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Ultimate Bearing Capacity of Strip Foundation 
on Geogrid-Reinforced Clay Slope 

By Eun Chul Shin* and Das, Braja M.** 

Labora tory  model  results for  the ultimate bearing capaci ty  o f  a surface strip 
foundataon on a saturated slope re inforced  wath g e o g n d  layers are presented.  
The  angle o f  the slope wath the horizontal  was varied f rom 35~  50 ~ . 

A biaxial geogrid was used as re in forcement  for  all o f  the model  tests. The  
location o f  the top g e o g n d  layer  wi th  respect  to the bo t tom o f  the foundat ion,  
center- to-center  spacing o f  the geogr id  layer, and depth o f  geogr id  reinforce-  
merit were vaned.  Based  on the mode l  test results a pre l iminary  outline for  
estmmting the ultmmte bearing capaci ty  is presented. 

Keywords . bearing capacl04 gcogrid remforccrncnr clay slope, strTp foun- 
dation 

1. Introduction o f  strip foot ing on geogr id-re inforced 
cohesionless slopes. In contrast, similar 

During the last ten to fifteen years,  results for  foundat ions on  geogrid-rein- 
a number  o f  small-scale laboratory forced c layey soils are rather  limited 
model  test results related to the ulti- (Shin et al., 1993). Results o f  practica- 
mate and allowable bearing capacities bly all studies related to bear ing capa- 
o f  shallow foundations supported b y  city o f  foundat ion available at the 
sand reinforced with layer(s) o f  geo-  present tirr~ were  determined f rom 
grid were published in the literature small-scale laboratory model  studies. 
(Guido et al., 1986, 1987; Khing et These  studies show that, in general,  
aL, 1992; Ornar et al., 1993). Yoo  et the ultimate and allowable bearing ca- 
al., (1996) studied the beanng  capaci ty  pacilaes o f  shallow foundations can be 
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Fig, 1 Geometric Parameters for a Surface Strip 
Foundation on Geogrld-re,nforced Clay 
Slope 

improved by  incorporating geogrid re- 
iraforcement. The present paper  is an 
extension o f  the work  o f  Shin et al., 
1993) in which the bearing capacity o f  
a strip foundation located at the top o f  
a clay slope has been experimental ly 
investigated ha the laboratory. 

Laboratory model tests o f  this type 
have several inherent drawbacks,  such 
as the presence o f  scale effect  which 
is predominant  m tests conducted ha 
sand. Also, the use o f  full-scale geo- 
grid as reinforcement  for  model  tests 
may  give quesUonable results. In spite 
o f  these shortcomings, model  tests do 
provide reasonable understanding o f  the 
influence o f  geogrid re inforcement  ha 
the bearing capacity improverr~ent o f  
shallow foundations. 

2. G e o m e t r i c  P a r a m e t e r s  

The  geometric pamn~te r s  o f  the 
bearing capacity study reported in this 
paper  are shown ha fig. 1. The  satu- 
rated clay slope shown has a height  
H and it marks art angle /%vith the 

horizontal. 
The  undrained shear strength and 

the saturated unit weight  o f  the clay 
are c~ and 9" respectively. There  are n 
layers o f  geogrid re in forcen~nt  wath 
the first layer  located at a depth u 

be low the bot tom o f  the foundation.  
Thus the total depth, D, o f  reinforce-  
ment  measured f rom the bo t tom o f  the 
foundalaon can be given as 

D - - u + ( n  1)h (1) 

where  h = vertical spacing be tween  con- 
secutive layers o f  geogrid 

The  geogr id-remforced clay slope 
supports a surface strip foundanon  o f  
width B. The distance be tween  the 
edge o f  the strip foundat ion and the 
edge o f  the slope is d. The  width o f  
each geogrid layer  is b and can be 
expressed as 

b - b~ + B + b2 (2) 

Shin et al.(7) showed that, for  hori- 
zontal ground surface(i.e., /3=0), for  
mobihzauon  o f  the maxiIrmm ultimate 
bearing capacity 

b~--be ~ 2B (3) 

Therefore,  in this study, bl/B was 
kept  at 2 for  all tests. However ,  de- 
pending on  the magrntude o f  D/B and 
slope angle ~ bz was equal to or  less 
than 2B. 

