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disto rtion  th a t  concrete m em bers will s tan d  w ithout serious in ju ry  is 
surprising in view of th e  general opinion th a t  concrete is a  stiff and 
b rittle  m aterial. T he cause of dam age of th is kind can be determ ined 
easily, and  th e  repairs can be expected to  effect a  perm anen t cure. 
D eterioration  caused b y  some weakness of th e  m ateria l itself is more 
difficult to  trea t. T he cause of th e  trouble is obscure and rem edial work 
is often only a  tem porary  check to  th e  deterioration.

T he first alarm ing exam ple of th is  second type  of d isin tegration to  
be noticed on th e  Oregon highw ay system  showed up  on th e  Snake R iver 
Bridge a t  O ntario, Ore. T his bridge consists of four 200-ft. steel truss 
spans w ith  concrete deck, curbs and piers, and  w ith a  short concrete 
v iaduc t approach a t  each end. A steel handrail was used on the truss 
span and  a concrete handra il on th e  approach spans. T he bridge was 
b u ilt in  1924 and by  1928 wide cracks had  opened up in th e  piers and 
in  th e  larger m em bers of th e  handrail. These cracks were peculiar in 
th a t  little , if any, d isin tegration of th e  concrete accom panied th e  cracking. 
T he cracks were relatively  wide, an open w id th  of as m uch as th ree- 
eighths inch was found, b u t th e  concrete along the  edges of th e  crack 
appeared sound. Fig. 1 shows a massive handrail post w ith  th e  wide 
cracks showing in  th e  top. Fig. 2 shows a  head wall of a culvert bu ilt 
ten  years before the  p icture was taken. T he cracking occurred in th e  
first five years after th e  struc tu re  was built, and has shown little  or no 
progress since th a t  tim e. T he fact th a t  these cracks occur in m em bers 
no t subject to  s tru c tu ra l stress indicates a lack of any  connection between 
stress and  th is type  of cracking.

An a tte m p t was m ade to  seal the  cracks in the  Snake R iver Bridge 
piers w ith  a heavy m ixture of white lead and oil forced in  under pressure. 
T he continued opening of the  cracks broke the  seal, and  the  pier shafts 
and  webs were encased w ith  concrete in 1934. T his new concrete was 
w aterproofed in  1937 and  no fu rther trouble has occurred. T he han d 
rails were n o t encased, and  th e  cracks have shown no increase in w idth  
for th e  p a s t ten  years. I t  seems th a t  th is type of cracking takes place 
during  th e  first few years after the  concrete is placed, and  if no t com
plicated  b y  o ther types of disintegration, then  ceases or a t least progresses 
very  slowly. T here are a  few examples of th is type of cracking in the 
W illam ette R iver Valley where only a few cycles of freezing and thaw ing 
occur each year. Fig. 3 shows a handra il post on th e  W illam ette R iver 
Bridge a t  A lbany in 1937. N o repair work has to  be done, and there  has 
been no apparen t change in th e  condition in th e  last eight years.

A t th e  tim e these structu res were bu ilt i t  was no t common practice 
to  m ake alkali determ inations on th e  cem ent used. I t  so happened, 
hmvever, th a t  m ost of th is  k ind  of trouble developed in  concrete m ade 
w ith  cem ent m anufactured  during the first tw o years operation of one
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Fig. 3— H and
ra il post at the 
W illam ette  River 
B r i d g e  i n 
A lb a n y .

cem ent p lan t. Sam ples were ob tained  from  th e  corners of a  b in  w hich 
probab ly  represen ted  th e  first cem ent stored. These sam ples show ed an  
alkali con ten t of 1.68 per cent, calcu lated  as Nc^O. I t  is probable th a t  
th is  ty p e  of cracking can be a ttr ib u te d  to  th e  in te rac tion  of a  h igh-alkali 
cem ent and  a  reactive aggregate, as no noticeable cracking of th is  ty p e  
has been found w hen these sam e aggregates and  cem ents runn ing  from  
0.6 to  0.8 percen t alkali were used. S truc tu res b u ilt in  th e  sam e area 
w ith  th e  sam e aggregates and  w ith  cem ent from  th e  sam e m ill a fte r a 
change in th e  source of raw  m aterials, have show n no d isin teg ra tion  of 
th is type.

W hen the  cracking has been serious enough to  necessitate repair, th e  
surfaces have been chipped aw ay and  th e  m em bers encased w ith  con
crete m ade w ith  low -alkali cem ent and  aggregates know n to  be non
reactive. T he p repara tion  of th e  surfaces and  th e  placing of th e  con
crete is carefully done to  insure a good bond. W here an  encasem ent 
exceeding four inches th ick  is placed, anchor dowels and  m esh reinforce
m en t are used.

T he cause of th is d isin tegration , which m anifests itself by  wide cracks, 
is qu ite  clearly re la ted  to  the  alkali con ten t of th e  cem ent and  th e  re
activeness of th e  aggregates. T he fac t th a t  i t  occurs in locations having  
m ild  clim ate and  few cycles of freezing and  thaw ing  as well as in  the  
colder clim ates indicates th a t  tem p era tu re  change is n o t th e  p rim ary  
cause. A fter th is cracking has occurred, m oisture pen e tra tes  th e  con
crete m ore easily and  d isin tegration  due to  freezing and  thaw ing  is 
accelerated. T his ty p e  of d isin tegration , while serious in th e  few s tru c 
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tu res  th a t  have been affected, is no t of g reat concern in Oregon. The 
cause and m eans of prevention are known.

D uring th e  la s t 15 years ano ther type  of d isin tegration  has developed 
th a t  is m uch more serious th a n  the  type  described above. T he first 
indication  of trouble  usually  shows up w ithin four or five years after 
construction. A large num ber of fine cracks appear. These are closely 
spaced and  parallel w ith the  edges of the  affected mem bers. T he cracks 
are filled w ith  a grey deposit and are generally called “ D -line” cracks. 
In  so far as has been observed, th is type  of d isin tegration  has been con
fined to  th e  eastern  section of the  s ta te  and to  the  higher p arts  of the 
Cascade M ountains. I t  appears to  be definitely a function of th e  num ber 
of cycles of freezing and  thaw ing. In  th e  w estern section of the  s ta te  
w here a few cycles only of freezing and thaw ing occur annually , no 
troub le  has been experienced.

This d isin tegration , so far, has been confined to  handrails, curbs, 
wing wall tops, and other m em bers above the roadw ay surface. M em bers 
which are p ro tected  by  the roadw ay slab have not been affected. These 
observations po in t tow ard  th e  conclusion th a t  the tendency to  disin
teg ra te , due prim arily  to  a weakness of the  concrete itself, can be over
come, or a t  least re tarded , by  waterproofing the surfaces of m em bers 
exposed to  rain  or snow.

One significant po in t brought ou t in  th e  analysis of d a ta  from  the 
frequent inspections of the  bridges on th e  highw ay system  is the correla
tion  betw een th e  d ate  of construction and th e  presence or absence of th is 
“ D ” line disintegration. A tabu la tion  of all concrete bridges on a 228- 
mile section of th e  Old Oregon T rail H ighw ay (U. S. 30) betw een U m atilla 
and  O ntario  was m ade recently. There are 61 structu res in  th is section. 
Of these 61 structures, 37 were bu ilt prior to  1930 and 24 were bu ilt from 
1930 to  1937. Of the  37 older structures, only seven show evidences of 
“ D -line” d isintegration, and five of these were bu ilt w ith  the high-alkali 
cem ent previously referred to . T he disintegration on the  o ther two 
s tructu res occurs a t the  end of a  wing wall and in  a section of curb where 
laitance indicates im proper placing. Of the 24 structu res bu ilt from 
1930 to  1937, 15 show “ D ” line d isin tegration in more or less degree, 
and four of th e  o ther nine structu res were w aterproofed w ithin tw o 
years after the ir construction.

T he construction  of these 61 bridges covers a period of 20 years. In  
general aggregates from  the same local sources were used. We are no t 
ready  to  adm it th a t  th e  la te r m ethods of proportioning, placing, and 
curing are inferior to  those used 20 years ago. T he rem aining ingredient 
is th e  cem ent. A t abou t 1930, finer grinding of cem ent becam e general 
practice to  m eet th e  dem and for higher early-strength  concrete. The
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s tren g th  was obtained, b u t i t  seems probable th a t  i t  was a t  a  sacrifice 
of durab ility .

B y 1937 th e  ex ten t of “ D -line” d isin tegra tion  in  th e  highw ay stru c tu re  
was causing serious concern. T he determ ination  of th e  basic cause of the  
trouble  is too  complex a problem  for a  single s ta te  highw ay organization, 
and  b u t little  progress along th is  line has been m ade. A m aintenance 
procedure has been developed, however, which has been qu ite  successful 
in repairing dam age th a t  has already  occurred and  in preven ting  fu rth e r 
progress of the  d isin tegration . T his procedure consists in  th e  rem oval 
and  replacem ent of the  d isin tegrated  concrete and  w aterproofing of th e  
surfaces w ith  a linseed oil and  w hite lead  p a in t coat. T his procedure 
follows, in  general, the  suggestions m ade b y  F. R. M cM illan, D irector 
of Research of th e  P o rtlan d  C em ent Association.

T he following is an  outline of th e  procedure used by  th e  Oregon S ta te  
H ighw ay D ep artm en t in  patch ing  d isin tegra ted  concrete and  w ater
proofing concrete surfaces for th e  p revention  of disin tegration .

W hen d isin tegration  of th e  com m only called “ D -line” ty p e  has tak en  
place, i t  usually  affects th e  edges and  corners of curbs, handrails, wing 
walls, and  o ther exposed m em bers. T o  p reven t fu rth e r progress i t  is 
necessary to  rem ove com pletely all d isin tegrated  m ateria l, g rea t care 
being tak en  to  reach sound concrete beyond th e  ex ten t of th e  d isinteg
ra ted  area. T his can  be accom plished b y  th e  use of ham m ers and  chisels 
on sm all areas or b y  paving  breakers or chipping ham m ers on larger 
areas. If  th e  d isin tegration  has reached an  advanced  stage, th e  com plete 
rem oval and  replacem ent of th e  affected portion  of th e  s tru c tu re  m ay  be 
necessary. T he im portance of th e  rem oval of all traces of d isin tegra ted  
m ateria l cannot be overem phasized. Experience has shown th a t  often 
th e  w orkm an will rem ove all visible affected m aterial, th en  place a pa tch  
on w h at was, in  his judgm ent, sound concrete, only to  discover la te r  
th a t  th e  m ateria l ad jacen t to  th e  p a tch  continues to  d isin tegrate .

A fter th e  rem oval of the d isin tegrated  concrete a p a tch  is applied, 
th e  success of w hich depends upon securing a bond  to  th e  p a ren t concrete, 
overcom ing th e  tendency  of th e  p a tch  to  shrink  a fte r p lacem ent, and 
p roper curing. All places to  be patched  should be chipped ou t to  secure 
n o t less th a n  three-fourths-inch  th ickness for th e  patch . T he edges of 
th e  p a tch  should be square and  n o t feathered. All surfaces should be 
clean and  rough so as to  secure a  good bond and  should be sa tu ra te d  
thorough ly  b y  several applications of w ater. T he preshrinkage of 
m o rta r is required  for all patches. T his is done b y  m ixing th e  m o rta r  
well ahead  of use and  le ttin g  i t  stand . T he tim e required  for preshrinkage 
of m o rta r varies w ith  th e  different b rands of cem ent and  conditions of 
tem p era tu re  and  hum id ity , and  is best determ ined  b y  experim ent on th e



M AINTENANCE AN D  REPAIR OF CONCRETE BRIDGES IN OREGON 111

job. In  general the  m orta r th u s preshrunk should be susceptible to  use 
w ithou t th e  addition  of w ater before reworking it  for application. A fter 
the pa tch  has been applied, proper care in curing m ust be taken  by  keep
ing th e  pa tch  covered w ith  w et burlap  for six to  ten  hours, a fter which 
it  can be covered w ith  dam p sand or burlap  u n til th e  concrete has 
thorough ly  hardened.

New  concrete patches should be allowed a t least two weeks to  d ry  out 
before applying the w aterproofing trea tm en t. New concrete should be
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given a neutralizing wash before the application of the  linseed oil used 
in  th e  w aterproofing trea tm en t. A solution consisting of th ree pounds 
of zinc su lphate crystals to  a gallon of w ater is brushed over th e  surface 
to  be trea ted  and  allowed to  dry  for 48 hours. W hen thoroughly  dry, 
all crystals on the surface are rem oved by  wire brushing. This trea tm en t 
is no t necessary on old concrete.

Before th e  w aterproofing trea tm en t is applied, i t  is necessary th a t  
th e  concrete surface be clean and dry. D ust and loose m ateria l can be 
rem oved w ith  a wire brush. R oad oil or grease can be rem oved by 
scrubbing w ith gasoline or a solvent. Efflorescence can be rem oved by 
scrubbing w ith a ten  per cent solution of hydrochloric acid. W hen 
w ater is used in cleaning, am ple tim e m ust be allowed to  perm it thorough 
drying of the  concrete surfaces before applying the waterproofing.

A fter th e  surface has been properly prepared and is clean and dry, two 
coats of ho t linseed oil are to  be applied. The first coat consists of a mix
tu re  of 50 per cent raw  linseed oil and 50 per cent tu rpen tine  heated  to  
175 F. and applied w ith  an ordinary pain t brush. B etter results will be 
obtained if the  air tem pera tu re  is above 65 F. The first coat is allowed 
to  set 24 hours before applying the second coat. A fter the  first coat of the  
linseed o il-turpentine m ixture has set, spots will usually be noticed where 
th e  concrete is more porous th an  the  rem ainder of the surface trea ted . 
These spots should be spot trea ted  w ith the hot m ixture and allowed to  
se t before th e  second coat of linseed oil is applied.

T he second coat consists of undilu ted  raw  linseed oil heated  to  175 F. 
and applied in the sam e m anner as the first coat. W hen th is coat is 
thoroughly  dry, the  surface is ready for a pa in t coat.

T he entire surface trea ted  w ith oil is given tw o coats of white lead 
and  oil pa in t, tin ted  to  th e  desired shade. A concrete color can be 
obtained by  the addition of lam pblack and raw  sienna ground in oil. 
T he  w hite pa in t used in Oregon has the following form ula:

Paint Composition Per cent
Pigment not less than  70
Vehicle not more than 30

Pigment Composition
White lead carbonate 40.0 to  45.0
Titanium  barium pigment 35.0 to 40.0
Zinc Oxide 15.0 to 20.0
Tinting pigments, if required 0.0 to 5.0

T he first coat is th inned  by  the addition of two quarts  of tu rpen tine  
and  tw o quarts  of boiled linseed oil to  th e  gallon oa paint. The second
coat is th inned  w ith about one q u art of boiled linseed oil to  the  gallon of
p a in t so as no t to  give a heavy pigm ent coat th a t will be susceptible to  
scaling, b u t which is still heavy enough to  brush out uniform ly and 
evenly.
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This w aterproofing tre a tm e n t is n o t a  cure for th e  basic weakness of 
th e  concrete w hich m akes i t  susceptible to  d isin tegration . If  properly  
applied and  m aintained, i t  prom ises to  postpone serious d isin tegration  
for m any  years.

Fig. 4 shows a sidew alk w here th e  edges have developed “ D -line” dis
in teg ra tion  and  th e  concrete has crum bled away. Fig. 5 shows th e  sam e 
sidew alk a fte r pa tch ing  and  w aterproofing. Fig. 6 shows a handra il 
w ith “ D -line” d isin tegration  well advanced. Fig. 7 shows th e  sam e 
handrail a fter th e  affected concrete has been chipped ou t and  th e  m em ber 
b u ilt up  w ith new concrete, b u t before th e  w aterproofing was applied. 
These figures show th a t  concrete m em bers w hich have  been seriously 
affected can be repaired and  m ade serviceable and  presentable.







[To fa c il i ta te  se le c tiv e  d is tr ib u tio n , separate  prints of this t i t le  (4 2 -6 )  a re  c u rre n tly - ! 
a v a ila b le  from A C  I a t 25  cents e ach — q u a n tify  q u o ta tio n s  on re q ue st. Discussion o f 
th is p a p e r (c o p ie s  in t r ip lic a te )  should  reach  th e  Institu te  not la te r th a n  M a rc h  1 ,1 9 4 6 J

Title 42-6 — a part o f PROCEEDINGS, A M E R IC A N  CONCRETE INSTITUTE V o l. 42

J O U R N A L
of the

A M E R I C A N  C O N C R E T E I N S T I T U T E
(c o p y rig h te d )

V o l. 17 No. 2 7 4 0 0  S E C O N D  B O U L E V A R D , DETROIT 2, M IC H IG A N  November 1945

Should Portland Cement Be Dispersed?*

By T. C. POWERSt
M e m b e r A m e rica n  C o n c re te  Institute

S Y N O P S I S

A development of definitions of wetting and dispersion is followed by a 
discussion of dispersion of portland cement.

From elementary principles it appears th a t a wetting agent is 
unnecessary, for portland cement is highly hydrophilic.

The dispersed state of portland cement in water is defined as th a t state 
in which interparticle attraction in a fresh paste is absent or so weak th a t 
it has no appreciable effect on the physical properties of the fresh paste. 
Experiments and reasoning from general principles indicate th a t dis
persion would be undesirable because it would increase the rate and 
am ount of sedimentation and promote particle-size segregation in 
cement paste; it would destroy the plasticity of the pastes and give them 
the properties of a fluid, a probably undesirable change; it would have no 
beneficial effect on rate of hydration during the early stages through an 
increase in exposed surface area because the whole surface is normally 
exposed to  water even when the particles are flocculated.

A reduction in interparticle attraction short of actual dispersion should 
reduce the water required for a given slump, but it  would not improve 
workability except in unusually rich mixes. I t  would increase bleeding.

Air entrainm ent requires an increase in paste content and reduction of 
water content to maintain a given slump. I t  reduces strength but 
improves frost resistance. I t  improves workability and reduces bleeding.

Air entrainm ent together with some reduction in interparticle attrac
tion affects paste content and water requirement in the same way as air 
entrainm ent alone, bu t the increase in paste content is smaller and the 
reduction in water content is greater than when there is no reduction in 
interparticle attraction. Air entrainm ent offsets the undesirable effects 
of reducing interparticle attraction on plasticity and reduces bleeding.

Some agents do not affect the chemical processes of hardening; their 
effects on strength can be predicted from the voids-cement ratio. Others 
tend to retard  hydration unless they contain an accelerating agent. Such 
agents have different effects with different cements.

*Received by  th e  In s ti tu te  M arch  19, 1945.
fM an ag e r of Basic R esearch, P o rtla n d  C em en t Assn. R esearch  L aborato ry , Chicago.
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IN TR O D U C TIO N

T his discussion was prepared in  response to  m any requests for infor
m ation  on various adm ixtures sold as dispersing agents. T he questions 
are usually  one of tw o types; (1) W hat is the  effect of A dm ixture X  on 
concrete? and  (2) W hat is back of th e  idea of dispersion of cem ent? T his 
discussion will deal prim arily  w ith  th e  question of w hat is back of the  
idea of dispersing cem ent— n o t w ith  th e  ac tua l m erits of p repara tions 
th a t  have been sold as dispersing agents.

Some m aterials sold as dispersing agents m ay have m erit because of 
effects n o t re la ted  to  dispersion. However, th ey  cannot be endorsed 
on th e  basis of some of th e  claims m ade for them . In  explaining results 
obtained or hoped for th e  assum ptions have been m ade th a t  a  norm al 
cem ent paste  is composed of ind iv idual floes (clusters) of cem ent grains 
such as m ay  be seen when a sm all am oun t of cem ent is suspended in  a 
large volum e of w ater; also th a t  w ater for hyd ra tio n  does n o t p ene tra te  
th e  floes and  hence th a t  the cem ent cannot h y d ra te  as well as i t  m ight; 
th a t  the  w ater th a t  is “ tra p p e d ” in  th e  floes does no t con tribu te  to  
w orkability . I t  is th en  fu rth e r assum ed th a t  th e  floes of cem ent grains 
can be caused to  d isin tegrate, th a t  is, th a t  the  grains in a  floe can be 
dispersed, by  adding a  suitable agent which causes the  grains to  acquire 
e lectrostatic  charges and th u s to  becom e m utua lly  repellen t; and  th a t  
when th e  cem ent grains are th u s dispersed th ey  h y d ra te  m ore rap id ly  
and  to  a  greater ex ten t th a n  when flocculated. M oreover, i t  is assum ed 
th a t  when the particles are b rought to  a s ta te  of m u tu a l repellency, 
th e  am oun t of bleeding or “settlem ent-sh rinkage” is reduced. D isper
sion is said also to  im prove resistance to  frost action.

