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B e a r in g  C a p a c ity  o f  B o re d  P ile s in  E x p a n s iv e  C la y s

Ca p a c i t é  p o r t a n t e  d e  p i e u x  f o r é s  d a n s  u n e  a r g i l e  g o n f l a n t e

by D i n e s h  M o h a n , M . A .S .C .E ., H ead  o f  S oil E n g in ee rin g  D iv is io n , C e n tra l B u ild ing  R esea rc h  In s ti tu te , R o o rk e e  

a n d

G i r i r a j  S i n g h  J a i n , J u n io r  S cien tific  O fficer, C e n tra l B u ild ing  R esea rch  In s titu te , R o o rk ee

Su m m a r y

The design o f under-reamed pile foundations in expansive 
clays requires a knowledge o f the anchorage and load carrying 
capacities o f the piles. The authors describe a full scale loading 
and pull out tests on cast-in-situ straight and under-reamed 
piles of different sizes carried down to different depths in Indian 
black cotton soils. While the net point bearing value, after deduct­
ing the side friction for straight piles, is eight times the shear 
strength o f the soil, in the case of under-reamed piles the point 
bearing is only half this value.

So m m a i r e

L ’exécution des reprises en sous-œuvre par pieux forés dans 
des argiles expansives nécessite la connaissance des capacités 
d’ancrage et de force portante de ces pieux. La présente commu­
nication décrit des essais de chargement et d ’arrachage de pieux 
moulés dans le sol, munis ou non d'un bulbe à la base, de diffé­
rents diamètres, et de longueur différente dans le « Black C otton » 
indien. Tandis que la contrainte nette de pointe (déduction faite 
de celle absorbée par frottement dans les pieux ordinaires) 
est de 8 fois la résistance au cisaillement du sol, on a constaté 
que celle-ci doit être réduite environ de moitié dans le cas de 
pieux à bulbe.

In t r o d u c t i o n

Indian b lack  co tton  soils a re  h ighly expansive clays. T he ir 

liquid lim it ranges from  46 to  97 and  P lasticity  Index from  

22 to  49. T hey are  n o t sensitive and  have a  sensitivity  value 

close to  u n ity . T hey are  usually  d ark  in co lou r and have a 

p redom inance o f  the m ineral m ontm orillon ite  [1]. U nder­

ream ed pile foundations  have been suggested fo r buildings 

over deep layers o f  such soils [2]. These piles have their 

bases enlarged o u t by  a  special ream ing tool to  provide an  

anchorage and  a  g reater bearing area  in the stab le zone 

w here ground  m ovem ents are negligible (F ig. 2). Full scale 

loading and  pull o u t tests w ere carried  o u t on  piles o f  various 

sizes a t  different depths in o rd er to  ob ta in  som e idea o f  their 

load bearing capacity .

A loading  and pull o u t test was carried  o u t on  bored piles 

at P oona in M arch  1957 [3]. The black co tto n  soil on  the 

site had an  average liquid lim it 85, a  p lastic lim it o f  28, 

a  na tu ra l m oisture con ten t 33 and  a  shrinkage lim it 

o f  12. A bou t tw enty  one  piles were tested and  it was observed 

tha t the fric tional resistance offered by the  piles as  obta ined  

from  the  pull o u t tests w as ab o u t one  th ird  o f  the  shear 

s treng th  o f  the  soil, and  tha t the net poin t bearing  capacity  

as ob ta ined  from  load ing  tests after deducting  the side fric­

tion  w as ab o u t n ine  tim es the shearing strength  for straigh t 

piles o f  un ifo rm  d iam eter and  ab o u t fou r tim es the shear 

streng th  fo r underream ed  piles.

In o rder to  confirm  the above findings and  to  fill in cer­

ta in  gaps in  previous testing records a  second test w as ca r­

ried o u t a t  Jab a lp u r (M adhya P radesh), in Ju ly , 1958. 

Tw enty  three c ircu lar concre te  piles, 9 to  12 in. diam eter 

and  6  to  12 ft. long , bo th  stra igh t o f  un ifo rm  diam eter and  

under-ream ed, w ere cast in-situ in F eb ru ary  1958. Fig. 1 

show s the layou t p lan  an d  details a re  given in  T ab le 1.

