  use  o f  a v ib ra to ry
a tta c h m e n t fo r  u se  o n  S p re a d e rs , th e  tu b e , o n  t h e  F i n i s h e r ,  is  a lso  sa tis fa c to ry ,
re c o m m e n d e d  J a e g e r  m e th o d  o f  v ib r a t io n  
o n  t h e  F i n i s h e r  h a s  p ro v e d  s u p e r io r  f o r  
any tru e  v ib ra to ry  m ix . O n  a n  effic ien tly  
ru n  jo b ,  o n ly  th e  F in is h e r  h a s  t im e  to  g o  
b a c k  f o r  m o re  th a n  o n e  v ib ra to ry  p a s s , 
as o f te n  n e e d e d . A lso , i t  is  th e  m a c h in e  
w h ic h  a lw ay s f in ish e s  to  fo rm  le v e l, th u s  
in s u r in g  an  o v e r -a ll  v ib r a te d  su rface .

I t h as b e e n  d e m o n s tr a te d  th a t  sp e c ifica ­
t io n s  f o r  t r u e  v ib ra to ry  m ix tu re s  c a n  b es t 
be m e t by u se  o f  th e  J a e g e r  V ib ra to ry  
F in ish e r  w ith  " b u l ln o s e ” s c re e d  g iv in g  
D EEP IN T E R N A L  V IB R A T IO N . F o r

3 FAST, MECHANIZED PLACEMENT and
FINISHING of quick-drying
T h e  S p re a d e r -F in ish e r  " te a m ” , o r ig in a te d  
by J a e g e r ,  w h ic h  m a d e  i t  p o s s ib le  to  
h a n d le  stiff, v ib ra to ry  c o n c re te  a t th e  d u a l- 
d ru m  p a v e r  p a c e , a ls o  e q u ip s  r o a d  b u i ld ­
e rs  to  h a n d le  q u ic k -d ry in g  a i r - e n tr a in in g  
cem e n ts .

U n d e r  h o t , w in d y  o r  d ry  a ir  c o n d i t io n s ,  
th e  J a e g e r  " te a m ” p ro v id e s  th e  s p r e a d in g  
a n d  f in is h in g  c a p a c ity  n e e d e d  to  k e e p  
c lo se  b e h in d  b ig  p a v e rs  a n d  c o m p le te

air-entraining cements:
th e  jo b  b e fo re  d ry in g  h in d e r s  a  s a t is ­
fa c to ry  fin ish .*  A lso , an  e x c lu s iv e  fe a tu re  
o f  th e  J a e g e r  F in ish e r  is  th a t  sc re e d  sp e e d s  
c an  be in d e p e n d e n t  o f  t r a c t io n , p e rm itt in g  
th e  u se  o f  fa s t s c re e d  sp e e d s  w h ic h  h as 
b e e n  fo u n d  n e c e ssa ry  to  p re v e n t  te a r in g  
w h e n  th e  su rface  is  s tic k y , f

* t  D is c u s s io n s  o f  th e se  tw o  p ro b le m s  
h av e  a p p e a re d  in  p re v io u s  is su e s  o f  th e  
J o u r n a l  o f  th e  A m e ric a n  C o n c re te  In s titu te .

M an ufactu rers  o f  C o n c re te  an d  B itum inous S p read in g  an d  F in ish in g  E quipm ent, R oad  Form s, 
C o n c re te  and  B itum inous M ixers, T ru c k  M ixers, P um ps, A ir C o m p re sso rs , H o is ts . M ate ria l L oaders.
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K A L M A N
ABSORPTION-PROCESS

Cross Section o f Kalman F loor T opp ing ,
Show ing Uniform  D istribu tion  o f A g g re g a te  and Density

THE K ALM A N  FLOOR— A  GRANOLITHIC CEMENT FINISH 
FLOOR TOPPING. Laid by the Kalman Floor Company using the 
KA LM AN  ABSORPTION PROCESS.

The Kalman Floor Company has for 28 years pioneered and specialized  
in the development and ins ta lla tion o f G rano lith ic  Cement Finish Floor 
Topping and has during this period mainta ined continuous leadership 
in the fie ld through scientific research and experiments.

KALMAN FLOOR COMPANY
IN C O R P O R A T E D

110 EAST 42N D  ST. N EW  YORK 17, N . Y.
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F L OOR
CEMENT-FINISH

The K a lm a n  Absorption Process

A  practica l method o f installing on a commercial basis a theoretica lly  
correct low-water concrete topping. This method, combined with the 
skill and know ledge of the men do ing the work and subjecting a ll materials 
to Labora to ry test for analysis, gradation and soundness, plus a con­
stantly grow ing skilled personnel and improvement in equipment has 
consistently produced a uniform ly hard wear-resisting floor, free from 
disintegration and dusting and of a maximum density, evenness of texture 
and unexcelled du rab ility .

A daptab ility

Over 200,000 ,000 Sq. Ft. of Kalman Floors have been installed through­
out the United States in p ractica lly every type of Industrial, Warehousing, 
Institutional, Commercial and School build ings and is read ily  adap tab le . 
(For further information, see Sweet's A rchitectura l Catalog. A .  I. A .  
File N o. 4 i 3.)

O F F I C E S :

N EW  YO R K  C H IC A G O  BOSTON
LO S  AN G E LE S  P H IL A D E LP H IA  C HAR LO TTE
SEATTLE C LE V E LA N D  D A Y T O N
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UNMATCHED ADVANTAGES...
o (  VIB£ :R! • ' %

9 , 5 0 0  R P M s  i n  c o n c r e t e .  T h is  i s  th e  s p e e d  o f V ib e r  V ib r a t o r s  

—  the  h ig h est e v e r  o f fe re d . U n p a ra lle le d  eco n o m ie s  in q u a lity  co n crete  

co n stru ctio n  o re  p ro v id ed  by the  com pacting  e ff ic ie n c y  o f th is  in te rn a l  

high s p e e d , f u l l  d e p th  v ib ra t io n , and b e tte r  w o rk m a n sh ip  is  the  r e su lt .

1  F a s t e r  co n stru ctio n , b e ca u se  V ib e r  e ff ic ie n c y  p e rm its  th e  u se  of d r ie r  

m ix e s  and la rg e r  s it e d  a g g re g a te s — an d  s a v e s  t im e  in  m a n y  w a y s .

2  P o s i t i v e  bonding and co n so lid a tio n  . . .  fro m  sm o o th , s te a d y  v ib ra t io n  

fre e  fro m  the  d e s tru c t iv e  slu gg in g  a c tio n  th a t d is p la c e s  m a te r ia l  and fo rm s .

3  U n i f o r m  d e n s ity  and s t r e n g t h . . . a  re su lt  of s tro n g , co n sta n t v ib ra t io n  

th a t is  e ffe c t iv e  in a r e a s  su f f ic ie n t ly  la rg e  to a s s u re  o v e ra ll  co n so lid a t io n .

4  C o m p l e t e  C o m p a c t io n . . . in  le s s  t im e , a t  le s s  co st.

g  I n c r e a s e d  L a b o r  E f f i c i e n c y  r e su lt s  fro m  th e  e a s e  w ith  w h ich  

V ib e r  V ib ra to rs  m a y  be h a n d led  w ith o u t s t ra in , fo r  one m an o p e ra t io n . 

W o rk m e n  lik e  to u se  V ib e r s  and a re  le s s  l ik e ly  to do c a re le s s  w o rk .

6  F r e e d o m  f r o m  b r e a k d o w n s .  V ib e r  e q iu p m en t is  co n stru cted  fo r  

h e a v y  d u ty , it  is  v e r y  s tu rd y  and re m a rk a b ly  f re e  fro m  m e ch a n ica l tro u b le s .

7  T h e  I N T E R C H A N G E A B I L I T Y  o f a l l  V ib e r  u n it s  r e d u c e s  th e  

in v e s t m e n t  in  e q u ip m e n t ,  s a v e s  t im e  in  c h a n g in g  to  d i f f e r e n t  jo b s .  

V ib e r  u n it s  a r e  p o w e r e d  b y e le c t r i c ,  p n e u m a t ic  o r  g a s o l i n e  m o t o rs .

KEEP  A H E A D  OF  SC H E D U LE  W ITH  V I B E R S
V IB E R  COMPANY

7 2 6  S O U T H  F L O W E R  S T R E E T  • B U R B A N K .  C A L I F O R N I A
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FASTER CONSTRUCTION OF SUPER  
HIGHWAYS AND RUNWAYS

(A) Viber Vibrators extended in 
upward position, giving ample 
clearance to pass over joint, man­
hole covers or other obstacles.

(B) Position of Vibrators start­
ing under oscillating screed.

AS FAST AS IT  CAN BE PLACED, even th e  s tiffe st 
concrete o f  super-thick slabs can now  be economically 
v ib ra ted  fu l l  depth, for un ifo rm  density  and  stren g th . 
H igher quality concrete, with substantial savings in time, 
labor, construction and maintenance costs result from use o f 
the VIBER SLAB. This m ultiple unit, high-speed internal 
vibrating machine is specially designed for continuous fu l l  
width, full depth compaction o f  slabs up to  25 feet. The 
VIBER SLAB requires but a single operator and may be 
attached to most types and makes o f  spreading and finishing 
equipm ent. A battery o f correctly spaced VIBER VIBRA­
TORS give you the unequalled speed, in concrete, o f 9,500 
RPMs, and test borings prove their unmatched compact­
ing efficiency. Full details will be furnished upon request.

(C) Position of Vibrators sub­
merged under oscillatingscreed 
to full depth of concrete slab. M U L T I P L E  H I G H - S P E E D  I N T E R N A L  V I B R A T I O N
VIBER  CO M PA N Y •  7 2 6  South F low er St. • B u rb a n k ,C a l i fo rn ia
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K O E H R I N G

TILTIN G
AND

N ON-TILTING 
H EAV Y-D UTY 

CONSTRUCTION 

M IXERS
Koehring Concentric Zone  T ilt in g  M ix e r  

56-S, 84-S, 112-S

Im portant progress in the design of Koehring T ilting  Construction Mixers 
during the past years has been made to further the production of better con­
crete . . . concrete best suited for the large volume dam structures and other 
similar projects. These improvements, because they are responsible for better 
concrete, also perm it concrete production in a shorter m ixing period. Large 
drum single opening, 1 5 ° above horizontal m ixing position and 60° below 
horizontal discharge position are a few of the im portant progress changes in 
the design of Koehring T ilting  Mixers.

T iltin g  mixers are b u ilt in 
sizes 2, 3 and 4 cubic yards of 
mixed concrete and can be used 
in concrete p lants singly or in 
batteries of 2, 3, 4 or 5 using the 
concentric zone p lan  for dis­
charge in to  one central hopper. 
C harging is also from one cen­
tral group of bin and batchers.

N on-T ilting M ixers are avail­
able in sizes of 1, 2 or 3 cubic 
yards per batch. The Koehring 
Flow-Line discharge chute for 
minimum of segregation is one 
of many recent design improve­
ments.

Koehring N on -T ilt in g  M ix e r 28-S, 56-S, 84-S

K O E H R IN G  C O M P A N Y M ilw aukee, W is.
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Labor-Saving  Concrete Forms

Flat Slab Forms

Tunnel Forms

Pan Forms Road Forms

T ravelling  W all Forms

Colum n Forms

A lso , C e n t e r in g ,  P ip e  F o r m s ,  S l id e  F o r m s ,  S h a f t  F o r m s ,  
M a n h o le  F o r m s ,  E tc .

P la n t s :  Ir v in g to n , N . Y .  L a n c a s te r , P a . Z a n e s v ille , O h io

ATLAS STEEL CONSTRUCTION COMPANY
83 Jam es S tree t - - - IR V IN G T O N , N . Y.

A t la s  Steel F o rm s for every Purpose
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FORMULA FOR CONCRETE
M ix  D e s i g n + B a t c h i n g + 'T r a n s p o r t a t i o n  +  P l a c i n g  a n d  C u r i n g  =  ?

Engineers know  how  to analyze materials and make scientific mix-designs 
th a t w ill produce any desired qualities when mixed in the concrete laboratory

Modern transportation and placing equipment are available. The weak link 
is batching. M any plants still use equipment of the type first used when the 
change from volumetric to w eight batching was made and concrete batched 
w ith  such equipment frequently bears little  or no resemblance to  the carefully 
prepared mix-design.

M odern scientific batching equipment to fill this gap is available. Specify 
[SC]2 PRECISION CONCRETE CONTROL and batching accuracy is

assured. I t includes:

MOISTURE DETERM INATIONS, accur­
ate to  rnade in one m inute; one for
every batch when necessary.

AUTOMATIC GRAPHIC OR PRINTED 
RECORDS OF EVERY BATCH showing 
the delivered w eight of each ingredient.

[SC]2 CONTROL is approved by every 
concrete engineer, ready-mix operator and 
contractor w ho has ever used it.

AUTOMATIC COM PENSATION FOR 
MOISTURE CONTENT in fine and coarse 
aggregates. Does not require calculations, 
charts or tables. W ith  it, any intelligent 
weigh-man can produce rem arkable uni­
formity.

The only "”4

Îi detem""mS ®
P R E C I S I O N  PROPORTIONING OF 
ALL INGREDIENTS using TOLEDO, 
the w o rld ’s m ost accurate scales. A uto­
m atic cut-off is used for cement and water 
and is optional for aggregates.

” y ° P « a t» n
W rite today for inform ation on how  engi­
neers are specifying and getting  accurately 
controlled concrete.
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T HI N S H E L L  C O N C R E T E  R O O F S

SPEEDY, ECONOMICAL, ADAPTABLE, TIME TESTED, FIRE PROOF
L O W  M A IN T E N A N C E  A N D  IN S U R A N C E  R A TE S

Concrete forms roll on own wheels for greater reuse and reduction in cost.
Smooth underside of roof and unobstructed useful space.
Fewer columns and greater spans.
Beam action of curved roof utilized.
Local materials and local labor used.

Industrial Plants, G a r a g e s ,  W arehouses, Auditorium s

R O B E R T S  A N D  S C H A E F E R  C O M P A N Y
E N G I N E E R S

307 North Michigan Avenue C H IC A G O  1, ILLIN O IS
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S i“S

iW'C’’ 
ffitsr-

; ytMNGlN
'oo<f* T

WATER RATIO RELATION,

a n d  t y r e  o f  a g g r e g a t e s

6 '  ?WMP CONCRETt. 
TlXtV-Uraswut AffliiunL
L1\K\ : *— 6-ln.Slvmp | Pi V\ «̂*0 MaLSand 230.

c e m e n t  c o n t e n t —  

, a f f e c t e d  b y  s iz e
lO PRODUCE

GMVtl. A5SI»6«E.

I i S -io -ilam p  
1:1»

QH- ¿K-ASA
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(1 PERFORMANCE DATA
C O N T IN U O U S  research  and r ig id  m an u factu rin g  co n tr o l as­

sure u tm o st quality  and u n iform ity  o f  L on e  Star C em ents.
L on e Star C em en t R esea rch  L ab oratories fu rn ish  up-to-date  
p erfo rm a n ce  data to  h e lp  th e  user o b ta in  b est resu lts in  c o n ­
c r e te — du rab ility  as w e ll  as stren g th . L one Star C em en ts cover  
the en tire  co n stru c tio n  ran ge:

Lone Star C em ent for  n orm al sch ed u les , w h ere  tim e is  avail­
ab le  fo r  cu r in g  and h a rd en in g .

‘Incor* 24-H our C em ent, w h ere  red u ced  cu r in g  tim e and d e­
p en d a b le  h ig h  early stren g th  p ro v id e  im p ortan t ad vantages.

Lone Star A ir-Entraining Portland C em ent for sp ec ific  requ ire­
m en ts in  h ig h w a y  and o th er  u ses.

S elect cem en t to  fit the job: U se  L on e Star C em ent or 'In co r ’, 
w h ich ev er  sh o w s  the lo w e r  c o s t  o f  co n cre te  in  p la ce  and ready to  
u se. F ield  e x p er ie n c e  s in ce  1 9 2 7  p r o v e s 'I n c o r ’* ad vantages o n —

STRUCTURES: 2 4 - h o u r  f o r m  r e m o v a l ,  5 0 %  le s s  f o r m s ,  n o  r e -  
s h o r i n g ,  r e a d y  f o r  im m e d i a t e  u se .

HEAVY-DUTY FLOORS: O v e r n i g h t  s e r v ic e ,  s u p e r i o r  w e a r - r e s i s t a n c e  
w i t h  o n ly  2 4  h o u r s  c u r i n g .  F o r  s e v e re  e x p o s u r e s ,  c u r e  4 8  h o u r s .

WATERTIGHT CONCRETE: T h o r o u g h  c u r i n g  i n  1 -2  d a y s ,  s a v e s  5 -7  
d a y s .  S m o o t h e r - w o r k i n g  m ix e s  p l a c e  e a s i e r ,  n o  s e p a r a t i o n .

WINTER WORK: N o w  e c o n o m i c a l ;  o n ly  1 -2  d a y s  h e a t  c u r in g ;  
s a v e s  f o r m s ,  h e a t i n g ,  t a r p a u l i n s .

Let jo b  an a lysis d ec id e  — se lec tiv e  c o n c r e tin g  assures quality  
co n cre te  at le s s  co st . W rite  nearest office for  p erform an ce data
for u se  in  d e s ig n in g  m ix es  and p la n n in g  sch ed u les .

*R eg. U . S. P at. Off.

LONE STAR CEMENT CORPORATION
O ffices-  A L B A N Y  •  B I R M I N G H A M  •  B O S T O N  •  C H I C A G O  •  D A L L A S  • H O U S T O N  • I N D I A N A P O L I S  •  J A C K S O N ,  M I S S .
K A N S A S  C I T Y ,  M O .  •  N S W  O R L E A N S  • N E W  Y O R K  •  N O R F O L K  •  P H I L A D E L P H I A  • S T .  L O U I S  • W A S H I N G T O N .  0 .  C.

L O N E  S T A R  C E M E N T ,  V/1T H I T S  S U B S I D I A R I E S ,  I S  O N E  OF  T H E  W O R L D ’ S L A R G E S T  
C E ME N T  P R O D U C E R S  . . 15 MODE RN M I L L S  . . 25 MI L L I ON B A R R E L S  ANNUA L  C A P A C I T Y

i
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<T5 > MOTO-MIXERS
T he Truck M ix e rs  w ith  th e  "LIVE" H i-Lo M ix in g  A ction

R e x  h a s  " L i v e ” m i x i n g

&
N o t  a  " D e a d  E n d i n g ”  a c t io n

W a t e r  n o z z le  p r o p ­
e r l y  l o c a t e d f o r  f a s t ,  

t h o r o u g h  d i s t r i b u ­
t io n  o f  w a t e r  t h r o u g h  

t h e  h a t c h .

L a r g e  c o r r e c t l y  s h a p e d  m i x e r  b l a d e s  a r e  
e q u i p p e d  w i t h  f i l l e t  t h e  e n t i r e  l e n g t h  o f  

t h e  b l a d e  to  e l i m i n a t e  b u i l d - u p  a n d  to  

a i d  i n  f a s t e r  d i s c h a r g i n g .

A n exclusive feature o f  the new  R ex  
M oto-M ixer is the up-h ill m ix in g  ac­
tion  w h ich  has proved  an ou tstanding  
im provem ent in  truck m ixer d ev e lo p ­
m ent. A s a result o f  th is action , plus 
large  correctly d esign ed  m ix in g  blades, 
it is  n o w  p o ss ib le  to  m ix lo w  slum p  
concrete—fast.

T h e  fu ll vo lu m e o f  the drum is  uti­
lized  for m ix in g  purposes. T h is  is ac­
com p lish ed  by ro ta tin g  the drum in  
the d isch arge d irection . T h e  end  to  end  
reversin g  action , sp ira lin g  the batch  
to  the top  o f  the drum w here it  can  
cascade back to  the lo w er  end  b y  grav­
ity, m ore n early  ap proach es the effi­
ciency o f  a large  drum stationary  plant 
m ixer than  an y th in g  yet d eve lop ed  in  
the truck m ixer field.

A n o th e r  im p o r ta n t  fe a tu r e  is  th e  
m ethod  o f  in trod ucing  w ater at a poin t

w here it  can be distributed  throughout 
the batch quickly. W ater is ejected 
from  the nozzle  at a p o in t w here the 
m ix in g  b lad es p lo w  in to  the batch. 
T h e b lades form  a furrow; and through 
th is furrow , w ater is  m ore read ily  and 
quickly  d isp ersed  through out the en­
tire m ix.