3. M o d e l  T e s t s  

Model  tests were conducted in a box  
having inside din~nsions  o f  1.22m 
(length) x 152.4rrma (width) x 610ram 
(depth). The  sides o f  the box  were 
braced with angle trons to prevent  yielding 
during soil compact ion and application 
o f  load to the rr~del  foundation. The  
inside o f  the box  was made as smooth  
as possible to minimize fr ict ion with 
the edges o f  the model  foundat ion dur- 
hag load applicalaorL The model  foun- 
dation was made f rom hard w o o d  with 
dmaensions o f  7 6 . 1 m m ( B ) x  152.4mm 
( l e n g t h ) x 3 8 . 1 m m  (thackness). T o  en- 
sure ngidi  W, an a luminum plate o f  the 
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same wid th  as  the i i ~ d e l  founda t ion  

w a s  m o u n t e d  o n  its top. The  base  o f  

the mode l  founda t ion  was  made  r o u g h  

b y  cement ing  a thin layer  o f  sand to it 

wi th  e p o x y  glue. A hole  was  inade o n  

the top o f  the f o u n d a u o n  to ensure that 

the appl ied centric load r ema ined  verti-  
cal  dur ing  the tests. 

A natural  c l ayey  soil was used  for  

the tests. The  gra in  stze dastnbut ion o f  

the soil is s h o w n  in fig. 2. The  h q u i d  

limit and  the plasticity index  o f  the 
soil were  de t e rmmed  to be 4 4 %  and  

20~ respectively.  The  soft was  pu lve -  
r ized  in the labora tory  and  then  thor-  

o u g h l y  m i x e d  wi th  water. In  order  to 

ensure  u n i f o r m  nxnsmre  dasmbution,  
the 1TIOSt soil was then p laced  in sev- 

er0J plastic bags  and cured  for about  a 
w e e k  before  use. 

In  starting the tests, the nx)lst  soil 

was  p laced  m the test b o x  and  c o m p a -  
ced  in 2 5 . 4 - m m  thick  layers.  The  corn- 

pac t lon  was  ach ieved  us ing  a f lat-botto-  
m e d  halIm-~r. A blaxial  geog r id  was  

used  for  r e i n f o r e e ~ t .  It  is one  o f  the 

weakes t  geogr ids  available c o m m e r c i a l l y  

in the market.  The  geog r id  r e m f o r c c -  

r r~nt  layers h a v i n g  b =  5B were  p l aced  
at desired values  o f  u /B  and  h/B. A f l ~  

comple t ion  o f  compact ion ,  the s lope was  
f o r m e d  b y  t r i ~ g  the comtmcted  soft. 
F o r  all tests, b, was  kept  at  2B. A s  

n x ~ t i o n e d  before,  the m a g m t u d e  o f  b2 

was  kept  less than or  equal  to 2B,  de- 

pend ing  on  the slope angle  /3 and  depth  
o f  r e m f o r c e m t  D. 

O n c e  the slope was  fomaed,  the 

2O 

100o0 r P I 
010oo 0o100 o o o l o  o ~  

Grab =Ira Imm) 

F,g 2. Gram-s ize  D,strtbutton of 8otl used ,n the  
Model T e s t s .  