The layou t o f  the  piles w as so  arranged th a t the piles which 

were first tested by  pulling could  la ter be m ade to  ac t as 

anchors for loading  tests on  in term ediate piles. P ile N o . 2 

was cast in  such a m anner tha t a  gap  o f  one  foot w as left 

below  the pile bo ttom , and  the process is described later.

T he loading  test on  this pile gave the value o f frictional 

resistance in load ing  alone. Piles 22 and 23 w ere subjected 

to  a long term  loading  test w ith the help o f  bricks piled up  on 

a loading  p la tfo rm  eight feet square. Pile 22 had an  ou te r 

sleeve o f galvanised  iron  pipe which elim inated skin friction 

and on ly  p o in t load w as recorded. The datum  pipe which 

served as  a bench m ark  fo r record ing  settlem ents w as anchored  

a t a dep th  o f  25 feet.

T he soil sam ples fo r test were obta ined  close to  the piles 

a t  the sam e tim e as the loading  and  pull o u t tests were under­

taken (Ju ly  1958). D ue to  the m onsoon the ground  was 

so ft a t  the surface but was fairly  firm below.
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Fig. 1 Layout plan of piles. 

Disposition de pieux.

So i l  p r o p e r t i e s

T he soil profile a t the  site showed c lay  o f high com pres­

sibility  dow n to  a depth  o f  25 feet. D ow n to  13 feet it was
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black  an d  then  it turned yellow. L abo ra to ry  tests were 

carried  o u t on  soil sam ples from  three boreholes, fo r consis­

tency lim its (T ab le 2). T he average values were, liquid limit 

55, plastic lim it 15, shrinkage lim it 12 and  natu ra l m oisture 

content 19. W ater tab le was struck  a t a depth o f  15 feet and  

it u sually  w ent dow n to  ab o u t 30 feet in sum m er.

Table 1

Shear strength  increases uniform ly  with depth  and  has 

an  average value o f  1-34 tons  sq. ft. The low value a t 9  feet 

m ay  be due to  the fact th a t the borehole was sunk  to  8 feet 

on  the first d a y ; it w as wet and  was left overn ight. W ater 

appears to  have entered  through vertical cracks which 

appeared  after rem oval o f  the overburden , softening  the 

nex t layer on  the following day  when the sam ple w as obtained 

fo r testing.

Pile
No.

Diameter 
o f  stem

(in.)

Length

(feet)

Diameter 
o f under-reamed 

portion 
(in.)

Nature o f  test 
T- Tension, 

C-Compression

1 9 6 T
*2 9 6 — C
3 12 6 — T
4 12 6 — T
5 12 6 — C
6 9 6è 2  H T
7 12 12i • — C
8 12 12 — T
9 9 6 — T

10 9 12 22 T
11 12 12 30 C
12 12 12 30 T
13 9 12 — C
14 9 6 i — T
15 9 12 22 C
16 12 6 30 T
17 12 6 30 C
18 9 12 — T

*19 12 6 28 T
20 9 6 22 C

*21 9* 6 22 T
*22 9 12 30 C
*23 12 12 30 C

*  Pi le 2 had one foot ai r  space below the bottom.
*  Pi les 19 and 21 had concrete in the under- reamed port ion o f  the pile only.
*  Pi les 22 and 23 were subjected to long term loading test and pile 23 had outer 

sleeve to elim inate side f rict ion.

Table 2

Depth (ft.) 3 6 9 12

Liquid Limit 54 58 61 50
Plastic Limit 16 16 15 14
Plasticity Index 38 42 46 36
Shrinkage Limit 12 12 12 10

Natural Moisture 19 20 19 19
Percent fines (silt+clay) 84 87 87 82

Sh e a r  s t r e n g t h  o f  t h e so i l

U nconfined com pressive strength was determ ined from  

undisturbed  soil sam ples from  various depths and  shearing 

strength  was assum ed to  be half this value (Table 3).

Table 3

Depth

(ft.)

Moisture 
Content 

(per cent)

Dry Density 

(Ibs/cu.ft.)

U.C.S.

(lbs/in.2)

Shear
strength

(tons/ft.2)

3 19-8 105 31 1 0 0
6 19-9 104 45 1-45
9 23-2 99 34 M 0

12 19-8 108 56 1-80

Fig. 2 Under-reamed pile.

Pieux a bulbe.