M ost of these assum ptions seem plausible, b u t th ey  are no t com patible 
w ith th e  resu lts of recent researches on th e  n a tu re  of cem ent paste  and 
on th e  whole are believed to  be un tenable  on e ither a  theoretical or 
em pirical basis. T he basis for th is  conclusion will be given briefly in  th is  
discussion.

The question to  be discussed can easily become confused b y  th e  fact 
th a t  some p repara tions used as dispersing agents are ac tua lly  m ixtures 
contain ing n o t only a dispersing agen t b u t also an  accelerator such as 
calcium  chloride, and  by  th e  fac t th a t  m ost, if no t all, such m aterials 
cause m ore or less a ir-en trainm ent. Y et all th e  effects of such m ixtures 
have been a ttrib u ted , by  some, to  the  supposed dispersion of the  cem ent 
particles. I t  is therefore necessary to  rem em ber th a t  w h at m ay  be 
said in the  following discussion against th e  idea of dispersion does no t 
necessarily im pugn any  particu la r p repara tion  unless the  predom inan t 
effect of th e  p repara tion  is th a t  of dispersing th e  cem ent.

Owing to  th e  m anner in w hich various types of m ateria ls of th is class 
have been in troduced to  the  concrete industry , there  is some confusion
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w ith respect to  the  term s “ w etting  agen t,” “dispersing agen t,” and  “ air- 
en tra in ing  ag en t.” Therefore, a secondary aim  of th is  discussion is to  
clear aw ay some of the  confusion w ith  respect to  term inology. I t  is 
especially im p o rtan t to  grasp th e  fact th a t  certain  difficulties surround 
th e  use of th e  te rm  “ dispersion” as applied to  portland  cem ent. To 
bring ou t th e  n a tu re  of these difficulties, i t  is necessary to  presen t a 
brief discussion of fundam entals. This discussion leads to  a definition 
of dispersion of po rtland  cem ent paste on which the  final p a r t of the  
paper is based. T he reader is asked to  avoid applying the  final con
clusions concerning dispersion as defined here, to  dispersion defined in 
some o ther way.

The discussion of fundam entals will be found ra th er sketchy. For 
those seeking fuller inform ation a guide to  the  lite ra tu re  is provided.

THE P H E N O M E N O N  O F W ETTING*

W hen a drop of liquid is placed on a clean surface of a solid, i t  m ay 
either spread on th e  surface or rem ain as a more or less flattened drop, 
showing a definite angle of contact w ith the surface. W hen the liquid 
spreads spontaneously, w etting  is said to  be com plete (contact angle =  
zero) and, if the liquid is w ater, the  solid is called hydrophilic. If w ater 
does no t spread b u t establishes a  finite contact angle, w etting  is incom 
plete or partia l and the solid is regarded as hydrophobic.16 P artia l w et
ting, th a t  is, the  form ation of a contact angle, denotes th a t th e  force of 
adhesion betw een th e  solid and the  liquid (which tends to  cause the 
liquid to  spread over th e  surface) is less th an  the surface tension of the 
liquid, which tends to  cause the liquid to  gather itself into a  drop. Con
versely, w etting  is always com plete when the  force of adhesion exceeds 
the surface tension of the  liquid.

A w etting  agent is usually a m aterial composed of elongated organic 
molecules, th e  molecules having an affinity for the solid a t  one end and 
affinity for th e  liquid a t the  other. Such an  agent forms, a  layer of 
molecules on the solid, th e  molecules being so oriented as to  present a 
w ettab le  surface to  th e  liquid.

W hen th e  force of adhesion betw een a powdered solid and a liquid is 
less th a n  the surface tension of the liquid, the powder and the liquid are 
difficult to  mix unless a  su itable w etting  agent is used. Or if the  ad
hesion tension exceeds the surface tension only slightly, a  w etting agent 
will be noticeably helpful. On the other hand, if th e  solid and liquid 
show a strong m utual a ttrac tion , the  liquid will spread over the  solid 
surface w ithou t outside aid. F o r any  given case the  surface tension and 
adhesion tension m ay be m easured and th e  need for a w etting agent

*See Ref. 1 a t  end  of paper.
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judged from  th e  results. I t  is simpler, however, m erely to  observe 
d irectly  w hether w etting  is com plete or no t. F or exam ple, if th e  specific 
g rav ity  of th e  solid exceeds th a t  of the  liquid, small particles of th e  solid, 
when sca ttered  on the  surface of the  liquid, will sink readily  if th e  con
ta c t angle is very  sm all or zero, or th ey  will rem ain  on th e  surface if th e  
con tac t angle is sufficiently large, as does an oiled needle on w ater. 
In  th e  case of po rtland  cem ent and  w ater i t  is still sim pler m erely to  
observe th e  absorp tion  when w ater is placed in  a cra ter of d ry  cem ent; 
capillary absorption is readily  ap p aren t unless th e  cem ent contains a 
“ w ater-repellen t” substance.

A ny such criteria  applied to  p o rtland  cem ent would show th a t  the  
w etting  of p o rtland  cem ent by  w ater could hard ly  be im proved b y  a 
w etting  agent, unless the  cem ent has acquired a “ w ater-repellen t” 
coating. T he degree of solubility  of th e  constituen ts of cem ent and , in 
fact, th e  rap id  form ation of hyd ra tes th a t  occurs im m ediately  on con tac t 
w ith w ater show th a t  portland  cem ent has a strong affinity for w ater. 
T he a ttrac tio n  is so strong th a t  each cem ent grain becomes com pletely 
surrounded by  w ater even though  in a  d ilu te  suspension th e  grains are 
clustered. T his is shown b y  the  fac t th a t  during  sed im entation  of a con
cen tra ted  suspension, i.e., during  bleeding, th e  whole surface area of th e  
cem ent is effective in  regulating  th e  ra te  of flow of w ater.2 So far as the 
w riter knows, no one has seriously contended th a t  cem ent needs a 
w etting agent.

W hen a pow der is readily  w etted , so th a t  each grain  becom es su r
rounded w ith  w ater, th e  grains are necessarily separated , a t  least b y  a 
th in  film of w ater. Because of this, th e  w etting  of a  pow der b y  im m er
sion in a  liquid is som etim es referred to  as dispersion. How ever, i t  is 
advantageous and  in  line w ith  m odern  tex tbook  term inology to  draw  a 
d istinction  betw een w etting  and  dispersion. As described above, the  
term  wetting perta ins to  th e  spontaneous spreading of a  liquid  over 
a  surface. I t  applies to  any  shape of surface, no t to  particles alone. 
D ispersion, on the  o ther hand, perta ins only to  particles.*  I t  is th e  
opposite of flocculation, agglom eration, or coagulation. W etted  particles 
m ay be in e ither a  flocculated or a  dispersed s ta te . F locculated  partic les 
in a liquid m ay be held together by  forces acting across separa ting  films 
of liquid; hence, a  flocculated s ta te  is no t necessarily one requiring  
particle-to-particle contact.

These rem arks give a  general idea of w hat is m ean t by  dispersion, 
flocculation, and  w etting, b u t a definition of dispersion wholly adequate  
for th e  p resen t discussion cannot be given w ithou t considering some 
add itional details of th e  phenom enon.

* B u t n o t necessarily  to  solid  p artic les  only.
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INTERPARTICLE FORCES

According to  present-day theories, th e  in terpartic le  force in  an aggre
gation of particles in  a fluid m edium  is m ade up principally  of th e  follow
ing com ponents:

(1) An ever-present force of a ttrac tio n  (van der W aal’s forces) 
which causes ad jacen t particles to  adhere; and

(2) An electrostatic  force of repulsion th a t  opposes the  force of 
a ttrac tio n . T his repulsion is strongly dependent on the  environ
m ent of the particles and is therefore subject to  control.

T he control of in terpartic le  force m ay involve controlling th e  k ind  
and  concentration  of electrolytes, or the use of certain  kinds of organic 
molecules or colloids.

Because of the  na tu re  of th e  relationships betw een distance of separa
tion  and  in tensity  of repulsion and in tensity  of a ttrac tion , tw o particles 
m ay have m inim um  poten tia l energy when they  are separated  by  a 
sm all b u t definite d istance.3-4 Hence, even in the  flocculated s ta te , 
suspended particles m ay tend  to  rem ain slightly separated.*

DISPERSION
Spontaneous dispersion

D ispersion has been pictured  as a  spontaneous process w hereby 
particles bearing like electrostatic charges “ spring a p a rt and s tay  a p a r t” 
by  distances easily observed w ith the microscope. However, even under 
th e  m ost favorable conditions, the  forces of repulsion in a suspension 
are effective over only very  short distances. Indeed, if th e  particles 
were separated  only by  the  effective distance of repulsion, th ey  would 
appear to  be in contact under ordinary  magnification. N evertheless, 
if the  particles are very  small, they  m ay be capable of dispersing them 
selves by  the ir Brow nian m otion, far beyond the  range of in terpartic le  
forces. B row nian m otion is a haphazard  m ovem ent, or vibration, 
caused b y  unbalanced im pacts of th e  molecules of th e  surrounding 
m edium . If a particle is small enough, the  forces of the  im pacts received 
sim ultaneously from  different directions do no t balance and the particle 
th u s acquires m otion.

Particles having B row nian m otion w ander a t random  and tend  to  
bounce aw ay from  each o ther when they  collide. If  the forces tending to  
keep th e  particles in  m otion exceed th e  force of a ttrac tio n  betw een th e  
particles, then  a s ta te  of dispersion will spontaneously be m aintained. 
On th e  o ther hand, if th e  forces of a ttrac tio n  betw een the  particles 
exceed th e  forces tending to  keep the particles in m otion, then  a s ta te  of 
flocculation, or agglom eration, will persist. N ote th a t in terpartic le

*For a  tho ro u g h  discussion of in te rp artic le  forces, see Ref. 5.
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repulsion is no t necessary for dispersion; b u t, of course, th e  m ore th e  
in terpartic le  a ttra c tio n  is cancelled by  in terpartic le  repulsion, th e  sm aller 
th e  am oun t of k inetic energy required  to  keep the  particles dispersed.

B row nian m otion can occur to  a significant degree only am ong very  
sm all partic les— colloidal particles. H ence, p o rtland  cem ent canno t 
be caused to  disperse spontaneously, for cem ent particles are predom i
n an tly  microscopic, no t colloidal.6

M echanical dispersion

E ven when spontaneous dispersion is no t possible, dispersion can be 
effected m echanically. S tirring  a suspension tends to  separa te  th e  p a r ti
cles, particu larly  if th e  stirring  is violent. T he degree to  w hich th e  particles 
will become separated  on stirring  depends largely on th e  in ten s ity  of th e  
in terpartic le  a ttrac tio n . Of course, m u tua lly  repellent partic les should be 
m ore easily dispersed th a n  those w hich have some tendency  to  stick  
together.

* * *

T he discussion im m ediately  above was presented  to  show th a t  some 
of th e  phenom ena p ictured  in  connection w ith  th e  use of dispersing 
agents w ith  portland  cem ent ac tually  can occur only am ong particles 
th a t  are of tru ly  colloidal dim ensions. I t  m u st be added th a t  w hether 
or n o t spontaneous dispersion takes place is of little  p rac tica l conse
quence. The important question is whether it is necessary or desirable to 
cancel or reduce the forces of interparticle attraction that normally pre
dominate over the forces of repulsion in  a suspension of cement particles 
in water.

INTERPARTICLE A T T R A C T IO N  A N D  PASTE PROPERTIES

A lthough th e  influence of in terpartic le  a ttra c tio n  on th e  physical 
properties of pastes will be discussed m ore fully in  th e  following section, 
tw o im p o rtan t effects m ay be m entioned  a t  th is  point. T he first is th a t  
the  greater the  in terpartic le  a ttrac tio n , th e  stiffer will a  paste  seem to  be 
when i t  is stirred. In  com paratively  concen trated  suspensions such as 
cem ent pastes, where in terpartic le  a ttrac tio n  predom inates over re
pulsion, the  suspension behaves more like a  solid th a n  a fluid.711' n * The 
o ther effect appears when suspensions are allowed to  settle. If  th e  forces 
of a ttrac tio n  predom inate, the  large and sm all particles settle  together. 
If  the  forces of repulsion predom inate or if th e  n e t force of a ttra c tio n  is 
very weak, particles th a t  w ould rem ain in con tac t when quiescent become 
separated  as th ey  fall th rough  the  liquid during sedim entation.

The cause of th is  m ay  be seen b y  considering tw o particles of different 
size adhering to  one ano ther a t  the  beginning of the ir fall th rough  the

* I t behaves like a  solid  in  th a t  i t  is capab le of w ithstand ing  sm all sheaiing  forces. S eepage 129, E ffect 
of F loccu lation  on P la s tic ity .”
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liquid. The drag of th e  liquid on the sm all particle will be greater per 
u n it m ass th a n  th a t  on th e  large one; therefore, a force tending  to  separate  
them  will develop. If  th is force, which depends upon the difference in 
th e  size of th e  particles, exceeds th e  force of a ttrac tio n , th e  particles 
will separate, th e  larger particles falling more rapidly. W hen th e  a ttra c 
tive forces are very  weak, and  especially when th e  particles are m utually  
repellent, th e  sedim ent th a t  is form ed tends to  be non-uniform  in com
position, the  proportion  of coarse particles increasing tow ard th e  bo ttom  
of th e  sedim ent. M oreover, th e  sedim ent formed is com pact and  difficult 
to  redisperse, whereas a  flocculated sedim ent is bulky, soft, and  easily 
restored  to  its  original s ta te  in  the  suspension. This feature of the 
behavior of th e  dispersed suspension is very significant w ith respect 
to  the  question of dispersing cem ent, as will be developed below.

D EFIN ITIO N  O F DISPERSION APPLIC ABLE TO  CEMENT PASTE

T he foregoing discussions serve to  show th a t a criterion for dispersion 
applicable to  colloidal suspensions is no t altogether applicable to  tem 
porary  suspensions of non-colloidal particles; dispersion cannot m ean 
exactly  the  same th ing  for b o th  types of suspension. Y et circum stances 
seem to  require using the  same term  for b o th  cases; indeed, there  is consider
able justification for it. T he dilem m a is avoided by  th ink ing  in term s of 
in terpartic le  a ttrac tio n  instead of the  repulsion th a t  is im plied by  the  
word “dispersion.” A suitable definition of dispersion can be set up  in 
term s of the influence th a t  in terparticle a ttrac tio n  has on certain prop
erties of suspensions, particularly , the  force-flow relationship. W hen 
in terpartic le  a ttrac tio n  is absent or negligible, a  suspension th a t is no t 
too  concentrated  flows like a tru e  flu id ; b u t when in terparticle a ttrac tio n  
is no t negligible, the  suspension acquires the  properties of a  plastic 
solid to  some degree. Also, in a dilute suspension of particles, segregation 
of sizes takes place during sedim entation if the  in terparticle a ttrac tio n  
is absent or weak and it  does no t take  place if interparticle a ttrac tio n  is 
strong. In  view of such observations as these th e  following definition of 
dispersion is used in  the discussion of cem ent paste th a t  follows:

When interparticle attraction in  a fresh cement paste is so 
weak that it has no appreciable effect on the behavior and physical 
properties of the paste, the particles in the paste may be said to be 
dispersed.

B y th is definition we would call any  suspension dispersed in which th e  
in terpartic le  a ttrac tio n  is zero or negative. This would no t disagree 
w ith  o ther definitions applied to  colloidal suspensions. B u t we would 
also call a  suspension dispersed if the  in terpartic le  force was positive, 
b u t too  weak to  have an appreciable effect on the physical properties of
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th e  suspension. I t  should be no ted  th a t  th e  definition does n o t rest on 
th e  presence or absence of partic le-clusters; ne ither does i t  im ply  th a t  
dispersion is a  spontaneous process.

This definition adm its th e  possibility of various degrees of in terpartic le  
a ttrac tio n  am ong th e  particles in flocculated suspensions, th a t  is, sus
pensions in  w hich th e  a ttrac tio n  has an  effect on flow-properties, etc. 
C onsequently, we can discuss tw o questions, one perta in ing  to  th e  de
sirab ility  of producing dispersion, and  one perta in ing  to  th e  desirab ility  
of changing th e  in ten sity  of in te rpartic le  a ttra c tio n  in  a flocculated 
paste.

DISPERSION O F P O R T L A N D  CEMENT 

Flocculated state of normal portland cement paste

As im plied a t  various points in  th e  foregoing discussion, th ere  is no 
question b u t th a t  cem ent particles in  a norm al paste  are flocculated. 
T his m ay be seen by  microscopic exam ination  of cem ent-w ater m ix tures 
sufficiently d ilu te to  tran sm it light or b y  observation, a t  low m agnifica
tion , of th e  tex tu re  of pastes th rough  th e  wall of a  glass container.

T he process b y  w hich cem ent becomes flocculated m ay  be visualized 
as follows: U nder the  action of a m echanical m ixer, cem ent partic les 
p robably  tend  to  be dispersed during th e  first few seconds of co n tac t 
w ith  th e  w ater. Chem ical reactions begin im m ediately  and  continue 
a t  a  re la tively  high ra te  for a  period of n o t over five m inu tes— probab ly  
less th a n  tw o m inutes— during w hich tim e th e  e lectro ly te concen tra tion  
in  th e  m ixing w ater increases rapidly. T he electro ly tes (apparen tly  
th e  hydroxyl ions) bring pb o u t flocculation of th e  cem ent particles.

D uring  th e  sam e period a coating of h y d ra tes  form s on th e  cem ent 
grains. Once th is  coating has form ed, and  th e  e lectro ly te  so lu tion  has 
reached full streng th , th e  ra te  of reaction  becom es very  low and  th u s  the  
cem ent rem ains com paratively  d o rm an t chem ically. T his s ta te  lasts 
for a considerable period, usually  ab o u t an  hour. T he paste  rem ains 
plastic during  th is  period, and, if left und istu rbed , undergoes sed im enta
tion  (“bleeding” ).

EFFECT O F F L O C C U L A T IO N  O N  A M O U N T  O F SETTLEMENT

E xcept for certa in  features th a t  need no t be discussed here, th e  sedi
m en tation  of cem ent pastes has been shown to  be essentially  like th a t  of 
o ther concentrated  suspensions of flocculated m ineral powders. Various 
experim ents have been carried  ou t th a t  reveal th e  effect of flocculation 
on th is  process. S teinour26 observed the sedim entation of em ery particles 
b o th  flocculated and  n o t flocculated. Typical resu lts are given in Table
1:
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Material Diameter,
microns

Fluid
Content, %

Amount of Final Settlement, 
% of original height

Dispersed Flocculated

Emery A 12.2 65 36 17
A 12.2 80 63 44
B 9.6 75 55 35

As shown in th e  la s t two columns of the  table, flocculation reduced 
th e  am oun t of settlem ent a t all concentrations.

T he am ount of se ttlem ent is influenced by the concentration  of the 
flocculating agent. This is deduced from  d a ta  such as the following 
obtained by th e  w riter.8

TABLE 2— S E D IM E N TA TIO N  O F PULVERIZED S ILIC A IN LIM E-W ATER
(60 ml of solution per 100g of silica)

Initial Concentration of Ca(OH)2 
in Mixing W ater

Rate of 
Settlement 
cm/sec x 106

Final Settlement 
per Unit of Origi
nal Height, %

14 saturated solution 58 10
saturated solution 53 5

saturated solution 53 • 1

Steinour9 in tests  on ano ther silica-powder observed sim ilar b u t less 
pronounced effects, th e  settlem ent being 12 and 19 per cent for sa tu ra ted  
and  1 /6 -sa tu ra ted  solutions, respectively, w ith th e  in itia l fluid con ten t 
a t  60 per cent.

R esults of some experim ents w ith  portland  cem ent are given in  Fig. 1. 
T his shows th e  volum es of sedim ent formed from d ilu te suspensions 
(initial flu id-content 86 per cent by  volume) of cem ent in various mix
tu res of ethyl-alcohol (denatured) and w ater, ranging from all w ater to  
all alcohol. One poin t represents th e  results obtained in pure toluene.

T he addition  of alcohol up to  abou t 50 per cent by  volum e increased 
th e  sedim entation-volum e;* higher concentrations of alcohol reduced 
the volume, finally to  a po in t below th a t  for w ater alone. All suspensions 
were flocculated to  th e  ex ten t th a t  no separation of particle sizes could 
be observed, except th e  one in s tra igh t alcohol. In  the  la tte r, m ost of the  
cem ent settled  ou t quickly, th e  largest particles concentrating tow ard 
th e  bo tto m  of th e  sedim ent while th e  very  finest flour rem ained in sus
pension, even after 24 hours, probably  because of Brow nian m otion.

*D efined as th e  ra tio  of b u lk  volum e of th e  sed im ent to  th e  solid  volum e of th e  particles.
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Fig. 1— Sedimentation vo l
umes of cement in a lcohol- 
water solutions and in pure 
toluene. —  Period o f settle
ment 24 hours, except as 
noted.