Table 1 Details of the Compacted Soil and Geo-  
grid 

Item Quanuty 

Compacted Soil 
Umt weight dunng test 
Moisture content dunng test 
Degree of saturation dunng tests 
Undrained vane shear strength 

Ge0gnd 
Slrdcture 
Polymer 
Junclaon 
A p e l ' ~  S l ~ )  

Nominal nb ttuckness 
N0rrunal juncUon tlmckness 

18 25kN/m 3 
35.8% 
98% 

9. lkN/m2( -+ 6%) 

Pur~tured sheet drawn 
PP/HDPE co-p0lyrrer 

Unmzed 
25 4mmG3.0mm 

0.76mm 
2 29iIan 

m o d e l  founda t ion  was  p l aced  at the top  

o f  the s lope a desired d/B. The  nxxtel  

test b o x  was  then  p laced  u n d e r  a steel 
frame. L o a d  to the foundaUon  was  ap- 

p l ied  wi th  a hydrau l ic  jack.  The  load  
and  co r res txmding  setflerr~nt were  mea-  

sured  b y  a p r o v i n g  r ing and  daal gaug -  

es, respect ively.  T h e  und ra ined  shear  

strength,  c,, o f  the c o m i ~ c t e d  c lay  was  

de te rmined  at the end  o f  each  bea r ing  

capac i ty  test wi th  a hand-he ld  v a n e  

Table 2 Detai ls of Model Tests  

Senes 

A 
B 

C 
D 

~fdeg) 

35, 40, 45, 50 
0, 35, 40, 45, 50 

45 
45 

d/B 

0,1,2 
0,1,2 

1 

1 

n u/B IdB 

1, 2, 3, 4, 5, 6 0 4 0333 
3 0 25, 0 4, 0.6, 0 8, i 0 0 333 

2, 3. 4, 5 04 1332,0666, 
0.444, 0 333 

Rermrks 

Unremf0rced clay 
Reinforced clay 
Reanforced clay 

Remforced clay 

Note For all tests, H = 0 533m 
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shear device. Details o f  the physical  
parameters o f  the compacted soft and 
the geogrid are given in Table t .  The  
ultimate load for each test was deter- 
mined f rom the l o a d - s e t t l e ~ t  curves 
using the procedure described b y  Veslc 
(1973). A total o f  104 tests were con- 
ducted and the sequence o f  the model  
tests is sunmmfized m Table  2. 

4. Test Results 

I I [ 

~ l l l i  

I i I 2 
30 35 40 4~ 5G 

Fig. 4 Exper,mental values of N~ (Series A)  

4.1 Test Series A 
The bearing capacity tests conducted  

m this series were on tmreinforced 
clay. Meyerhof(1957)  provtded the the- 
ory for the ultimate bearing capactty 
o f  a strip foundation on  a saturated 
clay slope (qS=0 condition). According 
to thas theory, 

q0 - -  c ~ N ~  ( 4 )  

where q . =  ulfin~te bearing capacxty on  
unremforced clay 

No. =bea r ing  capacity factor  
For  surface foundataon, Nc~ = N~ 

Hence  

N0-  q~ (5) 
C~ 

Fig. 3. shows typical plots o f  s/B 
( s= founda taon  settlement) versus load 
per  unit area o f  the foundat ion along 
with the ultimate bearing capacity, q.. 

The  e x p e ~ t a l l y - d e r i v e d  bear ing 
capacity factors(N~) for  tests conducted 
in Series A for  various values o f  d/B 
and slope angle (/5) are shown m fig. 4. 

The comparison shows that. for  /~ 
less than 50 ~ the expefilT~ntal values 

Load per unit area (kN/m 2 ) I.==d imr =~t = ~  (k l~  z ) 

0 ,0 20 3O 4O ' ~  l / 

i 10 

11 n o  

10 ~ 

12 
j m L -  

14 

F,g 3 Typical Plots of Load per unit area Versus s 
/ B - - T e s t s  on Unreinforced Alope (Series A)_ 

Fig 5 Typical Plots of Load per unit area Versus 
s / B - - T e s t s  on Reinforced Slope {Serms B. 
u/B = 0 4, h /B = 0333) .  
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Fig 6. Plot of Bearing Capacity Ratio w,th D/~ and 
d/B (Serms B) 

are  s o m e w h a t  h igher  than  those  predi-  
c ted  b y  theory .  

