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The Division of Building Research has been in t e res t ed  i n  
p recas t  concrete cons t ruc t ion  i n  general  f o r  a number of years  and 
more r ecen t ly  has been involved i n  an a c t i v e  research  programme on 
the  connections between p recas t  s t r u c t u r a l  members. One of the  
more fundamental problems in t h i s  a rea  i s  the  bearing capaci ty  of  
concrete under a  l i n e  load p a r a l l e l  and near  t o  edge, a s  f o r  
ins tance  i n  the  head of a  column ca r ry ing  one o r  rnore beams o r  i n  
a  bracket .  

The r e s u l t s  of the  Swedish s t u d i e s  presented i n  t h i s  paper, 
cont r ibute  g r e a t l y  t o  an understanding of the  s t r e s s  d i s t r i b u t i o n  
and of t h e  mechanism involved i n  the  f a i l u r e  of concrete subjected 
t o  such loads.  This t r a n s l a t i o n  is the re fo re  provided t o  make t h i s  
Information more r e a d i l y  ava i l ab le  t o  designers  and o the r s  involved 
i n  the  f i e l d  of p recas t  concrete .  

The t r a n s l a t i o n  has been prepared by W.R. Schriever ,  Head, 
Building S t ruc tu res  Section, Divis ion of Building Research, National 
Research Council. 

Ottawa R.F. Legget 

Ju ly  1964 Di rec to r  
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polar iscope,  and the  sum of t he  p r i n c i p a l  s t r e s s c s  ~ 1 1 t h  a l a t e r a l  extensometer 

according t o  H i l t s che r  (5-7 ). For the  eva lua t ion  of the  measurcmcnts ( t h a t  i s  

the  c a l c u l a t i o n  of the  s t r lesses  a , ,  a,, ax, a and z a t  every measuring 
Y XY 

p o i n t ) ,  an e l e c t r o n i c  c a l c u l a t o r  has been used, a l t h o u ~ a  the  calcul .a t ion i n  

i t s e l f  i s  very siniplc. Figure 1 shows the  isochromatic l i n c s  of a p l a t e  

loaded near  t h e  corner .  The model, t he  f i x i t y  a long  the  lower edge, t h e  

d e t a i l s  of the  production of a uniformly d i s t r i b u t e d  load, and the  model laws 

have been described i n  Reference 1. The load was produced by a l e v e r  arm and 

weight through an extremely wel l  cont ro l led  v e r t i c a l  sp ind le  so  t h a t  i n  the  

loaded condi t ion  the load was v e r t i c a l  wi th in  f 3 0  seconds a r c .  The room 

temperature was naintalncd with +$OC i n  order  t o  avoid changes of t h e  e l a s t i c  

and o p t i c a l  cons tan ts .  

3 .  Prel iminary Tes t s  t o  Obtain Over-a 11 h ~ p r e s s i o n  

P r i o r  t o  the planning of t he  many t e s t s  i t  was necessary t o  ob ta in  an 

ove r - a l l  impression of the  problem. This  was done by ]:leans of p re l iminary  

t e s t s  on square p l a t e s ,  f ixed a t  t he  bottom a s  ohown i n  Reference 1, with the  

dimensions 200 x 200 x 10 cm which were loaded i n  the  middle, nea r  a corner ,  

and i n  an interinediate p o s i t i o n  by a narrow, uniforrrlly d i s t r i b u t e d  s t r i p  load.  

The h o r i z o n t a l  s t r c s s c s  ox obtained i n  t h c  t h r e e  cases  a r e  shown i n  F ig .  2 - 4. 
For t h e  case of c e n t r a l  load (F ig .  2 ) ,  which thus  corresponds e x a c t l y  t o  t he  

cases  s tud ied  i n  Reference 1, the  zone of s p l i t t i n g  t e n s i l e  s t r e s s e s  ox s t a r t s  

r a t h e r  deep under the  load and extends 1ater.all.y and downwards i n  the  shape 

of a l e a f .  The n~aximuni s p l i t t i n g  t e n s i l e  s t r e s s e s  and t h e  n:aximum s p l i t t i n g  

t e n s i l e  force  appear i n  the  plane of sylmnctry. Separated from t h c  zone of 

s p l i t t i n g  t e n s i l e  s t r c s s c s ,  on both s i d e s  of t h e  load,  t h e r e  a r e  o t h e r  addi-  

t i o n a l  t e n s i l e  zoncs v~hose rnaxirnuni t c n s i l e  s t r c s s t ? ~  a r e  nea r  t h e  edge. In 

thc  case of the  c e n t r a l  loading the  maxinluril of t hese  edge t e n s i l e  s t r e s s e s ,  

which can be l inked t o  t he  s e t t l emen t  of the  p l a t e  edge under t hc  i n f luence  

of  t he  load, i s  somewhat srliallel- than  the  maximum s p l i t t i n g  t e n s i l e  s t r e s s e s .  