Cem ent 1 5754

I t  is reasoned th a t  in settling  from  dilu te suspensions th e  particle- 
flocs, in  m aking con tac t w ith  th e  sedim ent, ten d  to  form  arches or 
bridges enclosing relatively  large spaces w hich con tribu te  to  th e  bu lk i
ness of the  sedim ent.10’11 T he g reater th e  ex ten t to  w hich such arches are 
able to  w ith stand  th e  pull of g rav ity , the  greater will be th e  final volum e 
of th e  sedim ent. I t  seems reasonable to  assum e th a t  th e  g rea ter th e  
in terpartic le  a ttrac tio n  th e  g reater th e  streng th  of th e  arches and  th e  
bu lk  of th e  sedim ent. Therefore, th e  factors th a t  control in te rp artic le  
a ttrac tio n  should control sedim entation volum e.

T he reversal in th e  slope of th e  curve of Fig. 1 can be accounted  for as 
follows:* T he in terpartic le  force in  any  given suspension is determ ined  
by  th e  k ind  and  concentration  of substances in  solution and  b y  th e  force 
of adhesion betw een th e  particles and  the  liquid m edium . E lectro ly tes 
in  solution or certa in  types of organic molecules ten d  to  m ake th e  partic les 
e lectrostatically  repellent. (U nder m ost circum stances th e  electro
sta tic  repulsion is a t  a  m axim um  a t  very  low electro lyte concentrations.) 
Also, th e  adhesion of th e  liquid to  the  surface and  th e  adsorp tion  of ions 
or molecules from  the  solution by  th e  surface ten d  to  cancel some of th e  
p artic les’ surface energy, th e  surface energy being th e  source of th e  force 
of a ttrac tio n  betw een th e  particles. W hen alcohol is added, i t  ap p aren tly  
reduces the  force of adhesion f betw een the w ater and the  cem ent particles

*This exp lanation  is necessarily  specu lative, since specific d a ta  on in te rp a rtic le  forces in  th is  sy stem  are  
lacking . O ther exp lanations can  be devised.

tT h is  is d irec tly  ind ica ted  by  th e  fac t th a t  th e  h igher th e  alcohol con ten t, th e  low er th e  d ie lectric c o n s ta n t 
of th e  so lu tion . See Ref. 4.
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and  th u s  increases the  ne t force of a ttrac tion . A t th e  sam e tim e, th e  
add ition  of alcohol decreases th e  solubility of the  cem ent constituen ts 
and  th u s  favors an increase in electrostatic repulsion, a  change tending 
to  offset the  effect of the  decrease in the  force of adhesion betw een liquid 
and  solid. E vidently , from  Fig. 1, one effect is predom inant a t  low 
alcohol concentration and the  o ther effect is predom inant a t  high con
centration .

These d a ta  dem onstrate  th a t  the  forces of in terpartic le  a ttrac tio n  in 
cem ent-w ater paste  are no t as high as th ey  m ight be and th a t  if a  change 
in th e  force of flocculation is desired, i t  could be either an increase or a 
decrease, according to  choice.

T ests w ith  various dispersing agents for portland  cem ent show th a t  
th ey  produce a condition sim ilar to  th a t  found w ith cem ent alone in  pure 
alcohol, b u t only in  very  dilute suspensions. Used in concretes or pastes 
in proportions recom m ended for field use, th ey  do no t cause such dis
persion; th e  pastes clearly show th e  effects of in terpartic le  a ttrac tion . 
T here is evidence, however, th a t  these agents weaken the forces of 
a ttrac tio n .

Effect of flocculation on rate of sedimentation

T he effect of flocculation on th e  ra te  of sedim entation  is illu stra ted  in 
Fig. 2. T he curve illustrates th e  following general rule:

In  dilute suspensions, flocculation increases th e  ra te  of sedim en
ta tio n  over th e  average for the  dispersed m ateria l; in  concentrated 
suspensions flocculation decreases th e  rate.

P o rtlan d  cem ent pastes as used in  practice m ay  be classed as con
cen tra ted  suspensions; accordingly, they settle (bleed) more slowly than 
they would i f  the 'particles were dispersed.

A t high d ilu tion, flocculation increases th e  ra te  of sedim entation be
cause th e  displaced w ater is able to  flow m ostly around the  floes, each 
floe acting  m uch like a single large particle. B u t a t some sufficiently 
high partic le-concentration  th e  particles form  a floc-structure so con
tinuous th a t  th e  displaced w ater can flow only th rough the  floc-structure 
itself. In  an in term ediate  range, the  flow is p artly  around and p artly  
th ro u g h  the  floes, a  condition giving rise to  “ channeled bleeding.” 13

T he ac tua l conditions in  a norm al cem ent paste  seem to  be abou t as 
follows: F rom  considerations already discussed, i t  seems th a t  before
or during  th e  process of flocculation the  cem ent particles become coated 
w ith  h y d ra tes and  th e  coating acquires a  layer of adsorbed w ater and 
ions. T he particles are so" concentrated  th a t  when flocculation occurs 
they do not draw together into discrete groups b u t th ey  form  a continuous 
netw ork. T he bonds of th e  netw ork are, i t  would be im agined, a t  points
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Fig. 2 -  Effect o f floccula
tion on rate o f settlement 
as influenced by concentra
tion of solids.

(From  R ef. 2 b )

on ad jacen t partic les th a t  w ould be in con tac t were i t  n o t for th e  strongly  
a tta ch ed  adsorbed layer.

T his conclusion is required  b y  a t  least th ree  conditions:
(1) T he n a tu re  of the  relationship  betw een changes in  w ater 

con ten t and  corresponding changes in th e  ra te  of bleeding is such 
as to  show th a t  a  change in w ater con ten t causes a change in  th e  
spacing of th e  netw ork; th a t  is, th e  effect is not th a t  of changing 
th e  spacing betw een clusters of particles.

(2) S teinour’s experim ents showed th a t  th e  viscous resistance to  
sedim entation involves th e  sam e am oun t of partic le  surface w hen 
th e  particles are flocculated as when th ey  are n o t flocculated.

(3) M easurem ents of hyd rosta tic  pressure in  cem ent pastes 
showed th a t  th e  particles in  a  fresh paste  are supported  en tire ly  by  
th e  liquid; th a t  is, none of th e ir  w eight is tran sm itted  to  th e  bo ttom  
of th e  vessel th rough  poin t-to -po in t contacts.

Po in ts (1) and  (2) show th a t  th e  particle's cannot exist as separate  
floes. P o in t (3), supported  by  (1), shows th a t  th e  particles are norm ally 
surrounded w ith  w ater.
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T hus, th e  evidence is so strong as to  be little  short of proof th a t  a 
cem ent paste  is to  be regarded as a continuous netw ork of particles in 
w ater, th e  bonds of th e  netw ork being th e  forces of flocculation acting 
across small distances a t  points of near-contact. In  o ther words, a 
cem ent paste  m ay  be considered as one large floe ; hence, all th e  w ater in  
th e  paste  is w ith in  the floe.

So far as th e  effects of bleeding are concerned the  results obtained 
w hen the  particles are subject to  th e  force of flocculation are clearly 
preferable to  w hat th ey  are w hen th e  particles are free from  th a t  force. 
T his becomes doubly evident when it  is recalled th a t  during the  bleeding 
of concrete th e  aggregate soon forms a  sta tic  fram ew ork w ithin the  cells 
of w hich th e  paste  continues to  settle. E ven  w ith  a  norm ally flocculated 
paste th e  se ttlem ent is enough to  weaken th e  bond w ith the  under
surfaces of th e  aggregate particles. D ispersion would no t only increase 
th is effect b u t also would ten d  to  destroy th e  uniform ity  of th e  h a rd 
ened paste  b y  prom oting stratification, as has already been pointed  out. 
If cem ent pastes were no t norm ally flocculated, i t  would seem advisable 
to  add  a flocculating agent.

F rom  th e  facts ju s t reviewed i t  is plain th a t any claim th a t  dispersion 
is a m eans of reducing bleeding or “ shrinkage before hardening” is based 
on knowledge of th e  effect of dispersion on th e  settlem ent of dilute 
suspensions and  no t of th e  effect on pastes. Also, any deductions based 
on the  assum ption th a t  th e  cem ent particles in a norm al paste  exist in 
discrete floes from  w ithin which w ater for hyd ra tion  is excluded are 
bound to  lead to  erroneous conclusions, for th e  evidence is overwhelming 
th a t  no such condition exists.

Effect of flocculation on plasticity

Flocculation is essential to  th e  p lastic ity  of granular suspensions. 
W hen th e  particles are no t flocculated, th e  m ixture behaves like a fluid; 
i t  flows under any  force, however small, and it  can have only th e  co
hesiveness of th e  liquid itself. W hen th e  particles are flocculated, b u t th e  
d ilu tion  is such th a t  individual floes exist, the  m ixture probably  partakes 
b o th  of fluidity  and p lastic ity— plastic ity  increasing w ith increase in 
partic le  concentration. In  norm al cem ent pastes, th e  particles are so 
concentrated  th a t  th e  behavior of th e  paste  is alm ost wholly th a t  of a 
solid ; in  fact, i t  m eets the  definition of a  gel, except th a t  i t  is n o t colloidal. 
U nder sm all stresses of short dura tion  i t  responds b o th  elastically and 
plastically , b y  far th e  greater p a r t of th e  deform ation being p lastic .7 
T his is tru e  even of pastes th in  enough to  be poured.

W hen th e  stra in  produced b y  a sufficiently large force exceeds a limit., 
th e  m ateria l fails in shear, e ither w ith or w ithout dilation, depending on 
th e  size and  concentration  of the  particles. T hus when a paste (or a
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concrete) is forced th rough  a pipe, th e  deform ation is lam inar a t  first 
(as i t  is in fluid flow) u n til a lim iting  stra in  is reached, w hereupon th e  
m ateria l fails in  shear a t  th e  pipe-wall, th e  flow from  then  on being “plug- 
flow.” 13 W ith  dilute pastes, plug-flow can be converted  to  viscous flow 
by  producing high ra tes of flow. W ith  concentrated  pastes (or concretes) 
continuous viscous flow cannot be produced because of d ilation due to  
particle interference.

The fact th a t  a  norm al paste  m eets th e  definition of a  solid, even 
exhibiting some elasticity , seems a t  first to  constitu te  an  anom aly, for 
a lready it  has been shown th a t  the particles are no t in d irect con tac t 
w ith each other. However, these facts, p u t together, only support the  
conclusion th a t  in terpartic le  a ttrac tio n s are effective across in tervening  
layers of w ater. I t  seems self-evident th a t  th e  cohesiveness, or sticki
ness, of the paste arises largely from  these in terpartic le  forces th a t  give 
th e  paste  its  rigidity.

In  con trast to  th e  behavior ju s t described, silica in  w ater, cem ent in 
alcohol, or any  o ther suspension in w hich th e  particles are no t a t all 
flocculated— such m ixtures ac t like fluids; th ey  m ay  be mobile, b u t they  
are no t plastic, and  in th e  absence of en tra ined  air have onlys th e  co
hesiveness of th e  suspending m edium . T hus, th e  question as to  w hether 
dispersion would be advantageous raises th e  question  as to  w hether 
a  fluid paste  would be preferable to  a p lastic  one.

I t  has no t been dem onstrated  th a t  concrete m ade w ith  a fluid  paste  is 
more w orkable th a n  one m ade w ith  a plastic paste. On the  face of it, 
the  p lastic  paste  would seem m uch to  be preferred. T his is ind icated  by 
th e  undesirable results obtained w hen pulverized silica, in  th e  absence 
of a flocculating m ateria l such as lime, is used instead  of cem ent. I t  is 
indicated  also, and very  strongly, b y  th e  n a tu re  of th e  sedim ent form ed 
from  dispersed suspensions. As said before, th e  dispersed suspension 
tends to  stra tify , b u t in  concrete th is  is p robab ly  less serious th a n  th e  
fac t th a t  th e  sedim ent form ed is very  com pact and  rigid, difficult to  
redisperse, in  con trast to  a  flocculated sedim ent w hich m ay  be only a 
little  less plastic th a n  th e  original suspension. I t  is p lain  th a t  during  
any  delay in tran sp o rta tio n  or placing, a  dispersed paste  w ould exhibit 
very  undesirable characteristics.

EFFECT O F W E A K E N IN G  INTERPARTICLE A T T R A C T IO N

T he discussion up to  th is po in t has dealt m ostly  w ith  com parisons 
of the  dispersed and flocculated sta tes  w ith  respect to  th e  properties of 
fresh concrete. T here rem ains to  be considered th e  effect of vary ing  
th e  in terpartic le  a ttrac tio n  w ithou t producing a s ta te  of dispersion.
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T o in te rp re t th e  te s t d a ta  th a t  will be presented, we need first to  
observe th a t, w ith  given m aterials, th e  consistency of fresh concrete 
depends on tw o fa c to rs :

(1) T he q u a n tity  of paste
(2) T he consistency of th e  paste

W ith  respect to  th e  properties of fresh concrete, en tra ined  air is considered 
to  be a  p a r t  of th e  paste.

Am ong the  m ateria ls sold as dispersing agents th a t  we have tested , 
all changed b o th  the q u a n tity  and consistency of th e  paste  in  a given mix. 
One m ateria l apparen tly  softened th e  paste  b u t had  little  effect on paste 
volum e.* Am ong those agents th a t  influenced bo th  volum e and  con
sistency of paste, all caused air en tra inm ent and some apparen tly  re
duced in terpartic le  a ttrac tio n  as did th e  one th a t  had  no effect on paste 
volume. N one of these m aterials when used in concrete in recom m ended 
quan tities produced dispersion as defined above. T h a t is, th ey  all left 
th e  pastes in  th e  flocculated sta te , b u t some of them  seemed to  reduce the 
in ten sity  of in terpartic le  a ttrac tion . (The s ta tem en ts as to  in terpartic le  
a ttrac tio n  are m ade ten ta tiv e  because th e  evidence concerning in te r
particle a ttrac tio n  is n o t q u an tita tive , and is som ew hat indirect.) The 
effects of these different types of agents on th e  com position and properties 
of fresh concrete will now be discussed.

Effect of an agent that reduces interparticle attraction without entraining air

T he influence of in terpartic le  a ttrac tio n  (force of flocculation) on paste  
consistency is well illu stra ted  b y  th e  effect of oleic acid on a m ixture of 
cem ent and kerosene. W hen a  paste  of cem ent and kerosene is m ade, we 
find th a t  in terpartic le  a ttrac tio n  is so strong th a t  the  cem ent particles 
form  a relatively  rigid struc tu re , capable of supporting  a sm all weight. 
A ddition  of a  very  sm all am ount of oleic acid during mixing will produce 
a noticeable change in appearance and a softening of the  paste. T his 
change continues as the  dispersing agent is added drop by  drop, w ith 
co nstan t stirring, the  paste  becoming m uch like cem ent-w ater paste  in 
consistency and  tex ture . In  th is s ta te  i t  will bleed like cem ent paste 
and  have sim ilar plasticity . F inally , a  single, last drop of oleic acid 
(in ab o u t 500 cc of paste) will cancel in terpartic le  a ttrac tion , i.e., i t  will 
produce a  s ta te  of dispersion.

T hus, we see th a t  varying th e  concentration of a dispersing agent will 
change th e  consistency, cohesiveness and bleeding characteristics of a 
paste  even though  ac tual dispersion is no t produced.

T he effect of th e  one agent m entioned above th a t  apparen tly  reduced 
in terpartic le  a ttrac tio n  w ithou t en train ing  air, here called A gent A, is

*This m a te ria l is n o t sold as a  dispersing agent. N evertheless, te sts  show  th a t  w hen used in sufficient 
a m o u n t, i t  reduces in te rp a rtic le  a ttrac tio n .
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shown in T able 3. These results ind icate  th a t  w hen th is  agent was 
present, slightly  less paste  was required  for a  given slum p.* As a m a tte r  
of fact, th is is th e  only evidence a t  hand , o ther th a n  observations of the  
behavior of very d ilu te suspensions, th a t  the  in terpartic le  a ttra c tio n  
was reduced. We reason th a t  since th e  average aggregate-particle 
spacing was less when th e  agent was present, and since th e  slum p was the  
sam e, th e  paste  containing th e  agen t m u st have been softer. This 
reasoning arises d irectly  from  the  observation th a t  th e  h igher th e  w ater- 
cem ent ra tio  of the paste, and hence th e  softer th e  paste, th e  less paste  
inquired  for a  given slum p.

TABLE 3— INFLUENCE O F A N  A G E N T  W H IC H  REDUCES INTERPARTICLE 
A T TR A C T IO N  W IT H O U T  C A U S IN G  A IR  E N T R A IN M E N T —  A G E N T  A

Ref.
No.

Series
305

Agent 
% Cem’t 

wt.

Cement
Content
sks/yd3

Slump
in.

Absolute Volume Composition of Concrete

Aggreg. Cement W ater Air W ater 
+  Air

5 0 4.99 6 .6 .748 .088 .150 .014 .164
53 1 4.87 5 .6 .756 .086 .139 .019 .158
55 2 4.98 5 .9 .762 .088 .138 .013 .151
* 0 4.99 5.6* .752 .088 .146 .014 .160

2 0 6.00 2.2 .738 .106 .138 .018 .156
54 1 5.98 3 .0 .740 .106 .136 .018 .154
56 2 5.94 3.5 .744 .105 .134 .017 .151
* 0 6.00 3.2* .734 .106 .142 .018 .160

*The figures in  th is  line are  es tim ated  from  R ef. 5 (or 2) on th e  basis of a  3 p e r cen t change in  w ate r con
te n t  for a  1-in. change in  slum p.

From  th e  d a ta  in  T able 3 i t  m ay  be deduced th a t  w hen using th is  
particu la r agen t w ith  these m aterials, a given w ater-cem ent ra tio  can be 
ob tained  w ith  ab o u t 5 per cent less cem ent th a n  th e  am oun t required  
when no t using th e  agent.

F rom  the m ere fact th a t  A gent A reduced th e  w ate r requirem ent for a 
given slum p, we cannot conclude th a t  w orkab ility  and  o ther properties 
were benefited. T he n e t effect of using th e  agen t was to  replace a given 
paste w ith  a sm aller q u a n tity  of a softer paste. T o  conclude th a t  th is 
constitu tes an  im provem ent in w orkability  w ould require also th e  con
clusion th a t  lean mixes are more w orkable th a n  richer ones a t  th e  sam e 
slum p, whereas th e  fac t is th a t  richer mixes are preferable u n d er m ost 
conditions because of th e ir  g reater cohesiveness, g rea ter capac ity  for 
plastic deform ation ,! and  greater ab ility  to  keep th e  aggregate from  
settling  while th e  fresh concrete is in  tran s it. A softening of th e  paste  by  
reducing in terpartic le  a ttra c tio n  would, in  concrete of a  given slum p, give

*W ith  respect to  p la stic ity , a ir is considered to  be p a r t  of th e  p a s te  as i t  obv iously  influences th e  av e rag e  
spacing  of th e  aggregate partic les. 

tS ee  R ef. 7b.
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re la tively  less of th e  desirable characteristics ju s t m entioned. E xcept 
in very  rich mixes w here th e  paste  volum e is higher th an  is necessary for 
sa tisfac to ry  w orkability , th e  general desire seems to  be to  enhance these 
properties b y  stiffening the  paste  and increasing its  volume. Such is 
the  effect of adding m ineral powders or increasing the cem ent content.

In  th is  connection i t  m ay  be recalled th a t  a  cem ent of high specific 
surface m akes a stiffer, more cohesive paste th a n  does a coarser one a t  the 
sam e w ater-cem ent ratio . Y et experience shows th a t  only in very  rich 
mixes is i t  necessary to  use more w ater (or more paste) when a cem ent 
of high specific surface is su b stitu ted  for a coarser one. T his indicates 
th a t  under some circum stances a stiffening, ra th er th an  a softening, of th e  
p aste  is advantageous. An extrem e exam ple of th is was reported  by 
K ennedy .14 H e found th a t  although no am ount of w ater would m ake 
a sand-and-gravel m ixture plastic, air en tra ined  in  th e  mixing w ater w ith 
a suitable agent m ade th e  mix appear as if i t  had  been m ade w ith cem ent 
paste. As will be shown below, en trained air has a stiffening effect.

In  general, i t  seems th a t  increasing the  stiffness of th e  paste, th a t  is, 
giving i t  m ore “ body ,” appears to  be advantageous under ordinary  con
ditions in  mixes containing less th an  abou t sacks of cem ent per 
cu. yd. ( lj^ - in . m axim um  size aggregate) or, in o ther term s, i t  appears 
advantageous if w /c  exceeds abou t 0.5 by  weight.

