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EXPERIMENTAL INVESTIGATIONS OF EARTH 

PRESSURE ON WALLS WITH TWO RELIEVING PLATFORMS 

IN THE CASE OF BREAKING LOADS ON THE BACKFILL 

P°  I. Y a k o v l e v  U D C  624.131.37:624.137.5 

Quite economical  lightweight walls have found wide use of late in the construction of retaining s t ruc -  
~ r e s .  The construct ion potentialities of the creat ion of such walls with considerat ion of the use of p recas t  
members  are far  f rom exhausted. The skillful use of the proper t ies  of the backfill, having internal f r i c -  
tion, permits  a considerable reduction of the forces acting on the wall. 

One of the main methods of creat ing economical  lightweight s t ruc tures  is the use of relieving plat -  
forms connected rigidly with the wail. E a r l i e r  the author car r ied  out experiments  with one rel ieving plat -  
form in o rde r  to investigate:  1) the distr ibution of p r e s su re  over  the height of the wall as a function of the 
posit ion and dimensions of the pla t form under conditions of the effect  of a var ious ly  distributed load on the 
backfill  surface;  2) distr ibution of the p res su re  on the p la t form as a function of the intensity and location 
of the load; 3) cha rac te r  of change of the p ressu re  on the walt and pla t form in the presence of forward 
movements  of the wall; 4) size of the sliding wedge and position of the surface of sliding for wails with 
plat forms;  5) s t r e ss  of the backfill behind the wall [1]. 

An analysis of the results  showed that the problems of the interaction of such walls with the backfill 
a re  ra ther  complex and the exist ing calculation methods inadequately take into account the effect of many 
essent ia l  factors  [2-5]. 

The author ' s  experiments  established that in the case of wail displacements an internal surface of 
sliding s tar t ing f rom the end of the p la t form forms in the backfill zone above the platform. The soil pa r t i -  
cles in the region between the internal sliding surface,  wall, and pla t form are  not displaced during move-  
meats  of the wall and a state of l imit equil ibrium does not occur  in this backfill zone. The position of the 
internal and external  sliding surfaces  depends on the width and depth of embedment  of the platform. F o r  

the same depth of the p la t form the dimensions of the sliding zone increase  with an increase  of the plat -  
fo rm width, In the backfill  located between the pla t form and the external sliding surface the ver t ical  c o m -  
ponents of part icle  displacement  are maximum, whereas the horizontal  components are relat ively small  
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Fig. t .  Diagrams of p ressu re  on wall for  different  loads on the fill surface ,  a) 1-5th 
loading step; b) 6-10th loading step. The numbers of the line correspond to the numbers 
of the loading step; line 0 corresponds  to the case when only sand was filled and the 
load was not applied. 
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Fig. 2. Diagram of the p ressu re  on the wall 
during forward movements.  1) After placing 
the 10th loading step (displacement 0.096 mm); 
2-5) during movements equal respect ively  to 
0.146, 0.234, 0.42, and 0.78 mm. 

sure before the s t a r t  of displacement .  

For  cer ta in  relations of the width and depth of the p la t form the p ressu re  on the upper par t  of the 
wall increases  during movements,  the relative increase of p ressure  being g rea te r  the wider  the platform 
and smal le r  its depth. 

(about twofold less than for part icles  located below the 
platform).  The intensity of the ver t ical  p ressu re  here 
during movements of the wall is considerably less than 
the weight of the overlying backfill and load [6, 7]. 

The ver t ical  s t r e s ses  in the region of the backfill 
under the p la t form are considerably less than follows 
f rom the exist ing calculation method. 

The ver t ical  s t r e s se s  f rom the load are distributed 
at an angle considerably less than the angle of  failure 
reckoned f rom the horizontal .  The load beyond the sliding 
wedge causes an increase  of p ressure  on the wall. The 
d iagram of p re s su res  on the portion of the wall below 
the pla t form has a gradual cha rac te r .  The p ressure  
on the wall below the pla t form is g rea te r  and near  the 
bottom of the wall less than the calculated. 