A  field vane 1 \  in. dia . w as also  used to  determ ine the  

shearing streng th  and  results a re  show n in T ab le 4. Expe­

rience proved  th a t th is instrum ent was very  useful fo r deter­

m ining the in-situ shear strength  o f  black co tto n  soil [4].

Table 4 

Vane Shear Test

(height o f vane (h) =  3 0 in. ; radius of vane (r) =  1 0  in. ; 
radius of disc (R) =  10 in.)

Depth D 

(ft.)

Load on 
Spring 
balance 
P  (lb)

Torque
PR

2
(in. lb)

2tt 2 (A +  2/3 r)

Shear Strength

C
0lb per 
sq. in.

tons per 
sq. ft.

3 52 260 23-0 11-3 0-74

6£ 96 480 23-0 20-8 1-34

9 f 118 590 23-0 25-6 1-65
12 131 655 230 28-5 1-84
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A ccording to the field vane test shear strength increases 

uniform ly  w ith dep th  w ith an  average value o f  1-4 tons per 

sq. ft. T he  values a re  close to  h a lf the unconfined com pres­

sive strengths.

Se t t i n g  d o w n  t h e  p i l es

S traigh t holes were bored w ith sp iral augers o f  9 an d  12 in. 

diam eter because these w ere found to  w ork better th an  the 

posthole o r the p la te type augers in clays. F o r under-ream ed 

piles the base was enlarged by a  portab le under-ream ing 

too l operated  by hand (F ig. 3). T he steel reinforcem ent cage 

was nex t lowered in to  the hole and 1 : 2 : 4  concrete poured  

in. T he pile top  w as covered  by wet soil and  cured for a  week.

In pile N o . 2, a 9 in. d iam eter hole was first bored  dow n 

to  7 feet. A  £ in. thick steel p la te  o f  equal d iam eter was 

nex t low ered to  a depth  o f  6  feet and held in position by 

a £ in. steel rod . T he concrete was then poured in to  the 

hole and the  steel rod  released. T hus a one foot gap was 

secured below  the pile bo ttom  fo r testing the fric tional resis­

tance o f  the pile under load.

reaction fram e o f  steel (F ig. 4). M ovem ent o f  the piles was 

recorded on  tw o dial gauges fixed to  a  horizontal b a r  lying 

across the pile and  resting on fixed supports . T he ja ck  rested 

o n  a  steel jo ist which in tu rn  rested o n  tw o firm supports. 

Since the test was carried  o u t during  the m onsoon the ground 

w as soft a t the surface. Bricks were first spread  o u t and  

w ooden sleepers laid over them  to  ac t as  supports  for the

Fig. 3 Portable under-reamer.

Dispositif portatif pour réduire le bulbe.

In pile N o. 22, a  12 in. d iam eter bore w as sunk dow n to

12 feet and  the base was enlarged to  30 in. diam eter. C on ­

cre te  was poured  in to  the  enlarged  po rtion  and  a  9 in. d ia­

m eter galvanised iron sheet p ipe w as low ered to  ac t as a 

m ould fo r the pile shaft. C oncrete was nex t poured  in to  

this pipe. A nother galvanised iron  casing pipe 11 in. dia. 

was then  slipped o n  the stem  to  serve as a  sleeve and  elim i­

nate side fric tion. Since the pile was subjec ted  to  a  long term 

loading  test it p revented the sides from  collapsing.

F o r  pile N os. 19 and  21 concrete w as poured  in the under­

ream ed po rtio n  on ly  and  steel bars were su itab ly  anchored  

in the concre te  and  carried  up  to  the ground level fo r test­

ing on ly  the anchorage value o f  these piles.

Testing  o f  all the piles was carried  o u t 3 m onths after 

casting  the  piles.

P u l l  o u t  t est

T he equipm ent used for the pull o u t test consisted o f  a 

30 ton  hydraulic  ja ck  w ith pressure gauge and  a su itab le

Fig. 4 Pull out test assembly.

Essais d'arrachage.

concrete block which acted as the bearing  fo r the  steel joists. 

The load  was applied  in increm ents o f  2  000 lb an d  fai­

lure w as assum ed to  have taken place when there was a  p ro ­

gressive m ovem ent o f  the pile. T he results a re  show n in 

T ables 5 (a), 5 (b) and 5(c).