4.2 T e s t  Ser i e s  B 

T h e  t e s t s  m t h i s  s e r i e s  w e r e  c o n -  

duc t ed  to  de te rmine  the  crit ical dep th  
o f  r e i n t b r c e ~ k  D/B=(D/t3)r  beyond 
which  the con t r ibu t ion  o f  r e i n f o r c e m e n t  
t o  t h e  i m p r o v e m e n t  o f  t h e  b e a r i n g  c a -  

p a c i t y  is pract ica l ly  negl igible .  Al l  tests 
were  conduc t ed  at tt/B = 0 .4  and  h /B  = 
0.333. fig. 5. shows  typacal p lo ts  o f  s/ 

B vs. load  pe r  unit  a rea  o n  the  foun-  
clarion ( fo r  / 9 - 4 0  ~ and  d /B = 1) a long  

wath ul t imate  b e a n n g  capac i ty  o n  rein-  
fo rced  c lay  s lope,  qofR). F o r  samilar 
va lues  o f  ~ d/B and  H/B,  the  u l t imate  
bea r ing  capac i ty  c an  be  e x p r e s s e d  in a 
nondixnensionaI f o r m  as 

BCR = q~'~ (6)  
qo 

Fig. 6 shows the exper i r r~n ta l  varia-  
t ions o f  B C R  fo r  P : 0  ~ to 5 0 ~  d /  

B = 0  to 2. In  all cases  B C R  increases  
wi th  D /B  up  to  an  approxamate  max i -  
m u m  va lue  and  remains  constant  
theTeafler. H e n c e  as s h o w n  in fig. 6 ,  
fo r  all eases i rrespectave o f  /9 and  d/B,  
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14 |  

r 

h/B=O.~ 

'% . . . .  i~ J 
d t l l  

Fig 7 PI0t o f  E x p e r i m e n t a l  BCR, ,  B, w i t h  d / B  

(based on Fig 6 ) 

1 4  

m 12~ 

11 

l f l  I } I k 

a m  ~ n m  ~ 111 

ulB 

F,g 8 Plot of BCR Versus  u /B  (Series C fl  = 
45 ~ , d /B  = 1, h /B  = 1/3,  n = 31 

the va lue  o f  (D/B)~r is a b o u t  1.72. 
A p lo t  o f  BCR~Dzm~ wi th  d /B  fo r  

va r ious  va lues  o f  the  s lope  ang le  /3 
ob ta ined  f r o m  fig. 6. is s h o w  in  fig. 
7. F r o m  this f ig  at c a n  b e  seen  that,  
fo r  d /B ) 3, the  s lope  ang l e  13 has  n o  
effect  o n  the bea r i ng  capac i ty  ratio. 

4.3 Test Series C 
T h e  tests  in Series  C w e r e  conduc t -  

e d  to  de t e rmine  the cr i t ical  va lues  o f  u 
/13 [i.e., (u/B)~d f o r  rnobl l iza laon o f  
r r m x i n m m  ul t imate  b e a r i n g  c a p a c i t y ( f o r  
s imi lar  va lues  o f  ~ c ,  and  d/f3). In  
tbas test  series,  f o r  / 3 =  45  ~ , d /B  = 1, h 

/13 = 0.333 and  n -  3, the  rr~agnitude 
o f  u /B  was  var ied.  T h e  e x p e r i m e n t a l  

1r 
0 

t 6  

~4 

10 I r 
O0 04  D8 12  

h / B  

Fig 9 Plot of BCR Versus  h,/B (Series D) 

bea r ing  capac i t y  ra t ios  ( B C R )  ob t a ined  
are  s h o w n  m fig. 8. N o t e  that  the 
B C R  inc rease  f r o m  lx/B = 0 .25 a n d  
reaches  a t r m x ] m u m  va lue  at  t g B  = 0.4. 
Thus ,  the cri t ical  u / B  [ i . e ,  (u /B) ,  d is 
a b o u t  0.4. 