During movements the resultant  of the p ressu re  
on the lower pa r t  of the wall dec reases  continuously un- 
til the displacements  equal 1/200-1/100 of the wall 
height. The minimum pressu re  on this pa r t  of the wall 
during movements can be severalfold less than the c o r -  
responding pressure  before the s ta r t  of displacement.  
With a further  increase of movements the p ressu re  can 
increase somewhat,  not exceeding,however ,  the p r e s -  
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TABLE 3 

No. Charme~ Stresses at loading steps 

eel! sand ~ 2 a 4 5 6 ? 8 .9 io 

0,84 0,66 0,66 O,6B 0.75 0,75 0,72 0,74 0,82 0,88 0,89 
0,I6 0 17t0, t710 1610 18/0,t810,18I~;1810,1910 18 0,18 
0.32 0.33 l 0,34 } 0,34 1 0.36 t 0,36 | 0.38 / 0.38 | 0.40-i 0,42 1 0,42 
0,40 0,46 0,48|048~0,49 0,49t0,5| /0,5110,54 0,55 0,55 
0,58 0,60 0,61|0,60|0,64 0,65|0,66|0,67~0,7i]0,72 0,74 

TABLE 4 

No. Stresses .during wall movements, mm 1 
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5 0.74 0,72 0,70 0.69 0.66 0,63 0,62 0,69 0.78. ~ 

P r i o r  to the s t a r t  of  wa l l  m o v e m e n t s  the magni tude  of  the r e s u l t a n t  of  the p r e s s u r e  on the p l a t f o r m  
is  l e s s  than  the c a l c u l a t e d  p r e s s u r e ,  def ined  as  the we igh t  of the o v e r l y i n g  b a c k f i l l  and loado D u r i n g  d i s -  
p l a c e m e n t  the r e s u l t a n t  of the p r e s s u r e  on the p l a t f o r m  i n c r e a s e s  n o t i c e a b l y  and a p p r o a c h e s  the c a l c u -  
l a t ed  v a l u e .  These  q u a l i t a t i v e  c h a r a c t e r i s t i c s  a r e  o b s e r v e d  a l so  in wa l l s  wi th  two r e l i e v i n g  p l a t f o r m s .  

The i n v e s t i g a t i o n s  w e r e  c a r r i e d  ou t  in  an open  channel  of  width  b = t00 c m ,  he igh t  H = 109 c m ,  and 
l eng th  [ = 177 c m .  The face  of  the m o d e l  o f  the wa t I  c o n s i s t e d  of  10 x 1 0 - c m  b l o c k s  bo l ted  to a m e t a l  
f r a m e  o f  No. 20 H b e a m s .  The m a s s  of  th is  pane l  was  abou t  400 kg° The wid th  of  the u p p e r  p l a t f o r m  was  
21o8 c m  and o f  the l o w e r  14.5 c m .  The dep th  of  e m b e d m e n t  of  the u p p e r  face  of  the p l a t f o r m s  was r e -  
s p e c t i v e l y  27.3 and 57.3 c m .  

The p l a t f o r m s  w e r e  made  of a 4 - c m - t h i c k  b o a r d  and w e r e  bo l ted  o v e r  t h e i r  l eng th  to fou r  b r a c k e t s  
we lded  f r o m  45 × 4 5 - r a m  angle i r o n s .  The b r a c k e t s  in tu rn  w e r e  bo l ted  to the w a l l .  Suf f i c ien t ly  r ig id  a t -  
t a c h m e n t  of  the p l a t f o r m  to the qu i te  r i g i d  wa l l  was  a t t a ined  t h e r e b y .  The s u r f a c e  of the b l o c k s  of  the wa l l  
f a c ing  the b a c k f i l l  was  s m e a r e d  wi th  glue and dus ted  wi th  sand to c r e a t e  r o u g h n e s s .  