T he lack of benefit from  weakening the  force of flocculation is p rob
ab ly  due to  the  fac t th a t  th e  cem ent particles are norm ally no t very 
strongly  flocculated. T his was pointed ou t before in connection w ith  
Fig. 1. I t  seems likely th a t  if cem ent in  w ater were flocculated as strongly 
as is cem ent in  kerosene, a reduction in  in terpartic le  a ttrac tio n  m ight be 
beneficial under m ost, if n o t all, circum stances. B ut, in view of th e  
re la tive  weakness of th e  flocculating forces in  cem ent-w ater paste, the  
value of fu rth e r reductions in in terpartic le  a ttrac tio n  is debatable.

T his po in t m ay  be em phasized by  considering again th e  effect of re
ducing in terpartic le  a ttrac tio n  on bleeding characteristics. T he effect 
is to  increase th e  am ount of se ttlem ent (bleeding). However, the  rate 
of se ttlem en t is affected very  little . (See Table 2). The fact th a t  the  
ra te  of se ttlem en t is affected very  little  shows th a t  the initial tex tu re  of 
th e  paste  is v irtua lly  unaffected by  reducing th e  in tensity  of in terpartic le  
a ttrac tio n . However, th e  final tex ture , a fte r settlem ent, would be 
affected, the pastes having  th e  lowest in terpartic le  a ttrac tio n  form ing th e  
densest sedim ent. T his m ight be advantageous were i t  no t for th e  fact 
th a t  any  increase in  the  am ount of paste settlem ent is accom panied by 
an  increase in  the  dep th  of the  under-aggregate fissures, which fissures 
w eaken th e  concrete and  m ake i t  more perm eable. To be considered 
also is the  probab ility  th a t  weakening the force of in terpartic le  a ttrac tio n
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increases the  tendency  tow ard  channeled bleeding w ith  its  a tte n d a n t 
undesirable “ sand boils” * and it  decreases th e  ab ility  of th e  p aste  to  
hold the  concrete in  a  plastic s ta te  while the  concrete is s tand ing  or in 
tran sit. All effects considered, i t  seems very  doub tfu l th a t  a  w eakening 
of th e  force of flocculation im proves th e  properties of fresh concrete, even 
though th e  slum p m ay  thereby  be increased, except perhaps in mixes 
unusually  rich in cem ent.

Effect of an air-entraining agent having little  or no effect on interparticle attraction— A g e n t B

T he use of some agents causes a pronounced increase in th e  air con
te n t of cem ent paste or concrete w ithou t appreciable effect on in te r
particle a ttrac tio n . T he m anner in which th is  is b rough t ab o u t m ay  be 
explained in simplified version as follows:15 A ny m echanical process 
th a t  mixes a liquid w ith  a gas tends to  form  a foam , a lthough th e  foam 
m ay be scan t and its  life extrem ely short. If  an agen t is added th a t 
lowers the  surface tension of th e  liquid (a “ capillary-active” m aterial), 
a foam  forms more easily and  it  usually  lasts longer th a n  it  does w ithout 
the  agent, especially if th e  agent, by  reason of its  adsorption a t  th e  air- 
liquid in terface, enables the  films to  w ith stand  shocks. M any  organic 
com pounds have th is effect when used w ith  w ater, th e  soaps being per
haps th e  m ost com m on class. A molecule of soap is relatively large, 
of th e  long-chain varie ty , hav ing  a hydrophilic “head ” and a  hydro- 
phobic “ ta il.” Such molecules ten d  to  collect a t  th e  boundary  betw een 
w ater and  air (or w ater and  oil) and, according to  theory , a rray  them 
selves in  such a w ay th a t  th e  hydrophilic p a r t  rem ains in  th e  w ater and 
the  less w ettab le  (hydrophobic) rem ains in  th e  air. These molecules 
thus create a  boundary  film which lowers th e  surface tension  of th e  w ater 
and  stabilizes any  foam  th a t  is form ed b y  m echanical action.

W hen such m ateria ls are used w ith  p o rtland  cem ent paste, th e  en
tra ined  air is p robab ly  no t to  be regarded as a foam , s tric tly  speaking. 
B u t th e  individual bubbles sca ttered  th rough  th e  paste  are no doub t 
stabilized by  th e  sam e m echanism  th a t  stabilizes th e  foam ; therefore, i t  
is appropria te  to  speak of such m ateria ls as foam  stabilizers or a ir-en tra in 
ing agents.

Fig. 3 and  .4 show th e  effect of an  a ir-en train ing  agent. In  each 
diagram  th e  lower line shows how th e  am oun t of w ater decreases as the  
a ir con ten t increases. T he upper line represen ts th e  sum  of th e  volum es 
of air and  w ater. Since all th e  mixes represen ted  in  a  given diagram  
had  th e  same cem ent conten t, the  rise of th e  upper line represen ts the 
increase in  paste  con ten t and the  corresponding decrease in  aggregate

*In  norm al bleeding, w ate r flows to  th e  su rface un ifo rm ly  th ro u g h  all th e  in te rp a r tic le  spaces. In  
“ channeled” bleeding, som e of th e  flow occurs th ro u g h  ran d o m ly  spaced  channels w hich are  th e  re su lt of 
ru p tu re s  in th e  norm ally  continuous “ m esh” of th e  flocculated  p as te  (see Ref. 12). T h e  p ro b ab ility  of th e  
occurrence of such  ru p tu re s  increases as th e  floc -structu re is w eakened b y  d ilu tion . P resu m ab ly , th e  p ro b 
a b ility  w ould be increased  also by  w eakening  in te rp a rtic le  a t tra c t io n  b y  m eans of a  d ispersing  agen t.
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conten t. Figs. 3 and  4 represent concretes of different consistencies, as 
s ta ted  in  th e  titles.

In  every case th e  increase in a ir con ten t was accom panied b y  a  de
crease in w ater conten t, the  decrease being d irectly  proportional to  the  
increase in  air conten t. B u t since the  decrease in  w ate r was n o t as g reat 
as the increase in  air, th e  paste  con ten t also increased in  d irect propor
tion  to  the  increase in  air content. If air and w ater had  th e  sam e effect 
on slum p, th e  slope of the  w ater curve in  each diagram  w ould have been 
— 1.0; i.e., each per cent of air would have replaced exactly  1 per cent of 
w ater and the  paste  conten t would have rem ained constan t. B u t, as 
shown in the diagram s, each 1 per cent of air replaced only 0.3 per cen t or 
less, and the paste  con ten t increased. Since th e  paste  required  for a  given 
slum p increases in d irect proportion  to  the  increase in  air conten t, we 
m ust conclude th a t  en tra ined  air stiffens th e  paste. I t  follows th a t  w hen 
th e  w ater con ten t is no t reduced, th e  increase in  slum p caused by  en
tra in ing  air in  a  given mix is due to  th e  increase in  paste  con ten t and  n o t 
to  a softening of the  paste.

T he conclusion th a t  th e  paste  is stiffened b y  en tra ined  a ir is in line 
w ith  th e  observed effect of w hipping air in to  cream , or th e  stiffening th a t  
is produced w hen liquid-liquid emulsions are form ed. Indeed, th e  stiff
ening effect of en tra ined  a ir on cem ent paste  was observed d irec tly  by  
K ennedy.14

Some idea as to  the  degree to  w hich en tra ined  air stiffens th e  paste  
was deduced from  th e  d a ta  in  Fig. 3. As a first step  in  th is  deduction, 
Fig. 5 was prepared. T he lower diagram  shows th e  relationship  betw een 
w ater or w ater +  air con ten t and  th e  cem ent con ten t for mixes con ta in 
ing definite am ounts of air, th e  curves being ob tained  b y  in terpo la tion  
in  th e  d iagram s of Fig. 3. T he positions of th e  lines in  th e  upper diagram  
in Fig. 5 were then  obtained from  th e  lower d iagram  b y  adding th e  volum e 
of the  cem ent to  th a t  of w ater +  air. T he nex t step  was to  assum e, as 
before, th a t  a t  equal paste  volum es and  equal concrete slum ps th e  pastes 
m ust have th e  sam e consistency, and  then , b y  m eans of Fig. 5, to  com
pare the com position of pastes of th e  sam e consistency w ith  and  w ith o u t 
en tra ined  air. T he results for tw o paste  con ten ts are given in T able  4.

These figures show, for exam ple, th a t  a  paste  for w hich w /c  =  0.583 
and  a ir /c  =  0.12 had  th e  sam e consistency as one for w hich w /c  =  0.447 
and a ir /c  =  0. T hus, in troducing  0.12 cc of air per g of cem ent stiffened 
the  paste  as m uch as would reducing w /c  from  0.583 to  0.447, i.e., reduc
ing th e  w ater 0.136 cc per g of cem ent. I t  is n o t likely th a t  pastes of 
these com positions would show exactly  th e  sam e consistency if tested  
separately  from  th e  concrete, for, as ind icated  by  K ennedy’s experim ents, 
effectiveness of th e  air is probably  influenced b y  th e  aggregate. N ever-
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Air
Content

of
Concrete

w 'c Air +  w 
c

cc per g

Air
c

cc per g
Abs.
Vol.

Wt.

Paste = 0 .2 5

0.00 1.42 .447 .447 0
0.01 1.46 .460 .495 .035
0.02 1.54 .485 .555 .070
0.03 1.85 .583 .703 .120

P aste = 0 . 2 7

0.00 1.31 .413 .413 0
0.01 1.33 .419 .448 .019
0.02 1.36 .429 .488 .059
0.03 1.38 .434 .531 .107
0.04 1.40 .441 .575 .134
0.05 1.66 .523 .718 .195

theless, th e  d a ta  show conclusively th a t  entrained air has a stiffening 
effect even though it  is more fluid (i.e., it  has a lower viscosity) th a n  the 
w ater i t  displaces. A correct explanation of the  effect would undoubted ly  
involve the  surface tension a t  the  num erous air-w ater interfaces.

R etu rn ing  to  Fig. 3 and 4, we m ay note th a t  the po in t for the  plain 
mix in  each diagram  falls in line w ith the o ther points. This indicates 
th a t  the  agen t had  no softening effect on the  paste, th a t  is, i t  did  no t 
reduce in terpartic le  a ttrac tio n . H ad  there  been a reduction in  in te rp a r
ticle a ttra c tio n  the  line would have passed below th e  po in t for th e  plain 
mix.

In  general i t  appears th a t  the  lower th e  cem ent conten t th e  greater 
th e  reduction  in  w ater requirem ent per u n it increase in air content. This 
is shown as a steady  trend  in Fig. 4, b u t in Fig. 3, representing th e  stiffer 
consistency, th e  effect is equal in  th e  4-, 5-, and  6-sack mixes.

So far as w orkability  and  bleeding characteristics are concerned, the 
effect of en tra ined  air m ay be regarded as highly beneficial. I t  increases 
cohesiveness, i t  aids in holding the  aggregate from  settling  while the  
concrete is being transpo rted , and  the  increase in paste  volum e increases 
th e  capacity  for plastic deform ation.

E n tra in ed  air reduces streng th , b u t greatly  increases resistance to  
frost ac tio n .16

Effect of an agent that both reduces interparticle attraction and entrains air— A g e n t C

T he effect of an agent of th is  ty p e  on w ater requirem ent and air con
te n t is shown in Fig. 6. T he d a ta  are fewer th an  m ight be desired,* b u t

♦A lthough m a n y  te s ts  have  been m ade on various agen ts in  th is  lab o ra to ry , only a  few have inc luded 
severa l p ropo rtions  of a  given  agent.
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Fig. 5— Effect of an 
a ir-entraining agent 
on water, a ir, and 
p a s t e  c o n t e n t  —  
slump 2-3 in.

C e m e n t  -  f r a c t i o n  of c o n c r e t e  v o lu m e
4- B 6

S a c k s  p e r  c u b i c  y a r d

the ir indications are such as would be expected from  the  discussion of the 
tw o o ther types presented  above. In  Fig. 6 th e  solid lines represen t the 
w ater conten ts and  w ater +  air conten ts as in  Fig. 3 and  4. T he broken 
line is draw n to  have th e  sam e slope as th e  lines in  Fig. 3 or 4, for cor
responding slum ps and  cem ent contents, and  to  pass th ro u g h  th e  point 
representing the plain mix, except where ad ju stm en ts  were m ade to  com
pensate for inequalities in slum p. T hus th e  b roken  line represen ts the 
effect of an a ir-en train ing  agent, A gent B, and  the  solid lines, th e  effect 
of the  agent which b o th  reduces in te rpartic le  a ttra c tio n  and  en trains 
air, A gent C. T he triangu lar po in t in each d iagram  represents th e  one 
mix of each kind in th is series th a t  was m ade w ith  A gent B.

A lthough the four diagram s are no t wholly consisten t w ith  each other 
in all respects, they  show th a t  A gent C reduced th e  w ater requirem ent 
m ore th a n  did A gent B. Presum ably , th is  is th e  effect of a  reduction  in
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Fig. 6 — Effect of an 
agent that entrains 
air and reduces inter
particle attraction.
C em ent: a m ix tu re  o f
fo u r T y p e  I co m m e rc ia l 
cem ents. A g g re g a te :  
E lg in  sand a n d  g ra v e l, 
m ax. size 13̂  in .

M ir  -  t ra c iio n  ot vo l .  of concrete

in terpartic le  a ttrac tio n  caused by A gent C, as indicated  by points for 
th e  p lain  mixes falling above the  line for A gent C.

I t  is clear, however, th a t  even if A gent C did reduce the in terpartic le  
a ttrac tio n , th e  ne t effect of th is and  the air en tra inm ent was a stiffening 
of th e  paste. T his is shown by  the fact th a t w ith A gent C, as w ith A gent 
B, th e  paste  con ten t required for a  given slum p increased in d irect pro
portion  to  th e  increase in air content. In  view of this, i t  m ay be con
cluded th a t  w hatever undesirable effects on p lastic ity  and bleeding 
characteristics th e  reduction  in  in terpartic le  a ttrac tio n  m ight have, they  
are offset b y  the  effect of th e  en trained  air.

On th e  whole, i t  appears th a t  with respect to the properties of fresh con
crete, agents like B and  C are beneficial, C being som ew hat m ore so, for 
w ith  an  agent of th is  type, concrete of a given slum p and air conten t can 
be obtained w ith less w ater in the concrete.

W hether or no t the  properties of th e  hardened concrete are benefited 
equally, or a t  all, by  agents of th is type  is a question th a t  cannot be dealt 
w ith  in general term s. Experience indicates th a t  some agents have no 
effect on th e  chem ical processes of hardening and therefore the effects on 
s tren g th  can be predicted  fairly  well from  the  effect on the  voids-cem ent 
ratio . O ther agents, especially those th a t  influence in terpartic le  a ttra c 
tion, are liable to  re ta rd  hyd ra tion  and, apparen tly  for th a t  reason, some
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are sold w ith  an added accelerator. A gents of th is ty p e  have different 
effects on different cements.

W ith  respect to  durab ility , en trained  air is decidedly beneficial, and 
therefore the  use of agents like B and  C can be recom m ended w here spe
cial p ro tection  against frost action is necessary. T he beneficial effect of 
en tra ined  air on du rab ility  is p robably  th e  resu lt of providing room  for 
expansion of w ater during the  process of freezing.16*’ I t  is difficult to  
see how either dispersion, per se, or a  w eakening of the forces of floccula
tion  in th e  absence of air en tra inm ent, could have m uch influence on frost 
resistance.
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A n  Investigation of the Strength of Welded Stirrups 
in Reinforced Concrete Beams*

By ORESTE MORETTOt
M e m b e r A m e rica n  C o n c re te  Ins titu te

S Y N O P S I S

The results of the tests of 44 beams of reinforced concrete with stirrups 
welded to  the longitudinal reinforcement are presented. The beams were 
designed in such a way as to  produce failure by diagonal tension. Vari
ables including the size and inclination of the stirrups, type of concrete 
and ratio of longitudinal reinforcement are studied. A  comparison of the 
strength of welded stirrups with th a t of loose stirrups, as reported from 
former tests on web reinforcement, is attempted.

1 — IN TR O D U C TIO N

T he use of welded stirrups as web reinforcem ent for concrete beam s, 
in stead  of th e  conventional loose U -stirrups, should provide im proved 
construction , since i t  gives perfect con tinu ity  to  th e  reinforcing steel 
em bedded in  concrete and facilitates accurate  steel-setting. I ts  practical 
use in  un its  form ed b y  longitudinal bars and  stirrups welded together has 
been suggested as econom ically possible. J

Tw o m ain  questions arise in connection w ith th e  problem : (a) Will 
beam s contain ing stirrups rigidly connected to  th e  m ain  reinforcem ent 
develop higher shearing streng ths th a n  those using common loose stirrups?
(b) C an th e  higher theoretical efficiency of certain  inclined stirrups be 
utilized th rough  the  use of welded units?

A favorable answ er to  these questions is im portan t, since the  econom
ical use of welded stirrups will depend to  a  great ex ten t upon th e  ad
van tages to  be secured b y  th e  use of such web reinforcem ent.

*S ub m itted  to  th e  In s t i tu te  M arch  31, 1945.
fG ra d u a te  Fellow  in  C ivil E ngineering , U n ivers ity  of Illinois.
JD . M . M cC ain , “ W elded  S hear R einforcing  for C oncre te  B eam s,” C ivil Engineering , Ju ly , 1939.
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Probable advantages in streng th  due to  welded s tirru p s lie in  im proved 
anchorage of th e  stirrups, p revention of slipping of inclined stirrups 
along the  m ain bars and im proved anchorage of th e  m ain  bars.

T he advantage to  be secured b y  the use of certa in  inclined stirrups 
is indicated theoretically, as shown by  the following sum m ary  of th e  usual 
analysis of web stresses. In  such analysis, i t  is com m on to  assum e th a t 
the  action of a reinforced concrete beam  m ay be likened to  th a t  of a  truss 
in which the top chord is formed by th e  com pression zone of th e  concrete, 
the bo ttom  chord by the longitudinal reinforcem ent, th e  tension web 
mem bers by  the stirrups, and the com pression web m em bers by  portions 
of the  concrete web of the  beam . The assum ption is also m ade th a t  the 
compression web m em bers are inclined a t  45 deg. to  th e  axis of th e  beam. 
T he analysis shows th a t the  s treng th  of s tirrups hav ing  a  given volume 
of m etal per u n it volum e of concrete depends on th e  inc lina tion  of the 
stirrups w ith respect to  the axis of th e  beam .* Also according to  the 
analysis, vertical stirrups and stirrups a t  45 deg. are equally  strong. 
The m axim um  streng th  is given by  stirrups inclined a t  67.5 deg. If the 
s treng th  of the  beam  w ith vertical s tirrups or s tirru p s inclined a t  45 
deg. is taken  as un ity , th e  analysis shows for s tirru p s inclined a t  67.5 
deg. a beam  streng th  abou t 20 per cent greater. T he inc lination  to  be 
given to  the  welded stirrups should be the  one th a t  gives th e  m axim um  
strength .

This paper contains th e  results of the  te s ts  of 44 beam s of reinforced 
concrete, loaded a t  the th ird  points w ith  a  span of 8 ft., and  designed to 
produce diagonal tension failure. The tests  were in ten d ed  to  give results 
showing the  streng th  of welded stirrups and to  p o in t ou t w hich is the 
best inclination, w ith respect to  th e  axis of th e  beam , to  be given to  those 
stirrups. The following variables were in troduced  in th e  investigation:
(a) type  of concrete, (b) ra tio  of web reinforcem ent, (c) inclination  of 
th e  stirrups, and  (d) ra tio  of m ain reinforcem ent, w hich was varied  in a 
supplem entary  series of tests  on four beam s. These four beam s are 
trea ted  separately  th roughou t th is paper and  are referred  to  as Series la . 
A com parison is also m ade w ith form er tests  on loose stirrups.
Notation

The following no ta tion  is used, particu larly  in  th e  headings of Tables 
1 to  3:

f  c — average compressive strength of 6 by 12-in. concrete control cylinders (3
for each beam) 

fy  =  yield point stress of web reinforcement
A ,

V ~  , , — steel ratio of longitudinal tension reinforcement
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_ A , _  .
r ab ~  ra^10 we^ reinf°rcen^ent, where A v is the area of the two single stirrups

k

a t a cross-section, a is the stirrup spacing, measured normal to the direction 
of the stirrup, and b is the width of the beam 

=  ratio  of the distance from the neutral axis to the top of the beam, to the 
effective depth d

=  (sin a +  cos a) sin a = 1.0 when a = 45 deg. or 90 deg., and 1.20 when a 
= 67)4 deg.

a =  the inclination of the stirrups to the axis of the beam
Pu =  ultim ate load on beam
Fc =  vertical shear (one-half the load on the beam) a t which diagonal cracks were

first noted
Vu =  vertical shear (one-half the ultim ate load) a t ultim ate load
V v =  vertical shear (one-half of the load on the beam) a t which yield point stress

was reached in web reinforcement

_ V° u ■ ■Vc ~  bjd ~  s*learing stress a t which diagonal cracks were first noted.