Table 5 (a)

Pull out test on straight piles

Pile Diameter Length Pull Resistance Resistance
No. D (in.) H  (ft.) (tons) (tons/ft) (tons/ft.2)

14 9 6J 5-8 0-95 0-40
18 9 12 10-6 0-89 0-38
3 12 6 7-2 1-20 0-38
8 12 12 19-6 1-63 0-52

Aver ige 0-42

Tests o n  straigh t piles (Table 5 (a)) show  an  average fric­

tional resistance o f  0  42 tons  per sq. ft. T h is is 30 per cent 

o f  the average shear strength o f the soil as  determ ined by 

the unconfined com pression and  vane shear tests.

Tests on  under-ream ed piles (T ab le 5 (b)) show  an  aver­

age anchorage force o f  5*1 tons  and  11-3 to n s  for 22 in. 

and  30 in. under-ream ing respectively. This has been con­

firm ed by pulling  out under-ream ed po rtion  o f  the pile 

on ly  (Table 5 (c)) w hich show  a  value o f  6-5 and  9-4 tons 

respectively. T he la tte r value is fo r 28 in. d iam eter ream ed 

portion .

T he values o f  the anchorage are close to  those obtained 

by m ultiplying the shear streng th  o f  the soil by the curved 

surface area o f  the under-ream ed po rtion  (Table 5 (d)).
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Table 5 (b)

Pu l l  o u t  t est  o n  u n d e r - r eam ed  p i l es

Pile
No.

Diameter 
D ( i n . )

Length 
H  (f t . )

Under-reamed 
diameter 

(Du) ( i n . )

Pull
(t o n s )

Length 
o f  straight 

portion 

( f t . )

Curved 
surface 

o f straight 

(f t - 2)

Skin  friction 
(t o n / f t .2)

Total
frictional
resistance

(t o n s )

Anchorage
( t o n s )

(5 — 9 )

1 2 3 4 5 6 7 8 9 10

6 9 6* m 8- 9 5 0 0 11-8 0- 42 5- 0 3- 9

16 12 6 30 1 6 1 4- 75 14- 9 0- 42 6- 3 9- 8

10 9 12 22 16- 9 10- 75 25- 2 0- 42 10-6 6- 3

12 12 12 30 26- 8 10- 75 33- 6 0- 42 14.1 12- 7

T a b l e  5 (c )

Pu l l  o u t  t est  o n  u n d e r - r eam ed  p o r t i o n  o n l y

Pile J/PPer
q  diameter 

D ( i n . )

Depth 
H  ( f t . )

Under-reamed 
diameter 

(Du) ( i n . )

Pull
(t o n s )

Length 
o f straight 

portion 
(bucket) 

(f t . )

Curved 
surface 

o f  straight 
portion 

(f t . 2)

Frictional
resistance
(t o n / f t .2)

Total
frictional
resistance

(t o n s )

Anchorage
(t o n s )

( 5 ~ 9 )

1 2 3 4 5 6 7 8 9 10

21 9 1 6 22 7- 6 10 2-6 0- 42 11 6- 5

19 12 6 28 10- 7 . 10 3- 1 0- 42 1- 3 9- 4

T a b l e  5 (d )

Pile
Upper

dia. Height
Lower
dia.

Curved
surface

Soil
shearing

Resistance
or

No.
( i n . )

( i n . ) ( i n . ) ( f t . 2)

strength
(t o n s / f t .2)

anchorage
( t o n )

21 9- 75 15 22 5- 60 1- 40 7- 80

19 12 15 28 7- 40 1- 40 10- 40

Fig ,  5 Lo a d i n g  t es l  assem b l y .  

Es s a i s  d e  ch a r g em en t .

Loading tests

T he equ ipm ent fo r load ing  tests consisted o f  a  heavy 

mild steel jo is t supported  on and  bolted dow n to  anchor 

piles on  each  side. T he hydrau lic  ja ck  rested on  the  test 

piles and  ob ta ined  its reaction from  the jo is t abo v e  (F ig. 5). 

A dd itional soil anchors w ere used in  case the  an ch o r piles 

alone  w ere n o t adequate. L oad  w as applied  in increm ents 

o f  2 000 lb w ith a  30-ton ja ck  fo r piles tak ing  up to  20 tons, 

and  in increm ents o f  2 \  ton s , w ith a  50 to n  ja c k  fo r piles 

tak ing  m ore than  20 tons. T he settlem ent was read  o n  dial 

gauges as  in  case o f  pu ll-ou t tests. U ltim ate  load  w as assum ed 

to  have been reached when progressive settlem ent o f  the 

pile s tarted . T he po in t load correspond ing  to  each  stage o f  

settlem ent w as w orked out after deducting the  fric tional 

load (assum ing 0-42 to n s  per sq. ft. to  be the  value o f  the 

skin fric tion), and  a load settlem ent cu rve was p lo tted  (Figs. 6 

an d  7).