The p r e s s u r e  on the w a l l  and p l a t f o r m  was  m e a s u r e d  by  12 p r e s s u r e  c e l l s  p l a c e d  a long  the ax i s  o f  
the w a l t .  Ti~e c e l l s  w e r e  p l a c e d  on the v e r t i c a l  w a l l  a t  a dep th  o f  8,  23, 38,  53,  68, 8"3, and 103 c m .  The 
o t h e r  f ive c e l l s  m e a s u r e d  the v e r t i c a l  p r e s s u r e  on the p l a t f o r m s  ( th ree  c e l l s  on the u p p e r  and two on the 
l o w e r  p l a t f o r m ) .  

A f t e r  f i l l i ng  the channe l  wi th  L y u b e r t s y  fine q u a r t z  sand (unit  we igh t  1.52 t o n s / m  3, angle  of  i n t e r n a l  
f r i c t i o n  33°30 ') two rows  of  i r o n  c a s t i n g s  w e r e  p l a c e d  on the s u r f a c e  of  the f i l l  o v e r  the e n t i r e  length  of 
the channe l  to p r o v i d e  the n e c e s s a r y  load .  At  f i r s t  the f i r s t  row of c a s t i n g  was  p l aced  as  five s t e p s ,  which  
p r o v i d e d  a load i n t e n s i t y  of  3320 N/m 2 (the d i s t a n c e  f r o m  the wa l l  to the f r o n t  face  of  the Ioad in  the 1-h th  
s t e p s  w a s  r e s p e c t i v e l y  82.5 ,  59 .1 ,  36.8 ,  14.2,  and 0 cm;  the l eng th  o f  the l o a d i n g  s e c t i o n  in the f i r s t  s t ep  
w a s  88.1 c m ) ,  and then the s econd  row wi th  a l oad  o f  6420 N / m  2 was  app l i ed  in the s a m e  s e q u e n c e  on the 
steps of the first row. 

The experimental diagrams of the earth pressure on the wall obtained after filling the channel with 

sand and during application of the l-5th steps of the load are shown in Fig. la. 

Similar diagrams obtained during placement of the second loading row (6-10th steps) with an inten- 
sity- of 3320 + 6420 = 9740 N/m 2 are Shown in Fig. Ib, which shows for comparison the diagram obtained 
after placing the fifth step corresponding to a uniformly distributed load with an intensity of 3320 N/m 2 

starting from the wall and located over the entire surface of the fill. 

The forward displacement of the wall resulting from deformation of the supporting elements after 

placing the 10th step was 0.096 mrn (diagram I0 in Fig. Ib)o 

After loading the wall of the model a special forward displacement was imparted by turning the sup- 

porting bars. Four diagrams obtained during such movements and corresponding to displacements of 

0.146, 0.234, 0.420, and 0.78 mm are shown in Fig. 2 (here and henceforth the magnitudes of movements 

are indicated from the initial position of the wall before filling the channel with sand). 

The data from analyzing the diagrams are presented in Tables I and 2,whe re E is the resultant of the hori- 

zontal pressure on the entire wall; E l, E 2, E 3 are the same on the upper part of the wall with a height of 
31.3 em (above the lower face of the upper platform), on the middle part with a height of 30 cm, and on the 

lower part with a height of 41.7 cm (from the bottom of the second platform from the top); Mov is the over- 
turning moment of force E relative to the bottom of the diagram. The ratio r/h characterizes the location 
of the resultant E with respect to the height of the wall, where r is the distance from the bottom of the dia- 

gram_ to the line of action of force E ; h = 103 cm is the height of the wall within which the diagram was 

constr~cted. Also shown there are the values of the resultants Qi and Q2 of the pressure on the upper and 
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Fig. 3. Displacement of the fill af-  
te r  forward movement of the wall 
by 19.6 mm. 

lower platforms in N /m 2 of the pia t form length, as well as the mag~ 
nitudes of the forward displacements of the wall during its loading 
and movements.  