T h e  u p -h ill m ix in g  action  and the 
m o re  e ff ic ie n t  d is tr ib u t io n  o f  w ater 
throughou t the batch are tw o chief 
reason s w h y  th e n ew  R ex M oto-M ixers 
produce a m ore uniform , thoroughly  
m ixed  concrete in  less  tim e than has 
form erly  been  p o ss ib le  w ith  any type 
o f  truck m ixer. For ad d ition a l infor­
m ation  on  the R ex H i-D isch arge Moto- 
M ixer, send  for a cop y  o f  B ulletin  No. 
4 6 7 . A ddress C hain  B elt Company, 
1713  ^  est Bruce Street, M ilwaukee 
4 , W iscon sin .

CHAIN BELT COMPANY
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T U N N E L  LINING  
W ITH THE P U M P C R E T E

L i n i n g  a  t u n n e l  w i t h  P u m p c r e t e  s e t u p  o u t s id e .  

A  T r a n s p o r t i n g  e q u i p m e n t  a n d  l a b o r  i n  t h e  h o l e  a r e  
^  e l i m i n a t e d .  O t h e r  t u n n e l  o p e r a t i o n s  c a n  b e  c a r ­

r i e d  o n  w i t h o u t  i n t e r f e r e n c e .

T u n n e l  l i n i n g  w i t h  P u m p -  W 
c r e t e  s e t u p  i n s i d e .  P u m p -  *  
c r e t e  i s  e q u i p p e d  w i t h  

h o r iz o n t a l  r e m i x e r  w h i c h  

p r o v id e s  s t o r a g e  a n d  p r e -  
v e n t s s e g r e g a t io n .  C o n c r e t e  

c a n  h e  d e p o s i t e d  to  s i d e ­

w a l l s  o f  l a r g e  t u n n e l s  in  
h o r iz o n t a l  l a y e r s  w h e r e  
th is  m e t h o d  i s  d e s i r a b l e .

For tunnels from  four feet in diam eter  
up to the largest, the REX Pum pcrete  
offers a m ore flexib le approach in  m eet­
ing general tunnel construction prob­
lems than any other type o f  equipm ent. 
Its lo n g  p lacin g  range and general 
utility for any phase o f  the job provide  
the m ost econom ical m ethod o f  concret­
ing  on the m ajority  o f  tunnel projects.

Pumpcretes w ill handle stiffer concrete  
with much less lo ss  o f  slum p than other  
placers op eratin g  at an equal distance. 
In other w ords, less w ater per bag  o f  
cement is  required for a g iven  slum p  
consistency. D isch arge to the form s is  
m ore read ily  con tro lled  w hich  m in i­
mizes segrega tion  and is  another on e  
o f the reason s w h y a Pum pcrete, prop­
erly em ployed , w ill turn out a better 
job structurally than any other type o f  
m echanical placer, i.e ., by filling the

form s tighter w ith denser, m ore im ­
pervious concrete. T he pum ping sys­
tem is a lso  applicab le to  a much w ider  
variation  o f  procedure in  m eeting the 
unusual p lacing  problem s that occur 
on m any tunnel lin in g  jobs. It w ill do  
a much better job o f  fillin g  overbreaks; 
and in tight sections caused by squeezes 
or falls, w here regular arch p ipe can­
not be installed , it w ill do a satisfac­
tory job by pum ping directly through  
the form .

Pum pcrete is the answ er for m ost 
tunnel lin in g  and for m any other types 
o f construction w ork. For detailed  in ­
form ation, send for a copy o f  either 
T U N N E L  L IN IN G  W IT H  THE REX  
PUM PCRETE or Bulletin N o . 4 66  for 
general construction w ork. Address 
Chain Belt C om pany, 1713  W est Bruce 
Street, M ilw aukee 4, W isconsin .

o f  M I L W A U K E E  f l W
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O U TSTAN D IN G  R O A D  
BUILDING UNITS

'FLEX-PLANE’ Finishing M achines— have finished a 

com plete surface in one pass with a com pound screed— 

3115 lineal feet o f 9 "  concrete 24 feet w ide in one 11 hour 

day—a world record!

'FLEX-PLANE’Joint Installing M achines for installing  

joints automatically or semi-automatically—w e now  pro­

vide electric vibration so the concrete around the joint is 

thoroughly compacted to prevent scaling.

'FLEX-PLANE’ Spraying M achines—for curing con­

crete—an entirely automatic m achine—each square yard 

o f surface is double sprayed with proper amount of  

material.

'FLEX-PLANE’ Traffic Line M arking M achines—used 

in a number o f States for d ividing or m arking traffic 

lanes.

FLEXIBLE ROAD JOINT MACHINE CO.
WARREN, OHIO, U. S. A.
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FREEZING

HYDRON-FORMED 

CONCRETE 

RESISTS

SUSQUEHANNA FLOOD WALL LIKE NEW 
AFTER FOUR YEARS OF CYCLES

T hese are pictures o f  the Susquehanna 
flood w all at B ingham ton, N . Y . taken 
last sum m er. D esp ite  four years o f  
frequent freeze-thaw  cycles, the w all 
still lo o k s  lik e  new .

It w as cast against H ydron absorp­
tive lin in g , w h ich  reduces by 30% 
the absorption  o f  water by concrete. 
H ydron a lso  greatly reduces or e lim i­
nates such surface defects as air pits, 
water channels, and sand streaks.

T ests sh ow  conclusively that Hydron 
produces a case-hardened concrete 
surface that w ithstands four tim es as 
many freeze-thaw  cycles as sam ples 
cast against w ood .

Serving Through Science

Before its use on  the Susquehanna 
F lood W all, or the new  MacArthur 
locks in  the "Soo” Canal, or the 
N o rfo rk  D am , H yd ron  u n d erw en t  
years o f  analysis and testing.

H ydron’s case-hardening effect is  
at least on e inch  deep w ith a gradual 
change in  the w ater-to-cem ent ratio 
and density from  the surface in to  the 
bulk concrete.

Made in  thin, flexible sheets, Hydron  
is m ounted to form s w ith rapid-fire 
staple guns, strips cleanly, needs no  
tedious finishing.

S en d  fo r  you r copy o f  in fo rm a tive  
booklet on Hydron.

¡ ¡ I  U N I T E D  S T A T E S  R U B B E R  C O M P A N Y
1 2 3 0  A v e n u e  o f  th e  A m e r ic a s  • R o c k e fe l le r  C e n te r  • N e w  Y o .k  2 0 , N . Y .
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There are tw o real w ays to  
handle bulk cem ent, and
both a r e  F u l l e r  - K i n y o n

Fuller-Kinyon Remote-Control Unloader Fuller-Kinyon Stationary Pump installed in
unloading cement from box car pit underneath tracks unloading cement

from hopper-bottom car.

The old saying, "There are no two ways about it,’ ’ doesn’t hold good when 
applied to the unloading and conveying of bulk Portland cement. Because, 
there are two real ways to do the job, and they’re both Fuller-Kinyon. Both 
systems are efficient and economical of operation, do a quick, clean job of 
unloading and conveying from box and hopper-bottom cars.
Fuller-Kinyon Remote-Control Unloader— for unloading from box cars, 
ships and barges. N ow  used by many ready-mix concrete and asphalt 
plants, and contractors on highway and dam construction. Any ordinary 
laborer can operate this equipment w ith  the greatest of ease. Built in 
different types and sizes for various capacities.
Fuller-Kinyon Stationary Pump— for unloading from hopper-bottom cars. 
The pump is installed in a pit underneath the tracks. Connection between 
car and pump is quickly and easily made without dust or loss of material. 
Built for various capacities from a few  tons to 300 tons per hour.

P-77

F U L L E R  C O M P A N Y
C A T  A S A U Q U A — P E N N S Y L V A N I A  

CHICAGO 3 W ASHINGTON 5, D. C. SAN FRANCISCO 4,
120 So. LaSalle St. Colorado Bldg. Chancery B ldg.
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fc tu u e m e - p a v e r s
3 4 c S I N G L E  A N D  D U A L  D R U M

STEADY, ACCURATE WATER SUPPLY to a paver mixing drum  
is essen tial i f  a uniform  concrete consistency is to be m ain ­
ta in ed  throughout a job.

RAN SOME PAVERS are eq u ip p ed  w ith  
a g ravity  feed w ater system  th a t is abso ­
lu te ly  accu ra te  an d  troub le-free. I t  has 
a n o n -p ressu re , sy p h o n  type m easuring  
device th a t m easures the b a tch  w ater 
accu ra te ly , w ith o u t varia tion  o r  s to p ­
p a g e  o f  th e  w a te r  f lo w . R a n s o m e

engineers have m ade th is possib le  by 
p r o d u c in g  a ta n k  w h ic h  is c a r e fu l ly  
ca lib ra ted , n o t affected by  grades, side 
inc lines, o r  variations in  line p ressu re . 
T h is  is one fea tu re  o f  R ansom e Pavers. 
T h e r e  a re  m a n y  o th e r s  t h a t  a re  w e ll 
w orth  investigating . R6_2

Write for literatureRANSOME MACHINERY CO. Dunellen, N.J.
S u b s id ia ry  o f  W o r th in g to n  P um p a n d  M a c h in e ry  C o rp .

o th e r  Products: T R U C K  M IX E R S ,  S M A L L  M IX E R S ,  B IG  M IX E R S
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THE MODERN BUILDING MATERIAL
Made on Besser Automatic Plain Pallet Vibrapacs

® Concrete Masonry units made on Besser 
Plain Pallet Super Vibrapacs have become 
in effect a new building material. Vibra- 
pac control of block density and texture 
permits manufacture of units adaptable to 
any construction requirements. The dur­
ability and design of Besser made concrete 
units stand as a building beacon to archi­
tects and builders throughout the world.

Besser S uper A u to m a tic  P la in  P alle t 
V ib rap acs  m ake th ree , 8 x 8 x 16" 
b lo ck  a t a  tim e on  o ne  p la in  p a lle t, 
w ith  a capacity  o f 600 u n its  p e r  h o u r. 
S m alle r u n its  in  la rg e r  m u ltip les  on  
th e  sam e p a lle ts . T h e  on ly  s trippe r 
conc re te  b lo c k  m ach in e  th a t m akes 
all types a n d  sizes o f  b lo ck , b rick  
o r  tile  u n i t s  o n  o n e  set o f P la in  
P alle ts . Besser V ib rapacs  offer the 
m a x im u m  in q u a l i ty  and  p ro d u c ­
tio n  a t  a m in im u m  in  o p era tio n  cost.

Besser Super Autom atic Plain Pallet Vibrapac 
equipped w ith  Power Off-bearing H oist. One 
man offbears 600 — 8" block per hour. N o  
li ft in g / O p era to r  merely g u id e s  the hoist.

BESSER MFG. CO .,902 46*1? ST.,ALPENA, MICH.
C om plete  Equ ipm en t fo r  C oncrete P roducts P la n ts
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Restore the Old--
with Build the New-- 

IN TR U S IO N -PR EP AKT
INTRUSION

Pressure-filling of spaces w ithin 
m asonry and concrete struc tu res, 
foundations, and rip rap  w ith ce­
m ent-base binding paste, to  solidify 
the mass.

PREPAKT
Concrete m ade b y  packing forms 
w ith  coarse aggregate and then 
solidifying by intrusion.

Fine seams in sandstone of ashlar masonry 
dam filled by intrusion. Mortar joints are 
likewise solidified.

As mortar is pumped in from below, spaces 
in prepacked coarse aggregate become 
completely filled.

APPLICATION

These processes have been successfully used for years on 
hundreds of projects including

PIERS

FOOTINGS 

ARCHES

WALLS 

VIADUCTS 

TUNNELS

DAMS 

BREAKWATERS 

ROCK FILLS

*
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B R I D G E  P I ERS
Scour of stream  beds, abrasion b y  floating debris and  ice, and  w eather­

ing tend  to  dam age bridge piers b y  causing inadequate  su p port, unequal 
se ttlem ent, reduction  of cross-section, and  loss of m o rta r from  joints. 
E ach  pier requires special trea tm en t, b u t all are capable of being restored 
and  protected  against a tta ck , th rough  th e  com bined processes of intrusion 
an d  prepacking as required. T ypical cases are illu stra ted  in the  photo­

graphs below, to g e th er w ith  a 
draw ing showing various means 
of repa ir w hich have actually  
been used w ith  success. B y  jack­
eting  w ith  P rep ak t, it  is possible 
even to  increase th e  s tren g th  and 
s tab ility  of th e  p ier beyond its 
original capacity , to  provide for
the  heavier loads of m odern

Typical restoration of abutment and wing wall.
Bridge seat and disintegrated stones replaced with 
Prepakt. Interior of masonry intruded down to 
bed rock.

E x is tin g  
P ie r  

5 o lid ifie d  
by In trus ion

^D isintegrated
a  Faces o f
QP/er Replaced
y /ith  P rep a kt

P ie r Shieldec

Scour of river bed exposed timber grillage and piles 
supporting pier. View shows pier ready for 
jacketing with Prepakt, after interior has been 
solidified by intrusion.

m d Cross-Section,
E n la rg e d  w ith  
P re p a k t Ja c ke t \

tr\ C rave ! 7 Foo tin g  Deepened an d  Enlarged  
L  w ith  ̂ P re p a k t o r by In tru s ion  J

Composite sketch from various jobs, 
illustrating restoration and strengthening 
of pier.
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B R E A K W A T E R S
B reakw aters, sea walls, rock fills, dam s, and gravelly soil bases have 

been stabilized  b y  in trusion to  form  m onolithic structures. Im pervious 
b lankets are provided wherever the  full thickness of the struc tu re  need not 
be solidified.

An o u tstand ing  exam ple of th is type  of work is illustrated  below. A sea 
wall subjected  to  heavy tides, up  to  14 ft., and  severe storm s was periodi­
cally washed ou t and required extensive repairs. To stop  th is condition 
and  to  provide perm anen t pro tection  to  th e  em bankm ent, the  upper por­
tion of th e  rock fill, 3 to  5 ft. th ick , was packed w ith coarse aggregate and 
was in truded  to  form  a solid b lanket. The cut-off wall was in truded  to  a 
dep th  of 8 ft. T he work was accom plished in two construction  seasons. 
D uring th e  w inter betw een seasons, severe storm s and tides washed out 
p a rt of the  u n trea ted  rock fill, b u t left th e  trea ted  portion entirely  
undam aged as shown.

Sim ilarly, an  ea rth  fill dam  is being trea ted  b y  flushing out the finer 
fraction  of soil and  in trud ing  the gravel.

S c a le ,  Ft.
o io 20 30 Water Line

b y  Intrusion
-Low  Water Line

Section of sea wall, showing stable imprevious blanket and cut-off wall formed by intrusion.

Completed portion of sea wall. Note {in 
foreground) aggregate used to fill interstices of 
larger stone, and wooden plugs projecting 
from vertical intrusion pipes.

Untreated portion washed out by storms; 
treated portion undamaged. Construction 
was completed during following year.
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S T R U C T U R E S
R epairs to  v iaducts, re ta in ing  walls, dam s, tunnels, and  reservoirs have 

been m ade by specialized application  of the basic processes— in trusion  and 
prepacking. The relatively  low shrinkage of P rep ak t, due to  th e  initially  
close con tac t of pieces of aggregate, minimizes differential shrinkage and 
assures m onolithic action. D u rab ility  of s truc tu res is being proved re­
peated ly  b y  ac tual service conditions. As for o rd inary  concrete, strengths 
m ay be regulated  as desired; usually  the  com pressive s tren g th  of P repak t 
as ob tained  from  te s t cylinders and  cores is of the  o rder of 4000 psi.

An exam ple of s tru c tu ra l repair is illu stra ted  below. B inding of the 
expansion slide-plates of a  long v iaduc t had  caused cracking of num erous 
reinforced-concrete girders a t  th e  section of m axim um  shear. The broken 
ends were cu t aw ay and  were rebuilt w ith P repak t.

End of girder, broken off by binding of ex­
pansion plates, cut away and ready for 
restoration.

Damaged section replaced with Prepakt. 
Tight bond to old concrete enables contact 
surface to carry heavy shear.

For R estoration

I N T R U S I O N - P R E P A K T ,  I n c .
F or New  C onstruction

T H E  P R E P A K T  C O N C R E T E  C O .
Union Com m erce Bldg., C leveland 14 

309 W. Jackson  B lvd., Chicago 6 
429 U nion S ta tion , T oronto , O nt., Can.

M ethods and M a te ria ls  Patented

S e e  A lso  P r e c e d in g  T h r e e  P a g e s



TECHNICAL PROGRESS SECTION (advertising) 441

Hand Puddling 
Can’t Compete

with a M c i i t^̂ REG.U.S.PAT.OFF.

C O N C R E T E  VIBRATOR
M Sk:

A Size and Type 
For Every Job!

M A L L  ^V2 H .P. U N IV E R S A L  ELECTRIC 
CONCRETE V IB R A TO R . Delivers 9000  
v ibration frequencies per minute under load. 
L ike  other M A L L  units, it is ava ilab le  with 
14 ft.. 21 ft., or 28 ft., o f flex ib le  shafting. 
Has low  round base mounting and con­
venient carrying handle.

F e w e r  h a n d s — f a s t e r  p l a c in g — s t i f f e r  m ix  u n i f o r m  s t r e n g t h  a n d  d e n s i ty  
b e t t e r  b o n d  w i th  r e i n f o r c e m e n t — n o  v o id s  o r  h o n e y - c o m b s — w a t e r - t i g h t  jo b  
t h a t  p e r m i t s  a n  e a r l i e r  s t r i p p i n g  o f  f o r m s — th e s e - a r e  j u s t  a  fe w  o f  t h e  a d v a n ­
t a g e s  y o u  g e t  w i t h  a  M a ll  C o n c r e te  V ib r a to r .  I n  a d d i t i o n ,  f o r  t h e i r  s iz e  M a ll 
V ib r a to r s  p la c e  m o r e  c o n c r e t e  t h a n  a n y  o t h e r  v ib r a to r .

W h e n  n o t  b e in g  u s e d  to  v ib r a t e  c o n c r e te ,  
t h e  M a ll  V ib r a to r  c a n  b e  a d a p t e d  to  S u r ­
f a c in g ,  F o r m  S a n d in g ,  W ire  B r u s h in g ,
G r in d in g  a n d  D r i l l in g .  A t t a c h m e n t s  fo r  
th e s e  o p e r a t i o n s  a r e  e a s i ly  a n d  q u ic k ly  i n ­
t e r c h a n g e d  w i t h  t h e  v i b r a t in g  e l e m e n t  
w h ic h  is  c o n s t r u c t e d  o f  t h e  t o u g h e s t  m a ­
t e r i a l s .  T ip s  a r e  w e ld e d  w i th  s p e c ia l  m e t a l s  
to  w i t h s t a n d  t h e  s e v e re  a b r a s iv e  a c t i o n  
w h ic h  o c c u r s  d u r i n g  o p e r a t i o n .

M A L L  CONCRETE  
V IB R A TO R  P O W ­
ERED W ITH  3 H P.
G A S O L IN E  EN ­
G IN E . Delivers 7000  
vibration frequencies 
per minute. Has va ri­
ab le  speed, single c y l­
inder, four cyc le , a ir 
cooled gasoline engine 
thof runs a ll day on 1 ^  
to  2 ga llons o f gaso­
line. The wheelbarrow  
type  mounting provides 
unusual po rtab ility .
A ttachments can be 

furnished for CONCRETE SU R FAC IN G , WIRE BRUSHING ,
F O R M  S A N D IN G , D R ILL IN G  in concrete, brick, iron or 
steel, and S H A R P E N IN G  TO O LS  and BITS.

7500 r.p.m. P N E U M AT IC  M O D E L . For p lacing  
concrete in tunnels, caissons, and other deep con­
struction. A l l  parts are easily renewable in the 
fie ld and no special too ls are required. Equipped  
with tw ist-hand thro ttle for easy operation.

MALL TOOL COMPANY, 7703 South Chicago Avenue, Chicago 19, Illinois
0  25 Years of

“ Better Tools 
for Better Work’

P O R T A B L E  
P O W E R  T O O L S
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For Mass Production of
PRECAST CONCRETE

PILES FLOORS
BEAMS CRIBBING
WALLS POSTS
LARGE CULVERTS and PIPES

USE

VACUUM CONCRETE FORMS
AND

VACUUM CONCRETE LIFTERS
VACUUM CONCRETE INC.

4210 Sansom St., Philadelphia 4, Pa.
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The illustrations indicate the varied uses of the Vacuum Concrete Lifter. This 
method has been used for moving precast concrete girders, 43 feet long, weigh­
ing 4 tons, the day after they were cast.