4.4 T e s t  S e r i e s  D 
Tests  in tins ser ies  w e r e  c o n d u c t e d  

to d e t e r m i n e  the  e f f ec t  o f  h /B  on  
B C R .  I n  c o n d u c t i n g  the tests, u / B -  (u/  
B)cr = 0.4, d / B  ~ 1, D / B  = (D/B), r  and  

= 4 5 ~  k e p t  constant ,  h o w e v e r ,  h 
/I3 w a s  v a n e d  b y  c h a n g i n g  the n u m b e r  
o f  r e i n f o r c e m e n t  l aye r  (n). B a s e d  o n  
the  e x p e r i m e n t a l  results ,  the  var ia taon 
o f  B C R  watla h / B  is s h o w n  in  fig.  9. 
F r o m  this f igure  it a p p e a r s  that, fo r  all 
prac t ica l  pu rpose ,  the e f f e c t  o f  re info-  

r c e m e n t  o f  B C R  ~s n e g h g l b l e  f o r  h/  
B 2 abou t  0.8.  

5. Considerations to Estimate Ultimate 
Bearing Capacity 

B a s e d  o n  the  p re sen t  tests, a prel i -  
m i n a r y  a t t emp t  to  e s t ima te  the ul t i r r~te 

bea r ing  capac i ty  o f  a s t r ip  founda taon  
o n  g e o g n d - r e i n f o r c e d  sa tu ra ted  c lay  
c l ay  b e  d e v e l o p e d  as fo l lows .  

q.r  = c,~ Nr  + vD~ ( 7 )  

w h e r e  N~(R, is the  r r ~ d i f i e d  bea r i ng  
capac i ty  f ac to r  w h i c h  is a func t ion  o f  
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LT~imate Beanng Capaclry of Srr~p Foundarmn on Geogmd Reinforced Clay Slope 

d/B,  D/B,  u /B  and  h/B. Df is the 
d e p t h  o f  fo tmd~t ion.  

T h e  m o d i f i e d  bea r i ng  capac i t y  fac tor  
c a n  b e  e x p r e s s e d  as 

w h e r e  N r  the bea r ing  capac i ty  fac tor  
fo r  u n r e m f o r c e d  s lope  wi th  Df /B - 0. ffr, 

and  ah are  the  r e i n f o r c e m e n t  dep th  fac-  
tor  a n d  the s p a c i n g  factor.  ~o is the lo- 
ca t ion  fac tor  f o r  the first  l ayer  o f  geo -  
grid 

BCR',,~B,, is the b e a r i n g  capac i ty  fac-  

to r  fo r  a s lope  ang le  /~ wi th  WB = 1/3, u 
/B  = 0.4 a n d  D / B  = (D/B)~ = 1.72 

B a s e d  o n  m a n y  tests o f  fins t ype  usi -  

n g  severa l  t ypes  o f  g e o g n d  and  soil, it 
is the o p i n i o n  o f  the au tho r  that  the 
m a g n i t u d e  o f  BCR'~x,B<-~ v a n e s  b e t w e e n  
1.6 to 1.8 a n d  c a n  b e  e s t ima ted  to h a v e  
a n  a v e r a g e  o f  a b o u t  1.7. 

Fig. 10. s h o w s  a p lo t  o f  ab vs. D / B  
f o r  va r ious  va lues  o f  r a n d  d/B. T h e  
p a r a m e t e r  GD can  b e  e x p r e s s e d  as ( fo r  
a g i v e n  u/B, h/B,  d/B and  t5) 

(1. 

I D  

O0 

0 8  

q r $ 

ayla)o~ .Ol(ol ) Dtl 
( ~  ai  e 

A IFI; l 

�9 4IF * 
�9 IF,, 

�9 IF IF 
0 IFIF IF 
4> IF; 

4 .  IFIF = 
-~- =D * 

-~- sD 1 
-A- *iF 
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0i5 110 T .5 

D I B  

07  

06  

05  

04  

03  

02  -, 
O0 

Fig 10 Plot of a,  Versus D/B for Various Values 
of /3 and d/t] Obtained for Fig 6 (Series 
B )  

BCR~,~,-~ 
a .  - -  BCRtD ~ , ' r r -  ~ (9) 