.  •=  rr~, =  shearing stress a t ultim ate load bjd

V v , ■Vy — ^  = shearing stress corresponding to vertical shear, Vv

Vu calc = shearing stress vu, calculated from Eq. 8.
vy calc = shearing stress vy, calculated from Eq. 6.

2— DESCRIPTION O F TESTS

R elatively  few of th e  specimens heretofore tested  to  determ ine the 
s tren g th  of web reinforcem ent in  beam s of norm al dimensions have had  a 
definite diagonal tension failure. In itia l failure by bond has played 
an  im p o rtan t p a r t  in th e  behavior of those beam s, resulting in a  failure 
due to  th e  sim ultaneous effect of bond and  diagonal tension. M any  of 
them  have failed in  tension, pointing  ou t the  necessity of using a  fairly 
large am oun t of tension steel, when th e  web reinforcem ent is of some 
im portance, in order to  avoid th is kind of failure.

T he specimens used in th is investigation  were designed to  produce a 
tru e  d iagonal tension or shearing failure and to  avoid as far as possible 
all o ther influences. Care was taken  to  elim inate all variables except 
those being studied. T he beam s were all 10 ft. long, 5.5 in. wide, and 
21 in. deep. F o rty  of the beam s were reinforced longitudinally  w ith  four
1-in. square bars placed in  tw o layers, w ith  an effective dep th  of 18.25 in. 
T he o ther four beam s were reinforced w ith tw o 1-in. square bars, w ith  an 
effective dep th  of 19.5 in.

T hree series of beam s were tes ted : tw o groups, each of tw en ty  beam s, 
were iden tical except for th e  ty p e  of concrete. In  Series 1, M ix No. 1 
(1:3.34:5.0, by  w eight, w ith  a  w ater-cem ent ra tio  of 0.75 by  weight) was



TABLE 1— O U TLIN E  O F  B E A M  TESTS

Two companion beams of each type shown. T otal 44 beams. S tirrup 
spacing 63̂ 2 in. normal to direction of stirrup. All bars of interm ediate 
grade, deformed, except bars which were plain. Portland cement
concrete; aggregates, sand, and gravel from W abash river. Tension rein
forcement, 1-in. square bars, having average yield point stress of 48,000 
psi.
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Series
No.

Designed
Concrete
Strength

psi.

P,
per
cent

r per cent

None 45 deg. Incl. 67.5 deg. Incl. 90 deg. Incl.

M -
0

0 -
0

Yt -
0

M -
0

H -
0

K -
0

H -
0

Vs-
0

K -
0

1 3500 4.00 0 0.28 0.615 1.12 0.28 0.615 1.12 0 .28 0.615 1.12

2 4500 4.00 0 0.28 0.615 1.12 0.28 0.615 1.12 0.28 0.615 1.12

la 3500 1.88 0.28 0.615

used. In  Series 2, M ix No.' 2 (1 :2.79 ;4.18, b y  w eight, w ith a w ater-cem ent 
ra tio  of 0.64) was em ployed. In  the  th ird  group, Series la , consisting of 
four beam s, M ix No. 1 was used. T able 1 lists th e  design featu res of the  
te s t beam s, and  Fig. 1 shows the  general dim ensions, details of reinforce
m ent, and  location of stra in  gage lines for these beam s.

T he longitudinal and  web bars were first welded to g e th er in  un its, as 
shown in Fig. 2a and  b. Two units, form ing th e  com plete reinforcem ent 
for a  beam , were then  joined a t  th e  proper d istance b y  w elding on small 
transverse spacing bars, as shown in  Fig. 2c.

T he beam s and  control cylinders were cured for 21 days in  th e  m oist 
room, th en  were stored  in  th e  air of the  lab o ra to ry  u n til th e y  were 28 
days old, when th ey  were tested .

S train  m easurem ents were tak en  on 21 gage lines (19 in  Series la ) , 
located as shown in Fig. 1. Sixteen of these gage lines were on the  stir
rups, eight on each side of the  beam , located  sym m etrically . T he rest 
of the gage lines were used to  m easure deform ations in  th e  m ain  rein
forcem ent and in th e  concrete a t  m idspan. A  B erry  s tra in  gage, of 5-in. 
gage length, was used for th is purpose. T he u ltim a te  load  was reached 
in  six to  ten  increm ents, a  com plete set of readings being ta k e n  a t  each 
increm ent. T he deflections of th e  beam s, and  th e  load a t  w hich the 
diagonal cracks s ta rted , were also recorded during  th e  progress of the 
tests.

In  designating the  beam s, th e  following n o ta tio n  was used: T he first 
num ber (1, 2, or la )  indicates th e  series. T he following le tte r  specifies 
th e  type  of web reinforcem ent: N , no stirru p s; V, vertica l; I, 67.5 deg.
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No Stirrups 2'-8"-

( c

= ■■" ' n- n T
I

— 3 > Î
hI'-O"]. 8'-0" ------ J . O -

Verticol Stirrups |

, M
6/j

S±2 - r g>

-

5" Gage Lines 
on both fa ce s

Fig. 1— General dimensions, details of reinforcement and location of strain gage lines of 
beams.
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Fig. 2— V ie w  of the reinforcement of beams, (a top) Unit with vertical stirrups, (b  center) 
Unit with 45 deg. stirrups, (c bottom) Complete reinforcement o f a beam with 67.5 cleg, stir
rups.

inclination; D , 45 deg. inclination. T he fraction  represents the  d iam eter 
of the  s tirrups used. F o r example.

1-N ind icates: Series 1, beam  w ithou t web reinforcem ent.
2-D Y i ind icates: Series 2, 3^-in. s tirrups a t  45 deg. inclination.
1-1 3 /8  ind icates: Series 1, 3 /8-in . stirrups a t  67.5 deg. inclination.
la -V  Y± ind icates: Series la , Y - in .  vertica l stirrups.
T he phenom ena of the  tests  showed th e  following general p ic tu re : Up 

to  a  load of abo u t 50,000 lb., corresponding to  a  com puted  shearing stress 
of 300 psi, no diagonal cracks were developed. T he stresses in  th e  stirrups 
were very  small, th e  diagonal tension being tak en  up  b y  th e  concrete, 
w hich was still uncracked.
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t o r  th e  beam s w ithou t web reinforcem ent, a fter th e  diagonal cracks 
s ta rted , a  m ain  crack developed on each side of the  beam . These cracks, 
which were inclined a t  abou t 45 deg. to  the  horizontal, s ta rted  in  the  
lower half of th e  beam  and  progressed upw ard as th e  ra te  of deflection 
of th e  beam  increased. A t u ltim ate  load, the upper portion  of the beam  
sheared off in  the  compression zone.

F o r th e  beam s w ith web reinforcem ent, th e  diagonal cracks s ta rte d  in 
th e  lower half of th e  beam  as before. As th e  load increased, these cracks 
extended upw ard, while new cracks th a t  s ta rted  a t  th e  bo ttom  of th e  
beam s extended vertically  for a while, then  tu rn ed  a t abou t 45 deg. and 
ran  approxim ately  parallel to  the  o ther diagonal cracks. T he num ber 
of cracks developed and the distance betw een them  was, on the average, 
dependent on th e  ra tio  of web reinforcem ent. A t u ltim ate  load, th e  
beam s w ith  Y-in .  stirrups had  a  m ain diagonal crack on each side, a t  
each end, w ith  relatively  few cracks parallel to  these. In  the  beam s 
w ith  3 /8-in . stirrups, th e  diagonal cracks were more num erous and  th e  
distance betw een them  was, on th e  average, smaller. All beam s w ith  
3^-in. s tirrups failed in  com pression w hen th e  stress in  the  web re
inforcem ent had  barely  reached the  yield point, so th a t  the  diagonal 
cracks were no t fully developed; however, a t  u ltim ate  load, th e  num ber 
of cracks was generally greater th a n  for th e  o ther beams.

In  general, alm ost all of th e  diagonal cracks were well s ta rted  a t  the  
load a t  w hich th e  web reinforcem ent was stressed to  the  yield point. 
Increasing  the  load m erely opened up these cracks, extending them  up
w ard  u n til th e  u ltim ate  load was reached by  shearing off the  upper 
portion  of th e  beam .

All th e  beam s failed by  diagonal tension except those w ith  Y~in.  
stirrups, in  w hich failure was due to  crushing of th e  concrete in  com pres
sion, and  those of Series l a  w ith  3/8-in . stirrups, in  w hich failure was 
due to  the  sim ultaneous effect of tension in  the  m ain steel and  diagonal 
tension. F o r all beam s th a t  failed b y  diagonal tension, failure occurred 
in  abo u t th e  sam e w ay. One of th e  tw o m ain cracks a t  each side of th e  
specim en, w hich had  extended over abou t 7 /8  of th e  depth , s ta rted  to  
open up  rap id ly  a t  m id height as the  stirrups yielded, developing a t  bo th  
ends u n til th e  rem aining uncracked concrete a t  th e  top  of th e  diagonal 
crack failed b y  shear, causing a sliding of th e  tw o parts  of th e  beam  along 
th e  crack.

3— SERIES 1 A N D  2, A N A L Y S IS  O F TESTS

Experimental data

T able  2 gives properties of th e  m aterials used in  the  beam s, together 
w ith  th e  p rincipal resu lts of th e  tests. Fig. 3 gives average curves show-
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Strain in Web Reinforcement 
Fig. 3— Average 'shear-strain' curves for the web reinforcement. Series 1 and 2. a. K  in 
stirrups, (b) %  in. stirrups, (c) V2 in. stirrups.
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ing  th e  relation  betw een vertica l shear and  s tra in  in  th e  web reinforce
m en t for each ty p e  of beam s tested . In  th e  rig h t h an d  m arg in  of each 
figure, th e  shearing stress corresponding to  th e  v ertica l shear (com puted 
as explained la ter) is shown. T he p lo tted  po in ts in  those figures represen t 
ac tu a l values from  th e  te sts . In  p lo ttin g  these curves, and  in  analyzing 
th e  results, only ab o u t half of th e  m easured stra in s (those w hich reached 
th e  yield p o in t first) were considered. These were generally  located  on 
gage lines across or near th e  principal diagonal cracks.

Position of the neutral axis

From  th e  flexural stra ins determ ined  a t  m idspan, th e  position  of the 
neu tra l axis was com puted  for each loading. T he values so determ ined, 
and  corresponding to  th e  last five increm ents of loading a t  w hich stra in  
m easurem ents were taken , were averaged and  are given in T able 2 for 
each beam . As can be seen from  th is  tab le , k ranges from  0.507 to  0.578 
w ith  a  general average of 0.549. T his figure corresponds practically  
to  th e  value of k com puted for th e  cracked section w ith  n =  10. F rom  
n — 10, th e  value of j  =  0.833 was determ ined  for th e  cracked section 
and  th is  constan t value was used to  com pute th e  shearing stresses for the 
beam s of these tw o series.

I t  is realized th a t  th is  value of j  m ay  n o t be th e  ac tual value a t  the 
ou ter th ird s of the  beam s, b u t  i t  is in  agreem ent w ith  the usual practice 
in determ in ing  th e  shearing stresses. F u rtherm ore , it  is no t believed 
th a t  th e  lever arm  a t  th e  ou ter th ird s  is very  different from th a t  a t the 
cen ter w hen diagonal cracks have developed.

Average shear at the y ie ld  point stress in the web reinforcement

T he vertica l shear a t  w hich th e  s tra in  in th e  web reinforcem ent was 
equal to  th e  know n yield po in t s tra in  for th e  steel was determ ined for 
each gage line. T he sm allest eigh t shears so selected were averaged. 
T his average is a rb itra rily  defined as th e  “ average shear a t  which the 
stress in  th e  web reinforcem ent reached th e  yield p o in t” and  will be 
called Vv. T his shear and  th e  corresponding shearing stress have been 
selected as th e  basic values for th e  analysis of th e  tests . T his selection 
and  th e  consideration of th a t  shearing stress as th e  basic value on which 
a perm issible stress should be based is ju s t one criterion for th a t  p u r
pose. A lthough all of th e  beam s th a t  failed b y  diagonal tension took 
m ore load th a n  necessary to  stress th e  s tirrups to  th e  yield po in t, th is 
ex tra  load was tak en  a t  th e  expense of an  excessive increase in  w idth  
of th e  diagonal cracks. I t  rem ains to  be determ ined  w hether a  shear V v 
sustained  indefinitely  would n o t produce failure of th e  beam .
M ethod o f analyzing results

In  T able  2, th e  analysis of th e  results of th e  te s ts  for these tw o series is 
presented. Colum ns 1 to  10 of th is  tab le  give various quan tities  th a t



5IRENGTH OF WELDED STIRRUPS IN REINFORCED CONCRETE BEAMS 151

£  in  psi

Fig. 4— Relation between v„— Krf„ and concrete strength.

have been determ ined by  the  tests. T hey  are self-explanatory or have 
been explained previously. In  column 11 are given the values o f :

vy -  Krfy
K rfv is the theoretical shearing stress a t the  yield po in t s treng th  of the 

web reinforcem ent w hen th e  analogy w ith a truss is m ade in th e  analysis 
of th e  action of stirrups in reinforced concrete beam s.*

T he values of vy — Krfy have been p lo tted  in  Fig. 4 against the  concrete 
stren g th  as determ ined from  standard  te s t cylinders. Through th e  
po in ts so determ ined, a s tra igh t line has been passed, for which the 
equation  is

vy — K r f y =  200 -f- 0 .04 /'c (in psi)
T he shearing stress a t  which th e  stirrups are stressed to  the  yield point, 
as defined previously, is th u s represented fairly well, for these series of 
te s ts  b y  th e  following equation:

V y  =  Krfy +  0.04/'„ +  200 (in p s i) ................................(1)
T he shearing stresses determ ined b y  th is form ula are shown in Colum n 12 
of T able  2 and are denoted as “vy calc.” Colum n 13 of th e  sam e tab le 
gives th e  ra tio  betw een th e  shearing stresses calculated b y  form ula (1) 
and  those derived from  th e  experim ental value V y.

T he calculated and  experim ental values of vv agree more closely th an  
could generally be expected for tests  on reinforced concrete beams. W hen 
individual beam s are considered, th e  ra tio  betw een calculated and ex
perim ental values ranges betw een 0.914 and  1.027. T he general average 
for th e  beam s w ith  stirrups is 0.976, for those w ith  %-in.  stirrups,

*See, fo r exam ple, B u lle tin  166, U n iv ers ity  of Illino is, loc. cit.
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fc  in psi

Fig. 5— Relation between v„— v„ and concrete strength.

0.983, and for those w ith  J^-in. stirrups, 0.998. T he general average 
for all th e  specimens is 0.986.

Colum n 10 of T able 2 shows the  difference betw een the  experim ental
V

shearing stresses, — , a t u ltim ate  load and  a t  V v. T his difference, 
bjd

Vu — Vy, has been p lo tted  against concrete s tren g th  as abscissas in Fig. 
5. A stra ig h t line has been passed th rough  th e  po in ts so determ ined. 
T he equation  of th is s tra ig h t line is :

VU ~  Vy =  O.OG/'c 
su b stitu tin g  vy as given in equation  (1):

vu =  Krf y  +  0.10f 'c +  2 00 ................................................ (2)
W ith  th is form ula, th e  shearing stresses a t  u ltim a te  load have been com
p u ted  for each beam , are given in  C olum n 14 of T ab le  2 and  are 
denoted as vu calc. C olum n 15 gives th e  ra tio  betw een th e  shearing 
stresses com puted b y  form ula (2) and  those determ ined  experim entally, 
th e  agreem ent betw een calculated and  experim ental values is again 
\e r y  good, w ith  ratios th a t  range from  0.830 to  1.086 for individual 
beams. T he general average for th e  beam s w ith  34-in. s tirru p s is 0.998, 
for those w ith  % -in. s tirrups, 0.983, and  th e  general average for all the 
beam s th a t  failed by  diagonal tension, 0.99.

The m easured deflections a t  th e  cen ter of th e  beam s were com pared 
w ith  the  theoretical deflections com puted  b y  M an ey ’s equation .*  For 
a beam  loaded a t  the  th ird  points, th is  equation  is

n  23 I2 , , .D  =  (c +  t)
_______  216 d ’

A .S ^ aM yT ? c h n ^ a l ^ P a p e r s " ^  u T p .1 « "  W H ?“  ^  D efiection  in  R ein fo rced  C on cre te  B eam s,"  P roc.
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Fig. 6— Average "shear-strain”  curves for the web reinforcement. Series 1 a.

in  w hich I is th e  span, d th e  effective depth, c the  stra in  a t  the top  fiber, 
and  t th e  average stra in  in the  tension steel.

T he m easured deflections a t  u ltim ate  load were in certain  cases as m uch 
as 40 per cent greater th an  the com puted. A t th e  load corresponding to  
V y, the  m easured deflections were on th e  average 10 to  20 per cent 
g rea te r th a n  th e  calculated. P a r t  of th is disagreem ent betw een m easured 
an d  calculated deflections is due to  th e  effect of th e  shearing deflections, 
a n d  th e  o ther p a r t is believed to  be due to  the opening of the  diagonal 
cracks, which M aney’s equation does not take in to  account.

4 — SERIES 1 a, A N A L Y S IS  OF TESTS

This series of tests was m ade w ith  the purpose of studying the effect 
of vary ing  th e  ratio  of m ain reinforcem ent. T he four beam s of th is 
series were entirely  sim ilar to  those of Series 1 w ith vertical stirrups of 

and  M -in. d iam eter, the  only difference being in the m ain steel. Table 
2 gives the principal properties of the m aterials used in the beams, to 
gether w ith  the  results of the  tests. In  Fig. 6 are given average shear- 
s tra in  curves for th e  tw o types of beam s tested.

The analysis of tests  was m ade in th e  same way as for Series 1 and  2. 
T h e  lever arm  of th e  resisting couple was determ ined for the  cracked 
section w ith a value of n =  8 corresponding to  the average experim ental 
k =  0.39. W ith  n =  8, j  =  0.886. F rom  an analysis sim ilar to  th a t  
explained for Series 1 and  2, th e  following general equations were fitted  
to  th e  te s t re su lts :



vy =  K r fy +  0 .04 /'c +  94 (in p s i) ................................. (3)
and

vu =  K r f y +  0.10f 'c +  94 (in p s i) ................................ (4)
T able  2 shows the  re lation  betw een th e  values calculated  by  the  foregoing 
form ulas and  th e  experim ental values. T he agreem ent betw een cal
cu lated  and  experim ental values is again very  good w ith  averages th a t  
for all practical purposes can be considered as 1.0.

5—DISCUSSION

T he analysis of these te s ts  indicates th a t  th e  stren g th  of welded 
stirrups can be given by  a form ula of th is  ty p e :

v =  K r fy -I- qfo +  s p .............................................(5)
in  which v is the  shearing stress, Kr fv is th e  shearing stress th a t  th e  
beam  would be able to  resist if th e  truss analogy th a t  is usually  m ade in 
analyzing th e  action of th e  web reinforcem ent in  reinforced concrete 
beam s held absolutely  tru e  in  an  ac tual beam . T he q u a n tity  q f  c, in 
which q is a  coefficient and  f ' c the  concrete streng th , gives th e  effect of the  
concrete in  resisting diagonal tension. T he coefficient q for th e  beam s 
tested  was 0.04 when th e  shear V y was considered, and  0.10 w hen the  
u ltim ate  shear was analyzed. T he q u a n tity  sp, in  w hich s is a  coefficient 
and  p  th e  ra tio  of tension steel, gives th e  effect of th e  m ain  reinforcem ent 
on th e  resistance to  diagonal tension. T he fac to r sp was 200 in  form ulas 
(1) and  (2), and  94 in  form ulas (3) and  (4). W ith  these values, th e  
coefficient s is 5000.

A lthough th e  q u a n tity  sp has been tak en  as p roportional to  th e  ratio  
of m ain  reinforcem ent, there  is no definite proof from  th e  te sts  for th is  
supposition, w hich has been based m ainly  on th e  resu lts of Series la . 
Should th is  assum ption be true , i t  seems likely th a t  th e  fac to r sp is no t 
only a  function  of th e  ra tio  of reinforcem ent b u t also of th e  size of th e  
bars used. N o definite answers can be given to  these questions, as only 
tw o ratios of m ain  reinforcem ent and  one size of bars were used in  these 
tests.