NOTE: Recognizing the high ethical standards of this publication and the known
severity of its advertisement censors, we feel restrained to say only that 
there is no other process but Vacuum Concrete which does all of the fol­
lowing:

Increases the strength of a plastic mix concrete by an average of 100% 
in the early curing period and by an average of 50% a t the age of 28 
days and by an average of 30% at the age of 2 years; and

Provides a method whereby heavy prefabricated concrete members can 
be handled a few hours after pouring them, by use of the Vacuum Concrete 
Lifter.

Cast in situ floors:
For quick removal of forms, finishing without delay, reducing overtime, 
better quality, use the VACUUM CONCRETE PROCESS.

VACUUM CONCRETE INC.

4210 Sansom St. Philadelphia 4, Pa.
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O ^ k lU m a t] CONCRETE EQUIPMENT
Provides m achine econom y and perfection in the 
preparation and finishing of c o n c r e t e  s l a b s .
Portable Rodding Machines save time and money by e lim ina ting  slow, laborious

hand rodd ing  or screeding.
M O D EL 44 

P O R T A B LE  CONCRETE  
RO D D IN G  M ACHINE

Rods the slab to  a perfect 
level and a t the same time 
puddles and vibrates the con­
crete through the entire depth 
. . . over the whole area. 
Thus the slab is thoroughly  
com pacted and the moisture 
brought to  the surface, ready 
for floa ting  and finishing. For 
slabs 1 0  to  2 0  feet wide. 
Hand les as low  as one-inch 
slump. O pera tes a t 1 00  
strokes per minute on a W is­
consin A B  2 .4 HP a ir cooled  
engine.

M O D EL "R S"
Lightweight Rodding 

Machine

A n  exce llen t com panion machine  
fo r the M o d e l " J "  F loating-F in ish ing  
M ach ine . Su itab le for slab widths 3 
to  1 2  feet,- operates like  the larger 
M ode l 44 . Idea l fo r s idewalks, 
driveways and repa ir jobs. Pow­
ered by Briggs and Stratton motor 
model " N "  1 .5 H . P.

H AN D  G R ILL  TAM PER

Especia lly suited fo r smaller jobs. L igh tw e igh t, 5-foot 
tamper w ith mesh surface tamps down the larger aggregate, 
leaving the finer materials on surface. This results in a more 
dense and compact floor,- e lim inates the use o f d ry  topp ing .

W / ite m a n  Concrete Equipment 
pays for itself . . .  in lower labor 
costs . . . finer quality of work.
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FLOATING-FINISHING
MACHINES produce better concrete surfaces. 
The i d e a l  m e t h o d  for  c o l o r  a p p l i c a t i o n .
Eliminate back-breaking kneework with this modern mechanical troweling machine. 

It produces a dense, wear-resistant slab, free from riffles and depressions.
M O D EL “ B”

D U A L PURPOSE F LO A T IN G -  
FINISHING M ACHINE

F loating is done w ith the "H e a v i-  
D u ti"  1 0 ' x 1 8 ' fla t floa t trowels. 
This opera tion compacts the slab; 
drives ou t a ir  pockets; brings up 
moisture: produces an exce llen t traction  
surface fo r warehouse floors, walks, 
a irp lane runways or veh icu lar tra ffic . 
To finish, a ttach 6 '  x 1 8 ' crucib le  
steel trowels. W h ile  machine operates 
contro l handle is turned to  ob ta in  
correct trowe l p itch . A v a ila b le  with  
gas engine or e lectric motor drive. 4 6 '  
diameter.

NEW M ODEL “ J"  
LIGHTW EIGHT FLO A T IN G -  

FINISHING MACHINE
Same p rinc ip le  as M ode l B . . . 
but smaller capac ity . The trowel 
diameter o f 3 4 ' (guard ring 35") 
permits operation in small crowded  
areas and through 3 6 ' doorways. 
The M ode l " J "  weighs on ly  105  
lbs.,- provides easy p o rta b ility  . . . 
even an inexperienced operator can 
finish 1 0 0 0  square feet in fifteen  
minutes. A v a ila b le  with gas engine  
on ly .

E M ETA L A N D W O O D  
If k LSCREED s t a k e s

For qu ick p la c ing  in any  k ind of 
soil . . . used w ith  2 x 4  wood  
o r j 2 1 2r P « ^  screeds. Final 
grade ob ta ined  b y  s lid ing head  
up or down. The best method of 
screeding aga inst walls or curb.

V T H I T E M A S  e q u i p -
M E S T  is so ld  only through  
established  A m erican  a n d  
Foreign d istribu tors. IT  rite  
fo r nam e o f nearest dea ler.

MANUFACTURING COMPANY
3249  C asita s  A ve n u e  

_ Los A n g e le s  2 6 , C a lifo r n ia
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HI-BOND*
a  M ore  Efficient

• At Splices

• In Concrete

• For Insta llations

W h e n  H I - B O N D  b u r s  a r e  s p l i c e d ,  

t h e y  w i l l  d e v e l o p  t h e i r  t e n s i l e  

s t r e n g t h  i n  s p l i c e s  w i t h  a  s h o r t e r  

l a p  t h a n  c o m m o n l y  u s e d .

I r r e s p e c t i v e  o f  t h e  p o s i t i o n  i n  

w h i c h  t h e y  a r e  c a s t  H l - B O N D  

b a r s  p r o v i d e  a  g r e a t e r  m e c h a n i ­

c a l  g r i p  i n  t h e  c o n c r e t e  a n d ,  

t h e r e f o r e ,  o f f e r  h i g h e r  r e s i s t a n c e  

t o  s l i / t p a g e .

H I - B O N D  b a r s  s t a y  a n c h o r e d  

w h e n  t h e y  a r e  c r o s s e d  a n d  i v i r e d  

b e c a u s e  t h e  r i b s  k e y  i n t o  e a c h  

o t h e r  a n d  h o l d  f i r m l y .

*  TRADEMARK-REG. U. S. PAT. OFF.

INLAND HI-BOND
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R E I N F O R C I N G  BAR

HI-BOND bars provide the designer with an 
effective means to utilize more of the potential 
strength of the steel in reinforced concrete. The 
design of the helical ribs produces greater bearing 
area in concrete. This develops higher bond stresses, 
which permit more efficient load transfer at splices.
This is demonstrated in tests reported in research 
paper 1669 issued by the National Bureau of Stand­
ards in their September, 1945, Journal.

These tests prove that HI-BOND bars will de­
velop their tensile strength in splices with a shorter 
lap than commonly used, whether bars are wired 
together or spaced apart.

Placing of reinforcing steel is done more speed­
ily and securely with HI-BOND bars. The helical 
ribs dovetail so well at intersections that the simplest 
wire tie will hold HI-BOND bars firmly fixed even in 
difficult wall positions. The saving in time, labor and 
wire makes possible more economical construction.

With HI-BOND, deflections in beams are re­
duced, width of cracks minimized, and the possi­
bility of steel corrosion is less. All these advantages 
result in better, stronger, more efficient installations 
— no premium is assessed for HI-BOND’s improved 
design— when you specify HI-BOND y o u  get ex tra  
v a lu e  a t n o  a d va n ce  in  cost. Inland Steel Company,
38 South Dearborn Street, Chicago 3, Illinois.

REINFORCING BAR
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J O H N S O N  M I X I N G  P L A N T S  ¿ C O ttC lC . . .
n
-I

★  C O N C E N T R I C  Z O N E  P L A N T  A R R A N G E M E N T
(1)— Permits grouping of 1 to 6 mixers about center discharge poin t.
(2)—Design affords m inim um  heigh t of plant.
(3)—Short charging chute elim inates segregation of aggregates and reduces charging 

time.
(4)— Compact design requires m inim um  ground area for p lan t site.

★  C E N T R A L  C E M E N T  C O M P A R T M E N T
(1)— Steep slopes in cement tank  for free, fast-flowing.
(2 )—Radial arrangem ent of aggregate bins around center belt conveyor turnhead, 

provides flexibility in number and capacity  of aggregate com partm ents.
(3)—Compact arrangem ent of batchers, w ith  cement flow-stream in center of 

aggregate flow.
★  P R O V E N  A U T O M A T I C  B A T C H E R  C O N T R O L

(1)— Accurate, high-speed, positive batching.
(2)— M oisture compensation for all mixes.
(3)— Instantaneous MIX-SELECTOR SYSTEM.
(4)—Recording of batch w eight for each batcher and consistency record of each 

mixer, on a single chart w ith  tim ing of each operation perm anently recorded.
(5)—Built-in recording chart prin ter elim inates paper shrinkage problem s, and re­

duces chart costs, being self-printing.

Co,
dll
lit
sta

C O N T R O L L E D  C O N C R E T E  M IX E D  B Y  
T H E S E  M E T H O D S , O F F E R E D  O N L Y  BY’

O H N S O N

FO N TA N A
N O R FO RK
FRIA N T
PENSACO LA
CONCHAS
HETC H H ETCH Y
OSAGE
KEN TU CK Y
HIWASSE
TY G A R T

SHASTA
RUBY

B O N N EV ILLE
NORRIS
BOULDER

CADDOA
PICKW ICK
M A H O N IN G
CHEROKEE
C H ICA M A U G A

SUBM IT YOUR M IX IN G  PRO BLEM  TO  EX ­

PERIEN C ED  JO H N SO N  EN G IN EER S TOD AY 
— W RITE

HAS BU ILT T H E  W O RLD ’S LARGEST STRUC­
TU RES, FO REM O ST BEIN G  G R A N D  COULEE 
SHOW N A T T H E  LEFT—AS W ELL AS THESE, 
AN D  M A N Y  O TH ERS—



H U N T P R O C ESS
THE O R IG IN A L  CONCRETE M E M B R A N E  CURE SINCE 1926

EV IDENCE O F  THE EFFICIENCY O F  H U N T  PROCESS CUR ING
Views of San Fernando Road, (U. S. 99 to  San Francisco and North) was cured with 
“ H unt Process Black” in the summer of 1929. I t  is one of the most heavily travel­
led truck and passenger car highways in the City of Los Angeles. The top picture was 
made July 1929 shortly after pavement was opened to traffic; the center picture was 
made December 1945.
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Contractors stamp, as photographed December 1945, was originally placed in pavement 
during construction. I t  shows the complete curing obtained from H unt Process, with 
little evidence of surface erosion from 16 years of very heavy traffic. This particular 
stam p is near a “Stop & Go” intersection where traffic abrasion is particularily severe.

Since 1929 more than 170,000,000 square yards of concrete surface have been cured 
with H unt Process Company Curing Compounds, equivalent of more than 13,000 
miles of 22-foot concrete.

D IS T R IB U T O R S  
T h e  L ofland  C om pany  D allas, Texas
T h e  C olorado B uilders’ Supp ly  Co. D enver, Colorado
G race  B ro thers, L im ited  H onolulu, T . H.
T h e  C arte r-W aters  C orpo ra tion  £ ,a,ns.as C ltX cM l??l01uV
T h e  R  C H ard cas tle  C om pany  O klahom a C ity , O klahom a
B aker-T hom as L im e & C em ent Co. Ehoi nlxJ AI aona-
P . L. C rooks & C om pany  Inc. P o rtland , Oregon
A m erican A sp h a lt R oof C orp. S alt L ake C ity , U tah
A. R . R eid  C om pany  | an. « raInr1SCi ’-’ f
C harles R . W a tts  & C o. S eattle , W ashington
A E  F o rem an  & Sons V ancouver, B. C.

HUNT PROCESS CO M PAN Y
“Spray I t & Forget I t"  

a t  • nfficp P la n t H U N T  P R O C E S S  C L E A R  K ansas C ity  M o. P la n t
7 0 1 2  S tan fo rd  A venue H U N T  P R O C E S S  B LA C K  C arter-W aters  Corp.
Los A ngeles 1 . Calif. H U N T  P R O C E S S  P IG M E N T E D -C W H IT E ) 2440 P ennw ay
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WHAT PRICE "CONTROLLED AIR” 
IN CONCRETE?

★

An air entraining agent, whose 
sole function is to control the 
air content of the finished con­
crete, offers definite advantages 
to concrete engineers and con­
tractors. Besides improving dur­
ability and plasticity, the use of 
such an air entraining agent at 
the mixer gives the contractor 
a means of meeting stringent air 
entraining concrete specifications 
when using the materials that 
will be employed on the job.

To the contractor, the use of such 
an air entraining agent will us­
ually result in a concrete cost 
actually less than that of un­
treated concrete because:

1. In making air entraining 
concretes the specified ce­
ment content per unit vol­
ume must be maintained.

This is usually accomplished 
by a reduction of the fine 
aggregate of the mix in pro­
portion to the amount of air 
entrained.

2. On an average this ad­
justment of sand per cubic 
yard of concrete may be tak­
en as 125 pounds.

3. Even with sand costing 
as little as 60c per ton, a 
saving over the cost of the 
air entraining agent is real­
ized.

To the engineer, the use of such 
air entraining agents will give 
concrete with controlled air.

When such air is held below 5 
per cent, and when there is a 
sufficient reduction of water to



provide an equ ivalen t slump, 

little or no decrease in s treng th

TECHNICAL PROGRESS SECTION (advertising)

will result. In fact, in lean 

mixes (less th a n  5 sacks per cubic 

yard) there  is usually  an in- 

T'!- crease in s treng th .
the h

ilDPtt To bo th  engineers and contrac-

®ofiL: tors there  are m any  in tang ib le

savings w h ic h  m ay  assume m ajor  

importance under certain  condi- 

thisie tions, such as ease of placing,

lerqi speed of finishing, overcom ing

y belli
★

451

i rregularit ies  in aggregate  g rada­

t ion , etc.

T he  above facts have all been 

proved in the  field w i th  D arex 

A ir E n tra in in g  A gent, w h ic h  a l ­

ready has been used in over four 

m illion  yards of concrete. T h is  

m ateria l  comes in so lu tion  form 

ready to  use and lends itself to  

simple p ropo rt ion ing  at the  m ix ­

er.

★  ★

ere is

U se  D A R E X  AEA with con fid en ce  wherever 
air entraining concretes are sp ecified .

W rite for booklet a n d  m anual on the use o f  D A R E X  A E A .

D EW EY  A N D  ALMY CHEMICAL COM PANY
Department T Cam bridge 40, M assachusetts
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T H E  F O U N D A T I O N  O F

B U T L E R  E N G I N E E R E D  D E S I G N
I S  T H E  W I D E  E X P E R I E N C E  O F  M A N Y  Y E A R S  

I T S  P R O D U C T  I S  

H I G H E R  E F F I C I E N C Y ,  G R E A T E R  P R O D U C T I O N , -  
A T  L E S S  U L T I M A T E  C O S T

W h ile  the BUTLER BIN  C O M P A N Y  h as a lw a y s  
held  that m anufacture  fo llo w s o p e ra tio n a l d e ­
sig n , there is an  im portant co ro lla ry  to that  
prin c ip le : Ing en u ity  an d  m axim um  p racticab ility
in design  must fo llo w  e xp e rie n ce . Interesting  
is the ap p ro ach  g iven  to Concrete  Block P lant  
construction. A c tu a lly , BUTLER su p p lies ch ie fly  
the b in s, batch in g  equip m ent an d  con veyors, —  
yet BUTLER En g in e ers m ake the d esig n  an d  d e ­
velo pm en t of the entire  p la n t the ir resp o n si­
b ility . A nd the m any ye a rs  
of w id e  exp e rie n ce  g a in e d  
in th is fie ld  bring an  a ssu r­
an ce  of the most p ractica l 
so lution to every  in d iv id u a l 
problem . You m ay dep en d  
upon Butler En g in e ered  De- 
s ig r», —  an d  of course, —  
upon B u t l e r  m anufacture .

B U T L E R  R I N  C O M P A N Y

BUTLER READY MIXED CONCRETE PLANTS represent not 
on ly the BUTLER idea l tha t the making and fab rica tion  
o f m ateria ls hand ling  equipment should be flaw less , —  but 
qu ite  as im po rta n tly , —  tha t the design o f such equipment 
should be superior in a ffo rd in g  greater d a ily  ou tput and 
maximum effic iency to the opera to r. That is why consul­
ta tion  w ith  a B u t le r  E n g in e e r  w il l prove p ro fitab le .

★
Ready Mixed Concrete Plants 

Central Mixing Plants 
Concrete Block Plants 

Bulk Cement Plants 
Batching Plants 

Carscoop

W A U K E S H A ,  W I S C O N S I N



Calcium Chloride Curing Provides Maximum Hardness 
for Concrete, According to Abrasions Tests 

at National Bureau of Standards
G reater concrete hardness is provided by calcium chloride curing than by o ther 
m ethods o f curing tested, according to tests of resistance to abrasion made at the N a­
tional Bureau o f Standards by H. C. V ollm er and reported  in his paper appearing 
in the proceedings of the 24th Annual M eeting of the H ighway R esearch Board.

These results are most im portant to concrete engineers interested in the enormous 
building program  ahead in which emergency restrictions no longer apply and the 
best of materials and methods of 
construction w ill be used.
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Mr. Vollmer describes the results 
of his tests of resistance to abrasion 
of concrete specimens cured by vari­
ous means, as follows:

"Tests of the resistance to abrasion 
of the top surface (cured surface) of 
the specimens indicated that the use 
of IV2 per cent calcium chloride 
integrally (equal to IV2 lbs. per bag 
of cement in the mix) and IV2 lbs. 
per sq. yd. applied to the surface as 
soon as the bleeding water dis­
appeared (no burlap) and all speci­
mens cured by employing the surface 
a p p lic a tio n  o f calcium  ch loride  
whether in conjunction w ith burlap 
or not, resulted in a higher resistance 
than specimens cured with wet bur­
lap applied for three days; however, 
the wear resistance of specimens w ith 
liquid curing membranes or with  
no curing were somewhat less than 
specimens cured w ith wet burlap 
applied for three days.”

Copies of Mr. Vollm er’s complete 
report w ill be sent on request.

R E S IS T A N C E  T O  A B R A S IO N

F  H  D £  G C B  ;
C o n F g  m e //? o d s

F— H/ 2  lbs. calcium chloride per sq. 
yd. surface and 1 1 /2 % calcium 
chloride integral.

H— 2 lbs. calcium chloride per sq. yd. 
surface with 18 hrs. wet burlap.

D— 2 lbs. calcium chloride per sq. yd. 
surface (no burlap).

E— 2%  integral calcium chloride with 
18 hrs. wet burlap.

G— 3 days wet burlap.
C— Surface coating (M embrane C).
B— Surface coating (M embrane B). 
A— Surface coating (M embrane A).
I— No curing.

CALCIUM CHLORIDE ASSOCIATION, 4145 Penobscot Bldg., Detroit 26, Mich.
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OF M O N O L ITH S

FACTORS IN FLU E N C IN 1

FORM MEMBERS  

MT METHODS

BALANCE!

C O N C

A N D  A N C H O R A G E  UNITSSELECTION

RICHMOND ofF
serviceon-lhesi

Engineerec 
and balan<i

Technical Servi 
prob lem s.

:0r consultai!

R I C H M O N D  S C R E W
A N C H O R  C O M P A N Y ,  INC.

8 1 6 -8 3 8  LIBERTY A V E N U E  •  B R O O K LY N , N .Y .
M A N U F A C T U R IN G  S IN C E  1911
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PORTLAND CEMENT DISPERSION
and ADSORPTION OF CALCIUM LIGNOSULFONATE

w ith  POZZOLITH

Pozzolith, w hich applies the well known principle of dispersion to 
Portland cement, was developed by M aster Builders Research Laboratories 
following their discovery of the cement dispersing action of calcium ligno- 
sulfonate.

Cement dispersion reduces the water-cement ratio  required for a given 
w orkability , increases strength, and greatly improves durability as well as 
having a number of other beneficial effects. /

A study of cement dispersion recently reported by Fred M. Ernsberger 
and Wesley G. France of O hio State University provides evidence of the 
actions and results of cement dispersion as well as a mechanism by which 
it may be accomplished, z

This a r tic le — “ Portland Cement Dispersion by Adsorption of Calcium 
Lignosulfonate” , establishes tw o points: (A ) tha t cement when placed in 
w ater norm ally flocculates and is dispersed by the action of calcium ligno­
sulfonate so th a t the full cement area is subject to hydration. Through micro­
scopic exam ination this study established the fact that cement particles 
clump together or flocculate when placed in water; tha t there are many more 
discreet particles, particularly small particles when the water medium con­
tains about 0 .1%  of calcium lignosulfonate. Application of Stokes' law to 
falling cement particles in a w ater medium provided a method for measuring 
the degree of dispersion w ith  and w ithout calcium lignosulfonate. The com­
parison is shown in the follow ing table. (B) th a t the mechanism by which 
cement dispersion is accomplished is mutual repulsion due to the adsorption 
of like electric charges on the surface of the cement particles. Dispersion 
of small particles in aqueous suspensions is usually due to mutual repulsion

resulting from particles bearing a like electro­
static charge. Use of the following technique 
determined th a t cement dispersion is due to the 
same principle: By examining under the micro­
scope the electrophoretic m igration of suspended 
cement particles, it was observed tha t when sus­
pended in distilled water there was no movement 
of the particles tow ard either electrode; tha t 
when suspended in calcium lignosulfonate solution 
there was a readily observable movement toward 
the anode.