T h e  plots o f  ffD s h o w n  m fig. 10. 
w e r e  o b t a i n e d  f r o m  the  e x p e r i ~ t a l  

va lues  o f  B C R  s h o w n  m fig. 6 . (Ser ies  B 
tests). I n  spi te  o f  s o m e  s c a r e r  it a p p e a r s  
that,  fo r  all  v a lue s  o f / ~  a n d  d/B. 

e~ ~ 0 179(D/B) + 0.72(f0r D /B  < 1 4) (10) 

aD ~ 0 094(D/B) + 0.94(f0r 1 4 < D/B  <~ 1 72) 
(11) 

F o r  a g i v e  s lope  an~gle /~ h/B,  d /B  
and  D / B ,  the  t e r m  au can  be  de f i ned  
a s  

10 

(19 

( i f . ,  

OS 

(17 

O,S = 
~tO O.2 

I I I 
0 4  06  0.8 10 

ulB 

Fig. 11 Plot of a= Versus u/B Based on F=g 8 
{Series C). 

14 

12 

Fig 

l O  

o9 

06 

04  
oo 

i J I i 110 f 
0 2  04  O6 OS 1.2 

h / B  

1 2  P l o t  o f  ah  V e r s u s  h / B  B a s e d  o n  F i g  

{ S e r i e s  B )  

1A 

9 
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BCR ~ .... B 
a, - BCR ~,,,,r -~ (12) 

T h e  v a r i a t i o n  o f  a ,  wa th  u / B  d e r i v e d  

f r o m  t h e  e x p e f i n - ~ n t a l  v a l u e s  s h o w n  i n  

f ig .  8. i s  g i v e n  i n  f ig .  11. 

A g a i n ,  f o r  a g i v e n  s l o p e  a n g l e  ~ D 

/B ,  u / B  a n d  d / B ,  t h e  s p a c i n g  f a c t o r  crh 

c a n  b e  w r i t t e n  as,  

BCR,~,a, 
a, - BCR,~=0 ~j (13) 

F ig .  12. s h o w s  t h e  p l o t  o f  ah v e r s u s  

r m  h / B  b a s e d  o n  t h e  r e ~ t l t s  s h o w n  i n  

F ig .  9. F r o m  t h e  p l o t  i t  a p p e a r s  t ha t  

a~ ~ 1 .3-0 .9(h/B)  (for h /B < 0 8) (14) 

6. Conclusions 

T h e  r e s u l t s  o f  a n u m b e r  o f  b e a r i n g  

c a p a c i t y  t e s t s  f o r  a ~ e l  s t r ip  f o u n -  

d a t i o n  s u p p o r t e d  b y  a g e o g r i d - r e m -  

f o r c e d  c l a y  s l o p e  w e r e  p re sen ted_  

B a s e d  o n  t h e s e  r e su l t s ,  t h e  f o l l o w i n g  

c o n c l u s i o n s  c a n  b e  d r a w n .  

1. O t h e r  c o n d i t i o n s  r e n x a m i n g  the  

s a n ~ ,  t h e  f i r s t  l a y e r  o f  g e o g n d  

s h o u l d  b e  l o c a t e d  a t  a d e p t h  o f  0. 

4 B  b e l o w  t h e  f o u n d a t i o n  fo r  m a x -  

i m u m  i n c r e a s e  m t h e  u l t i m a t e  

b e a r i n g  c a p a c i t y  d e r i v e d  f r o m  re -  

i n f o r c e r t ~ t .  

2. T h e  m a x i m u m  d e p t h  o f  r e i n f o r c e -  

m e r i t  w h i c h  c o n t r i b u t e s  to  t h e  

bean_rig c a p a c i t y  i m p r o v e ~ t  is  

a b o u t  1 .72B.  

3. A t e n t a t i v e  p r o c e d u r e  xs s u g g e s t e d  

f o r  e s t i m a t i n g  t h e  t f l t ima te  b e a r i n g  

c a p a c i t y  o f  s t r i p  f o u n d a t i o n .  
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