The r e s u l t i n g  t e n s i l e  fo r~ce  is, however, very smal l .  

Note: It should be e::plained here  why only  the  h o r i z o n t a l  t e n s i l e  s t r e s s e s  

a r e  given. I n  p r i n c i p l e  a p re sen ta t ion  by means of t he  rllajor 

p r i n c i p a l  s t r e s s e s  and the s t r e s s  trajectories, a s  they a r e  used i n  
p h o t o e l a s t l ~ i t ~ ( ~ ) ,  would be more complete and more accu ra t e .  The 

c i v i l  engineer ,  however, i s  n o t  accustomcd t o  t h ink ing  of p r i n c i p a l  

s t r e s s e s ;  he p r e f e r s  t h e  p re sen ta t ion  i n  t h e  form of t h e  s t r e s s  

components ax,  a and z 
XY' 

H e  would furtherniore hard ly  follow the  
N 

t e n s i l e  s t r e s s  t r a j e c t o r i e s  s l a v i s h l y  f o r  the reinforccment,  i n s t ead  

he d iv ides  i t  u s u a l l y  i n t o  t e n s i l e  reinforcement p a r a l l e l  t o  the  edges 



of the menber, and add i t iona l  shear  reinforcernent. In the  present  
case moreover, the maximum s p l i t t i w  t e n s i l e  s t r e s s e s  d i r e c t l y  under 
the  load, and the l a r g e s t  "edge de fo r~~ ia t ion  t e n s i l e  s t r e s s c s "  ( l a t e r  
ca l led  t e a r  t e n s i l e  s t r e s s e s )  i n  and near  t h e  upper p l a t e  edge a r e  

almost i d e n t i c a l  by e i t h e r  method. Only i n  the a reas  of r e l a t i v e l y  
small  t e n s i l e  s t r e s s e s  do we f ind  the  t r1a jec to r i e s  of t h e  p r i n c i p a l  
s t r e s s e s  d i f f e r i n g  s i g n i f i c a n t l y  from the  x d i r e c t i o n  and the  major 
p r i n c i p a l  s t r e s s  a, a l i t t l e  g rea te r  than ax. Thus the p resen ta t ion  

of the s t r e s s  ox alone seems to  be j u s t i f i e d .  A s p e c i a l  advantage 

r e s t s  i n  the f a c t  t h a t  i n  t h i s  way a d iv i s ion  i n t o  zones of the  s p l i t -  
t i n g  and t e a r  s t r e s s  i s  a t t a ined  (see  Fig.  2 -  4 and 6 - 2 2 ) ,  which 
helps considerably i n  the  understanding of the  ove r -a l l  s t r e s s  pa t t e rn .  
This prescnta t ion  furthermore o f f e r s  an opportuni ty t o  superimpose 
t e n s i l e  s t r e s s  p a t t e r n s  f o r  seve ra l  loads i n  a simple way s ince  

s t r e s s  a, can be d i r e c t l y  added. 
I f  the  load is sh i f t ed  more towards the corner of the  p l a t e  the  zone of 

the s p l i t t i n g  t e n s i l e  s t r e s s e s  shr inks  more towards the  load, and the  maximum 
s p l i t t i n g  t e n s i l e  s t r e s s  decreases.  A t  the  same time the  t e n s i l e  s t r e s s  
along the upper p l a t e  edge and the r e s u l t i n g  maximum t e n s i l e  fo rce  from these  
t e n s i l e  s t r e s s e s  along the  " ins ide"  of the  load Increases  seve ra l  f o l d .  

This edge increase In thc t c n s i l e  s t r e s s e s  and the  t e n s i l e  force  sideways 
from the load i s  due no longer, a s  i n  t h e  previous case,  s o l e l y  t o  t h e  l o c a l  
sett lenient of the p l a t e  edge under the influence of the  load, but now mainly 
t o  the  unsymmetrical spreading of the  "pressure fo rce  flow" on t o  the  load. 
thereas  t h i s  flow can s t i l l  spread i n t o  the  p l a t e  on t h e  s i d e  towards the  
middle, the corresponding area of p l a t e  on thc s i d e  tov~ards the  corner  i s  
missing, and the support from the outs ide  is  smaller .  In order  t o  e s t a b l i s h  
equi l ibr iwr~,  appropriate  t e n s i l e  s t r e s s e s  and t e n s i l e  forces  have t o  occur i n  
the p la t e ,  e spec ia l ly  on the  s i d e  towards the middle from the  load. Since 
thcsc s t r e s s e s  and forlces, which include the  l o c a l  edge deformation t e n s i l e  
s t r e s s e s  and t e n s i l e  forces  mentioned before,  produce t e a r i n g  fo rces  on the  
loaded corner, the t e r n s  t e a r  t e n s i l e  s t r e s s c s  and t e a r  t e n s i l e  fo rces  a r e  
Introduced. 