T he action  of a  beam  w ith  w elded stirrups in  resisting diagonal tension 
when it  is sub jected  to  a shear in  the  neighborhood of V v m ay  be likened 
to  th a t  of a  tru ss  in  w hich th e  to p  chord is form ed b y  th e  com pression 
zone of th e  concrete, the  bo tto m  chord by  th e  long itud inal reinforcem ent, 
the tension web m em bers by  th e  stirrups, and  th e  com pression web 
m em bers b y  portions of the  concrete web of th e  beam . T he m em bers 
of th is  tru ss  are connected rigidly, b u t th e  rig id ity  of th e  tension  web 
m em bers is so sm all th a t  th ey  a c t p ractically  as if th e y  were pin-con
nected. T he to p  chord, th e  b o tto m  chord, and  th e  com pression web 
m em bers have enough rig id ity  so th a t  th e  tru ss  can be th o u g h t of as a
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tru ss  whose behavior lies somewhere betw een th a t  of a  Vierendeel truss 
w ith  special diagonal m em bers and th a t  of a  pin-connected truss. T he 
stresses th a t  would exist in th e  tension web m em bers if the  truss were 
pin-connected are relieved by  the  rig id ity  of th e  o ther m em bers. The 
factor qf'c in  form ula (5) would account for the  rig id ity  of th e  top  chord 
and  th a t  of th e  compression web m em bers, and th e  factor sp for th e  
rig id ity  of the  m ain reinforcem ent. T he scattering  of the  points in Fig. 4 
from  th e  s tra ig h t line would depend on variations of th e  rig id ity  of the 
to p  chord and  com pression web m em bers due to  differences in  th e  ex
tension and  location of the  diagonal cracks and in  the  d istance betw een 
them .

A fter th e  shearing stress Vv is reached, th e  deform ation of th e  tension 
web m em bers increases so rapidly  th a t  th e  truss can tak e  more load only 
a t  th e  expense of th e  compression chord whose flexural resistance is 
rap id ly  decreased by  th e  extension of the  m ain  diagonal crack un til th e  
rem aining p a r t fails by  shear along th is crack. T his would explain w hy 
th e  values of vu — vy are a  function of the  concrete s treng th  only.

T he analogy usually  m ade, in  which th e  action  of th e  beam  is likened 
to  th a t  of a  pin-connected truss, appears to  be substan tia lly  correct in 
determ ining th e  value of the  coefficient K  in  form ula (5). The agree
m en t betw een calculated and experim ental values in  T able 2 indicates 
th a t  for stirrups inclined a t  67.5 degrees, the  factor Krfy is abou t 20 
per cent g reater th a n  for stirrups a t  45 or 90 deg. T his factor Kr fy can 
be th o u g h t of as representing th e  effect of p rim ary  stresses in th e  truss 
w ith  rigid connections. T he o ther tw o factors in  form ula (5) would 
rep resen t th e  effect of secondary stresses in th a t  truss due to  th e  rig id ity  
of the  connections. T he effect of these secondary stresses decreases 
som ew hat th e  advan tage  given by  th e  stirrups inclined a t  67.5 deg. 
over those inclined a t 45 or 90 deg. In  Fig. 7, th e  theoretical ra tio  be
tw een the  shearing stresses a t  Vy for stirrups a t  67.5 deg. and those for 
stirrups a t  45 and 90 deg. have been represented. The calculations have 
been m ade for a beam  w ith  one per cent of longitudinal steel and  assum 
ing the  coefficient s equal to  5000. T he value of f y has been tak en  as
40,000 psi. W ith  these values, vy is given by :

F o r s tirrups a t  67.5 deg. vy =  1.20r X 40,000 +  0 .04 /'c +  5000 X 0.01
F or stirrups a t  45 or 90 deg. vy =  r X 40,000 +  0 .04 /'c +  5000 X 0.01 

From  Fig. 7, i t  can be seen th a t  th e  efficiency of th e  stirrups a t  67.5 deg. 
com pared to  those a t  45 or 90 deg. depends on th e  ra tio  of web reinforce
m ent as well as on th e  concrete strength . F o r a concrete s treng th  of 3000 
psi., and  vary ing  th e  ra tio  of web reinforcem ent from  0.2 to  1.00 per 
cent, th e  ra tio  represented ranges betw een 1.064 and  1.14. If  these cal
culations are m ade for 2 per cent of tension steel, th e  range of th e  ra tio  for 
th e  sam e conditions is from  1.053 to  1.129.
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at 45 deg. or 90 deg. as a function of the ratio of web reinforcement.

T he cu rren t use of welded stirrups in  reinforced concrete beam s seems 
econom ically possible only if a  scheme is worked ou t so th a t  welded un its 
sim ilar to  those shown in the photographs of th is paper are prepared in 
advance in the  shop, so th a t  when th ey  arrive a t  th e  construction w here 
th ey  are to  be placed, th ey  will require a m inim um  of w orkm anship 
and  handling. In  th is case, advan tage  should be tak en  of th e  b e tte r 
efficiency given b y  stirrups placed a t  67.5 deg. to  th e  axis of th e  beams.

T he safe shearing stress th a t  the  stirrups will be able to  resist should 
be based on th e  value of vy, w hich for these tests  was equal to :

vy =  K rfv +  0 .04 /'c +  5000p (in p s i) ............................(6)

K  being 1.00 for s tirrups placed a t  45 or 90 deg. and 1.20 for s tirrups a t
67.5 deg. T he fac to r of safety  b y  w hich vy should be divided is a m a tte r  
of judgm ent. I t  is believed th a t  in selecting th e  fac to r of safety, some 
ex tra  allowance should be m ade in the  factor 5000p due to  the  unknow n 
effect of th e  longitudinal bars.

The following form ula for th e  safe shearing stress is p rop o sed :

Vs =  K rfa +  0 .02 /'c +  2000p (in p s i) ............................(7)

Fig. 8 gives th e  factor of safety, -  , as a  function  of th e  ra tio  of
Vs

web reinforcem ent for several concrete strengths. T he com putations 
have been m ade for a  beam  w ith  one per cent of longitud inal reinforce
m ent and s tirrups a t 67.5 deg. T he value f y has been assum ed to  be
40,000 psi and th a t  o f / ,  to  be 20,000 psi.



STRENGTH OF WELDED STIRRUPS IN REINFORCED CONCRETE BEAMS 157

Z 2 5

2.20

í  2.I5 *•— o

o

O 2 0 5  
o
“■2.00 

I 9 5

0 .2  0 .4  0 .6  0 .8  I.O

r  in  %

Fig. 8— Factor of safety, with reference to yie ld ing of web reinforcementv-?, as a function of
v,

the ratio of web reinforcement for p =  0.01 and stirrups at 67.5 deg.

D ue to  th e  fact th a t  th e  factor K r f  is more im portan t for stirrups a t
67.5 deg. th an  for those a t  45 and 90 deg., the  factor of safety, com puted 
as before, is a little  g reater for these la tte r  types of stirrups.

Fig. 9 gives the  relation  betw een the shearing stresses a t u ltim ate  load 
determ ined by  th e  form ula

vu =  K rfv +  O.lO/'c +  5000p........................................... 8)
and  th e  safe shearing stresses com puted from  form ula (7). These values, 
given for various concrete strengths, are p lo tted  as ordinates against ab 
scissas representing  the ra tio  of web reinforcem ent. In  com puting these 
values, a beam  w ith one per cent of longitudinal reinforcem ent and 
s tirrups a t  67.5 deg. was assum ed. T he value of /„ was taken  as 40,000 
psi. and  th a t  o f / s as 20,000 psi.

T his factor of safety  depends greatly  on b o th  th e 'co n cre te  strength  
and  th e  ra tio  of web reinforcem ent. I t  is more th a n  3 for sm all ratios 
of web reinforcem ent and as low as 2.43 if one per cent of web reinforce
m en t and a weak concrete (2000 psi.) is used, th e  ratio  of longitudinal 
reinforcem ent being also one per cent.

6 — C O M P A R IS O N  W ITH FORMER TESTS O N  LO O SE STIRRUPS

A survey was m ade of form er tests  on web reinforcem ent in  order to  
com pare the  behavior of welded stirrups w ith  the  conventional loose 
stirrups. I t  was found th a t  practically  all of the  beam s (of sizes com
parable to  those com m only used in buildings and other structures) th a t

Vy= l.2 rfy +  0 .0 4 ^ + 5 0 0 0  p 
-v,= I.2 r fs+  0 .0 2 f¿ + 2 0 0 0  p

fyF 4 0  0 0 0  psi 

f,= 2 0  0 0 0  psi

fc= 2 0 0 0  psi 
£ ■= 3 0 0 0  psi 
£ = 4 0  0 0  psi

Fc= 5 0 0 0  psi 
£= fiO O O psi
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Fig. 9 — Factor of safety, based on ultimate strength — , as a function of the ratio of web
vs

reinforcement for p =  0.01 and stirrups at 67.5 deg.

were previously tes ted  had  failed by  causes o ther th a n  diagonal tension. 
T he only tests  th a t  could be used for th is  purpose are those repo rted  by 
S later, Lord, and  Z ipprodt.*

The specim ens used in th a t  investigation  were short, deep, reinforced 
concrete I-beam s loaded a t  th e  center and provided w ith  stiffeners a t  th e  
support and  the  center. Because of the  heavily  reinforced flanges and  
th e  presence of vertical stiffeners, th e  beam s resem bled V ierendeel 
girders w ith  a th in  web betw een th e  m ain  m em bers. D ue to  th is , th e  
action  of those beam s was probab ly  different from  th a t  of th e  beam s 
reported  herein. For th is  reason, a lthough a com parison has been 
a ttem p ted , i t  is believed th a t  i t  does no t se ttle  th e  problem , b u t gives 
only a  general idea of w hat m ight be expected.

T able 3 shows b y  reference num ber, as given in th e  rep o rt cited, th e  
specimens selected for th is com parison. N o specific yield p o in t stress is 
given for th e  steel; i t  is only s ta ted  th a t  “ the yield p o in t stress of th e  
shrapnel steel bars varied  w ith  th e  size of th e  bar, w ith  some degree of 
regularity , from  ab o u t 55,000 psi. for 1 ^  in. to  ab o u t 70,000 psi. for 
%-in.  bars.”  T he values shown in T able  3 have been determ ined  by  
assum ing a  s tra ig h t line varia tion  betw een th e  extrem e values noted.

*W . A. S later, A. R . Lord , an d  R . R . Z ipp rod t, “ S hear T ests  of R ein fo rced  C oncre te  B eam s,” Tech. 
P ap e r N o. 314 of th e  B u reau  of S tanda rds.
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TABLE 3—

C O M P A R IS O N  O F THE EFFICIENCY O F W ELDED A N D  LO O S E  STIRRUPS

Based on test values for loose stirrups (Technologic Paper 314, U. S. Bureau 
of Standards) and values calculated from Equation 8.

Ref.

No.

f'o

psi.

V,

%

r,

%

fv

psi.

Vu

psi.

Vu
corrt’d,

psi.

Vu

calc.

Ratio 
vu calc.

Vu

Ratio 
vu calc. 

Vu corrt’d

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

13 5970 2.3 1.30 63,500 1030 950 1540 1.49 1.62
18 3510 2.3 1.30 63,500 970 900 1290 1.33 1.43
23 5580 1.73 2.60 65,500 1700 1470 2345 1.38 1.59
28 3690 2.33 0.92 65,500 980 910 1085 1.11 1.19
34 5550 2.02 1.55 68,000 1550 1360 1710 1.10 1.25
35 5160 1.41 1.66 68,000 1430 1220 1715 1.20 1.40
38 5750 2.04 1.20 68,000 1310 1150 1495 1.14 1.30
40 5720 2.26 0.83 68,000 1120 1010 1250 1.11 1.24
41 5700 2.34 0.59 68,000 880 805 1090 1.24 1.35
44 4720 2.04 1.77 68,000 1580 1390 1775 1.12 1.28
46 4150 2.29 0.86 68,000 1060 930 1115 1.05 1.20
52 5920 1.98 0.81 70,000 1290 1090 1260 0.98 1.15
53 5170 2.03 0.95 70.000

70.000
1410 1200 1285 0.91 1.07

56 4170 2.28 1.16 880 600 1345 1.53 2.24*
69 5500 2.01 2.38 65,500 1860 1640 2210 1.19 1.35
70 5310 2.04 2.52 65,500 1840 1650 2285 1.24 1.38

• 71 3650 2.04 2.69 65,500 1960 1820 2225 1.14 1.22
72 5400 2.02 1.58 68,000 1790 1600 1815 1.01 1.13
73 5190 1.99 1.49 68,000 1730 1530 1630 0.94 1.07
74 4380 2.04 1.16 68,000 1220 1075 1330 1.09 1.24
76 5950 2.24 0.83 68,000 1290 1210 1270 0.99 1.05
77 4990 2.34 0.58 68,000 970 910 1010 1.04 1.11
78 5160 2.02 1.67 68,000 1720 1490 1755 1.02 1.18
81 5230 2.02 0.87 70,000 1400 1210 1235 0.88 1.02
82 4380 2.01 0.84 70,000 1300 1120 1125 0.87 1.00
83

Average

3240 2.04 0.94 70,000 1310 1120 1085 0.83

1.11

0.97

1.23

* N o t considered in  th e  average.

T his s tu d y  has been lim ited to  a  comparison of th e  probable shearing 
stresses th a t  th e  beam s would resist a t  u ltim ate  load were th ey  reinforced 
w ith  welded stirrups as calculated by form ula (8); and the ac tual u ltim ate  
shearing stress given by  th e  tests. Of th e  114 beam s reported  in  Tables 7 
and  8 of th e  Technological Paper No. 314, 26 were selected for th is 
purpose. T he selection was m ade b y  considering only those w ith  web 
reinforcem ent sim ilar to  th a t  used in  th is investigation reported  to  have 
failed in diagonal tension and in which th e  stress in the web reinforcem ent 
a t  failure had  reached the  yield point. Colum n 6 shows the  shearing 
stresses a t  u ltim ate  load, based on gross section, as given in  Tables 7 and 
8. These stresses, reported  to  have been corrected to  allow for the  stiff
ness of th e  heavy  flanges and stiffeners of the  te s t beams, appear, from  
th e  m axim um  loads listed, to  be uncorrected. The w riter has therefore 
applied a  correction to  th e  shearing stresses listed in Technological
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P aper No. 314, determ ined  as ind icated  on page 414 and  based on th e  
m axim um  deflections listed  on page 492 of th a t  paper. Values of the  
m axim um  shearing stresses, uncorrected  and corrected, are given in 
Colum ns 6 and 7 of T able  3.

For com parison, th e  w riter has com puted values of vu b y  use of E q . (8). 
F o r th is purpose, p has been tak en  as th e  ra tio  of th e  tension  steel section 
to  th e  rectangular section enveloping th e  I-beam  cross section. T he ra tio  
of th is  calculated value to  the  uncorrected  and  corrected values of 
Colum ns 6 and  7 is shown in Colum ns 9 and  10 of T able 3. These ra tio s 
show considerable spread in th e  individual values, as m igh t be expected. 
On th e  average, i t  can be said th a t  th e  s tren g th  of w elded stirru p s m ay  
be expected to  be betw een 10 and  25 per cent g reater th a n  th a t  of loose 
stirrups.

Due to  th e  heavy  reinforcem ent provided in th e  com pression flange of 
th e  reinforced concrete I-beam s i t  is believed th a t  th e  values given in 
Colum n 10 represent more nearly  w hat could be found on sim ilar speci
m ens w ith  w elded and  loose stirrups. F rom  th e  discussion in  Section 5 
of th is paper, i t  is to  be expected th a t  th e  stren g th  provided by  th e  rein
forced concrete I-beam s afte r the  load corresponding to  Vv had  been 
reached, was com paratively  m uch greater th a n  th a t  given b y  the  speci
m ens reported  in  th is investigation. I t  seems reasonable to  expect th e  
welded stirrups to  be, on th e  average, abo u t 20 per cent stronger th a n  
sim ilar loose stirrups. T he use of welded s tirrups w ith 67.5 degrees in 
clination will m ake these stirrups 25 to  35 per cent stronger th a n  th e  
loose stirrups placed a t 45 or 90 deg. Furtherm ore , while inclined loose 
stirrups were used in the  labo ra to ry  te sts  of Technological P aper N o.314, 
i t  is n o t likely th a t  such stirrups would be p rac tica l or sa tisfactory  in  
building construction.

7— S U M M A R Y  A N D  C O N C LU S IO N S

T his investigation em bodies the  te s ts  of 44 beam s of reinforced concrete 
of a size com parable to  th a t  com m only used in  buildings and  o ther stru c
tures, and designed in such a  w ay as to  produce failure b y  diagonal te n 
sion. T he tests  were m ade on sim ple beam s subjected  to  tw o-po in t 
loading, and the  web reinforcem ent was placed in the  region of constan t 
shear. A fairly  large am oun t of tension steel was used to  avoid failure 
by  longitudinal tension or bond. T he web reinforcem ent was provided 
by  s tra ig h t stirrups w elded to  th e  m ain  reinforcem ent to  form  a un it. 
Variables including th e  size and  inclination  of th e  s tirrups and  th e  ty p e  
of concrete used were studied. In  four of th e  beam s th e  ra tio  of m ain  
reinforcem ent was varied, in w hich case th e  q u a n tity  of tension  steel was 
more nearly  com parable to  th a t  com m only used in reinforced concrete 
beams.
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T he following are general rem arks based on the  results and discussion 
of these te s ts :

(a) The beam s w ithou t web reinforcem ent failed by  diagonal tension 
a t  an  average shearing stress of abou t 490 psi.

(b) F o r beam s w ith  web reinforcem ent, an  analysis was m ade of the 
te s t results, w ith  particu lar a tten tio n  to  tw o stages of loading: (1) for 
th e  load a t  which th e  yield po in t stress of the  web reinforcem ent was 
reached, as defined in Section 3, and (2) for th e  u ltim ate  load. For bo th  
cases a form ula was developed for the shearing stresses. F or the  load a t 
which th e  web reinforcem ent was stressed to  the  yield point, th e  shearing 
stress is given b y :

vy =  K r f y  +  0 .04/'c +  5000p (in p s i.) .......................... (6)
A t u ltim ate  load, th e  shearing stress is given by :

vu =  K r f y  +  0 .10/'c +  5000p (in p s i .) ............................ (8)
(c) T he safe shearing stress th a t  th e  stirrups will be able to  resist 

should be based on form ula (6). The factor of safety  by  which vy should 
be divided is a  m a tte r  of judgm ent.

The following form ula for th e  safe shearing stress is proposed:
va =  Krf„ +  0 .02 /'c +  2000p (in p s i.) ..........................(7)

This form ula gives a  factor of safety  a  little  greater th an  tw o w ith respect 
to  Vy and a m im um um  of 2.43 w ith  respect to  vu when a 2000 psi. concrete 
is used in  a  beam  th a t  has one per cent of b o th  web and m ain reinforce
m ent, w ith  fy — 40,000 psi. and /„ =  20,000 psi.

(d) A stu d y  was m ade of th e  ra tio  of th e  strengths of beam s m ade w ith  
welded and  loose stirrups. F or th a t  purpose, 26 beam s were selected 
from  th e  series of tests reported  by  Slater, Lord, and Zipprodt in T ech
nological P aper No. 314 of the B ureau of S tandards.

A lthough relatively  short beam s were used in  b o th  series of tests 
studied , th e  com parison is rendered uncertain  by  the fac t th a t  th e  tw o 
series of tests  were m ade 25 years apart, a t  different laboratories, and 
w ith  different m aterials, techniques, and types of te s t beam s. F rom  the  
com parison, i t  seems reasonable to  expect a  beam  m ade w ith  welded 
stirrups to  have on th e  average, abou t 20 per cent greater resistance to  
diagonal tension th a n  one containing sim ilar loose stirrups. Furtherm ore 
the  use of welded stirrups w ith a  67.5 deg. inclination should m ake a 
beam  25 to  35 per cent more re sistan t th a n  one m ade w ith loose stirrups 
placed a t  45 or 90 deg.

(e) A com parison was m ade betw een th e  m easured deflections a t 
m idspan and  th e  theoretical deflections due to  flexure, as calculated by 
M aney’s equation. The m easured deflections a t  u ltim ate  load were 
som etim es as m uch as 40 per cent greater th a n  the calculated ones. A t



the  load corresponding by  Vv, th ey  were, on th e  average, 10 to  20 per 
cen t g rea ter th a n  th e  calculated values. T his indicates th e  presence of 
shearing deflections and  deflections due to  opening of diagonal cracks of 
appreciable im portance in these te s t beams.