Calcium lignosulfonate is a colloidal electrolyte w hich ionizes in solu­
tion to  give metallic cations and lignosulfonate anions. The study showed 
th a t it  is the adsorption of the lignosulfonate anions by the cement particles
th a t gives them the negative charge. Having a like electrostatic charge, the
particles repel each other, resulting in cement dispersion.
/  A C .I.Journal Feb. 1943, pages 358-362 for fulller description and effects of cement dispersion. 
z  Industrial and Engineering Chemistry — June 1945, pages 598-600.

Specific Surface of Portland Cement 
Suspended In W ater, with and w ith­

out Calcium Lignosulfonate 
Ca Ligno­
sulfonate Av. Sp.
Adsorbed, Surface, Apparent 
G ./100 G. Sq. C m ./ % In- 

Cem ent Gram  crease
Type I Cem ent: 90% Passing 325- 
Mesh Sieve: Sp. Surface in Kerosene, 

1690 Sq. C m ./G ram  
None 1150
0 .2  (1505) 31
0 .3  1570 37
0 .4  (1685) 47
0 .5  1705 48
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P H O T O M IC R O G R A P H S

O F
CEMENT SUSPENSIONS

Illustra ting Dispersion
M agnified 200 tim es

F L O C C U L A T E D D IS P E R S E D

Showing how  cement particles clump together 
or flocculate when placed in water. By floccu­
lating , many of the cement particles are only 
partly w etted and some are not w etted a t all. 
Furtherm ore, when cement flocculates it  bo t­
tles up a small am ount of w ater inside the 
clumps.

Cement dispersion causes the clumps to  break 
up and particles to separate. The first result 
of cement dispersion is th a t many more of 
the particles get wetted all over. This puts 
more of the cement to  w ork. In addition, by 
breaking up the clumps the  entrapped water 
is released and becomes part of the m ixing 
water.

T ru m an  Bridge, K ans. C ity , M o. Consltg . Engrs. 
—  H ow ard, N eedles, T am m en & Bergendorff, 
K ans. C ity , M o. S u b -S truc tu re . C o n trs .— M ass- 
m an C onst. Co., K ans. C ity , M o. S u per-s tructu re  
C o n trs .—  A m erican  Bridge Co.. Chicago, 111. 

Pozzolith  C oncrete.

F o rt S tan to n  P a rk  R eservoir, W ash ing ton , D .C . D esign  E ng rs .—  W h itm an , R eq u a rd t & 
A ssociates, B altim ore, M d. C on trs .—  B altim ore C o n trac to rs , B altim ore, M d. 6,500 cu . yds.

Pozzolith  C oncrete.
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A U T H O R IT A T IV E  TESTS

show
P O Z Z O L IT H  gives V A S T L Y  G R E A T E R  D U R A B IL IT Y  

with IN C R E A S E D  S T R E N G T H
In an exhaustive investigation employing a range of cements typical of all U. S. Cements — 

(Full reports available for exam ination.)

1. Pozzo lith increased D U R A B IL ITY  —
SEA WATER —  a f te r  142 Cycles o f  O utdoor Freezing and T haw ing 

N om ina l C em ent 
F ac to r —  Sacks

6 
6

Plain Concrete — of 39 beams tested .............................................................15 survived
Pozzolith 77  76 survived

FRESH WATER — In Laboratory — Freezing and T haw ing

4M
4M
6
6

Plain C oncrete. 
Pozzolith "  . 
Plain
Pozzolith “  .

2. Pozzo lith  increased STRENGTH —

3-day Com pressive. 
28-day

3.
4.

Pozzo lith cut BLEED IN G

A fte r A verage A verage
A verage D u rab ility C hange in

N o. Cycles F ac to r D ynam ic  E
49 17 —31

139 63 —21
50 20 —32

176 80 — 10

6 Sack 4 Vi Sack
M ixes M ixes

50% 70%
1 2 % 25%

5 5 % 60%

> ....................... 14% 15%

TEST REPORTS FR O M  O THER SOURCES  
Strengths a t Later Ages

Pozzolith concrete, cement dispersed, continues to  increase in strength over the long periods. 
The follow ing compressive scrength tests on Pozzolith concrete employed on Ansco Buildings, 

Bingham pton, N . Y., are reported by Cornell University.

C /F

5.85

W /C

5.69

S L U M P C O M P R E S S IV E  S T R E N G T H  —  D AY S 
7 28 90 6 mos. 12 mos.

3115 4440 5765 7580 8320 8370

T ests  of P ozzo lith  C oncre te m ade and  reported  by  M ilton  H ersey Co., L td ., M ontrea l, C anada, industria l 
chem ists , engineers an d  inspecto rs are :

Lbs.
C em ent

355
680

Lbs.
W a ter

273
282

Slum p

4 "

C O M P R E S S IV E  S T R E N G T H  —  D A Y S 
3 7 14 28 12 mos.

1115
3750

1575
4265

1995
4910

2335
5370

3285
7070

T e sts  of P ozzolith  C oncre te  m ade and  reported  by  S m ith -E m ery  Co.. Los Angeles, inspecting  and  testing  
engineers are :

C /F W /C S L U M P

5.50 5.44 2.25"
4.95 6.00 2.00"

M O D U L U S  O F  R U P T U R E  —  P .S .I. —  D AY S 
3  7 28 60 6 mos. 12 m os.

515
507

537
517

658
625

716
680

750
708

791
735

A D D IT IO N
N o n e ..............................
A ir-en tra in in g  A gent A . 
A ir-en tra in ing  A gent B. 
P o zzo lith .............................

Pozzolith Reduces Bleeding
P E R C E N T  B L E E D I N G  

C em ent F ac to r— 4.5 sacks/cu . yd . C em ent F ac to r— 6.0 sacks/cu . yd.
C em ent ZC em ent Y 

100 
52 
59 
55

C em ent Z 
100 
49
56
57

C em ent Y 
100 
42 
49 
25

100
34
49
20



P O Z Z O L IT H  D E C R E A S E S  P E R M E A B IL IT Y

‘‘W ith the same water-cement ratio , a 
change in the w ater percentage (space occu­
pied by w ater a t the time of m ixing) by the 
use of water-reducing agents or by varying 
the aggregate characteristics w ill have little  
effect upon w atertightness when measured 
by low-head (liquid) flow. This leakage 
varies w ith  the strength of the concrete. In 
the tests shown herein, a commercial ad­
m ixture “ Pozzolith” perm itted a reduction 
in mixing w ater; this perm itted a reduction 
in cement content for the same strength. An 
improvement was noted in the capillary re­
sistance of the concrete containing the Pozzo­
lith  (even at the same streng th )” . /

P O Z Z O L IT H  IN C R E A S E S  B O N D  S T R E N G T H
Bond Strength o f Concrete To Steel 

Lbs./Sq. In. o f embedment a t S lip  o f 3 x 1 0 -
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CEM ENT Y CEM EN T Z
A d d i t io n  4.5 sks/cu . yd. 6.0 sks/cu . yd. 4.5 sks/cu . yd. 6.0 sks/cu . yd.
N one....................................................  354 412 423 470
A ir-entraining Agent A   270 412 300 473
A ir-entraining Agent B   230 355 342 496
P ozzo lith ............................................. 430 582 302 638

P O Z Z O L IT H  H O L D S  T H E  C O N C R E T E  IN A  P L A S T IC  S T A T E  
W H IL E  T H E  C O N C R E T E  IS S T A N D IN G  O R  IN T R A N S IT
“ Concrete aggregates were shipped by rail from Portland to a point on 

Clatsop spit about 3 )^  miles from the end of jetty , where the concrete was 
mixed. Transportation to  the w ork was in 4-cu. yd. bottom  dump buckets, 
four being placed on each of 3 standard gauge railroad flat cars.

The grading of aggregates and the mix were in accordance w ith  standard 
government specifications, and provided for at least sacks of cement 
(Fed. Spec. SS-C-206) per cu. yd. The contractor was allowed to use an 
adm ixture of Pozzolith, at his own expense, to provide greater w orkability, 
as the long journey over the rough railroad track otherwise made it difficult 
to dump the concrete on arrival at the w ork. The finished concrete structure 
has now been through three severe w inter seasons and does not show any 
deterioration or cracks.” 2 See photograph opposite page.

1  M ethods for M easuring the Passage of W ater through Concrete. W. M. Dunagan, Associate 
Professor of Theoretical and Applied Mechanics, Iow a State College, Ames, Iow a. Proc. ASTM 
Vol. 39, 1939, pages 866-880.

2  Pacific Builder and Engineer, April 1944 issue, Pages 41-44 on "P lacing  a Heavy Concrete 
Term inal on the South Je tty  of the Columbia R iver” by R. E. H ickson, Head, Rivers and 
H arbors D ivision, Portland D istrict, U. S. Army Engineers.

P L O T T E D  S U M M A R Y  O F  T E S T S 1 
R e la tio n sh ip  betw een  28-day  s tren g th  
a n d  ra te  of w a te r  loss a t  500 h r. 
Since a ll te s ts  w ere m ade from  concre te 
of p lastic  consistency , th e se  d a ta  ind i­
c a te  a n  im p ro v em en t in  res is tance  to  
ca p illa ry  m ovem en t of w a te r  w ith  in ­
c rease  in  s tren g th . Pozzo lith , used  be­
cause  it  reduced  w a te r requ irem ent, 
m ade an  ad d ed  im provem en t.
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A IR  E N T R A IN M E N T

. . .  In Structural Concrete
Pozzolith in addition to its basic action of cement dispersion, autom at­

ically entrains 3%  to 4%  to tal air w hich is the optimum amount w ith  respect 
to increased durability and strength and improvement of the other properties 
of concrete, including economy These advantages are obtained w ith 
Pozzolith without the need of constant watching on the job.

The authoritative tests previously referred to, made by the N ation’s h igh­
est testing authority , show th a t w ith  Pozzolith, using 13 different cements 
in 6 sack and 43d> sack mixes, the to ta l average air, regardless of slump, 
ranged from 3-07% to 3-75%.

. . .  In Flat Slab Construction
For pavement in freezing climates some believe tha t air contents greater 

than 3%  would be desirable, sometimes even if it means the sacrifice or other 
desirable properties of the concrete. These higher air contents can be en­
trained by the use of our HP-7 w ith  no increase in cement content, yet w ith ­
out any loss in strength or other essential value as has been demonstrated in 
highway pavements and on aircraft landing strips laid w ith  HP-7 in Ohio 
and M ichigan. i

HP-7 is a combination of the cement dispersing agent calcium lignosul- 
fonate and the effective w etting  agent, sodium lauryl sulfate (O rvus), 
and successfully meets current air-content and durability requirements w ith 
increased strengths due to the more effective utilization of the cement.

✓ C oncrete T erm inal on th e  S outh  J e tty  
\  of th e  C olum bia R iver. U. S. A rm y 

Engineers. Pozzolith  Concrete.

Gulf, C olorado & S an ta  Fe R ailw ay 
U nderpass, F t. W orth . Tex. Engrs.—  
P rivate  P lans. Gen. C on trs .—  M artin  
& G race, D allas, Tex. Pozzolith Con­
cre te  furnished by  F t. W orth  Sand 8i, 

G ravel Co., F t. W orth , Texas.

I

i  A .C.I. Journal, Feb. 1944, pages 358-361 for data on HP-7.
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M . B. A U T O M A T IC  P O Z Z O L IT H  D IS P EN SER

Leading authorities agree tha t to obtain the best results admixtures 
should be added at the mixer and not interground in the cement. Reference 
is made to —

J. W. Kushing — Roads and Streets, Dec. 1941.
F. H. Jackson — Principal Engineer of Tests, Div. of Physical Research, Public Roads Admin­

is tra t io n — Public Roads, Vol. 24, No. 4, Pages 108, 109.
Chas. E. Wuerpel — Engineer-in-Charge, Central Concrete Laboratory, Corps, of Engineers, 

U. S. Army, M t. Vernon, N . Y.— 2nd Interim  Report on "Concrete R esearch"— Technical 
Reports, Pages 47 to  51, Ju ly  1945.

Chas. E. Wuerpel — Crushed Stone Journal, June 1945, Page 13.
Chas. E. Wuerpel — A .C .I. Journal, Sept. 1945, Page 81.
Stanton W alker — Engineering Director N ational Sand & Gravel Ass'n. and N ational Ready 

Mixed Concrete Ass’n .— Concrete, Nov. 1945, Page 19.

The use of Pozzolith by ready-mixed concrete companies as well as on 
large jobs has been greatly simplified w ith  the development of the M. B. 
A utom atic Pozzolith Dispenser. In addition to insuring accuracy in measure­
ment, this dispenser cuts cost by saving labor and speeding the operation.

Where ready-mixed plants are equipped w ith  only one cement bin and 
the handling of special cements involves extra 
expense, or where they desire to  use only one 
type of cement, the A utom atic Pozzolith Dis­
penser is of special value since Pozzolith added 
to normal Portland cement produces concrete 
w ith  high-early strength , decreased permea­
bility  and other special properties.

M. B. A utom atic Pozzolith Dispensers are 
now in operation in about fifty ready-mix and 
batching plants. / This dispenser complies w ith 
existing specifications for accuracy and may be 
had w ith  autographic recording devices.

D ispensing  P ozzolith  in liquid  form , 
th e  opera to r delivers th e  correct 
am o u n t requ ired  for a  b a tch  by 
sim ply  se ttin g  th e  con tro l d ia l and 

pushing  an  electric  bu tto n .

T ennessee V alley  A u th o rity  —  S. 
4,750,000 gal. W a te r  S to rage T a n k ,. G rea t Falls, M on t. T unne l, B ristol, T enn .
C onsltg . E ngrs. & A rch ts .—  Corw in & Co., Inc., G en. 33,000 cu . yds. P ozzolith  C oncrete.
C on trs .—  D udley-A nderson  Co., 3,600 cu. yds. Pozzolith  
C oncre te. See Eng. N ew s R ecord, O ct. 4 ,1945, pages 108-113.

/ P it and Q uarry, June 1945, Pages 99-102,— P it and Quarry, Aug. 1945, Pages 119, 120 and 
Rock Products, Nov. 1945, Pages 68-70 for experiences of plants using M. B. Pozzolith 
Dispenser.
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B EN E F IT S  O F  C EM EN T  D IS P ER S IO N  IN 

C O N C R E T E  F L O O R  C O N S T R U C T IO N , M A S O N R Y  M O R T A R S , 
E Q U IP M E N T  G R O U T IN G  & C O N C R E T E  R E P A IR

Concrete Floor W earing  Su rfaces : M etallic aggregates (M aster Build­
ers M etallic Hardner and M etalicron) have been widely used for industrial 
concrete floor wearing surfaces for over th irty  years. The useful life of this 
type of floor was vastly increased through the development in 1938 of 
M asterplate, a combination of scientifically graded metallic aggregates w ith 
cement dispersion. One hundred and tw enty pounds of this wear-resisting 
metal aggregate is now incorporated easily w ith  low  w ater cement ratio 
where formerly the lim it was approxim ately 40 lbs. per square. This heavily 
armored surface vastly increases the durability of concrete floors,/ so that 
M asterplate concrete floors have been adopted in many industries where 
previously concrete floors had not been adequate.

Furthermore, a M asterplate floor provides for static dissemination and 
reduces sparking to a minimum. This has resulted in the wide use of M aster­
plate in areas requiring maximum safety, particularly in industries w ith 
explosive processes, and in Army and Navy magazines and storehouses. 2 

M asterplate floors meet the safety requirements of leading fire insurance 
companies. }
1  N ational Bureau of Standards Research Paper No. 1252, November 1939.
2  Construction M ethods, Sept. 1945, Page 98 for use of M asterplate in rocket plant as protection 

against sparking.
“ H andbook of Fire P rotection” — 1941 Edition, N ational Fire Protection Ass’n.

T he A lum inum  Co. of 
C anada, L td ., A rv ida.Q ue. 
P lans by  O w ners E ngrs. 
C on trs .—  F o u n d a tio n  Co. 
of C an ad a , L td ., M on trea l, 
Que. 300,000 cu. yds. 

P ozzolith  C oncrete.

L E SS  H A Z A R D O U S A R EA S in hazardous 
buildings are  given m onolithic m etallic fin­
ish on concrete floors as p ro tection  against 
spark ing . In  accordance w ith  specifications, 
d ry  m ix tu re consisting of m etal aggregate 
(free from  non-ferrous m etal particles), 
cem ent d ispersing agent and  pozzuolanic 
m ateria l capable of com bining w ith free lime 
to  form w ater-insoluble com pound is applied 
to  freshly screeded concrete surface a t  90 lb. 
per 1 0 0  sq. ft., and  floor is finish-com pacted 

by  m otor-driven disk-type float.
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M asonry M o rta r— Cement Dispersion is available for masonry mortars 
in the p ro d u c t‘'O .M .” (Omicron M ortarproofing) w hich provides increase 
in w ater retentivity , reduction in w ater content, and increase in bond
strength. These benefits are direbt remedies for early m ortar shrinkage, the
principal cause of leakage in brickw ork and other masonry, i

Eq u ipm ent G routing  —  Embeco is a dry 
powder composed principally of the cement 
dispersing agent, specially prepared metallic 
aggregate and reagents to  promote oxidation
and strength. Added to  concrete or mortars it
eliminates or compensates for all shrinkage. 
Where used for equipment grouting the action 
of Embeco is so controlled as to  produce a slight 
expansion, thereby assuring a solid lasting  con­
tact between foundation and machine, 2

Embeco overcomes the natural shrinkage in 
patching concrete. Because of this fact it is used 
in the rebuilding of spalled and eroded concrete 
surfaces. )

B uilding R esto ra tion  w ith  E m ­
beco  a t  D iam ond  M atc h  Co., 

Oswego, N . Y.

1  The A rchitectural Record, November, 1935, pages 347-351 for reference on "T he Principal 
Cause of Leaky B rickw ork” .

2 Steel — June 4, 1945, Pages 118-120 for use of Embeco in grou ting  steel m ill equipm ent. 
Railw ay Age, M ay 16, 1936, Pages 792-794 "Shift 90 ft. Towers Between Trains . . . ” 
Railw ay Age, Jan . 9, 1937, ' 'Care and Precision Feature Rebuilding of Tunnel Floor . . . Non- 
Shrinking G rout Holds Tie Blocks Securely” .

)  Contractors and Engineers M onthly , Dec. 1936 — "Defective Pavement Effectively R epaired". 
R ailw ay Engineering and M aintenance, Feb. 1937, "T im ely Repairs Save Concrete” . 
Engineering News-Record, Feb. 25, 1937 — "H eated  Air Space Elim inates F rost Destruction 
in Tank W alls” .
W ater Works and Sewerage, Ju ly  1939— “ A Successful 'Face L ifting ' O peration . . . ” . 
Concrete, Dec. 1939— "R estoring Surface of Huge Concrete Bins Spalled by E levator F ire" . 
M ay we take this opportunity  to  invite members of the Institu te to visit 

our Research Laboratories and to  call on us for additional data on the pro­
ducts discussed here and other M aster Builders products and services.

Services available through our representatives located in principal indus­
trial centers in the United States, in Latin America and in several foreign 
countries.

C om pressors g routed  w ith  E m beco 
a t E a st O hio G as Co., 

C leveland, Ohio.

M etropo litan  Life Insurance  P a rk -F a irfax  P ro ­
je c t, A lexandria , Va. A rch t.—  L eonard  S chultze 
& Assoc., A lexandria, V a. C o n tr .—  S ta r re tt  Bros. 
& E ken, N ew  Y ork, N .Y . 20,000 cu. yds. Pozzo- 
lith  C oncre te  an d  “ O .M .” for 30,000,000 brick.

T H E  M A S T E R  B U IL D E R S  C O M P A N Y
CLEVELAND 3, OHIO TORONTO, ONTARIO
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is a non-profit, non-partisan organization of engineers, scientists, 
builders, manufacturers and representatives of industries associated 
in their technical interest with the field of concrete. The Institute is 
dedicated to the public service. Its primary objective is to assist its 
members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials.