I f  now the  load i s  s h i f t e d  completely t o  the  corner  of the p l a t e ,  t he  
area of s p l i t t i n g  t e n s i l e  s t r e s s  is reduced t o  a very small  zone d i r e c t l y  
under t h e  load and furthermore rnerges with the  a rea  of t e a r  t e n s i l e  s t r e s s e s .  
The s p l i t t i n g  t e n s i l e  s t r e s s c s  a r e  sornev~hat reduced, the  s p l i t t i n g  e f f e c t  i s  
snialler and the  spreading of tlie pressure force flow o r  the  pressure  force  
1 ine s i s  poss ib le  towards one s i d e  only. Due t o  the  s in~ultaneous consider- 
able  reduction of the s p l i t t i n g  t e n s i l e  zone, the n~axin~unl s p l i t t i n g  t e n s i l e  



force decreases t o  a very sniall value. The .tiear t e n s i l e  s t r e s s e s  and t e a r  
t e n s i l e  forces  on the  o the r  hand reach a  maximwr, value f o r  the  case of the  
load a t  the  corner and a r e  therefore  con~pletely predominant. 

4. Test  Planning 

On the bas i s  of the  p i l o t  t e s t s  the  necessary number of models and t e s t s  
f o r  the experimental s tudy of the  over -a l l  problem can now be determined. The 
following symbols have been introduced (~1.g .  5 ) : 

h = he1e;ht of p l a t e  
b = width of p l a t e  
a  = width of load 
d = dis tance  from the  corner 
t = thickness of p l a t e  

axs = maximum s p l i t t i n g  t e n s i l e  s t r e s s  
axA = maximuni t e a r  t e n s i l e  s t r e s s  

q =  at reference s t r e s s  
HS = maximum s p l i t t i n g  t e n s i l e  force  
HA = niaximum t e a r  t e n s i l e  force  

Y ~ s  = dis tance  of the r e s u l t i n g  maximum s p l i t t i n g  t e n s i l e  force  from the  

upper p l a t e  edge 

Y~~ 
= dis tance  of the  r e s u l t i n g  maximum t e a r  t e n s i l e  force  from the  upper 

p l a t e  edge 

Y~~ 
= dis tance  of the cross-sec t ion  with the  maximum t e a r  t e n s i l e  fo rce  

from the v e r t i c a l  edge of the  p l a t e  nea res t  t o  the  load. 
With these symbols one obta ins  the  following parameters f o r  the  presenta-  

t i o n  of the s p l i t t i n g  and t e a r  t e n s i l e  s t r e s s e s  and the  s p l i t t i n g  and t e a r  
t e n s i l e  forces .  
( a )  The load concentrat ion f a c t o r  b/a 

The minimum value i s  b/a = 1 f o r  the  case of  the  uniformly d i s t r i b u t e d  
load f o r  which no s p l i t t i n g  o r  t e a r  t e n s i l e  s t r e s s e s  occur. For a  value 

b/a = 30, according t o  Reference 1, the  s p l i t t i n g  t e n s i l e  fo rce  is p r a c t i c a l l y  
Independent of t h e  load concentrat ion f a c t o r  and f o r  the  t e a r  t e n s i l e  fo rce  
the  same should be t r u e  i n  an approximate way. Therefore t h i s  value was used 
a s  t h e  upper l i m i t  ins tead  of b/a = m .  Between b/a = 1 and b/a = 3 0  one o t h e r  
model with b/a = 10 was introduced. 
( b )  The ~ c l a t i v e  p l a t e  height  h/b 

The lower l i m i t i n g  value of the r e l a t i v e  p l a t e  he ight  i s  h/b = 0. A s  an 
upper l i r a i t  h/b = 2 was se lec ted  f o r  the  experiments s ince  according t o  
Reference 1 the s p l i t t i n g  t e n s i l e  force  increases  only s l i g h t l y  between h/b = 