A C K N O W L E D G M E N T

These te s ts  were m ade in th e  U niversity  of Illinois E ngineering E x
perim ent S ta tion  under the  supervision of Prof. F ran k  E . R ichart. 
T he w riter is very  m uch indeb ted  to  Professor R ich art for m any  valuable 
suggestions and criticism s th rou g h o u t th is  investigation .
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4 2 nd A N N U A L  A C I  C O N V E N T IO N  

N ew  Y ork C ity — Feb. 18 -21 , 1946

The times have not yet come when hotel accommodations are "easy".
M ake  your plans early to attend the A C I meetings in New York City 
and M A K E  YO U R  RESERVATIONS EAR LY. The management of 
Hotel New Yorker has promised to take care of a ll A C I people— butthat 
promise is based on your responsibility to make early and specific reser
vations. In making these reservations be sure to identify yourself with 
AC I.

Timely and varied subject m atter will engage six general 
sessions of the Institu te’s 42nd Annual Convention at 
Hotel New Yorker, New York City, Tuesday, Wednesday 
and Thursday, February 19 to 21, 1946.

This will be ACI’s first postwar get-together and the 
first in the nation’s metropolis since 1939—not counting 
the pocket-size, purely administrative, meetings last 
February.

Some outstanding objectives in subject m atter were 
discussed by the Board of Direction in September and re
ferred to the Publications Committee, Robert F. Blanks, 
Chairman. The Committee is a t work to produce a good 
program. To all ACI Members it might be said: If you 
are asked to help, try  to do it. If you have an idea—a sug
gestion of a worth-while source for a J o u r n a l  paper likely 
to be of interest to many readers, pass it on to Air. Blanks 
(Bureau of Reclamation, Denver) with a copy to the ACI 
Secretary. I t  is well to remember that not all good papers 
are good convention papers. The rostrum presents 
problems different from the printed page.

“Leaders” have been named, each of whom is to develop 
a subject coverage—not in one paper but in several brief, 
brisk convention presentations which will leave laborious 
detail for study in the printed page, from which such de-

(1)



tail can be more readily absorbed. Papers offered for each 
session are first to be prepared in full in a version intended 
for publication—then be briefed by their authors for 
convention purposes.

Board of Direction and Advisory Committee meetings 
are scheduled to be held Monday, February 18, with 
meetings tha t day also of such technical committees as do 
not involve personnel conflicts with Board or Advisory 
Committee. Other technical committees are planning to 
meet Tuesday morning, February 19.

General convention registration will begin at 9 a.m. on 
the 19th. The following sessions are scheduled:

Tuesday, February 19 —2 p.m.
8 p.m.

Wednesday, February 20—9.30 a.m.
2.00 p.m.
8 p.m.

Thursday, February 21 —9.30 a.m.
Subjects scheduled tentatively for special attention are:

Reinforced concrete design theory and practice.
Concrete construction practice.
Research (under the customary auspices of ACI Com

mittee 115, Morton O. Withey, Chairman, and S. J. 
Chamberlin, Secretary).

Maintenance and repair of concrete structures.
Use of air-entraining concrete.
In addition to these, a sprinkling of diversified papers.
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W H O ’S W H O  in this J O U R N A L

Glenn S. Paxson
ACI member since 1930, is Bridge En
gineer for the Oregon State Highway Com
mission. He received his B.S. degree from 
Oregon State College in 1912 and a C.E. 
degree in  1937 from the same school. Fol
lowing his graduation he was for two years 
assayer and surveyor for the Ben Harrison 
Mines Co. in Eastern Oregon, and then for 
three years was superintendent of quarry

operations producing surfacing m aterial 
for highway construction. He served as 
1st Lieut, during the F irst W orld W ar 
w ith eighteen m onths’ service in France. 
Upon returning to  civil life, he entered the 
employ of the Oregon S tate Highway 
Commission and has remained continu
ously w ith this organization successively 
as transitm an, resident bridge engineer, 
assistant bridge engineer in charge of con
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struction, and bridge engineer, serving in 
the la tte r position since 1935. See his con
tribution on maintenance and repair of 
concrete bridges p. 105.

T. C. Powers
ACI member since 1927—twice a Wason 
Research Medalist, is too well known as a 
contributor to this J o u r n a l  and as M ana
ger of Basic Research, Portland Cement 
Association, Chicago, to  need an introduc
tion in this column on the occasion of his 
paper “Should Portland Cement Be Dis
persed?” p. 117.

Oreste Moretto
ACI member only since 1944, is a graduate 
of the University of Litoral, Rosario, Ar
gentina, where he received the degree of 
Civil Engineer in 1940. From 1940 to 
1943 he was engaged on bridge design for 
the Public Roads Administration of Ar
gentina. Since September, 1943, he has 
pursued graduate studies in Civil Engi
neering a t the University of Illinois, work
ing under fellowships from the University 
of Litoral and the Institu te of In terna
tional Education in New York City.

Mr. M oretto received the degree of 
M.S. in Civil Engineering in 1944 and is 
now completing his work for the Ph. D. 
degree. He expects to return to  his native 
country, Argentina, in 1946. His contri
bution to  this J o u r n a l  p. 141 grew out of 
work with Prof. F. E. R ichart a t Talbot 
Laboratory, University of Illinois.

Phaon H. Bates Retires
Phaon H. Bates, chief of the Division of 

Clay and Silicate Products, National 
Bureau of Standards, and a member of 
the Bureau’s staff since 1910, exercised 
his optional retirem ent privilege Sept. 15, 
1945. Mr. Bates was born August 1, 1879, 
in Sipisville, Somerset County, Pa. and 
received his formal education in the public 
schools of Philadelphia and a t the Uni
versity of Pennsylvania, choosing chem
istry  as his profession. He served in the 
chemical laboratory of the Pennsylvania 
Railroad where he analyzed miscellaneous 
supplies and later joined the staff of their

locomotive testing plant where he worked 
on coals, ashes, and combustion products. 
From 1906 to  1910 he served as a chemist 
in the Pittsburgh laboratory of the U. S. 
Geological Survey.

When on July 1, 1910, the functions of 
th a t laboratory were divided between the 
newly established Bureau of Mines and the 
N ational Bureau of Standards, he was 
transferred to the latter. Continued as the 
Pittsburgh branch of the Bureau, a lab
oratory was maintained on the grounds of 
the old U. S. Arsenal in th a t city for cera
mic research and the testing of structural 
materials; he became principal chemist of 
this laboratory, and was placed in entire 
charge of the work. Because of unsettled 
conditions prior to World W ar I, it ap
peared th a t the United States would be 
cut off from its supply of optical glass, and 
facilities for its production were not avail
able in this country. Mr. Bates organized 
an experimental program th a t ultimately 
led to the manufacture of high grade opti
cal glass in the Pittsburgh laboratory.

On the completion of the Bureau’s In 
dustrial Building in 1919, the major por
tion of the work of the Pittsburgh branch 
was transferred to Washington where it 
was consolidated with other projects to 
form a new division concerned with engi
neering and structural materials. This 
eventually became the present Division of 
Clay and Silicate Products, covering the 
fields of whiteware, optical glass, refrac
tories, ceramic coatings, cement and con
crete, lime and gypsum, stone, and ma
sonry construction. This division played 
a leading part in the extensive test pro
gram on building materials and structures 
conducted during the years just preceding 
the war, the results of which have been 
published in a series of more than one 
hundred reports.

During World War II, the optical glass 
laboratory assumed the proportions of a 
fair-sized industrial plant with all the usual 
difficulties of recruiting personnel and 
meeting exacting production schedules. 
T hat these difficulties were overcome is 
due in no small measure to the work of 
Mr. Bates. Another im portant contribu
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tion of the Division was the development 
of a new ceramic coating for the protection 
of m etal parts against corrosion a t high 
tem peratures. This was used on the ex
haust system of aircraft and amphibious 
vehicles.

Mr. Bates has always taken a leading 
part in the development of testing meth
ods and likewise in the preparation of 
Federal and other nationally-used specifi
cations. In  recognition of his outstanding 
reputation in this field, he was elected 
president of the American Society for 
Testing Materials a t the 47th annual 
meeting in June 1944, serving until June 
30, 1945. He delivered the 1940 Edgar 
M arburg Lecture to  this Society, a lecture 
given annually by an outstanding techni
cal authority  as a means of emphasizing 
the promotion of knowledge of engineering 
materials.

He has been closely identified for many 
years w ith the work of the American Ce
ramic Society of which he is a fellow, and 
of the American Concrete Institute. Presi
dent of the Institu te  from 1934 to  1936, he 
was awarded its T urner Gold Medal in 
1939 “for contributions to  science, direc
tion of research and outstanding leader
ship in advancing the intelligent utiliza
tion of cement and concrete.” A member 
of ACI continuously from 1926 and elected 
a director in the same year, he had been an 
active member in the In stitu te’s earlier 
years. He had been member and chair
man of its Publications Committee, mem
ber of Advisory Committee, member and 
chairman of its former Program Com
mittee. He was also a member of the ACI 
Standards Committee, from which he 
resigned a t the time of his retirement. He 
had always been an active advocate of 
increased work on the development of 
standards. He is a fellow of the American 
Association for the Advancement of 
Science and a member of the American 
Chemical Society, the Washington Acad
emy of Sciences, and the Cosmos Club.

Author or co-author of several Bureau 
papers dealing with portland cement and 
related subjects, he has also contributed 
numerous articles to the technical journals

in his special fields of activity.
Douglas E. Parsons has been named 

chief of the Division of Clay and Silicate 
Products to  succeed Mr. Bates.

Douglas E. Parsons
President of American Concrete Institu te, 
who has been a member of the staff of the 
National Bureau of Standards for more 
than  tw enty years, became, in September, 
Chief of the Bureau’s Division of Clay and 
Silicate ' Products, to  succeed Phaon H. 
Bates, who retired from Government 
service on Sept. 15, 1945. Mr. Parsons, a 
civil engineer, has been associated w ith the 
Bureau’s section on masonry construction.

A native of Iowa, born in Marion, Nov.' 
3, 1894, Mr. Parsons received his formal 
education in his home state, graduating in 
1917 with the A.B. degree and receiving 
the C.E. degree in 1923, both from Cornell 
College, M ount Vernon, la . In  the United 
States Army from 1917-19, he served as a 
Lieutenant with the 89th Division, Ameri
can Expeditionary Forces. Upon his re
turn to civilian life, he became Assistant 
Chief Engineer of the Iowa Railway and 
Light Co., Cedar Rapids.

In  1923 he joined the staff of the N a
tional Bureau of Standards, was placed in 
charge of the Masonry Construction Sec
tion in 1929, and early in 1944 was de
signated assistant chief of Division IX  
which he now heads; his entire service with 
the Bureau has been in th a t division.

Following many years of active partici
pation in the affairs of the American Con
crete Institu te, Mr. Parsons was elected its 
President in February of this year, for a 
one-year term. In  1936, he was awarded 
the Institu te’s Wason Medal in recogni
tion of noteworthy research; he shared this 
honor jointly w ith Ambrose H. Stang of 
the National Bureau of Standards and 
Vice-Admiral Ben, Moreell, U. S. Navy, 
Bureau of Yards and Docks, for work in
volved in their studies of Mesnager Hinges 
used in concrete construction. Through a 
coincidence, the medal was presented to 
him  by P. H. Bates, then President of the 
Institu te , whom he has now succeeded as 
division chief.
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Mr. Parsons has been an Institu te  mem
ber since 1926, a member of its Board of 
Direction since 1941 and served as member 
of the Advisory Committee and of its Pub
lications Committee, having been chair
man of the la tter 1941 to 1945.

He is a member of the American Society 
of Civil Engineers, the American Society 
for Testing Materials, the American Asso
ciation for the Advancement of Science, 
the Society for Experimental Stress An
alysis, and the Washington Academy of

Sciences; and is Chairman of American 
Standards Association Committee A-41 of 
Masonry, and the Federal Specifications 
Technical Committee on Precast Rein
forced Concrete Products. Mr. Parsons 
is author or co-author of a large number 
of papers in the Bureau’s series of publi
cations, including more than a dozen of 
the Building M aterials and Structures Re
ports on structural properties of various 
types of masonry construction. He has 
also contributed numerous articles and 
papers to  technical journals in his field.

New Members

The Board of Direction approved 47 
applications for Membership (35 Indivi
dual, 7 Corporation, 2 Junior, 3 Student) 
received in August and September as 
follows:

Billig, K., 167 Victoria St., London, S. W. 
1, England

Bohn, Richard A., N a t’l Bureau of Stand
ards, 209 Old M int Bldg., San Fran
cisco 3, Calif.

British Reinforced Concrete Engineering 
Co. Ltd., Stafford, England (C. H. Grif
fin)

Benavant y Campania, Jaime P., Edificia 
Banco, Nova Scotia 224, Havana, Cuba 

Carroll, P. J., “Wave Crest” , Ennis Crone, 
60 Sligo, Eire 

Chambers, J. W., Alabama State Highway 
Dept., Montgomery, Ala.

Cohen, George N., c /o  Euclid Construc
tion Co., 101 Park Ave., New York 17, 
N. Y.

Diaz, Agapito Leon, Princesa 119 Jesus 
del Monte, Havana, Cuba 

Forsman, Otto, Statens Provningsanstalt, 
Stockholm 26, Sweden 

Funk, Charles R., 6a Avenida Sur, Num- 
ero 54, Guatemala City, Guatemala,
C. A.

Guillo, Carlos Maruri y, 14 entre 3a y 5a, 
Miramar, Havana, Cuba

Habashi, Fauzi, Faculty of Engineering, 
Fouad 1 st University, Giza, Egypt 

Hatch, George E., c /o  U. S. Engineer 
Office, Honolulu, T. H.

Hawaiian Cement Co. Ltd., P. O. Box 
2454, Honolulu, Hawaii (L. N. Bryant) 

Heboid, Denis, 217 W. Sparks St., Phila
delphia 20, Pa.

Hong, Li Ching, c/o  The Librarian, 
Bureau of Reclamation, Denver 2, Colo. 

Huckleberry, Major B. C., New Belve
dere Hotel, Columbus, Indiana 

Highway State Comm, of Kansas, Ma
sonic Temple Bldg., Topeka, Kansas 
(R. D. Finney)

Kendall, Edgar R., 2360 Glenwood Ave., 
Toledo, Ohio 

Krueger, Arthur, Box 77, R. R. 3, Cin
cinnati 11, Ohio 

Long, J. S., Devoe & Raynolds Co., Inc., 
P. O. Box 328, Louisville, Ky.

Loomis, Robert S., A/S, N avy V-12 Unit, 
M .I.T., Room No. 518-A, Cambridge 
30, Mass.

Matthews, Homer M., M atthews & 
Kenan, 1616 Transit Tower, San An
tonio, Texas 

Mautner, Dr. K. W., 65 Ladbroke Grove 
W., 11 F lat 3, London, England 

Painter, William D., 101 Lincoln Street, 
Alcoa, Tenn.
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Pallot, D. P., 123 Derby Rd., Subiaco, 
W est Australia

Pang, D at Quon, 938 N. Vineyard St., 
Honolulu 7, T. H.

Panuzio, F rank  L., 1385 Capitol Ave., 
Bridgeport, Conn.

P arva Domus, S. A., Apartado 1095, Lima, 
Peru, S. A.

Pennsylvania-Dixie Cement Corp., Old 
Colony Bldg., Des Moines 9, Iowa

P ittard , A. R., 39 Victoria St., London, 
S. W. 1, England

Polychrone, Jam es A., Nichols 102, M .I.T. 
Dorms, Cambridge, Mass.

Roberts, C. G., Country Roads Board, 
Carlton, N3, Victoria, Australia

Roche, W alter W. R., 6 Haarlem Road, 
London W. 14, England

Rosberg, E. O., 1496 M arin Ave., Albany, 
Calif.

Schuetz, Clyde C., United States Gypsum 
Co., 1253 Diversey Parkway, Chicago 
14, 111.

Sementtiyhdistys, K alevankatu 20, Hel
sinki, Finland

Shevling, Charles E., Ross Dam, Rock- 
port, Wash.

Shoemaker, Robert R., P. O. Box 318, 
Long Beach, Calif.

Spindel, M., 89 Dorchester Court, Flerne 
Hill, London, S. E. 24, England

U. S. Engineer Office, 409 Davidson Bldg., 
10 E ast 17th St., Kansas City 8, Mo.

Upper, R. E., 53 Fulton Ave., Toronto, 
Ont., Canada

W agenett, Frank, 28 M ountain St., Rock
ville, Conn.

Wai, Francis K., 3425 Pahoa Ave., Hono
lulu, Hawaii

Waidelich, A. T., The Austin Co., 16112 
Euclid Ave., Cleveland 12, Ohio

Wessels, Vincent E., Petoskey Portland 
Cement Co., Petoskey, Mich.

Wright, K. W., Ash Grove Lime & P ort
land Cement Co., P. O. Box 519, 
Chanute, Kansas

Honor Roll
February 1 through October 31, 1945

Rene Pulido y  Morales, in Havana, 
Cuba heads the list with 21 new Members 
proposed since Feb. 1.

R ene Pulido y M orales......................21
Roy Z ipprodt........................................... 6
Harry B. D ick en s................................... 5
H. F. G on n erm an ................................. 4
A. A m irik ian ............................................3
J. H. Spilkin  ..........................................3
Charles S. W h itn ey .............................. 3
Ernst G ruenw ald ..................................
Charles E. W uerpel...............................2J^
C. B la sch itz ..............................................2
H. W. C orm ack.......................................2
Francis M acL eay................................... 2
Calvin C. O leson .................................... 2
D. E. P arsons............................................2
Dean Peabody, J r .................................2
C. H. S ch o ler ..........................................2
J. M. W ells.............................................. 2
J. W. K elly..................................................\y>
Ben E. N u tte r ..........................................
0 . A. A isher...................
H. Victor C arm an........
W. Fisher Cassie..........
A. R. Collins.................
R. F. D ierking..............
H. F. Fau lkner.............
P. J. F reem an...............
J. K. G an n e tt...............
Stanley S. Haendel
G. H. H odgson.............
F. B. H ornibrook.........
V. P. Jensen...................
L. I. Johnstone.............
William G. M cFarland 
Denis M atthew s...........
H. W. M u n d t................
Y. G. P a te l.....................
A. F. P enny ...................
Kenneth Pow ers...........
Simeon R oss..................
John A. R uhling ...........
Byram Steel...................
G. W. Stokes.................
Wm. Summers J r ..........
M. A. T im lin .................
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J. W. T inkler............................................. 1
Maxwell U pson......................................... 1
Stanton W alker......................................... 1
J. C. W itt................................................... 1

The following credits are, in each in
stance, “50-50” with another Member.
B irger A rneberg  A dolph M eyer
M ichel B akhoun  A. F . M oore
E . E . B aue r O. F . M oore
E . W . B au m an  M . D . O lver
P . G . Bow ie C. E . O ’R ourke
C. H . C h u b b  Jerom e R aphael
J . H . C h u b b  F. E . R ic h a rt
A rth u r  P . C la rk  C has. S. R ippon
R . R . C oghlan  K anw ar Sain
R . B. C repps J . L. Savage
H arm er E . D av is  O skar Schreier
N . M . H ad ley  A. L. S trong
W . C . H a n n a  A. C. T rice
W . S. H a n n a  J . H . de W . W aller
C arl W . H u n t A. R,. W a ters
W . R . Johnson  D av id  W ats te in
P au l A. Jones G eorge W in ter
H . J . M cG illiv ray  H a rry  C. W itte r
R . E . M cL augh lin  K . B . W oods

Frank W. Garran
dean of the Thayer School of Engineering 
a t D artm outh College, ACI member since 
1942, died Sept. 19 in the college infirmary 
a t the age of 51. He was stricken with 
nephritis four months ago. He was born 
in Boston, 1894.

Dean Garran, associated with Thayer 
School since 1929, had been dean since 
1934. Recently he was chairman of the 
New England section of the Society for the 
Promotion of Engineering Education and 
a t his death was a national director of the 
society representing New England. He 
was also a trustee of Norwich University.

A graduate of Norwich in 1917, he was 
headmaster of the Atkinson Academy in 
New Hampshire for a year before return
ing to the university as Assistant Pro
fessor of Civil Engineering 1920 to  1923. 
Pie took his m aster’s degree a t Massa
chusetts Institu te  of Technology in 1924 
and in th a t year became assistant pro
fessor of civil engineering a t the Univer
sity of Arizona. Two years later he was 
named Professor of Engineering a t the 
College of Charleston, S. C., leaving there 
in 1929 to come to D artm outh as assistant 
professor. D artm outh awarded the hon
orary m aster’s degree to him in 1933, the

year in which he was made full professor 
and acting dean of the Thayer School.

During the war he was coordinator of 
D artm outh’s civil pilot training program 
and also directed the Government-spon
sored engineering, science, management 
war training course. In  the first World 
War he was a first lieutenant with the 
Army engineers and served in France and 
Germany. He was a former president 
of the D artm outh Scientific Association, 
a member also of the American Society of 
Civil Engineers and T heta Chi Fraternity .

George T. Seabury
who died M ay 25, 1945, on the eve of his 
retirem ent as Secretary of the American 
Society of Civil Engineers, after 20 years 
service with the society, had been an ACI 
member since 1926.