In Table 1 the denominator presents  the corresponding values 
calculated by the present ly  used Coulomb method of determining the 
p res su re  on walls with platforms for q = 0 °3320 and 9740 N / m  2 (for 
an angle of wall friction 6 = 22°20'). 

We see f rom Tables I and 2 that the experimental  resul tant  I~ 
in all cases is close to the calculated. The value of t~ changes in- 
significantly during wall movements .  The resul tant  of p ressure  E 1 
during loading of the wall differs little f rom the calculated; however,  
during wall movements the value of E i increases  considerably (up 
to 1o5 times). The experimental  E 2 during loading of the wall is 
noticeably grea ter  than the calculated.  During movements of the 
wall to 4.5 mm E 2 decreases  somewhat,  exceeding considerably the 
calculated nonetheless.  

The resultant  E 3 during loading is slightly less than the ca l -  
culated and it dec reases  even more during wall movements .  The 
minimum of E 3 amounts to less than two-thirds of the calculated.  

The point of application of the resultant  E during loading and especial ly during wall movements is 
higher than the calculated. Therefore ,  the experimental  value of Mov f rom force E is grea ter  than the ca l -  
culated moment. Thus, although the total horizontal p re s su re  on the wall is close to the calculated, the 
distribution of p r e s su re  over  the height of the wail differs f rom the calculated. 

The resultant  of p ressure  Q1 during loading is less than the calculated, defined as the weight of the 
overlying fitl and load. However,  during walt movements the experimental  Q1 approaches the calculated. 

The resul tant  Q2 during wall movements changes little. The diagrams of the p ressu re  on the p la t -  
forms have a pronounced trapezoidal cha rac te r  with the smal le r  ordinate near the wall. For  the upper 
p la t form the ratio of the extreme ordinates during loading of the wall is about 2, but during movements in- 
c reases  to 4. 

Figure 3 shows the displacement  of the fill par t ic les  during forward movement of the wall. In this 
case regions are formed above both platforms within which the fill does not pass into a state of limit 
equil ibrium. 

In addition to the 12 contact p ressu re  cel ls ,  five soil p ressu re  cells that measured the ver t ical  
s t r e s se s  were placed in the backfill behind the wall. Cell No. 1 was located at the level of the upper face 
of the lower pla t form at a distance of 18.6 em f rom the wall; cells Nos. 2 and 3 at a depth of 9.5 cm f rom 
the bottom of the lower p la t form at a distance of 4.5 and 11 cm from the wall; cells Nos. 4 and 5 were 
placed at the same such distance f rom the wall at a depth of 26.9 cm from the bottom of the lower plat -  
form.  The resul ts  of measur ing the s t r e s se s  in the fill are presented in Tables 3 and 4 (in N/era2). 

During wall movements the p ressu re  on cell No. 1 decreased by about 30% as a consequence of a r c h -  
ing, and only after  cave- in  of the fill upon displacement  of 0.004 H it began to increase ,  not reaching how- 
ever  the initial value. The load had little effect  on cells Nos. 2 and 4 located near  the wail.  During move-  
ment of the wall to 0.004 H the ver t ical  s t r e s se s  at these points decreased by 20-30%. The s t r e s ses  on 
cells Nos. 2 and 4 also decreased slightly for this same amount of movement.  

On the whole the experiments  revealed ra ther  completely the pattern of the change of contact p r e s -  
sures  on the wall and platforms and yielded some data in the complex and lit t le-studied a rea  of exper i -  
mental investigations pertaining to measurement  of s t r e s ses  in backfill. 

The resul ts  obtained confirm the need to use more accurate  calculation methods in design pract ice 
[3 ,5] ,  which permits  improving the economic indices of using quite promis ing lightweight walls with r e -  

lieving pla t forms.  
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