2 and h/b = m.  h he t e a r  t e n s i l e  fo rce  would probably depend even l e s s  on the  



r e l a t i v e  p l a t e  he ight  s ince  the  t e a r  t e n s i l e  fo rce  i s  p e a t e s t  nea r  the top  

of the  p l a t e .  ) Between these l i m i t i n g  values models with r e l a t i v e  p l a t e  

he ights  h/b = 0.5 and h/b = 1 . 0  were obtained by reduct ion of the h igher  

models. 
( c )  The r e l a t i v e  load d i s t ance  from the  corner  2d/a 

S t a r t i n g  froin the  load p o s i t i o n  a t  the corner  with 2d/a = 1, two f u r t h e r  

load pos i t ions  were s tudied f o r  the  models with b/a = 10, and f o r  t h e  models 

with b/a = 30 th ree  f u r t h e r  load pos i t ions .  The load p o s i t i o n  a t  t h e  p l a t e  

cent re ,  2d/a = 10 f o r  b/a = 10 and 2d/a = 30 f o r  b/a = 30 had a l ready been 
inves t iga ted( ' )  and was only supplemented i n  appropr ia te  p a r t s .  

In o rde r  t o  give the  model p l a t e  a  wel l  defined support,  it was c a s t  ( 1 )  

a long i t s  lower edge Fnto a  s u f f i c i e n t l y  l a rge  block of the  same ma te r i a l  
( ~ r a l d i t )  which then could be placed on a  base i n  any desired way. This  type 
of model support corresponds a l s o  i n  i t s  f i rs t  approximation t o  t h e  p r a c t i c a l  
case of the f i x i n g  of a  wal l  p l a t e  i n  rock, a  case which is very common i n  
Sweden. If, however, t he  p l a t e  i s  f ixed  i n  a r a t h e r  small  foundation which in 
t u r n  i s  e l a s t i c a l l y  supported on s o f t  ground, dev ia t ions  i n  the  t e a r  and ' 

s p l i t t i n g  t e n s i l e  force  can occur, e s p e c i a l l y  f o r  smal le r  p l a t e  he ights ,  which 
should be s tudied  f u r t h e r .  

5. Measurements and Evaluation 

For t h e  17 load cases  mentioned (us ing  5 d i f f e r e n t  models), t he  sum of 
the s t r c s s ,  t he  d i f f e rence  of the  rnajor p r i n c i p a l  s t r e s s e s ,  and the  d i r e c t i o n  
a of the  major p r i n c i p a l  s t r e s s  a,  \!as determined f o r  a l l  measuring p o i n t s  on 
a  number of c ross-sec t ions  which were se l ec ted  on the  b a s i s  of the  r e s u l t s  of 

the  p i l o t  tests. Af ter  eva lua t ion  by means of e l e c t r o n i c  cor.~puter, s t r e s s e s  
ax, with which we a r e  here concclmed, were p l o t t e d  i n  d i~nens ionless  form with 
the  m a n  loading i n t e n s i t y  q = ~ / a  t a s  a  re ference  s t r e s s .  The s t r e s s  
d i s t r i b u t i o n s  f o r  the var ious cases  a r e  shown i n  F ig .  6 - 22 and the  r e su l tFng  
inaximum s t r e s s e s  a r e  given in Fig.  23 and 24. Frorn a l l  t he  s t r e s s  d i s t r i b u -  
t i o n s  the r e s u l t i n g  s p l i t t i n g  o r  t e a r i n g  t e n s i l e  fo rces  were derived by 
graphica l  i n t eg ra t ion ,  and t h e i r  d i s t ance  from the  loaded edge y H d a  o r  y H / a ,  

A 
a s  wel l  a s  the d i s t ance  x  /a of t h e  c ross-sec t ion  with the  naxinlum t e a r  

HA 
t e n s i l e  f o x e  frorri the v e r t i c a l  edge nea res t  t he  load were determined. These 
values, t oge the r  with the  rnaximu~n t e n s i l e  s t r e s s e s  of F ig .  23 and 24, general ly  
descr ibe  the  s p l i t t i n g  and t e a r  t e n s i l e  e f f e c t  f o r  each case .  They a r e  shown 
i n  F ig .  25 and 26 f o r  the inves t iga ted  load concent ra t ions  b/a = 10 and 
b/a = 30 a s  funct ions  of the  d is tance  of the  load from the  corner,  2d/a, and 
of the  r e l a t i v e  p l a t e  height. I n  the perspec t ive  diagrams of F ig .  27 and 28 



the s p l i t  and t e a r  t e n s i l e  forces  a r e  given a s  funct ions of the  th ree  
parameters b/a, h/b and 2d/a. 