Mr. Seabury went to the A.S.C.E. in 
1925 w ith a background of practical ex
perience. Born in Newport, R. I., in 1880 
and graduated from M. I. T. in 1902 as a 
civil engineer, he spent four years as a con
tractor’s engineer around New York. The 
next 9 years were spent on Catskill work 
of the New York Board of W ater Supply.

In  1915 Mr. Seabury went to  Provi
dence, R. I. to  become a division en
gineer with the water supply board a t 
th a t city. Three years later he left th a t 
position to accept a commission as a 
major in the Construction Division of 
the Army, participating in the construc
tion of Camps Devens, Upton, Meade, 
Mills, M erritt, Dix and Lee. In  1918 
he organized the contracting firm of 
George T. Seabury, Inc., and was engaged 
in construction work until 1923 when he 
was named manager of the Providence 
Safety Council. He left th a t position to 
become secretary of the A. S. C. E. on 
Jan. 1, 1925.

Guy O. Gardner
ACI member since 1930, who was produc
tion manager and research director of all 
the Ash Grove Lime & Portland Cement 
plants in Kansas, Missouri, and Nebraska, 
died August 5 a t his home in Chanute,
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Kan., age 57. He had been ill w ith a heart 
ailment.

Mr. Gardner served as superintendent 
of the Chanute, Kan. plant from 1925 
until 1945 when he received the promotion 
to production manager and research di
rector. Coming to the Chanute plant 
June 25, 1912, as a  chemist, he held th a t 
position until 1917, when he was promoted 
to  assistant superintendent,

He was an active member of the R otary 
club, and served as president and also as 
secretary. He was a past president of the 
Chanute Country Club and was serving 
as a director a t the time of his death. He 
was also a director of the Chamber of Com
merce, and a member of the Masonic 
lodge, the Elks, and Presbyterian church.

PC A  regional office changes
have been effective since June 15, as an
nounced by William M. Kinney, General 
Manager of the Portland Cement Asso
ciation.

M. J. McMillan, Manager of the Wash
ington Office since 1936, is now Regional 
M anager of the Eastern Offices, 347 
Madison Ave., New York 17.

Jam es E. Dunn, D istrict Engineer of 
the Richmond, Va. office since 1938, is 
now M anager of the W ashington Office, 
837 N ational Press Building, W ashington 
4, D.C.

Gordon S. M aynard, field engineer in 
N orth Carolina and Virginia for the asso
ciation since 1937, is now D istrict En
gineer with headquarters a t 1210 State 
Planters Bank Building, Richmond 19, 
Va.

Working with Mr. McMillan in super
vising association activities in the eastern 
region is E. M. Fleming, D istrict M ana
ger, New York, in charge of field activities 
in Connecticut, Maine, Massachusetts, 
New Hampshire, New Jersey, New York, 
Rhode Island and Vermont, and G. C. 
B ritton, D istrict Manager, Philadelphia, 
covering Delaware, M aryland and Penn
sylvania.

Messrs. McMillan, Dunn, Fleming and 
B ritton are all ACI members.

Lt. Col. E. W. Scripture
recently returned from Europe after 
serving three years with the Army Engi
neers, resumed his post October 8 as D i
rector of Research of The M aster Builders 
Co., Cleveland, O.

Colonel Scripture entered the service in 
1942 as a captain, and was assigned to the 
Office of the Chief Engineer, European 
Theater of Operations. The first two 
years of his service overseas were in 
England where he took p a rt in planning 
the invasion. In  August 1944 Colonel 
Scripture went to  France where he con
tinued planning for engineering operations 
on the continent. He was awarded the 
Purple H eart, Bronze Star Medal, Legion 
of M erit and presented with the Medaille, 
Louis de Broglie, by the Association des 
Engeineurs Docteurs de France.

Colonel Scripture, also a veteran of 
W orld W ar I, having served in France for 
two years w ith the 26th Division, is widely 
known in the construction industry for his 
research work in the improvement of con
crete and mortars.

C. D. Williams
member of the Institu te  since 1937, wffio 
has been head of the D epartm ent of Struc
tural Engineering a t Fenn College, Cleve
land, since 1937, except for leave of 
absence in the war years,accepted appoint
m ent as head of the Civil Engineering De
partm ent a t  the University of Florida, 
effective September 1, Gainesville, Fla. 
While recently on leave from Fenn College, 
Professor Williams was supervisor of stress 
engineers a t the Fisher-Cleveland Aircraft 
Division in charge of stress work on the 
B-29 and still later as assistant supervis
ing engineer for the J. E. Greiner Co., 
Baltimore, Md.

The Laclede Steel Company, St. Louis, 
Mo., contributing member of ACI, an
nounces the election of William M. Akin 
as president and treasurer of the company 
on September 14, 1945.
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A C  I publications in large current demand
A C I Standards— 1945

148 pages, 6x9 reprinting A C I current standards: Building Regulations for Reinforced Con
crete (A C I 318-41); three recommended practices: Use of M eta l Supports for Reinforceme.nt 
(A C I-3 1 9 -4 2 ); Measuring, M ixing  and Placing Concrete (A C I 614-42); Design of Concrete 
M ixes (A C I 613-44); and tw o  specifications: Concrete Pavements and Bases (A C I 617-44) and 
Cast Stone (A C I 704-44)— a ll between tw o  covers, $1.50 per copy— to A C I Members, $1.00.

A ir  Entrainment in Concrete (1944)
92 pages o f reports of laboratory data and field experience including a 31-page paper by

H . F. Gonnerman, “ Tests o f Concretes Containing A ir-entra in ing  Portland Cements o r A ir -  
entraining M ateria ls  A d ded  to Batch at M ix e r,”  and 61 pages of the contributions of 15 pa rti
cipants in a 1944 A C I Convention Symposium, "Concretes Containing A ir-entra in ing  Agents,”  
reprinted (in special covers) from the A C I JO U R N A L fo r June, 1944. $1.25 per copy; 75 
cents to Members.

A C I M anual of Concrete Inspection (July 1941)
This 140-page book (pocket size) is the w ork of A C I Committee 611, Inspection o f C on

crete. It sets up w hat good practice requires of concrete inspectors and a background of 
information on the "w h y ”  of such good practice. Price $1.00— to A C I members 75 cents.

“ The Joint Committee Report" (June 1940)
The Report of the Jo int Committee on Standard Specifications for Concrete and Reinforced 

C oncrete submitting "Recommended Practice and Standard Specifications for Concrete and 
Reinforced C oncrete,”  represents the ten-year w ork  of the third Jo int Committee, consisting 
o f a ffilia ted  committees of the Am erican Concrete Institute, American Institute o f Architects, 
American Railway Engineering Association, American Society of C iv il Engineers, American 
Society for Testing M ateria ls, Portland Cement Association. Published June 15, 1940; 140 
pages. Price $1.50— to A C I members $1.00.

Reinforced Concrete Design Handbook (Dec. 1939)
This report o f A C I Committee 317 is in increasing demand. From the Committee’s Fore

w ord: "O n e  of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A  second and equally 
important aim has been to reduce the design of members under combined bending and axial 
load to the same simple form as is used in the solution of common flexural problems.” — 132 
pages, price $2.00— $1.00 to A C I members.

Concrete Primer (Feb. 1928)
Prepared for A C I by F. R. M cM illa n , it had five separate printings by the Institute alone 

(to ta lling  nearly 70,000 copies). By special arrangement it has been translated and published 
abroad in many different languages. It is still going strong. In the forew ord the author said 
"This primer is an attempt to develop in simple terms the principles governing concrete mixtures 
and to show how  a know ledge of these principles and of the properties of cement can be app lied  
to the production o f permanent structures in concrete.”  46 pages, 25 cents (cheaper in quantity).

For further information about A C I Membership and Publications (including pamphlets 
presenting Synopsis of recent A C I papers and reports) address:

A M E R IC A N  CONCRETE INSTITUTE 742 New Center Building Detroit 2, M ichigan



Sources of Equipment, Materials, and Services

!
A  re fe re n c e  lis t o f  a d v e rtis e rs  w h o  p a r t ic ip a te d  in th e  Fourth  \  
A n n u a l T e c h n ic a l P rogress Issue o f  th e  A C I  J O U R N A L  /  

th e  p a g e s  in d ic a te d  w i l l  b e  fo u n d  in th e  F e b ru a ry  1 9 4 5  issue I  

a n d  (w h e n  if is c o m p le te d )  in V .  4 1 , A C I  P ro c e e d in g s . Watch /  

for the 5th Annual Technical Progress Section in the February V 
1946 JO U R N A L  )

Concrete Products Plant Equipment page

Besser M anufacturing Co., 800 45th St., A lp e n a , M ich ...................................................... 428
-— Concrete products plant equipment, production

Stearns M anufacturing Co., Inc., A d rian , M ich ...................................................................... 387
— V ib ra tio n  and tamp type block machines, mixers and skip loaders

Construction Equipment

B aily V ib ra to r Co., 1526 W ood St., Philadelphia 2, Pa.....................................................407
— Concrete vibrators

Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa............... 394-5
-— Truck mixer loading and bulk cement plants, road bu ild ing equipment, buckets, 

batching plants, steel forms

Butler Bin Co., Waukesha, W is.................................................................................................... 421
— Central mix, ready-mix, bulk cement and batching plants, cement handling 

equipment

Chain Belt Co. o f M ilw aukee, M ilw aukee , W is................................................................ 418-9
— M ixers, pavers, pumps

Electric Tamper & Equipment Co., Ludington, M ic h ........................................................410-11
— Concrete vibrators

Flexible Road Joint M achine Co., W arren, O h io ................................................................ 389
— Pavement jo int and jo int installers

Fuller Co., Catasauqua, Pa............................................................................................................377
— Unloading and conveying pulverized materials

Heltze l Steel Form & Iron Co., W arren, O h io ....................................................................378-9
— Pavement expansion jo int beams

Jaeger M achine Co., The, Columbus, O h io ........................................................................ 392-3
— Concrete paving equipment

C. S. Johnson Co., The, Champaign, III..................................................................................... 429
— M ix ing  and batching plants, buckets, elevators

Kelley Electric M achine Co., 287 Hinman A ve ., Buffalo 17, N . Y ............................. 422-3
— Floor finishing equipment

Koehring Co., M ilw aukee , W is................................................................................................... 380
— Tilting and non-tilting construction mixers

M a ll Tool Co., 7703 So. Chicago A ve ., Chicago 19, III................................................... 427
-— Concrete vibrators

Master V ib ra to r Co., Dayton 1, O h io ................................................................................... 430-1
— Concrete vibrators
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Ransome M achinery Co., Dunellen, N . J ................................................................................ 433
— M ixers— paving, truck

V ibe r Co., 726 So. F lower St., Burbank, C a lif...................................................................... 381
— Concrete vibrators

Contractors, Engineers and Special Services
Kalman Floor Co., Inc.. 110 E. 42nd St., N e w  York 17, N . Y ..................................... 390-1

— Floor finishing methods

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg.,
C leveland 14, O h io ........................................................................................................ 397-400
— Pressure filled concrete

Raymond Concrete Pile Co., 140 C edar St., N e w  York 6, N . Y .................................... 396
— Pile foundations

Roberts and Schaefer Co., 307 No. M ichigan A ve., Chicago 1, III............................... 426
— Thin shell concrete roofs

Scientific Concrete Service Corp., McLachlen Bldg., Washington, D. C ......................... 416
— M ix  controls and records

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa...........................................409
— Suction control o f w a te r in the concrete

Materials and Accessories
Calcium Chloride Assn., The, 4145 Penobscot Bldg., Detroit 26, M ich .........................420

— Calcium chloride

Concrete M asonry Products Co., 140 W . 65th St., Chicago, III....................................... 385
— Non-shrink metallic aggregate

Dewey and A lm y  Chemical Co., Cambridge, Mass........................................................ 412-5
— A ir-entra in ing and plasticising agents

Horn Co., A .  C., Long Island C ity 1, N . Y ............................................................................ 417
— W aterproofing

H unt Process Co., 7012 Stanford A ve., Los Angeles 1, C a lif.......................................... 425
— Curing compound

Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, III................................................384
— Reinforcing bars

Lone Star Cement Corp., 342 Madison A ve., N . Y .........................................................382-3
— Portland cements

Master Builders Co., The, C leveland, O h io , Toronto, O n t............................................ 402-5
— Cement dispersing and air-entraining agents

Rail Steel Bar A ssocia tion ...........................................................................................................386
— Reinforcement bars

Richmond Screw Anchor Co., Inc., 816 Liberty A ve., Brooklyn 8, N . Y ........................408
— Form tying devices

Sika Chemical Corp., 37 G regory A ve ., Passaic, N . J ................................................... 434-5
— Waterproofings, plasticizer, and densifier

United States Rubber Co., Rockefeller Center, N e w  York 20, N ...Y .............................. 401
— Form lining

Testing Equipment
Am erican M achine & M etals, Inc., East M oline , III............................................................ 388

— Riehle hydraulic testing machines
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A C I  C o n s t r u c t i o n - P r a c t i c e  A w a r d
A  year ago the American Concrete Institute announced the in

auguration of the ACI Construction-Practice Award, to be given 
for a paper of outstanding merit on concrete construction practice. 
This award was established to honor the construction man —  the man 
whose resourcefulness comes in between the paper conception and 
the solid fact of a completed structure.

The token of the award is to be a suitable Certificate of Award 
accompanied by $300 (maturity value) of United States War Bonds 
Series E. The object is the enrichment of the literature of concrete 
construction practice. We await word from the Awards Committee 
on the first year of this award. The second year is under way.

*  *

Five cash awards for contributions to the Job Problems and Practice 
pages September 1945 to June 1946 are open to all comers.

For further particulars address Secretary American Concrete 
Institute, New Center Building, Detroit 2, Mich.

S ta t e m e n t  o f O w n ersh ip , M a n a g e m e n t,  
C irc u la tio n , E tc ., R eq u ired  b y th e  a c ts  o f  
C on gress  o f  A u g u st  24, 1912, a n d  M arch  3, 1933
of J o u r n a l  o f  t h e  A m e r i c a n  C o n c r e t e  I n s t i 
t u t e  pub lished  6  issues a  y ea r a t  D e tro it, M ichigan, 
for S ep tem ber 1945.
S T A T E  O F M I C H I G A N .. . \ sg 
C O U N T Y  O F  W A Y N E  J

B efore m e, a  N o ta ry  P ub lic  in  an d  for th e  S ta te  
a n d  coun ty  aforesaid, personally  appeared  H arvey  
W hipple, who, hav ing  been du ly  sw orn according 
to  law , deposes an d  says th a t  he is th e  E d ito r of 
th e  J o u r n a l  o f  t h e  A m e r i c a n  C o n c r e t e  I n s t i 
t u t e  an d  th a t  th e  follow ing is, to  th e  b est of his 
know ledge a n d  belief, a  tru e  s ta te m e n t of th e  
ow nership, m anagem en t (and  if a  da ily  paper, th e  
c ircu la tion ), etc ., of th e  aforesaid  p ub lica tion  for 
th e  d a te  show n in  th e  above cap tion , required  by  
th e  A ct of A ugust 24, 1912, as am ended  b y  th e  A ct 
of M arch  3, 1933, em bodied  in  S ection  537, P osta l 
Laws and  R egu lations, p r in ted  on  th e  reverse of 
th is  form , to  w it:

1. T h a t  th e  nam es and  addresses of th e  publisher, 
ed ito r, m anag ing  ed ito r, an d  business m anagers 
are :
P ub lisher, A m erican  C oncre te  In s titu te , 742 N ew  
C en te r B ldg., D e tro it 2, M ich.
E d ito r , H a rv ey  W hipple, 742 N ew  C en te r B ldg., 
D e tro it 2, M ich.
M anag ing  E d ito r, N one.
B usiness M anagers, N one.

2. T h a t  th e  ow ner is: (If ow ned b y  a  corporation , 
its  nam e an d  address m u s t be s ta te d  and  also im 
m ed ia te ly  th e reu n d er th e  nam es an d  addresses of 
stockho lders ow ning or hold ing  one per cen t or 
m ore of to ta l  am o u n t of s tock . If  n o t ow ned by  a  
co rporation , th e  nam es an d  addresses of th e  ind i
v idua l owners m u s t be given. If  ow ned by  a  firm , 
com pany, or o th e r u n inco rpo ra ted  concern, its 
nam e and  address as w ell as th o se  of each  ind iv idual 
m em ber, m ust be given.)

A m erican C oncre te In s titu te , 742 N ew  C en ter 
B ldg., D e tro it 2, M ich.

D ouglas E . P arsons, P res iden t, N a tio n a l B u rea u  
of S tan d a rd s , W ash ing ton  25, D . C.

H . F. G onnerm an , V ice-P residen t, 33 W . G ran d  
A ve., C hicago 10. 111.

S ta n to n  W alker, V ice-P residen t, 951 M un sey  
B ldg ., W ash ing ton  4, D . C .

3. T h a t  th e  know n bondholders, m ortgagees, 
a n d  o th e r secu rity  holders ow ning or ho ld ing  1 per 
cen t or m ore of to ta l  am o u n t of bonds, m ortgages, o r 
o the r securities are : (If th e re  a re  none, so s ta te .)

N O N E .
4. T h a t  th e  tw o  p a rag ra p h s  n ex t above, g iv ing  

th e  nam es of th e  ow ners, s tockholders, a n d  secu rity  
holders, if any , con ta in  n o t on ly  th e  lis t of s to ck 
holders and  secu rity  ho lders as th e y  ap p e a r  upon  
th e  books of th e  com pany  b u t  also, in  cases w here 
th e  s tockho lder or secu rity  ho lder ap p ears  upon  
th e  books of th e  com pany  as tru s te e  o r in  a n y  o th e r  
fiduciary  re la tio n , th e  nam e of th e  person  or cor
p o ra tio n  for w hom  such  tru s te e  is ac ting , is g iven ; 
also  th a t  th e  sa id  tw o  p arag ra p h s  con ta in  s ta te 
m ents em bracing  affian t’s fu ll know ledge an d  b e 
lief as to  th e  circum stances an d  cond itions u n d e r 
w hich stockho lders and  secu rity  ho lders w ho do 
n o t ap p e a r upon  th e  books of th e  com pany  as 
tru s tees , ho ld  sto ck  and  securities in  a  capacity  
o the r th a n  th a t  of a  b ona fide ow ner; a n d  th is  
affian t has  no  reason  to  believe th a t  a n y  o th e r 
person , association , or co rporation  h as  an y  in te re s t  
d irec t or in d irec t in  th e  sa id  stock , bonds, or o th e r 
securities th a n  as so s ta te d  b y  him .

5. T h a t  th e  average  n u m b er of copies of each 
issue of th is  pub lica tio n  so ld  or d is tr ib u ted , th ro u g h  
th e  m ails o r o therw ise, to  p a id  subscribers du rin g  
th e  tw elve  m on ths  p reced ing  th e  d a te  show n above 
is . v  . v  (T h is  in fo rm ation  is requ ired  from  daily  
pub lica tions  only.)

Sw orn to  an d  subscribed  b efo re  m e th is  27 th  d ay  
of S ep tem b er. 1945.

H A R V E Y  W H IP P L E ,
(S igna tu re  of ed ito r)

E T H E L  B . W IL S O N , N o ta ry  P u b lic  
(M y com m ission expires Aug. 10, 1946)

[s e a l ]



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 of the Institute has become available to the engineering 
profession in annual volumes of ACI Proceedings since 1905. Be
ginning 1929 the Proceedings have first appeared periodically 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 available at nominal 
prices in separate prints, are available for the asking.)

For further information about A C I Membership and 
publications (including pamphlets presenting synopses of 
A C  I Journal papers and reports of recent years), address: 

Secretary, A M E R IC A N  CONCRETE INSTITUTE 

New Center Building, Detroit 2, M ichigan, U. S. A .



All in favor raise right hands ...with wallets

N aturally w e w ant our boys home.
But how much are we willing to do 

about it?
Are we willing to pay for bringing 

them back? If we are, we’ll buy extra 
Bonds in the Victory Loan.

And after these fellows get home— 
what then?

We w ant to take care of the in
jured ones, of course. We want to 
give our boys a chance to finish their 
education. We want to see that there 
are plenty of decent jobs for them.

How much are we willing to do 
about that?

If we’re really serious about want
ing to see that our men get what they 
have so richly earned, we’ll buy extra 
Bonds in the Victory Loan.

N ow ’s the tim e.Let’s have a show 
of hands—with wallets—to prove 
how much we really want to hear that 
familiar voice yelling “It’s m e!" Let’s 
prove, with pocketbooks, that we can 
do our job as well as they did theirs.

T H E Y  F I N I S H E D  T H E IR  J O B  — 

L E T ’ S  F I N I S H  O U R S !