For nearly four decades that primary objective has been achieved 
by the combined membership effort. Individually and through 
committees, and with the cooperation of many public and private 
agencies, members have correlated the results of research, from both 
field and laboratory, and of practices in design, construction and 
manufacture.

The work of the Institute has become ava ilab le  to the engineering 
profession in annual volumes of A C I Proceedings since 1905. 
Beginning in 1929 the Proceedings have first appeared pe riod ica lly  
in the Journal of the American Concrete Institute and in many 
separate publications.

For further information about A C I Membership and publications  
address:

Secretary, A M E R IC A N  CONCRETE INSTITUTE 
New Center Build ing, Detro it 2, M ich igan , U. S. A .
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M ASTER V IBR A TO R Y F IN ISH IN G  SCREED
• How it provides accurate strike-off and compaction in a single easy  

operation.

• How it finishes over 6,000 sq. ft. per hour.

N o te . H a n d -d ra w n  V ib ra to ry  F in is h in g  S c re e d , in  th e  
m a in  p h o to g ra p h , c o n tro l  th r o t t le  a t  r i g h t  en d  p ro ­
v id es  e a sy  re g u la t io n  o f v ib ra t in g  s p e e d . T h e  sm a ll 
i l lu s t r a t io n  a b o v e  sh o w s a  2 6 ' V ib ra to ry  F in is h in g  
S c re e d  w o rk in g  in  C a lifo rn ia  o n  a  2 5 ' p a v e m e n t s t r ip  
of 11" th ic k n e s s  . . . an d  f in ish in g  s t r ip  in  o n e  p a s s . 
P a v e rs  a re  34 -E  s in g le  an d  3 4 -E  d u a l d ru m .

M a s te r  V ib ra to ry  F in is h in g  S c re e d  w o rk s  o n ly  p a r t  
t im e  to  ta k e  c a re  o f  p a v e rs ’ o u tp u t. M oves fo rw a rd  a t  
6 ' p e r  m in . O ne s c re e d  sh o u ld  h a n d le  tw o  d u a l d ru m  
p a v e rs  fo r  m a x im u m  effic ien cy  o n  th i s  ty p e  o f  s t r ip .  
R e p o rts  in d ic a te  th a t  f in ish in g  d o n e  b y  M a s te r  s c r e e d  
e q u a ls  tw o  s c re e d  ty p e  ta m p e r -e q u ip p e d  f in ish in g  m a ­
c h in e s  o b ta in in g  b e t te r  c o m p a c tio n  a n d  r e q u ir e s  le s s  
c e m e n t f in ish e rs .

★ ★ ★
M a s te r  2 5 ' V ib ra to ry  F in is h in g  S c re e d , b e lo w  o n  th e  
jo b  a t  S an  B e rn a rd in o , C a l. N o te , S c re e d  is  a tta c h e d  
to  box  s p re a d e r  by tw o  c a b le s .

PURPOSE A N D  RESULTS 
O B T A IN E D  THEREBY
H e re ,  a t  la s t ,  is  a  m a c h in e  so  s im p le  t h a t  th e  a v e r­
a g e  l a b o r e r  w i th  l i t t l e  m e c h a n ic a l  k n o w le d g e  can 
u n d e r s ta n d  . . . y e t  g e t  d e s i r a b le  r e s u l t s  n ev e r 
o b ta in e d  b e f o r e  b y  o th e r  m e th o d s .  T h e  M aster 
V ib r a to r y  F in is h in g  S c re e d  is  so  d e s ig n e d  th a t 
th r o u g h  th e  a p p l ic a t io n  o f  v ib r a t io n  o n  co n c re te  
s la b s , m a x im u m  d e n s i ty ,  s t r e n g th  a n d  m in im u m  
s u r f a c e  v a r i a t i o n s  a r e  o b ta in e d . I t  a lso  a l lo w s  th e  
p la c in g  o f  c o n c re te  w i th  lo w  w a te r  c o n te n t ,  th e re b y  
g a in in g  g r e a t e r  in t e r n a l  s t r e n g th  in  th e  co n c re te  
s t r u c tu r e .

T h e  S c re e d  in  s t r ik in g  o ff  o p e r a t io n  re s ts  on 
p r e - s e t  fo rm s  o r  g u id e s  a n d  le a v e s  th e  s u r fa c e  o f 
t h e  s la b  w i th  c o r r e s p o n d in g  t r u e  a l ig n m e n t  T he 
M a s te r  S c r e e d  v ib r a te s  u n i f o r m ly  th r o u g h o u t  its  
e n t i r e  l e n g th  u p  to  m a x im u m  s iz e s  b u i l t ,  a s su r in g  
u n i f o r m  c o m p a c tio n  a n d  e l im in a t in g  th e  e le m e n t 
o f  e r r o r  d u e  to  la b o r .

T h e  l ig h t  w e ig h t  o f th e  M a s te r  V ib ra to ry  F in is h ­
in g  S c re e d  m a k e s  i t  s a t i s f a c to r y  f o r  m a n u a l  o p e ra ­
t io n  o n  s u c h  w o rk  a s :  H ig h w a y s , c o n c re te  floors 
a n d  o th e r  ty p e s  o f  s la b s ; A i r p o r t  ru n w a y s ,  ap ro n s, 
h a n g a r  f lo o rs ; W a re h o u s e  f lo o rs ; D o ck  d e c k s : C ity  
s t r e e t  p a v in g ;  S id e w a lk s :  I n d u s t r i a l  p la n t  d riv e s; 
C a n a l in v e r ts ;  B r id g e  d e c k s ; C o n c re te  ro o fs ; an d  
m a n y  o th e r  a p p l ic a t io n s .  I n  a d d i t io n ,  th e  M aster 
S c re e d  is  th e  o n ly  h ig h w a y  s la b  f in is h in g  sc reed  
th a t  c a n  p r o d u c e  a  t r u e  p a r a b o l ic  c u r v e  c ro w n . A ll 
s iz e s  o f  M a s te r  S c r e e d s  c a n  b e  b u i l t  f o r  a n y  ty p e  
o f  c ro w n  o r  in v e r t .

D E S IG N * r̂ l̂e M f s t;e r  V i b r a t o r y  F i n i s h i n g  
* S c re e d  is  a  s im p le , s tu r d y  a l l-s te e l, 

v ib r a t in g  s t r ik e - o f f  s c re e d ,  c o n s is t in g  o f  a  s tee l 
T e e - s h a p e  a n d  v ib r a t in g  m e m b e r  s p a n n in g  th e  
s la b , s u p p o r te d  a t  e i t h e r  e n d  b y  a d j u s t a b le  sp r in g -  
m o u n te d  s te e l  s h o e s  w h ic h  t r a v e l  o n  th e  fo rm s  o r 
g u id e s  b e tw e e n  w h ic h  th e  c o n c re te  is  d e p o s ite d .
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MASTER VIBRATOR FINISHING SCREED (C on t inued)
C e n tra lly  lo c a te d  is  a  v ib r a t in g  e l e m e n t  s e c u r e ly  
fa s te n e d  to  th e  T e e  s e c t io n  a n d  d r iv e n  b y  a n  
a i r  c o o led  g a s o l in e  e n g in e  o r  e le c t r i c  m o to r  
th ro u g h  a  M a s te r  a u to m a t ic  c lu tc h  a n d  V ee 
b e lt d r iv e . V ib ra t io n s  a r e  a d j u s t a b le  f r o m  2000 
to  6400 p e r  m in u te  th r o u g h  th e  u s e  o f th e  e n ­
gine th ro t t le ,  th e r e b y  p ro v id in g  m e a n s  o f  a p p ly ­
ing  th e  n u m b e r  o f  v ib r a t io n s  p e r  m in u te  t h a t  
p ro d u ces  th e  m o s t  s a t i s f a c to r y  r e s u l t s  in  th e  
conc re te  b e in g  u s e d . T h e  s p r in g - m o u n te d  e n d  
shoes a r e  a d ju s t a b le  f o r  v a r io u s  w id th s  b y  c lo se  
d rilled  h o le s  i n  t h e  m a in  m e m b e r  (s e e  d ia g ra m  
a t r ig h t ) .

The s c re e d  i s  f u r n i s h e d  w i th  D r a w  R o p e s  a t  
e ith e r e n d  f o r  f o r w a r d  o r  b a c k w a r d  m o v e m e n t .  
G enera lly  o n  u n i t s  u p  to  16 f e e t  lo n g , tw o  la b o r ­
ers a re  a l l  t h a t  a r e  r e q u i r e d .  L o n g e r  s c re e d  
m ay r e q u i r e  u p  to  f o u r  la b o re r s .  W e ig h ts  h a v e  
been re d u c e d  to  th e  m in im u m , a  20 fo o t  V ib ra ­
to ry  F in is h in g  S c re e d  w e ig h in g  380 p o u n d s  a n d  
sm aller s ize s  c o r r e s p o n d in g ly  l ig h te r .  M o v e ­
m en t o f  th e  s c re e d  f r o m  o n e  lo c a t io n  to  a n ­
o the r is  q u ic k ly  m a d e  b y  u s e  o f  th e  c a r ry in g  
h and les  f u r n is h e d  w i th  sc re e d .

V ib ra to ry  s c re e d s  to  f in ish  s la b s  o f  6 f t . ,  10 
f t ., 13 f t . ,  16 f t . ,  20 f t . ,  25 f t . ,  a n d  26 f t .  a r e  
s ta n d a r d — lo n g e r  le n g th s  b u i l t  to  o r d e r .  A ll 
s t a n d a r d  s c re e d s  a d j u s t  d o w n  7 ' 6" f r o m  m a x i­
m u m  le n g th ,  e x c e p t  V S -6  (6 ' s c r e e d ) ,  w h ic h  
a d ju s t s  d o w n  3 ' 6". M o re  a d j u s t m e n t  c a n  be  
o b ta in e d  b y  d r i l l in g  v ib r a to r y  b e a m  in  fie ld . 
F or fu r th e r  d e ta ils  w r ite  fo r  M aster B u lle t in  596

1. A d ju s ta b le  s p r in g  m o u n te d  sh o es .
2 -w a y  d raw . 3. E asy a d ju stm en t fo r  le n g th .

4. Y o k e  fo r  li f t in g . 5. L ift in g  h a n d le .
6. R em o te  e n g in e  con tro l.

2.

MASTER COST-SAVING EQUIPMENT— FOR IMMEDIATE DELIVERY

G as or E le c tr ic  -  . , . <. . / i . . ,
¡a ck -F ill Tam pers V ib ra to ry  Concrete Fin ish ing  Screed . S izes 6  to 30 
lo ta log  N o . 6 9 9 ) (C ata log  N o . 596)

G a s  or E le c tr ic  Concrete V ib ra to rs 
(C a ta lo g  N o. 689)

Po rtab le  G as-E le c tr ic  
G ene rato r P lan ts . S izes 500 to 17000 

W atts (C ata lo g  N o. 594)

G ene ra l Purpose 
Flood lights

Electric 
Pavem ent

1‘ Pow er-B lo w " E le ctr ic  Breaker
Hammer and Spade (C a t . N o . 718) 
(C ata log  N o . 688)

‘ ‘Tu rn -A -Tro w e l" 
fo r trow elling  

concrete 
S izes 4 8 "  or 3 4 "

(C ata log  
N o. 685)

B IG -3  fo r G ene ratio n , 
Tool O peration  and 
Concrete V ib ra tion  
(C ata lo g  N o. 687)

S en d  for illustra ted  catalog on any Item  to

M A S T E R  V I B R A T O R  C O M P A N Y
DAYTON 1, O H IO
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" A n t i-H y d ro / 7 A  Durability and Internal Curing  
A g en t for Portland Cement M ixtures

Increases the S trength and Produces 
Im perm eab le  Results

Construction engineers have specified and insisted on the use of Anti-Hydro in 
concrete and cement mixtures for more than forty  years. Anti-H ydro w ith  any 
standard brand of portland cement, produces more durable and impermeable con­
crete of increased early and ultim ate strength th a t otherw ise w ould require special 
cements and many different single purpose admixtures. These single purpose pro­
ducts often achieve their specific advantages to the detrim ent of equally desirable 
properties. A nti-Hydro in concrete and cement mixtures produces all of the 
follow ing results in one operation and at no added cost for labor:

1. Increased w orkability .

2. Dispersion of cement.

3- Lim ited air entrainm ent w ith o u t sacrifice of 
strength.

4. Increased flow w ith  lowered water-cement 
ratio .

5- Im perm eability.

6. Reduced shrinkage.

7- A better bond between new and old concrere 
and m ortars.

8. Uniform curing th roughout the entire mass of 
the concrete of vertical or horizontal 
construction.

9. Increased early and u ltim ate strength.

10. Durable concrete w ith o u t sacrifice of strength.

11. C ontrol time of set of cement.

12. 24 hour use of concrete.

13- Protection of reinforcement.

14. Concrete durable under freeze, th aw  and salt 
action.

15- Hard w earing surfaces.

16. Construction speed and economy.

These results are attested to  no t only by the 
com m ercial recognition accorded A nti-H ydro dur­
ing the past four decades, bu t also by tests con­
ducted by governm ent and accredited independent 
laboratories. These include, in part the labora­
tories of California Institu te  of Technology, Case 
School of Applied Science, Colum bia U niversity, 
E . L. Conwell & Co., G eorgia School of Techno­

logy, David K irkaldy & Son, London, England, 
U niversity of M ichigan, Bureau of Standards, H. 
C. N u ttin g  Co., Raymond G . Osborne, Pittsburgh 
Testing Laboratories, Sm ith-Em ery Co. and U. S. 
Engineers.

A nti-H ydro is a liqu id  in tegral compound 
w hich  is added to the  gauging w ater for all port­
land cement m ixtures. I t is a calcined solution of 
colloidal résinâtes. The form ula has remained 
unchanged since 1904, a t w hich  tim e development 
of the present form ula was perfected by Ferdinand 
M. H ausling in association w ith  Dr. Thomas B. 
Stillm an.

Since density, im perm eability and compressive 
strength are am ong the measurable criteria of the 
effectiveness of curing m edia, test data are pre­
sented dem onstrating these and o ther valuable 
properties im parted to  concrete by gauging port­
land cement m ixtures w ith  ‘‘A nti-H ydro ."

"A n ti-H y d ro "  increases the p lasticity  and 
w orkab ility  of concrete m ixtures. Laboratory 
results reported by the Case School of Applied 
Science, D ept, of Engineering Research of the 
U niversity of M ichigan, and California Institute 
of Technology all confirm the increase of slump 
produced by "A n ti-H y d ro ” w hile one U. S. Engi­
neers' L aboratory reports the follow ing compar­
ative results on compressive strength  and slump.

A constant W /C  ra tio  of 6.75 gals, per sack was 
used th roughout the test, w ith  A nti-H ydro liquid 
replacing a like am ount of w ater in the mixes 
containing th is adm ixture.
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Test
No.

Avg. 2.

W ithou t "A n ti-H y d ro ’'

151.1
151.1 
151-1

S treng th
psi.

7
Days

2440
2420
2440

28
Days

3560
3820
3540

W ith  \}/2 G a. " A n ti-  
H y d ro "  Per Cu. Yd.

2.75
3.00
3.00

151.1 2433 3640 2.92 150.8 2627 3707

150.1
150.6
151.7

S trength
psi.

7
Days

2650
2670
2560

28
Days

3780
3700
3640

"A nti-H ydro” also increases the tensile strength 
of portland cement mixtures. This has im portant 
bearing upon the bonding qualities of "A nti- 
Hydro,” w hich were tested by Raymond G. 
Osborne Laboratories of Los Angeles, California. 
"This test was made for the purpose of determ in­
ing the degree of bond possible between a layer of 
poured concrete to  be used as topping and the old 
concrete floor s lab .” Smith-Emery Company of 
Los Angeles reporting on the shear tests state th a t 
"the failure in all cases was in the old concrete. 
There was no apparent failure of the bond .” N . B. 
The bonding m aterial was a th in  portland cement 
grout mixed w ith  "A n ti-H ydro” according to 
specifications.

Increased compressive strength of all ages may 
be obtained w ith  any standard brand of portland 
cement through the addition of "A n ti-H ydro” to 
the concrete mix.

The graph shows com parative curves w ith  and 
without "A n ti-H ydro” in the m ix as reported by 
E. L. Conwell & Company, Philadelphia, and 
Dept, of Engineering Research, University of 
Michigan, w hich are representative of innumera­
ble comparative "A n ti-H ydro” tests.

"A nti-H ydro” protects reinforcing steel from 
corrosion. E. L. Conwell & Company, 
Philadelphia, sta te in their report of October 9, 
1928, “ Specimens exposed to the w eather up to 
four weeks showed no sign of corrosion on the 
steel in mixes containing 'A nti-H ydro .'

Another function of "A nti-H ydro  is its added 
protection against frozen concrete and masonry in

6  8  10 12 14. 16 IB 20 22 24 26 28 
Age of Concrete-Days

w inter construction, and the earlier use of the con­
crete. The H . C. N u tting  Company reports on a 
series of cylinders w hich, during the initia l 24 
hours, were kept a t 15° F. Of 7 w ithou t "A nti- 
H ydro ,” 3 were frozen. One (1 ) containing
' ‘A nti-H ydro” ou t of a to tal of 7 tested, was found 
‘slightly  frozen,” but subsequently reached its 

normal strength.

I t is in place to refer to perm eability tests on 
mortars and to  perm eability and compressive 
strength tests in w hich ” A nti-H ydro” gauged m ix­
tures were shown to be impermeable while increas­
ing the compressive strength of the concrete, a t all 
ages reported. Many calcium chloride products 
in these same reports were shown to produce more 
permeable concrete than  the standard untreated 
concrete of the same mix.

Many admixtures and Special types of cement 
have been offered from time to time for specific 
purposes of increased w orkability , strength, im­
perm eability, dispersion or surface curing. Anti- 
Hydro has produced impermeable concrete of in­
creased strength and has functioned as a durability 
and internal curing agent over a long period of 
years w ith  uniformly satisfactory results.

A N T I-H Y D R O  
W ATER PR O O F IN G  

C O M P A N Y

265 Badger Avenue  
Newark, N . J.
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2800 to n  A K D C  F lo a tin g  O ry d o c k  d e s ig n e d  by  B u re a u  o f  Y a rd s  
a n d  D o c k s , U . S . N a v y  ; C o n tr a c to r ,  T id e w a te r  C o n s tr u c t io n  C o rp .,  
N o r fo lk , V i r g in ia ;  Y a rd s  a t W ilm in g to n , N o r th  C a r o l in a .  ( F o r  
c o m p le te  d e ta il s  see  E n g . N ew s R e c o rd , 3 / 8 / 4 5  a n d  3 /2 4 /4 5 . )

T h e  f ë t o b l e

T h e  S o l u t i o n . . .

PLASTIMENT USED IN 
CONCRETE FLOATING DRYDOCKS

m... to obtain dense, high-quality concrete
— to prevent form ation of cold  jo ints
— to obtain w atertight construction jo in ts
— to obtain m inim um  shrinkage of concrete

Plastin ient, a Sika product, was successfu lly  
used and the above characteristics obtained , p lus:

— better w orkability  — faster, easier p lacing
— higher concrete strength and low er water-cement 

ratio
— m ore uniform ity and less segregation

I he need for watertight construction joints and impermeable concrete is obvious, 
since the walls and decks of the concrete drydocks were only 5 inches thick and 
formed in four separate pours.

N e w , illus tra ted  Plastiment fo lde r, 
lust o ff press, describes the use, 
action and benefits o f Plastiment, 
the C oncre te  Densifier. W rite  
fo r you r copy.

I



TECHNICAL PROGRESS SECTION (advertising) 471

j S o l v i n j

tOntRETE
f t i o l t l e m l

FLOORS

TU N N ELS FLOATING DRYDOCKS

CONCRETE BARGES LEAKS

Sika Products are available for pressure grouting, ex­
pansion joints, floor hardening, tile setting, watertight 
and improved concrete.

5IKR CHEmiim lORPORDTIOII
37  G regory Avenue Passaic, N. J.

R e g . U . S. P a t . O f f . A i a n U ^ d C t U t e t i  o f i

Structural Waterproofing Compounds •  Plastiment, The Concrete Densifier
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AC I  NEWS  LETTER
V o l.  17 N o . 4 JO U R N A L  of the A M E R IC A N  C O N C R ET E  INSTITUTE February 1946

— To prov ide  a com radeship in find ing the best ways to  do 
concrete work o f a ll kinds and in spreading tha t know ledge.