6.  Accuracy of the S t res s  Determination 

In the  determination of the  s t r e s s e s  ox and o according t o  the  well  
Y 

known f orrnulae 

a = K A t  + Sn cos 2 a, 
Y 

Ox = K A t  - Sn cos 2 a. 

where A t  = change of thickness a t  the niodel poin t ,  
n = isochrome order  a t  model poin t ,  
a = the angle of the  l a r g e r  p r i n c i p a l  s t r e s s  a,  with the  v e r t i c a l  i n  

the model, 
K = " l a t e r a l  constant1'(' ') f o r  the  ~ ~ o d e l  (k/cm2 . graduation),  
S = isochrome value (pho toe las t i c  cons tant )  f o r  the  model (k/cln2 . 

order) ,  
we have the  measuring e r r o r s  which occur i n  the determinat ion of the  t h r e e  
measured values A t ,  n and a and the e r r o r s  produced by the temperature depen- 
dence of the  c a l i b r a t i o n  values K and S ,  and a l s o  any e r r o r s  produced by 

undetermined temperature va r i a t ions .  In order  t o  obta in  an idea of the  
accuracy of the  s t r e s s  determination, the s t r e s s  values determined a t  d i f f e r -  
en t  times on a spec ia l  model o f  a d iametr ica l ly  loaded c i r c u l a r  p l a t e  whose 
s t r e s s  condition can be calculated r igorously,  were compared with the  calcu- 
la ted  values which In  p r inc ip le  a r e  f r e e  from e r r o r s .  The roo t  mean square m 
of the  absolute  e r r o r  i n  the  determination of ox and o (no t  t o  be confused 

Y 
with the  standard devia t ion  of the  mean va lue)  was determined and yielded the  
following which i s  almost independent of the  s t r e s s  value 

vrherc e = a - o meas 
n = number of the  measurements. 

This mean value of the  absolute  e r r o r  represents  an accuracy of the  
s t r e s s  determination of approxiniately f0.5$ f o r  the  nlaxirnwn t e a r  t e n s i l e  
s t r e s s e s  of approxilmte1.y O.4q i n  the present  inves t iga t ion ,  equiva lent  i n  the  
t e s t  t o  approximately ox = 311 kp/cm2. This represents  f o r  the  nraximum s p l i t -  

t i n g  t e n s i l e  s t r e s s e s  (Fig.  23 and 24), which a r e  only about l /5th of the  
former, an accuracy of 22.5%. 



7. Discussion of Results 

The maximum t e a r  and s p l i t t i n g  t e n s i l e  s t r e s s e s  a r e  shown i n  Fig. 23 and 
24 a s  funct ions of the  various parameters. A s  was s t a t e d  i n  Sect ion 3, the  
t e a r  t e n s i l e  s t r e s s e s  a r e  considerably l a rge r  than the s p l i t t i n g  t e n s i l e  
s t r e s s e s ,  e spec ia l ly  f o r  load pos i t ions  near  the  corners of the p l a t e .  Only 
f o r  the symmetrical pos i t ion  of the load a re  the  s p l i t t i n g  t e n s i l e  fo rces  some- 
what g rea te r  than the t e a r  t e n s i l e  forces .  Both types of s t r e s s e s  a r e  r e l a -  
t i v e l y  independent of the  r e l a t i v e  p l a t e  height  h/b when t h i s  r a t i o  i s  not too  
small.  The s p l i t t i n g  t e n s i l e  s t r e s s e s  depend on the  spreading of the  fo rce  
l ines ,  varying with the load pos i t ion ,  i n  the p l a t e  under the load. They a r e  
a t  a maximum f o r  a load pos i t ion  of 2d/a of approximately 2 - 4.  With in- 

creasing load concentration f a c t o r s  the t e a r  t e n s i l e  fo rces  increase f o r  the 
various load pos i t ions ,  whereas the s p l i t t i n g  t e n s i l e  forces  tend t o  show an 
opposite t rend.  The maximum of the  s p l i t t i n g  t e n s i l e  s t r e s s e s  occurs always 
in the load cross-section, although a t  varying depth. The maximum of the  t e a r  

t e n s i l e  s t r e s s e s  occurs i n  the upper face  of the p l a t e ,  i n  a l l  cases a t  about 
1 - 1.5a sideways from the load. The f a c t  t h a t  the  maximum value of t h e  ten- 
s i l e  s t r e s s  does not occur immediately a t  the s i d e  of the  load, a s  i s  sometimes 
indicated i n  l i t e r a t u r e ,  i s  due t o  the  following reason; the edge s t r e s s e s  
which reou l t  from the concave depression under the load a r e  compressive 
s t r e s s e s  in the  Immediate v i c i n i t y  of the  load and therefore  conlpensate the  
t e a r  t e n s i l e  s t r e s s e s  a t  t h i s  po in t .  

Considering now the t e n s i l e  forces ( ~ i g .  25 and 26) corresponding t o  
these s p l i t  and t e a r  t e n s i l e  s t r e s s e s ,  we f ind f o r  the t e a r  t e n s i l e  fo rce  a 
s i m i l a r  p ic tu re  t o  the  case of the  maximum t e a r  t e n s i l e  s t r e s s :  a s t eep  
increase f o r  a load approaching the  corner, a r e l a t i v e l y  small dependence on 
the r e l a t i v e  p l a t e  height and an increase  with an increas ing  load concentra- 
t i o n  f a c t o r .  The s p l i t t i n g  t e n s i l e  force, which depends not only on the  
maximum s p l i t t i n g  t e n s i l e  s t r e s s  but a l s o  on the  varying depth d i s t r i b u t i o n  of 

the s p l i t t i n g  t e n s i l e  zone, i s  (with the  exception of t h e  load pos i t ions  near  

the corner of the  p l a t e  where it i s  q u i t e  small in any case) ,  dependent on the  
r e l a t i v e  p l a t e  height h/b. This force 1ncreases . for  the  g rea te r  p l a t e  he ights  
(h/b g rea te r  than 2 )  with increas ing  load d is tance  from the corner first 
rap id ly  and then more slowly, while the  e f f e c t  of the  f i x i t y  along the  lower 
p l a t e  edge in decreasing the s p l i t t i n g  e f f e c t  is f e l t  more and more a s  the 
r e l a t i v e  p l a t e  height  decreases.  This  f i x i t y  e f f e c t  reaches a maximum f o r  the  
symmetrical pos i t ion  of the load and increases furthermore with the  load 
concentration fac to r .  

The pos i t ion  of the cross-sect ion with the maximum t e a r  t e n s i l e  force  
with regard t o  the nea res t  v e r t i c a l  p l a t e  edge, xHA/a, increases  with the  load 



dis tance  from the  edge and i s  r e l a t i v e l y  independent of the  r e l a t i v e  p l a t e  
height ,  but  increases r a t h e r  considerably with the  load concentrat ion f a c t o r .  
From the  dlagrams of Fig. 6  t o  22 it can be seen t h a t  the maximum of the t e a r  
t e n s i l e  force  is always r a t h e r  f l a t  and not veiy pronounced. This was a l s o  
indicated i n  Reference 8. 

Whereas the loca t ion  of the  r e s u l t i n g  t e a r  t e n s i l e  force  with regard t o  

the located edge y /a, depends r e l a t i v e l y  l i t t l e  on the  various parameters, 
HA 

the  r e s u l t a n t  of the  s p l i t t i n g  t e n s i l e  force  is located the  lower below the  
p l a t e  edge the  g r e a t e r  the  load d is tance  from the  edge, the  r e l a t i v e  p l a t e  

height ,  and the  load concentration fac to r s  become. 
In case severa l  loads a r e  applied a t  the  same time, t h e  s t r e s s  diagrams 

of Fig.  6 t o  22 can be superimposed appropr ia te ly  and in t h i s  way the  maximum 
t e n s i l e  s t r e s s e s  and forces  can be determined, a t  l e a s t  approximately. 

Consideration of the Design of the  Reinforcin& 

By means of the diagrams of Fig. 23 and 24 the  maximum t e a r  and s p l i t t i n g  
t e n s i l e  s t r e s s e s  can first be determined. From t h i s  it  can be decided whether, 
with regard t o  the tens i le  s t r eng th  of the  concrete used and with regard t o  any 
o ther  requirements, any re inforc ing  is necessary. 

I f  the re in fo rc ing  is  required f o r  one o r  both types of t e n s i l e  s t r e s s e s ,  
then t h e  appropriate  t o t a l  amount of r e in fo rc ing  can be determined from 
Fig. 25 t o  28 f o r  the  maximum t e a r  and s p l i t t i n g  t e n s i l e  force .  If the  re in-  
fo rc ing  i s  not  divided any fu r the r ,  then a l s o  the exact  he ight  of the  corre-  
spondlng r e s u l t i n g  force  y o r  yH can be read from Fig. 25 and 26. In 

HA S 
general,  however, it is recommended t o  d i s t r i b u t e  the  t o t a l  r e in fo rc ing  re -  
quirements according t o  the  d i s t r i b u t i o n  of t e n s i l e  s t r e s s e s  within the  sec- 
t i o n .  This can be done t o  any desired degree of refinement by means of t h e  
s t r e s s  d i s t r i b u t i o n  given i n  Fig.  6 t o  22. It is espec ia l ly  des i rab le  t o  
d i s t r i b u t e  the  s t e e l  sec t ion  appropr ia te ly  f o r  the  case of s p l i t t i n g  t e n s i l e  
fo rce  f o r  a  load i n  the cent re ,  because i n  t h i s  case the  t e n s i l e  zone has a  
considerable depth. From the  diagrams of y and yHS ( ~ l g .  25 and 26) it can 

HA be seen t h a t  f o r  load pos i t ions  d i r e c t l y  on, o r  c lose  t o  t h e  corner,  the  
r e s u l t a n t  of the  two t e n s i l e  s t r e s s  types nea r ly  coincide. It is therefore  
s u f f i c i e n t  i n  t h i s  case t o  use the  same reinforcement f o r  both types of t e n s i l e  
s t r e s s ,  whereas, f o r  the load i n  the middle, the  cen t re  of t h e  re in fo rc ing  f o r  
the s p l i t t i n g  t e n s i l e  force  i s  considerably lower than f o r  the  t e a r  t e n s i l e  
fo rce .  