4 2 n d  A n n u a l  Convention

M o n d a y , Tuesday, W ednesday  and Thursday  
February 1 8 , 1 9 , 20 and 21, 1 9 4 6

H O TE L  STATLER 

ADMINISTRATIVE MEETINGS
A dv iso ry  Committee, S T A N T O N  W ALKER , Chairman.

9 :30  a. m., M o nd a y , February 18 , G rover C leveland Room

Beard o f D ire c tion— 12:30 (noon) M onda y , February 18, G rover 
C leveland Room fo r lunch and continuing  
afternoon and evening.
(The new ly e lected Board) 1 p. m. Thursday, 
Feb. 21 , or im m ed ia te ly  fo llow ing  ad jou rn ­
ment o f convention.

TECHNICAL COMMITTEE MEETINGS 
(see also Bulletin Board at Registration Desk)

Committee 318, Standard Build ing Code, A . J. Boase, Chairman, 
Roy R. Z ip p rod t, Secretary, 9 :3 0  a. m. Tuesday, February 19, 
w ith  the expectation o f continuing its labors the a fte rnoon o f the 
21st fo llo w in g  the adjournm ent o f the convention and possibly 
through Friday, the 22nd.

Committee 318, Sub-committee 5, John R. N ichols, Chairman, 
w i l l  meet fo llo w in g  first genera l convention session.

Committee 604 , R. W . Spencer, Chairm an, w il l  meet— see 
bu lle tin  board.

Committee 711, Precast F loor Systems fo r Houses, F. N .
M e n e fe e , C hairm an, 10 :30  a. m. February 19.

(1)
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C O N V E N T IO N  R E G IS T R A T IO N
( A l l  reg istered non-member v isitors a re  w e lcom e a t g ene ra l 

sessions— no reg is tra tion  fe e )

9 .30  A .  M . TUESDAY , FEBRUARY 19  
T O  N O O N  FEBRUARY 21

Foyer, N ia g a ra  Room 
in charge o f

\

ETHEL B. W IL S O N , Assistant Secretary

See Bu lle tin  Board fo r specia l notices.
Buy you r tickets Tuesday if you  wish to  attend  

Luncheon, W ednesday noon
(ticke ts $2 .00 , include tips)

1 2  noon sharp, L U N C H E O N  fo r a ll announced program  p a rt ic i­
pants in the  sessions o f Tuesday a fte rnoon  and evening. 
Presiding officers, Session Leaders, C hairm an and Secretary  
Publications C om m ittee and those w h o  a re  to  present 
papers o r committee reports a t the  Tuesday G enera l 
Sessions o f the Convention.

2.00 P. M . TU ESD AY , FEBRUARY 19
President DOUGLAS E. PARSONS, Chairman

A ppo in tm en t o f Tellers, to  canvass ba llo ts  o f the A n n u a l E lection.

"P roposed M in im um  Standard Requirements fo r Precast Concrete  
F loor Units”

Report o f Com m ittee 711 , F. N . M ENEFEE, Charman
Presented b y  reference (A C I J l. Janua ry , 19 46 )  

on a motion fo r ad op tion  as an A C I S tandard

NEW DEVELOPMENTS IN CONCRETE DESIGN 
METHODS

A .  J. B O A S E , Session Leader
M a n a g e r  S tru c tu ra l B ure au , P o rt la n d  C e m e n t A s s o c ia tio n

“ R adian t H ea tin g  by Reinforced Concrete”
J O H N  R. N IC H O L S
C o n s u ltin g  E n g in e e r, Boston

There is evidence, M r. N icho ls believes, tha t rad ian t heating  
pipes in structural concrete w ill not be as destructive as an 
a tom ic bomb. Since there is great va lue and convenience in 
this heating method, he believes the p roh ib itin g  codes must be 
scrutinized to  make sure tha t progress is not needlessly impeded.
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"The La ttice  A n a lo g y  in Concrete D esign"

D O U G LA S  M cH EN R Y ,
U . S. B ureau  o f R ec lam a tion

The author w ill show tha t many com plica ted problems in stress 
distribution can be solved b y  a method which involves on ly  
simple arithmetic. The fie ld  o f app lica tio n  o f the la ttice  
an a lo gy  is com parab le to  tha t o f the photoe lastic polariscope, 
bu t the e labo ra te  equipment o f pho toe las tic ity  is rep laced by  
an ord ina ry  computing machine.

“ The Use o f Prestressed Concrete in F loa ting  and Land Structures“
HEN RI M A R C U S ,

B ureau  o f  Y a rd s  a nd  Docks, N a v y  D epartm ent

This paper describes the design and construction o f a concrete 
barge in which prestressed reinforcing steel was used. It in ­
cludes a brie f discussion o f la bo ra to ry  tests o f prestressing which 
preceded the design.

"H ip p e d  P late Construction"
G E O R G E  W IN TER,

A ss is ta n t P ro fessor o f  C iv il E n g ine e rin g , C o rn e ll U n iv e rs ity

The au thor w ill describe a method o f design which utilizes 
e ffec tive ly  the m ono lith ic continuous character o f concrete.
This ty p e  o f construction, known abroad as "F a ltw e rke ," has 
been lit t le  used in this country. Professor W in ter has had 
occasion to  design and see several substantial structures o f this 
ty p e  erected during a number o f years spent as a consultant in 
Russia.

8.00 P. M . TUESDAY , FEBRUARY 19

V ice  President, HARRISON F. G O N N ER M A N , 
Chairman

ENTRAINED AIR IN CONCRETE

F. H . JA C K S O N , Session Leader
P r in c ip a l E n g in e e r o f  Tests, Pub lic  Roads A d m in is tra tio n

"L a b o ra to ry  Studies o f Concrete Conta in ing A ir-E n tra in ing  
Adm ix tu re s"

By C . E. WUERPEL,
E n g in e e r in  C h a rg e , C e n tra l C o n c re te  L a b o ra to ry , N o rth  A t la n t ic  D iv is ion , 

U . S. C o rp s o f  Eng ineers

M r. W ue rpe l’s lead contribution to  the symposium w ill ep itom ­
ize the high points o f two recent papers published in the A C I 
J l.: in September, 1945, fie ld  experiences o f the W ar Depart­
ment; in the current February issue the results o f a considerable  
labo ra to ry  ¡nvesrigation (bo th papers ava ila b le  in separate 
prints, copies ava ila b le  a t registration desk for those who wish 
to  pa rtic ipa te  in discussion).

TEN— 10 -M IN U TE  C O NTR IBUT IO NS  TO  THE SESSION THEM E
" IN D IA N A  EXPERIENCES IN  H IG H W A Y  C O N S TR U C T IO N "

S. W .  B E N H A M , In d ia na  H ig h w a y  Commission.
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"RESULTS O F  RECENT L A B O R A T O R Y  STUDIES"

S T A N T O N  W A L K E R , D ire c to r  o f  E n g in e e rin g , N a t io n a l S and  a nd  G ra v e l 
A s s o c ia tio n .

"F IE LD  EXPERIENCES IN  THE N O R TH E A STE R N  STATES"
LEE A N D R E W S , P o rt la n d  C e m e n t A s s o c ia tio n .

" A  M E C H A N IC A L  D ISPENS ING  DEVICE FOR A IR -E N T R A IN IN G  A G E N T "
E. M .  BRICKETT, D e w e y  a nd  A lm y  C h em ic a l C o .

" A  DEVICE FOR M E A S U R IN G  E N TR A IN E D  A IR  IN  CO N C RETE "
W . H .  K LE IN , V ic e -P re s id e n t a nd  G e n e ra l M a n a g e r ,  P e n n s y lv a n ia -D ix ie  
C e m e n t C o rp .

"E N T R A IN E D  A IR — A  FAC TO R  IN  THE DES IGN  O F  CONCRETE M IX E S "
W . A .  C O R D O N , E n g in e e r, U . S . B ureau  o t R ec lam a tio n .

"EXPERIENCES IN  R E A D Y  M IX  O P E R A T IO N S "
A L E X A N D E R  FO STER , J r .,  W a r n e r  C om p any.

“ EXPERIENCES IN  P E N N S Y L V A N IA  H IG H W A Y S "
W . H .  H E R M A N , C h ie f  Research E n g in e e r, P e nn sy lva n ia  D e p artm e n t o f  
H ig h w a y s .

"TESTS W ITH  BLENDS O F  N A T U R A L  A N D  P O R T L A N D  C EM EN TS "
W .  F. K E L L E R M A N N , S e n io r  M a te r ia ls  E n g in e e r, P u b lic  Roads A d m in is tra t io n .

“ RECENT TEST RESULTS"
H E N R Y  L, K E N N E D Y , M a n a g e r  C e m e n t D iv is ion , D e w e y  a nd  A lm y  C h em ic a l 
C o .

8 A .  M . W E D N E S D A Y , FEBRUARY 20
8 A .  M . BREAKFAST fo r announced program  
partic ipan ts in the session o f W ednesday afternoon: 
Presiding officers, Session Leaders, Chairman and  
Secretary Pub lica tions Comm ittee and those who  
are to  present papers or Committee reports a t the 
general session W ednesday a fternoon.

9 .30  A .  M . W E D N E S D A Y , FEBRUARY 20  

CONCRETE RESEARCH

A n  O pen Session of A C I Committee 115, Research

M O R TO N  O . W ITHEY, Chairman; FRANK E. RICHART, 
Vice-Chairman, S. J. CHAMBERLIN, Secretary 

Past-Presidenf FRANK E. RICHART, Presiding
This annua l session has grown in im portance since its inaugura ­
tio n  a t the Institute's 33rd A n n u a l Convention in N ew  York in 
1937 . A s  in former years there is no stenotypist to  record the  
series o f b rie f papers or in formal reports on concrete technics 
and in it ia l results in projects under way. M ost o f those con­
tr ib u tin g  are do ing  so w ith the understanding there w ill be
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no published record except as specific release is made to  the 
Institute for its subsequent pub lica tion . Some laboratories do  
not want p u b lic ity  un til investigations are complete for a 
fu l ly  considered record. W ith  this understanding Members 
and non-members a ttend ing the convention w ill be welcome 
a t this open comm ittee session. The on ly  way to be sure o f 
what the session develops is to  be there.

12 O 'C LO C K  N O O N , W ED N E S D A Y , FEBRUARY 20, 
A C I LU N C H E O N

This luncheon is fo r A C I Members and friends who bought the ir 
tickets Tuesday or ea rly  enough W ednesday morning to  "g e t the ir 
noses in the p o t"  as the o ld  say ing  goes. The price is $2 .00  and  
tha t includes the " t ip . "  Gather around the board w ith your o ld  or 
new friends and save time in these restaurant-crowded days.

2 P. M . W ED N ESD AY , FEBRUARY 20  

M A IN T E N A N C E  A N D  REPAIR O F  CONCRETE

Vice-President STA N TO N  WALKER, Chairman 
RODERICK B. Y O U N G , Session Leader

H y d ro -E ie c tr ic  P o w e r  Commission o f  O n ta r io  

presenting an in troducto ry paper on the general theme

"Two Specia l M e thods o f Restoring and Strengthening 
Concrete Structures"

J .  W . KELLY
A sso c ia te  Pro fessor o f  C iv il E n g ine e rin g , U n iv e rs ity  o f  C a lifo rn ia

and B. D. KEATTS
E n g ine e r, In fru s ion -P rep a kt Inc.

See A C I J O U R N A L , February, 1946  (o r separate print) 
where Messrs. K e lly  and Keatts descrive methods o f repairing  
masonry structures, b y  which the o ld  de terio rated mortaris 
washed from the masonry, in successive steps, and replaced  
w ith firm grout. O the r restorations are made by conso lidating  
aggregate , p laced in patched areas o f defective concrete,w ith 
grout forced in to  the voids o f the aggregate.

“ M a in tenance  o f H eavy  Concrete Structures"
C L A Y  C . BO SW ELL and ALBERT C . G IESECKE

M in n e s o ta  P o w e r  & L ig h t C o .

See A C I J O U R N A L , February 1946 (o r separate prin t) for 
the paper describing repair methods on a dam and contrasting 
the construction methods with those which have made repair 
unnecessary on a sim ilar but o lder structure.



"M a in te n a n ce  and Repair o f Portland Cement Concrete Pavements"

A . A . A N D ER SO N
M a n a g e r  H ig h w a y s  a nd  M u n ic ip a l B ure au , P o rt la n d  C e m e n t A s s o c ia tio n

M a in tenance  and repa ir methods and the equipment used are  
described and well illus tra ted .
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“ Repair o f Concrete Chimneys w ith M in im um  Bo ile r O pe ra tio n  
Interference”

W . M . BASSETT
E n g in e e r o f S truc tu res, N e w  E ng land  P o w e r  S e rv ic e  C o .

and M ILES N . C LA IR
V ic e -P re s id e n t, T h e  Thom pson & L ic h tn e r  C o .,  Inc.

The t it le  carries an im portan t considera tion o f the jo b  reported—  
the effort to  a vo id , so fa r as possible , s toppage o f operations  
wh ile  repa ir was under way.

"H y d ra u lic  Structure M a in tenance  Using Pneum atica lly  
Placed M o r ta r "

W . L. C H A D W IC K
C h ie f C iv i l  E n g in e e r, S o u the rn  C a lifo rn ia  Ed ison C o .

M r. Chadw ick's con tribu tion  features methods which are the 
subject o f study by  A C I Comm ittee 805 , assigned to  the 
preparation o f practice recommendations for the a p p lica tio n  o f 
mortar b y  pneumatic pressure— a comm ittee o f which the  
au thor is chairman. The paper, g iv ing  the experiences o f the 
Southern C a lifo rn ia  Edison C om pany, which mainta ins con ­
crete structures high in the Sierra M oun ta ins , w ill be presented 
b y  R. W . Spencer, C iv il Engineer o f the company.

“ M a in tenance  and Repair o f Concrete Bridges on the 
O regon  H ig hw a y  System”

G . S. P A X S O N
B rid g e  E n g in e e r, O re g o n  S fa te  H ig h w a y  D ep artm en t

See A C I Jou rna l, Novem ber, 1945 (o r separate p rin t) where 
this illus tra ted paper was published. It describes restoration  
procedures, fo llow ed  b y  waterp roo fing treatments which have 
effec tive ly  stopped progressive de te rio ra tion  o f the concrete. 
This paper w ill be presented b y  R. F. B lanks, U. S. Bureau of 
Reclamation.

D IN NER  6.15 P. M . W E D N E S D A Y , FEBRUARY 20

D IN N E R  fo r announced pa rtic ipan ts in the sessions 
scheduled fo r W ednesday evening and Thursday 
morning:] Presiding O ffice rs, Session Leaders, 
Chairman and Secretary Publica tions Committee  
and those whose names appear as contributors to  
these tw o  sessions.
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8.00 P. M . W E D N ESD AY , FEBRUARY 20
President DOUGLAS E. PARSONS, Chairman

Report o f Tellers on the A n nua l E lection o f O fficers and other 
members o f the Board o f D irection and of the members o f the 1946  
N om ina ting  Committee.

Presentation o f Aw a rds  by President Parsons:
LE O N A R D  C . W A S O N /M e d a l fo r "N o te w o rth y  Research" to

BARTLETT G . L O N G , H E N R Y  J. KURTZ and 
T H O M A S  E. S A N D E N A W

fo r the w o rk  reported  in th e ir  1945 paper:
(J a n u a ry  J O U R N A L )

" A n  Instrument and a Technic fo r F ie ld Determ ination o f the 
M odu lus  o f E lastic ity and F lexural Strength o f Concrete (Pave­

ments)”

LE O N A R D  C . W A S O N  M e d a l fo r the “ M ost M e rito r io u s  Paper”  
o f A C I Proceedings V o lum e  41 (February, 1945 , J O U R N A L ) to

C LA R EN C E R A W H O U S E R  
fo r his paper

"C rack ing  and Temperature Control o f Mass Concrete”

Am erican C oncrete  Institute Construction Practice A w a rd  
fo r " a  paper o f outstanding m e rit" on concrete construction 

p ractice to
LEW IS H . TU TH ILL

fo r his contribution to  the January 1945 J O U R N A L  o f the 
Am erican  C oncre te  Institute:

"Concrete Opera tions in the Concrete Ship P rogram "

The H E N R Y  C. TURNER M e d a l 
" f o r  notab le  achievement o r  service”  to 

J O H N  L U C IA N  S A V A G E
" in  recognition o f long and distinguished service in the design o f 
hydrau lic  structures, including some o f the w o r ld ’s most no tab le  
dams.”

ROBERT F. BLANKS, Chairman Publications Committee, 
Presiding

Address by the Retiring President
D O U G L A S  E. PA R SO N S,

C h ie f, D iv is ion  o f C la y  a nd  S ilic a te  Products,
N a t io n a l B ureau  o f S tandards



JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1946
"C u ring  Concrete w ith Sealing Compounds"

ROBERT F. B LA N K S, H . S. M EISSNER and LEW IS H . T U TH ILL
U n ite d  S ta tes B ureau  o f  R ec lam a tion

This paper to  be presented b y  M r, Meissner supplies da ta  
eva lua ting  concrete curing b y  membrane treatment in terms of 
equ iva len t moist curing . It discusses the preferred methods of 
curing b y  use o f sealing compounds and outlines a specifica­
t io n  and acceptance test for the ir purchase.

“ Behavior o f Concrete Structures under A to m ic  B om b ing "
C A P T A IN  E. H . PRAEGER (C EC ), USNR

Capta in  P raeger, fo rm erly design manager o f the Bureau of 
Yards and Docks, has recently le turned from Japan , where he 
inspected the results o f a tom ic bom bing . H is paper w ill be  
illustra ted by steropticons and the A C I aud ience w ill have an 
oppo rtu n ity  to  learn what the effects are o f the world 's greatest 
weapon o f destruction.

"S hou ld  Portland Cement Be D ispersed?"
T. C . POW ERS

M a n a g e r  o f  Basic R esearch, P o rt la n d  C e m e n t Research L a b o ra to ry

a brie f ep itom iza tion  o f a paper published in The A C I JO U R ­
N A L  for Novem ber 1945— also a v a ila b le  in separate prints.

9.30 A .  M . TH U R SD AY , FEBRUARY 21
ROBERT F. BLANKS, Cha Irman

NEW DEVELOPMENTS AND  WAR EXPERIENCES 
IN CONCRETE CONSTRUCTION METHODS

LEW IS H . TU TH ILL , Session Leader
"P roposed Recommended Practice fo r the Construction of 
Concrete Farm S ilos"

Report o f Committee 714 , W IL L IA M  W . G U R N E Y , Chairm an
Presented b y  reference (see A C I J O U R N A L  Jan. 1944  and  
revisions Jan. 1946 ) on a m otion fo r a dop tio n  os an A C I  
Standard.

"U s ing  Coral A gg rega tes  a t the Advanced  Bases o f the N a v y "
Commander I. S. R A SM U SSEN  (C E C ) USNR

Commander Rasmussen has been on many projects where cora l 
aggregates have been used in the construction o f advanced  
bases. The N a vy  has made best use o f the materia ls a t hand  
as our armed forces fought the hard road back and Commander 
Rasmussen w ill te ll us abou t it.
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"P recast Concrete Structures"

A . A M IR IK IA N ,
P rin c ip a l E n g ine e r, B ureau  o f  Y a rd s  and  Docks, U . S. N a v y

This paper w ill dea l w ith the a p p lica tio n  and princip les of 
precasting to  such specific structures as storehouses, barges, 
floa ting  caisson gates, drydocks and hangars.

"Th in  W a ll Concrete Ship Construction"
F. R. M a c LE A Y ,

C h ie f E n g ine e r, C o rb e tfa  C o nstruc tio n  C o .

A s  a sequel to  M r. A m irik ia n 's  paper the author presents the 
developments o f construction methods for pouring th in concrete  
walls. These methods (illus tra ted ) were successfully used in the 
construction o f concrete lead ing  craft.

'H -Beam  and P repakt M e thod  o f Pier Construction”
C . P. D ISN EY ,

B rid g e  E n g ine e r, C a n a d ia n  N a t io n a l R a ilw a ys

M r. D isney w ill discuss a pro jected p lan o f rebu ild ing  the 
Q uebec Bridge and reconstruction o f many bridges, using a 
novel method for bu ild ing  piers around central H -beam  piles.

"Harness ing the A tm osphere fo r Concrete Construction”
V . S. M U R R A Y ,

B rid g e  E n g ine e r, O n ta r io  D ep artm en t o f H ig h w a y s

W ith  film , this au thor w ill illus tra te how vacuum methods are 
used to  precast and erect ligh t-w e igh t precast structural units.