The necessary length of the  re in fo rc ing  bars  can be assumed from t h e  
t e n s i l e  s t r e s s  d i s t r i b u t i o n  given i n  Fig. 2 t o  4 and 6 t o  22. 



9 .  Additional Tcst  

It should be s t r e s sed  once more t h a t  f o r  the  present  inves t iga t ion  f i x i t y  

of the p l a t e  on t h e  base o r  on a very la rge  foundation bloclc of the  same 
modulus of e l a s t i c i t y  has been asswned. This type of foundation i s  e a s i l y  
defined and easy t o  reproduce i n  the  t e s t ,  which cont r ibutes  considerably t o  

the accuracy of the study. 
In p r a c t i c a l  cases,  however, the p l a t e  i s  usual ly  supported on a y ie ld ing  

foundation, a f a c t  which can r e s u l t  i n  changes i n  the s p l i t t i n g  and t e a r  
t e n s i l e  s t r e s s c s ,  e spec ia l ly  f o r  r e l a t i v e l y  small p l a t e  height .  In o rde r  t o  
obta in  an idea of the devia t ion  from t h e  present  condit ions the  example shown 
i n  Fig. 29 was s tudied a s  an extreme case.* The model p l a t e  had a r e l a t i v e  
height  h/b = 0.5 and was founded through a s t r i p  foo t ing  on a base of a mater- 
i a l  with a modulus of e l a s t i c i t y  which was 6 6  of t h a t  of the  p l a t e .  Measure- 
ments were made of the  s p l i t t i n g  and t e a r  t e n s i l e  s t r e s s e s  f o r  the case of the  
load a t  the corner a s  well  a s  a t  t he  cent re .  

For the cent re  loca t ion  of the  load the following was obtained: the  
s p l i t t i n g  t e n s i l e  s t r e o s e s  a re  i n  t h i s  cane superimposed on bending s t r e s s e s ,  
a s  the p l a t e  behaves sorncwhat l i k e  a bean1 on an e l a s t i c  foundation. Since the 
f l e x u r a l  s t r c s s e s  i n  the  upper p a r t  of the  p l a t e  a r e  compressive s t r e s s c s ,  
they compensate t o  a la rge  extent  not  only the  s p l i t t i n g  t e n s i l e  s t r e s s e s ,  but  
a l s o  the  t e a r  t e n s i l e  s t r e s s e s  (which i n  t h i o  case would b e t t e r  be ca l l ed  the  
cdgc deformation s t r e s s e s ) ,  whereas near  the lower edge of the  p l a t e  t e n s i l e  
s t r e s s e s  occur which a r e  of the same order  of magnitude a s  the  t e a r  t e n s i l e  
s t r e s s e s  i n  the  "normal case".  These can be ca lcula ted  according t o  t h e  
theory of a beam on an e l a s t i c  foundation. 

For thc pos i t ion  of the  load near the corner of the  p l a t e  the  t e a r  ten- 
s i l e  s t r e s s e s  a re  approximately t e n  times a s  g rea t ,  and the s p l i t t i n g  t e n s i l e  
s t r e s s e s  approximately two and one-half times a s  g rea t  a s  f o r  the  c e n t r a l  load 
pos i t ion ,  so t h a t  the inf luence of moderate beam f l e x u r a l  s t r e s s  i s  r e l a t i v e l y  
small .  

With t h e  correc t ions  made on the  b a s i s  of t h i s  add i t iona l  t e s t ,  the  
r e s u l t s  of the  present  inves t iga t ion  can now be hsed with good approximation, 
a l s o  f o r  cases i n  which the support of the p l a t e  devia tes  from the  o r i g i n a l  
assumption. 

F ina l ly  the authors  would l i k e  t o  thank M r .  L. S t r i n d e l l  f o r  the 
conscientious execution of the measurements. 