“ Observations on a Post-W ar European Jou rney"
M Y R O N  A . S W A Y Z E ,

D ire c to r  o f  Research, L on e  S ta r  C em en t C o rp .

M r. Swayze was in Germany last summer and members of A C I 
w ill en joy  hearing this in formal report b y  one who would note 
the things tha t other engineers would like  to  hear about.

—  Adjournment —
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A C  I A w a rd s  A nn o u n ced
A cting on th e  repo rt of its  M edals Award C om m ittee, th e  B oard  of 

D irection  announces:
To John  Lucian Savage, a  m em ber of th e  staff of th e  U nited  S ta tes 

B ureau  of R eclam ation  for 34 years and  since 1924 i t ’s Chief D esigning 
Engineer:*  the  H enry  C. T urner M edal (founded 1927 b y  P a s t P residen t 
T urner) “ to  be aw arded annually , b u t no t m ore often, for no tab le  
achievem ent in  or service to ” th e  field of concrete, f  T he m edal is of 
gold and  is accom panied by  a certificate of aw ard  bearing, in  th e  presen t 
instance, th is  c ita tion :

“in  recognition of long and distinguished service in  the 
design of hydraulic structures including some of the 
world’s most notable dam s.”

To B a rtle tt  G. Long, H enry  J. K u rtz  and  T hom as E . Sandenaw ,! 
th e  Leonard C. W ason M edal for no tew orthy  research as rep o rted  in  th e ir  
In s titu te  paper:

“A n  Instrum ent and a Technic for Field D etermination  
of the M odulus of E lasticity and Flexural Strength of Con­
crete {Pavements).” 

published A C I JO U R N A L  Jan u a ry  1945. T he bronze m edal (in tr ip li­
cate) is accom panied in its  p resen ta tion  to  each of th e  au tho rs, b y  a cer­
tificate of th e  aw ard.

To Clarence R aw houser, of th e  B ureau  of R eclam ation , th e  Leonard 
C. W ason m edal for each y ea r’s “ m ost m eritorious p ap e r” on th e  basis of 
his

“Cracking and Temperature Control of M ass Concrete” 
published A C I Jou rnal, F eb ru a ry  1945. T he bronze m edal is in its  
p resen ta tion  accom panied b y  a  certificate of th e  aw ard.*

The W ason m edals were founded b y  P a s t P residen t W ason (the In ­
s t i tu te ’s second president, 1915-1916) in 1917.

To Lewis H. T u th ill, of the  B ureau of R eclam ation* th e  first A m erican 
C oncrete In s ti tu te  C onstruction  P ractice  A w ard, founded 1944 for “ a 
paper of ou tstan d in g  m erit on concrete construction  p rac tice” : T his is 
based on M r. T u th ill’s paper:

“Concrete Operations in  the Concrete S h ip  Program”
M r. T u th ill will receive w ith  his certificate of aw ard  U. S. Series E  

Bonds of a m a tu r ity  value of $300.00.
P resen ta tion  of these aw ards will be from  th e  hands of P residen t 

Parsons, th e  evening of F eb ru ary  20, a t  th e  In s t i tu te ’s 42nd A nnual 
C onvention (see program  in these pages).

*See b rie f b iog raph ica l sk e tc h  in  pages w hich follow.
fP rev io u s  T u rn e r  M eda lis ts : A r th u r  N . T a lb o t, 1928, W illiam  K . H a t t ,  1929; F red e rick  E . T u rn e au re , 

1930; D uff A. A bram s, 1932; Jo h n  J . E a rley , 1934; P h ao n  H . B ates , 1939; B en M oreell, 1943.
J F o r  b iog raph ica l no tes on th e  au th o rs  see follow ing pages.
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The M eda lis ts

John Lucian Savage— Turner Medal
John  L. Savage was born on a  W isconsin farm  near Cooksville, Dec. 

25, 1879. In  1903 he received a  B. S. degree in Civil Engineering a t  the 
U niversity  of W isconsin. F o r 34 years he has been a m em ber of the  
B ureau of R eclam ation staff, and  since 1924 has been its  Chief D esigning 
Engineer. H is service w ith  the  B ureau began on the  M inidoka P roject 
in Idaho  a fte r g raduation  from  school. F o r four years he worked in the  
Boise office designing irrigation  s tructu res under th e  guidance of A rth u r 
P. D avis, Chief Engineer, and  A. J. W iley, C onsulting Engineer. In  
1908 M r. Savage left th e  R eclam ation  Service to  become associated 
w ith M r. W iley in an  engineering practice in Boise. He has been an 
ACI m em ber since 1928.

D uring th is  tim e, he designed m any  im p o rtan t s tru c tu ra l works in ­
cluding th e  Salm on R iver D am , th e  Swan Falls Pow er P lan t on the  
Snake R iver, the  B arber Pow er p lan t on th e  Boise R iver, th e  Oakley 
Reservoir D am , and  th e  A m erican Falls Pow er P lan t. H e also received a 
special assignm ent from  th e  R eclam ation Service to  design gates for the 
Arrowrock D am  on the  Boise R iver.

In  1916 M r. Savage re-entered  the  R eclam ation Service in charge of 
civil engineering designs in  th e  newly organized office of the Chief E n ­
gineer a t  D enver, Col., w here im p o rtan t design wrork of the  B ureau is 
done. In  1924 he was placed in  charge of all electrical and  m echanical 
designing w ith  th e  title  of Chief D esigning Engineer, th e  position which 
he held u n til his re tirem ent, April 30, 1945.

Mr. Savage was the designing engineer China’s great natural resources, including
on the three largest concrete dams in the the huge Yangtze Gorge Project to  irri-
world—Grand Coulee, Shasta, and gate 10,000,000 acres of land and develop
Boulder. Other famous dams th a t he has some 10,000,000 kilowatts of electric
designed include the Norris Dam in the power capacity. He also spent several
Tennessee Valley, and the Wheeler, an- months in India, visiting projects for
other of the key structures in the basis- irrigation and other developments in the
wide development of th a t area; F riant United Provinces, Bengal, Madras, My-
Dam, im portant co-worker of Shasta Dam sore, and the Punjab,
in the Central Valley Reclamation Project When a cable came from London in 1940
(California); and Madden D am  a t the asking the United States for Mr. Savage’s
Panam a Canal. The Marshall Ford Dam assistance in connection with the Burrin-
in Texas, Imperial Dam  on the Arizona- juck Dam in Australia, attention was di-
California border, Parker Dam  on the rected to the law which prohibits officials
Colorado River, and Ajnerican Falls D am  of the United States from accepting
(Idaho) are among the numerous Recla- emoluments from foreign countries. R ath-
mation dams he has designed. er than  delay the voyage in this emergency

At the request of the Chinese govern- Mr. Savage wired former Commissioner
ment, Mr. Savage in 1944 made extensive John C. Page of the Bureau of Reclama-
surveys for the postwar development of tion: “Any assistance given Government
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John Lucian Savage

of New South Wales will be gratis and I 
shall not accept any fee or other form of 
compensation or any reimbursement.” 
He said he needed a vacation, anyway.

In  1940, Congress passed a bill specifi­
cally authorizing the President to  send 
Mr. Savage to Australia and India as an 
engineering consultant. He spent four 
months in Australia in 1941-42 as con­
sultant on two projects—the Upper Y arra 
Dam for the Melbourne and Metropolitan 
W ater Board of Works and the Kiewa 
Dam  for the State Electricity Commission 
of Victoria.

Engineer Savage has been honored 
many times for his achievements. On his 
recent visit to China he received a gold 
medal from the M inistry of Economic 
Affairs for H um anitarian Services. The 
American Society of Civil Engineers last 
year awarded him the John Fritz medal, 
one of the highest honors of the Engineer­
ing profession. In  1934, the University of 
Wisconsin conferred upon him the hon­
orary degree of Doctor of Science. He

was presented in 1937 with one of the most 
prized awards given to anyone in the en­
gineering profession—the Gold Medal for 
Outstanding Engineering Service of the 
Colorado Engineering Council, which 
represents all engineering organizations in 
the State. The award had been made but 
once in the previous ten years.

“Jack Savage in a very real sense has 
epitomized the Bureau of Reclamation. 
He grew up with the organization. His 
extraordinary gift is the ability to  bring 
a fresh mind to  new problems in engineer­
ing. His approach is daring, b u t his plans 
are sound. N either the necessity of 
building the highest dam in the world in 
Boulder Canyon nor the requirem ent for 
the construction of the most massive 
concrete dam so far conceived a t Grand 
Coulee on the Columbia R iver dismayed 
Jack Savage. He simply proceeded to 
design the dams, and they now are the 
pride of the engineering world.”— Com­
ments of Commissioner of Reclamation 
H arry W. Bashore on Mr. Savage’s de­
cision to retire a t 65.

Mr. Savage has now been appointed 
Consulting Engineer for the Bureau of 
Reclamation, and is serving as Consulting 
Engineer for several foreign governments. 
One of the im portant works on which he 
will advise is the Yangtze Gorge Dam 
near Ichang, China, which structure will 
be larger than  G rand Coulee.

Lewis Hamilton Tuthill— ACI Con­
struction Practice Award

Lewis Tuthill was born in Philadelphia, 
November 24, 1899. He was graduated 
from Oregon State College with B. S. de­
gree in Engineering in 1920. Since gradu­
ation, he has been continuously engaged 
in design and construction work on irriga­
tion, water supply projects and the build­
ing of dams, with the technique and con­
trol of concrete as his prim ary and absorb­
ing interest. His first employment was 
with the Grants Pass Irrigation D istrict, 
in Oregon; next the Merced Irrigation 
D istrict in California, where he was asso­



AC I NEWS LETTER 13

ciated with the control of concrete on 
Exchequer Dam; and, following this, the 
same detail on Malones Dam  for the Oak­
dale and South San Joaquin Irrigation 
District. After a  year of private consult­
ing practice, concrete control work on 
Pardie and Hogan Dams for the East Bay 
Municipal D istrict and City of Stockton, 
California, next occupied his attention. 
During seven years with the Metropolitan 
W ater D istrict of Southern California, he 
prepared specifications for ITfi million 
yards of concrete work and materials, 
passed upon the acceptance of cement 
and various materials for the immense 
aqueduct from the Colorado River to  the 
Los Angeles area, and prepared a manual 
of inspection. Since 1939 he has been a 
member of the staff o'f the Bureau of Re­
clamation, still pursuing the profession of 
concrete engineer, and assisting in editing 
the Bureau’s Concrete Manual. During a 
leave of absence from the Bureau, he 
spent two of the war years supervising 
concrete quality on the U. S. Maritime 
Commission’s concrete ship construction 
program. For a description of this work, 
he now receives the first A.C.I. Construc­
tion Practice award based on its record of 
good practice applicable to many other 
types of structure than  ships.

Mr. Tuthill was Chairman of Com­
mittee 614, whose report on “Recom­
mended Practice for Measuring, Mixing 
and Placing Concrete” became an ACI 
Standard in 1942. The ACI Honor-Roll 
records attest the fact tha t he has been a 
very active worker for new ACI members. 
His contributions to and wide knowledge 
of concrete construction practice led to 
his recent appointment to the Advisory 
committee, as Chairman of Departm ent 
600, Construction. He has been an ACI 
member since 1926.

Clarence Rawhouser— Wason 
Medalist

Clarence Rawhouser was born York, 
Pa., February 1, 1902. He entered the 
University of Cincinnati in 1921, and en­
rolled in the cooperative course in Civil 
Engineering. After an interruption by

illness, of his formal training, he returned 
to the University and received the CE 
degree in 1930. His cooperative educa­
tional training extended even farther back 
than  college days; through alternate work 
and school periods he completed appren­
ticeship in wood patternm aking with the 
York Ice Machinery Corp. while attend­
ing the Industrial Course in York High 
School.

In  1929 he received the Cincinnati En­
gineers’ Club annual award to the out­
standing senior of the U. of C. College of 
Engineering. He was employed by the 
U. S. Engineers Office of the War D epart­
m ent in Cincinnati for a year, where he 
was engaged in studies of flood control of 
the rivers of the Cincinnati District. He 
has been in the dam engineering division 
of the Bureau of Reclamation in Denver, 
since 1930. Since th a t time he has been 
directly concerned with the problems of 
tem perature control, artificial cooling, and 
observation of structural behavior of all 
concrete dams constructed by the Bureau, 
beginning with the pioneering work of 
th a t nature on Boulder Dam. He has 
contributed materially to the plans and 
methods used for controlling the tem­
perature of Seminole, Bartlett, Parker, 
Grand Coulee, Marshall Ford, Shasta, 
Friant, and Altus dams. For suggestions 
made for special temperature-eontrol 
measures a t F riant D am  he received a 
D epartm ent of Interior Award of 
Excellence. He has been an ACI member 
since 1937.

He obtained the MS degree in Civil 
Engineering from the University of 
Colorado in 1943. He is an Associate 
Member of the American Society of Civil 
Engineers and a member of Tau Beta Pi.

Bartlett G. Long, Henry J. Kurtz
and Thomas Sandenaw— Wason 

Medalists
The three collaborating authors are all 

ACI members—Long since 1934, Kurtz 
since 1942, Sandenaw since 1943, all of 
them  until recently actively identified 
w ith the Army Engineer Corps’ Cin­
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cinnati Testing Laboratory, a t Marie- 
mont, Ohio.

“B art” Long, well known to many ACI 
members, severed his connection w ith the 
laboratory in 1944 and he and Mrs. Long 
have since been a t their ranch a t  Pecos, 
N. M.

Mr. Long was born in St. Louis, Mis­
souri, Apr. 3, 1892. He attended the 
University of Missouri, from Sept. 1911 
to  June, 1912, and the W ashington Uni­
versity, from Sept. 1912 to June, 1914. 
He was a  first lieutenant in World W ar I 
from July 26, 1917 to M ay 2, 1919, having 
served as an instructor in the Air Service.

His professional experience includes 
employment by Nelson Cunliff, Engineer, 
and Park  Commission, St. Louis, Mis­
souri; Florida State Road Dept., Talla­
hassee; Woods-Hoskins-Young Co., Chi­
cago; State Highway D epartm ent, Santa 
Fe, New Mexico; Bureau of Reclamation, 
Denver, Colo.; W ar D epartm ent, U. S. 
Engineers, Seattle; U. S. National Park 
Service, San Francisco; W ar Departm ent, 
U. S. Engineers, St. Louis, and Marie- 
mont, Ohio.

Mr. K urtz was born in Flint, Mich., 
Jan. 8, 1897; was graduated from Michi­
gan State College, B.S. in 1921, M.S. in 
1928.

His professional experience includes em­
ployment by Consumers Power Co., 
B attle Creek, Mich.; Commonwealth 
Power Corp., Jackson, Mich.; Pacific 
Telephone & Telegraph Co., Sacramento, 
Calif.; Bell Telephone Laboratories, New 
York City; Remler Radio Co., Inc., San 
Francisco; N ational Bureau of Standards, 
Washington, D. C.; American Society for 
Testing Materials, Washington, D. C.; U. 
S. Coast Guard, Cambridge, Mass.; W ar 
Departm ent, U. S. Engineers, Mariemont, 
Ohio.

Mr. Sandenaw took his B. S. in indus­
trial chemistry from M ontana State Col­
lege in 1934; attended Ohio State Univer­
sity for graduate work in chemistry in 
1935-36; was employed in the chemistry 
section U nited States Engineers labora­
tory  F ort Peck, M ontana; 1936-38, took 
an M. S. degree in chemistry from Car­

negie Institu te  of Technology in 1939; 
analytical chemist in the U. S. N avy 
Inspection Laboratory, Marshall, Penna., 
1939-41; employed in the chemical section 
of General M aterials Laboratory, special 
engineering division, the Panam a Canal, 
Diablo Heights, C. Z. 1941-43; in the 
concrete section Cincinnati Testing Lab­
oratory, Mariemont, Ohio, 1943-44. From 
there he went to the RCA Victor Division 
of Radio Corp. of America as a chemist in 
the engineering departm ent of the vacuum 
tube manufacturing plant.

W H O ’S W H O

Clay C. Boswell and Albert C. 
Giesecke
collaborate in a  paper describing repair 
methods on a dam (p. 377)—p art of a  1946 
convention session on concrete mainte­
nance and repair.

Mr. Boswell, an ACI Member since 1934, 
is Vice President and Chief Engineer of 
M innesota Power & Light Co. G raduat­
ing from Missouri University in electrical 
engineering in 1915, Mr. Boswell has been 
identified with various public u tility  oper­
ations almost continuously since th a t time. 
He served his country during World W ar 
I, spending almost a year in France in 
command of an anti-aircraft searchlight 
detachment.

Mr. Boswell is a Member, American 
Institu te  of Electrical Engineers, and active 
in many other professional and civic 
organizations.

Mr. Giesecke, has served as Hydraulic 
Engineer for M innesota Power & Light Co. 
D uluth, Minnesota since 1923. Prior to 
th a t time he was identified with im portant 
work in Latin  America; also w ith U tah 
Power & Light Co., Pacific Power & Light 
Co., and several irrigation projects in 
U tah, Washington and California. Mr. 
Giesecke served overseas in a machine gun 
combat unit during W orld W ar I ,—also 
on General Staff assignments. His ability 
to speak both German and Spanish has
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been of substantial advantage to him in 
the practice of his profession. He is an 
Associate Member of American Society of 
Civil Engineers.

J^W. Kelly and B. D. Keatts _ _
collaborated in the paper (p. 289), which 
is one of a series to  be presented a t the 
ACI Convention this month, on mainte­
nance and repair of concrete structures.

Professor Kelly, who has much work to 
his credit in his 20 years of ACI Member­
ship (see p. 69 ACI 1945 Directory) needs 
no introduction to  his present audience.

Mr. K eatts has been an ACI member 
since 1942, was graduated from the Uni­
versity of Illinois in 1924 with the degree 
of B. S. in General Civil Engineering. His 
first work after graduating was in the plan­
ning and specification’s office of the 
Illinois State-Highway D epartm ent a t 
Springfield for one year, and then with the 
Bridge D epartm ent of the Missouri Pacific 
Railroad a t St. Louis where a small part of 
his time was in preparing plans for concrete 
structures; most of it  as Resident Engi­
neer on bridge construction under contract. 
He also had charge of maintaining the 
railroad’s two river ferries for freight train 
service a t St. Louis, Missouri and a t 
Natchez, Mississippi. After four and a 
half years with Missouri Pacific Railroad 
he went to  Stone and Webster Engineering 
Corp. a t Chicago for four years on the con­
struction of equipment which was manu­
factured in the Chicago territory for 
installation in dams and industrial plants.

In  the depression, he found haven with 
other engineers a t  the Century of Progress 
world’s fair a t Chicago, three years during 
the construction period, two years of oper­
ation, and part of the demolition period.

N ext he was with the Portland Cement 
Association in the States of Illinois and 
Wisconsin— his engineering work with 
PCA on contacts and instruction with 
engineers, technicians, and builders in the 
construction field.

He has been with Intrusion-Prepakt, 
Inc. for six years in the field locating pro­
per sources of materials and getting them

to the various jobs, establishing new field, 
laboratory-developed methods, and work­
ing with customers’ engineers on special 
reconstruction problems. On January 1, 
1946 he was given charge of the company’s 
activities in the Eastern States.

Charles E. Wuerpel
is already well known to the ACI audience. 
His paper (p. 305) his second recent con­
tribution on air-entrainm ent—field ex­
perience (September 1945) and now 
laboratory results. He will draw from 
both for a brief epitomization to lead the 
convention session on th a t subject.

Gerald Pickett
appeared in the January Journal with part 
1 of “Shrinkage Stresses in Concrete;” 
P a rt 2 starts page 361.

H ono r Ro ll

February 1, 1945 to January 24, 1946 
Rene Pulido y Morales, in Havana, 

Cuba heads the list with 24 new Members 
proposed since Feb. 1, and only a week to 
go to end the Honor Roll year.

R ene Pulido y M orales.....................24
Roy Z ipprodt....................................... 10
H. F. G onnerm an.................................7
Harry B. D ickens..................................5
A. A m irik ian ........................................3
J. A. C roft............................................... 3
Ernst G ruenw ald..................................3
Dean Peabody Jr...................................3
J. H. S p ilk in ...........................................3
Charles S. W hitney ............................. 3
Francis M acLeay.................................. 2]Ą
D. E. P arsons..........................................2L£
Charles E. W uerpel..............................2L£
J. B. Alexander......................................2
C. B la sch itz ............................................ 2
H. W. Corm ack..................................... 2
J. W. K elly .............................................. 2
Calvin C. O leson ................................... 2
O. G. P a tc h ............................................ 2
C. H. Scholer..........................................2
Stanton  W alker.................................... 2
J. M. W ells..............................................2
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2  R . A. C rysler

H arm er E . D avis 
y 2 J . L. D rueke
1 z P . M . F erguson
/ 2  A lexander F o ste r

G . L. F reem an  
G rayson  G ill
E . A. G ram sto rff 
N . M . H ad ley  
W . C . H an n a  
C arl W. H u n t 
A. D o v a li Ja im e  
W . R . Jo h n so n  
P a u l A. Jones
H . J . M cG illiv ray  
R . E . M cL augh lin  
A dolph M eyer
A. F . M oore 
Oi F . M oore 
E . N enn iga r 
M . D . O lver 
C . E . O ’R ourke

R ay m o n d  O sborne 
L ucien  P e r ra u l t  
M ilos P o liv k a  
Je ro m e R ap h ae l 
C has. S. R ippon  
D . F . R o b erts
D . O. R ob in son  
K an w ar S ain  
J . L. S avage 
O skar Schreier 
A. L. S trong  
A. C . T rice  
K . T su tsu m i 
J . H . de  W . W aller 
S. J . W arberg  
A . R . W a te rs  
D a v id  W a ts te in  
H . J .  W h itte n  
G eorge W in te r 
H a rry  C. W itte r
S. H . W oodw ard  
K . B. W oods 

L. Z eeb aert

J. C. W it t ...................
Ben E. N u tte r .............
F. E. R ichart...............
O. A. Aisher.................
Michel B akhoun.........
H. C. B ruce.................
H. Victor C arm an .. . .
W. Fisher Cassie........
A. R. Collins...............
R. F. D ierking..............
H. F. Faulkner.............
P. J. F reem an...............
B. F. F riberg.................
J. K. G annet.................
Arturo G antes...............
Stanley S. H aendel. . .
W. S. H anna.................
G. H. Hodgson.............
F. B. H orn ibrook........
V. P. Jensen..................
L. I. Johnstone.............
William G. McFarland
Denis M atthew s...........
Charles E. M organ. . . .
H. W. M u n d t................
Y. G. P a te l....................
J. R. P a ttilo ...................
A. F. P enny ...................
Kenneth Pow ers...........
Guy R ichards................
A. T. Rogers..................
Simeon R oss..................
John A. R uhling...........
Herman Schorer............
Byram Steel...................
G. W. Stokes.................
H. D. Sullivan...............
H. W. Sullivan..............
Wm. Summers J r ..........
M. A. T im lin.................
J. W. T inkler.................
Lewis H. T u th ill..........
Maxwell U pson.............

The following credits are, in each in­
stance “50-50” with another Member— 
“half a member” to each name listed.
B irger A rneberg  J . H . C h u b b
E . E . B au e r M iles N . C la ir
E . W . B au m an  A r th u r  P . C la rk
P . G. Bow ie R . R . C oghlan
C. H . C h u b b  R . B. C repps

N ew  M em bers

The Board of Direction approved 22 
applications for Membership (18 Indi­
vidual, 3 Junior, 1 Student) received in 
December as follows:

Charters, C. M., c/o  British American Oil 
Co. Ltd., 703 Royal Bank Bldg., 
Toronto, Ont., Canada 

Dixon, Frederick R., 43 Fairlight St., Five 
Dack, Sydney N. S. W., Australia 

Englander, Harry, 58 Campbell Ave., 
Williston Park, New York N. Y. 

Ferulano, Paolo Emilio, Lista de Correo, 
Caracas-R de Venezuela, S. A.

Frank, Jacob, c/o  R . S. Noonan Inc., 11 
E ast M arket St., York, Pa.

Gondolfi, D. E., 707 W. Main St., Ottawa, 
1 1 1 .

Haller, Karl H., 824 Claremac Dr., West 
Palm Beach, Fla.

Jameson, R. O., 5519 McComas Ave., 
Dallas 6, Texas 

Johnston, W. R., 1403-W. 45th Street, 
Seattle, Wash.

Kauer, T. J., Wire Reinforcement Insti­
tute, 1049 N ational Press Bldg., Wash­
ington 4, D. C.

Kilkenny, Paul E., 2575 Le Conte Ave., 
Berkeley 4, Calif.

Kinne, Raymond C., 329 Fountain Ave., 
Dayton, Ohio
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Koo, H ia chang Benjamin, 214 Linden 

Ave., Ithaca, N. Y.
Martinez, Milton R., 301 Bryant Ave., 

Ithaca, New York 
Mauldin, W. O., 412 R. A. Long Bldg., 

928 Grand Ave., Kansas City 6, Mo. 
Parme, Alfred L., 5234 S. Dorchester Ave., 

Chicago 15, 111.
Pichel, Ernest, 105 W. 72nd St., New York 

23, N. Y.
Plum, Niels M., 17 ved dämmen, Bagse- 

vaerd, Denmark 
Quilty, Thomas Patrick, 884 Riverside 

Dr., New York 32, N. Y.
Shotwell, J. G., Box 888, Albuquerque, 

New Mexico 
Tamanini, Flory J., 191 Yale Drive, 

Alexandria, Va.
Wood, Reginald Escott, N arriott & Wyhna 

Sts., Holland Park, Brisbane S. E. 3, 
Queensland, Australia

Fred F. Van Atta Joins ACI Staff
Erstwhile Major, now Mr. Fred F. Van 

A tta joined the Institute staff January 16, 
three weeks home from the Philippines, 
where as an army engineer, he applied him­
self to bridge reconstruction near Manila. 
Previously he had spent four and a half 
years with T. V. A. (Kentucky Dam) and 
later as a reserve officer in the Army was 
identified as assistant to The District 
Engineer, Charleston, S. C. with various 
projects in the Charleston area.

Since January 16 he has been doing re­
search work—finding out about ACI, its 
objects, policies, practices, how it works, 
its organization and the varied details of 
producing Journals and other ACI publi­
cations. He is finding out what makes 
ACI tick; has learned something of why 
it doesn’t  always click on time. To that 
he will shortly begin to put his weight (and 
for th a t ACI isn’t  counting on mere 
avoirdupois). He will attend the conven­
tion in Buffalo this month to get acquain­
ted; to see ACI in action.

Here are further details of his record:

Fred F. V a n  A t ta

Mr. Van A tta was born in Detroit, 
Mich., July 26, 1912; was graduated from 
Michigan State College, 1934 with a de­
gree of B. S. in C. E. “with high honor” . 
T hat summer he worked as technical 
assistant in research work on aggregate in 
the concrete laboratory of Michigan Engi­
neering Experiment Station, Michigan 
State College. Next he was with the 
Coast and Geodetic Survey for ten months 
in five western states on precise level sur­
veys; then Tennessee Valley Authority, 
Gilbertsville, Ky., September 1935 to 
January 1940, on foundation investiga­
tions and the early stages of construction 
of Kentucky Dam. Next, to vary his 
experience, January 1940 to M arch 1941 
with U. S. Engineer Dept., Los Angeles, 
Calif, as Junior Civil Engineer (Hydrau­
lic) in the development of hydrology and 
hydraulic design, followed by related work 
in hydraulic model studies.

Just before the war broke, he was with 
Jarvis Engineering Works, Lansing, Mich, 
for about five months on structural steel 
design and field work.
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He entered the arm y Oct. 13, 1941 from 

the Officers Reserve Corps. As assistant 
to  the D istrict Engineer, Charleston, S. C., 
he was in charge of the preparation of plans 
and the construction of A ircraft Warning 
stations, concurrently assisting in the prep­
aration of plans and specifications on for­
tifications for the H arbor Defenses of 
Charleston. Later he was Assistant Chief 
of the M ilitary Engineering Section for 
Construction of airports and cantonments, 
and still later Assistant Chief of the 
Operations section of the District.

In  June 1942 he was transferred to  the 
N orth Charleston Area Office as chief of 
the Engineering Section in charge of enjl 
gineering design and the preparation of 
plans and specifications for railroad facili­
ties, concrete and tim ber wharves, earth  
fill, concrete and asphalt paving, roads, 
hospitals and cantonments a t an arm y air- 
base, port of embarkation and general 
hospital.

W ar D epartm ent orders transferred him 
to  F t. Belvoir, Va., Ju ly  1, 1944 for ten 
weeks of training. Then followed short 
tours of duty a t Fort Leonard Wood, 
Camp Gordon Johnston and F t. Belvoir, 
prior to  going overseas. From  April to 
November 1945 he served in M anila with 
the General Engineer D istrict in the 
Bridge Reconstruction section, first as 
Assistant and then as “Officer in Charge” .

Van A tta  has these society member­
ships : Tau Beta Pi, Phi K appa Phi,
Associate Member American Society of 
Civil Engineers

Lone Star Changes
Lone Star Cement Corp., announces the 

appoint of Purd  B. Wright, Jr. as Manager 
“Incor” and Technical Service; Ernest 
Gruenwald as Chief Engineer, Technical 
Service (both are ACI members) and 
Jam es F. Callery, as Manager, Publicity 
D epartm ent effective January  1, this year.

Awards to JPP Contributors
Awards of $50.00, $25.00 and three of 

$10.00 were set up by the Institu te  for the 
five contributions to  the Job Problems and 
Practice pages of the ACI Journal for the 
volume year Sept. 1944 to  June 1945 
judged best for the period. (They are 
continued in  the current volume year to 
and including June 1946). F irst year 
awards are as follows:

The top award of $50.00 to Ralph Lewis, 
Power Engineer in charge of Broken Hill 
Associated Smelters, F o rt Pirie, South 
Australia, his contribution being one of 
those on the subject of “Setting H eavy 
Machinery on Concrete Bases” p. 362, 
February 1945.

The second, a $25.00-award goes to 
Paul A. Jones, Construction Engineer, 
Bureau of Reclamation, for his contribu­
tion “Precast Concrete Irrigation Pipe 
Jacked under Railroad Tracks” p. 705, 
June, 1945.

The third, fourth and fifth awards— 
$10.00 each—go to  W alter H. Wheeler for 
his contribution to  the Sept. 1944 JP P  
section; Charles Macklin for his contri­
bution to  the June 1945 Journal, and Capt. 
K. K. Hansen for his contribution to  the 
JP P  section in April 1945.

Definitions Pertinent to Concrete
A t a  meeting of Sub-Committee V, 

Committee C-9, American Society for 
Testing M aterials, held in W ashington 
January  15, 'twas voted th a t three revised 
definitions (admixture, gravel, sand) be 
referred to  Committee C-9. The three 
definitions are as follows:

Admixture—A m aterial other than  Port­
land cement, aggregate or water th a t is 
used as an ingredient of concrete, including 
materials added to  the batch before or 
during mixing and materials interground 
with the clinker for the purpose of affecting 
the properties of concrete, excepting gyp­
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sum used in the normal manufacture of 
cement. *
Gravel—The coarse granular material, 
larger than sand, resulting from the erosion 
of rock by natural agencies.
Sand — The fine granular material, 
usually smaller than about inch, result­
ing from the erosion of rock by natural 
agencies or from the mechanical reduction 
of weakly cemented sandstone. The term 
is often used with a qualifying adjective to 
denote the product of mechanical crushing,

*See p arag raph  1 “ A dm ixtures for C oncre te” re ­
p orted  bv  A CI C om m ittee  212, A CI JO U R N A L , 
N o v. 1944; Pror. V. 41, p. 73.

as for example, “stone sand” or “slag 
sand.”

The program of the sub-committee in­
cludes the development of definitions for 
the following—curing, laitance, water 
segregation, bleeding or water gain, 
workability.

The committee is also keeping informed 
of the status in ASTM committee E-8 of 
definitions for—concrete, consistency, and 
plasticity.

This work of subcommittee V is reported 
to the Institute by the ACI representative 
on the committee, Dr. ,1. C. Witt.

THE AMERICAN CONCRETE INSTITUTE
is a non-profit, non-partisan organization of engineers, scientists, 
builders, manufacturers and representatives of industries associated 
in their technical interest with the field of concrete. The Institute 
is dedicated to the public service. Its primary objective is to assist 
its members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials.

For nearly four decades that primary objective has been achieved 
by the combined membership effort. Individually and through 
committees, and with the cooperation of many public and private 
agencies, members have correlated the results of research, from both 
field and laboratory, and of practices in design, construction and 
manufacture.

The work o f the Institute has become ava ilab le  to the engineering 
profession in annual volumes of A C I Proceedings since 1905. Be­
ginning 1929 the Proceedings have first appeared pe riod ica lly  in 
the Journal of the American Concrete Institute and in many separate 
publications. (Pamphlets presenting brief synopses of Journal 
papers and reports of recent years, most of them ava ilab le  a t nom inal 
prices in separate prints, are ava ilab le  for the asking.)
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ACI publications in large current demand
A C I Standards— 1945

148  pages, 6x9  reprin ting  A C I current standards: Build ing Regulations fo r Reinforced C on­
crete  (A C I 3 1 8 -4 1 ); th ree  recommended practices: Use o f M e ta l Supports fo r Reinforcem ent 
(A C I-3 1 9 -4 2 ) ;  M easuring , M ix in g  and Placing C oncre te  (A C I 6 1 4 -4 2 ); Design o f C oncre te  
M ixes  (A C I 6 1 3 -4 4 ); and tw o  specifications: C oncre te  Pavements and Bases (A C I 6 1 7 -4 4 ) and 
Cast Stone (A C I 704 -4 4 )— a ll b e tw een  tw o  covers, $ 1 .5 0  per copy— to A C I M em bers, $1 .00 .

A ir  Entrainment in Concrete (1944)
9 2  pages o f reports o f la b o ra to ry  da ta  and fie ld  experience includ ing a  31 -p ag e  pap e r by

H . F. G onnerm an, "Tests  o f Concretes C onta in ing  A ir-e n tra in in g  Portland  Cements o r  A i r -  
en tra in ing  M a te r ia ls  A d d ed  to Batch a t M ix e r , "  and 61 pages o f the contributions o f 15 p a rti­
cipants in a  1 9 4 4  A C I C onvention  Symposium, "C o n c re te s  C onta in ing  A rr-e n tra in in g  A g e n ts ,”  
rep rin ted  ( in  special covers) from the  A C I J O U R N A L  fo r  June, 19 4 4 . $1 .2 5  p e r copy; 75
cents to Members.

A C I M anua l o f Concrete Inspection (Ju ly 1941)
This 140-page book (pocket s ize) is the w o rk  o f A C I Committee 6 1 1 , Inspection o f C o n ­

c rete . It sets up w h a t good practice requires o f concrete inspectors and a background o f 
in form ation on the “ w h y ”  o f such good practice. Price $ 1 .0 0 — to A C I members 75 cents

"The Joint Committee Report" (June 1940)
The Report o f the J o in t Com m ittee on Standard  Specifications fo r C o nc re te  and Reinforced 

C onc re te  submitting "Recom m ended Practice and S tandard  Specifications fo r C onc re te  and 
Reinforced C o n c re te ," represents the te n -ye a r w o rk  o f the  th ird  J o in t C om m ittee, consisting 
o f a ff ilia te d  committees o f the A m erican  C onc re te  Institu te , A m erican  Institu te  o f A rch itec ts , 
A m erican  R a ilw a y  E ng ineering  A ssoc ia tion , A m erican  Soc ie ty  o f C iv il Engineers, Am erican  
Socie ty  fo r Testing M a te r ia ls , Portland  C em ent A ssoc ia tion . Published June 15 , 1 9 4 0 ; 14 0  
pages. P rice $ 1 .5 0 — to A C I members $1 00

Reinforced Concrete Design Handbook (Dec. 1939)
This rep ort o f A C I Com m ittee 317 is in increasing demand. From the C om m ittee ’s Fore­

w o rd : "O n e  o f the im portant ob jectives o f the committee has been to p repare  tables covering 
as la rg e  a range o f unit stresses as may be met in g enera l practice. A  second and eq ua lly  
im portant aim has been to reduce the design o f members under combined bending and ax ia l 
load  to the same simple form a '  is used in the solution o f common flexura l p rob lem s."— 132  
paaes o rice  $ 2 .0 0 — $1 0 0  to A C I members

Concrete Primer (Feb. 1928)
Prepared fo r A C I by F. R. M c M illa n , it had five separa te  printings by the Institu te a lo n e  

( to ta llin g  n ea rly  7 0 ,0 0 0  copies). By special arrangem ent if has been translated  and published 
abroad  in many d iffe re n t languages. It is s till go ing  strong. In the fo re w o rd  the  a u th o r said 
"T h is  prim er is an attem pt to  d eve lop  in simple terms the princip les govern ing  concrete  m ixtures 
and to  show  h o w  a kno w le d g e  o f these princip les and o f the properties o f cement can be ap p lie d  
to  the production o f permanent structures in c o n c re te ." 46  pages, 25 cents (cheaper in q u a n tity ) .

For further in form ation about A C I  M em bership and Publications (inc lud ing  pamphlets 
presenting Synopsis o f recent A C I papers and reports) address:

A M E R IC A N  CONCRETE INSTITUTE 742 New  Center Bu ild ing  D e tro it 2, M ic h ig a n
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Let your HEAD take you
( T h e  a v e r a g e  A m e r i c a n  t o d a y  h a s  a  c h o ic e  o f  

j u s t  g o i n g  w h e r e  " h i s  f e e t  t a k e  h i m " , o r  

c h o o s in g  w i s e l y  t h e  c o u r s e  to  f o l l o w . L e t ’ s  

s k i p  a h e a d  1 0  y e a r s , a n d  t a k e  a  lo o k  a t  J o h n  

J o n e s — a n d  l i s t e n  to  h i m  . . .)

So m e t i m e s  I  feel so  goo d  it  a lm o st scares  m e. 

“ T h is  h ou se— I w ou ld n ’ t sw a p  a sh in gle o f f  
its  ro o f  for a n y  o th e r house on e ar th . T h is  litt le  
v a lle y , w ith  the p on d  dow n  in the hollow  a t  the 
b a c k , is the sp o t I  like  best in a ll th e  w orld .

“ A n d  th e y ’ re  m ine. I  ow n ’em . N o b o d y  can  take  
’em  a w a y  from  m e.

“ I ’v e  g o t a  litt le  m o n ey  com in g  in , re g u la rly . 
N o t m u ch — b u t enough. A n d  I tell y o u , w hen you 
can  go  to  bed e v e ry  n ig h t w ith  n oth in g on yo u r 
m ind ex ce p t the fun y o u ’re  go in g  to  h a v e  tom or­
ro w —  th a t ’s as n ear H e a v en  a s  m an g e ts  on th is 
e a r th !

“ I t  w asn ’ t a lw a y s  so.

“ B a c k  in ’46 — th a t w as r ig h t a fte r  the w ar and 
som etim es the go in g  w a s n 't  too  e a s y — I  needed 
c ash . T a x e s  w ere tou gh , an d  then E llen  g o t s ick .

L ik e  a lm ost e v e ry b o d y  e lse , I w as b u y in g  B on d s 
th rou gh  the P a y ro ll P la n — an d I figured  on cash ­
in g  som e o f  them  in. B u t  sick  a s  she w as , it  w as 
E llen  w ho ta lk e d  m e o u t o f  it.

“ ‘ D o n ’ t d o  it , Jo h n ! ’ she sa id . *Please  d o n ’ t! 
F o r  the first tim e in o u r liv e s , w e ’re  re a lly  sav in g  
m on ey. I t ’ s w onderfu l to  kn ow  th at  e v e ry  single 
p a y d a y  w e h a v e  more m o n ey p u t as id e ! Jo h n , i f  
we can  o n ly  keep  u p  th is s a v in g , th in k  w h a t it  can 
m ean ! M a y b e  som e d a y  you  w o n ’ t h a v e  to  w ork . 
M a y b e  w e can ow n  a hom e. A n d  oh , how  good it 
w ould feel to  kn ow  th at  w e need n ever w o rry  about 
m oney w hen w e ’ re o ld !’

“ W ell, even  a fte r  she g o t b e tter, I s ta y e d  a w a y  
from  the w ee k ly  p oker g a m e — q u it d rop pin g  a 
little  cash  a t  the h ot sp o ts  now  an d th en — g a v e  up 
som e o f  the th in gs a  m an  feels he h as a r ig h t to. 
W e d id n ’ t h a v e  as m u ch  fun  for a w h ile  b u t we 
paid  o u r taxes  and the d o cto r a n d — w e d id n ’ t 
touch th e  B on d s.

“ W h a t ’s m ore, we k e p t r ig h t on p u ttin g  our 
e x tr a  cash  in to  U . S . S a v in g s  B on d s. A n d  the 
p a y -o ff is m ak in g  the w orld  a p re tty  sw e ll p lace 
to d a y !”
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