* This t e s t  was ouggeoted t o  the  author  by Prof. Hubert Rusch. 
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Fig. 1 

Isochromatic p ic tu re  of the p l a t e  loaded 
near one corner by a small uniformly 

d i s t r ibu ted  s t r i p  load 

Fig. 2 

Tensi le  zones with hor izonta l  
t e n s i l e  s t r e s s e s  ox in a 

p l a t e  loaded i n  
the middle 

h/b = 1, b/a = 16.66, 2d/a = 16.66 

Tensi le  zones with hor izonta l  
t e n s i l e  s t r e s s e s  a, i n  a 

p l a t e  loaded near  
the edge 

h/b = 1, b/a = 16.66, 2d/a = 5 



Tensile zones with horizontal  t ens i le  
s t r e s se s  ox i n  a p la te  loaded 

a t  the corner 
h/b = 1, b/a = 16.66, 2d/a = 1 

Fig. 5 

Nomenclature 



Dild 6. hlb = 0.5 2 dl .  = I 

J .  .' , ,'/"',, .',', , , . , , 7  

Rild 12. ltlb = 2 2 t i l a  1 

Rild 7. h/b  - 0.5 2 dl. - 3 Bild B. hlb  - 0.5 2 d / a  - 6 

Dild 10. hlb  - 1 2 din = 3 Bild 11. blb - 1 2 d /n  = 6 

I l,', , .'. / / / / / / / / / / / / / / / / / / , ' , *  . 
Dild 13. hlb = 2 2 d l n  = 3 

Fit;. 6 t o  l L !  

,/;//, / ,// ,','//,'///,' ' l ' i  //.,'//I// 

Bild 14. hlb - 2 ? d l o  = 6 

S p l i t t i n g  and t e a r  t e n s i l e  s t r e s s e s  ox i n  a  p l a t e  loaded by 
a s t r i p  load with a load concent ra t ion  f a c t o r  b/a = 10  

a t  var ious d i s t ances  2d/a froin the  corner ,  
f o r  var ious r e l a t i v e  he igh t s  h/b 



Ililcl li .  h ib  = 0 ; 2 ,I/u - 9 

Fig. 15 t o  18 

S p l i t t i n g  and t e a r  t e n s i l e  s t r e s s e s  ax i n  a p l a t e  loaded by 
a s t r i p  load ~ ~ i t h  a l o a d  concentrat ion f a c t o r  b/a = 30 

a t  various d is tances  2d/a from t h e  corner, 
f o r  various r e l a t i v e  he ights  h/b 



Dild 20. h lb  =- 1 2 dl.  = 4.5 

Fig. 19 t o  22 

S p l i t t i n g  and t e a r  t e n s i l e  s t r e s s e s  ox i n  a p l a t e  loaded b y  a s t r i p  load 
r:ith n load concentration facto;. ?>/a = j O  a t  var-ious tilis'iance:: 2 d / a  

fro::: tho corner ,  forb var ious rc l -a t ivc  hcichts h/b 



I l i ld  23. Rild 24. 
L N  concentration fac t e r  

b / o  * 30 

Fig. 23 and 24 

bhxin~wfl t e a r  and s p l i t t i n g  t e n s i l e  s t r e s s  
a and a a s  funct ions of the  load "A XS 

dis tance  2d/a from the  corner  



hlb-lo 

10 20 30 

D , I ~  25. 1 1 ~ 1 ~ 1  26. 
b a d  concentrat ion fxtor L o a d  conccnir~f,bn Pcl/o,- 

q d  - ro AA =30 
Fig. 25 and 26 

Tear t e n s i l e  force  H$P and s p l i t t i n g  t e n s i l e  f o r c e  H# 
and t h e i r  p o s i t i o n  with regard t o  the  loaded edge 

(yI4* o r  yHS), toge ther  with the  d i s t ance  of 
the  c ross-sec t ion  with t h e  maximurn t e a r  

t e n s i l e  force  from the v e r t i c a l  edge 
nea res t  t o  the  load (xHii),  a s  a 

funct ion  of the d i s t ance  of 
the  load from the corner  

(2d/a) and of the  
r e l a t i v e  p l a t e  

he ight  h/b 



Fig.  27 Pig.  28 

Tear t e n s i l e  force  H ~ / P  a s  a  func t ion  S p l i t t i n g  t e n s i l e  fo rce  HS/P a s  a  

of the  d i s t ance  of t he  load from 
the  corner  2d/aJ of  t h e  load 

concent ra t ion  b/aJ and of 
t h e  r e l a t i v e  

he igh t  &late 

func t ion  of t h e  d i s t a n c e  of  t he  
load from t h e  corner  2d/a, 

t h e  load concent ra t ion  
b/a and t h e  r e l a t i v e  

p l a t e  he igh t  h/b 

Model of a  wa l l  p l a t e  with  
f o o t i n g  s t r i p  r e s t i n g  on 

an e l a s t i c  foundat ion 