Es s a i s  d e ch a r g em e n t  su r  p i e u x  d r o i t s .
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SETTLEMENT— IN.

Fig. 7 Loading tests on under- reamed piles.

Essais de chargement sur pieux à bulbe.

It  is not easy to  p inpo in t the value o f  the ult im ate poin t 

load  and th is is assumed to be at the po in t when the curve 

f in ally rises at  a un iform  slope. The values are recorded in 

Tab le 6  (a).

Table 6 (a)

Loading tests on piles

Pile
No.

Dia. o f  
stem

(in .)

Dia. o f  
base

(in .)

Length

(f t )

Ultimate
point

resistance
(tons/ ft.2)

Shearing 
strength 
o f  soil 

(tons/ ft.2)

6

Bearing
Capacity

factor
(5/ 6)

1 2 3 4 5 7

Straight piles

9 9 — 6 11-5 1-40 8 -2 *

5 12 — 6 80 I 40 5-7

13 9 — 12 14 0 1-80 7-8

7 12 — 1 2 * 13 0 1 80 7-2

Under-reamed piles

2 0 9 2 2 6 4-3 1 40 31
17 12 30 6 3-6 1-40 2 -6

15 9 2 2 12 7-6 1-80 4-2

11 12 30 12 5-9 1 80 3-3

* Pile went slightly out of plumb while casting.

Th e load ing  test on straight p ile No. 2 which had an air  

gap o f  one foot below its base gave a value o f  0*30 tons per 

sq. f t . as sk in  f r ict io n  under load.

Fo r  straight p iles, except fo r p ile No . 5 wh ich  shows a 

low  value, an average bearing cap acity equal to  8  tim es 

the shear strength o f  the so il is indicated. Fo r  under- reamed 

p iles, however, the value falls considerab ly and an average 

value o f  3-3 tim es the shear strength is obtained. It  has 

conform ed to  the earlier ex perience at  Poona where a value 

o f  4c was obtained. The reason fo r this ex cep tional drop 

is not clear. Th e p ossib ility o f  the d iam eter o f  the enlarged 

base being less than estim ated was ru led ou t b y p u lling  out 

a few p iles and m easuring their base diam eters.

Tests on straight p ile N o . 2 w ith  an air  gap below the base 

ind icate a value o f  0- 39 tons per sq. ft . fo r sk in  fr ict ion  

wh ich  is n ear ly the same as fo r p u lling . Th is proves that the 

f r ict io n al resistance in pu lling  and pushing has the same 

value.

Long term loading tests

Lo n g  term  load ing  tests were carried  on p iles 22 and 23, 

both being under- ream ed p iles 1 2  f t . long and h avin g  a base 

d iam eter o f  30 inches. In  p ile 22 the shaft was o n ly 9 in. 

d iam eter and had an ou ter sleeve to  elim inate the influence 

o f  sk in fr ict ion . The load ing  p latform  on each p ile was o f  

rein forced  concrete and weighed about 4 tons. There was 

no sett lem ent under the weight o f  this p lat form . A fter  an 

in terval o f  three m onths (Ju ly  1958) p ile 22 was loaded w ith  

an ad d it ional 7 tons and p ile 23 w ith  11 tons weight. Sett le­

m ent at  the end o f  Dec. 1958 (af ter an in terval o f  6  m onths) 

was £ in. in  each o f  the two piles.

A  further load  o f  7 tons was then added (in  a ll 18 tons 

on p ile 22 and 22 tons on p ile 23) and up to A p r il 1960 

(an  in terval o f  2  years) there has been no further settlem ent.

Conclusions

1. Th e fr ict io n al resistance offered b y the p ile in p u lling  

and pushing has n early the same value and is about one 

th ird  the average shear strength o f  the so il. Th is reduction 

does not appear to be due to the softening o f  the clay alone 

as the p iles were tested after a period o f  three months.

2. Th e u lt im ate po in t bearing cap acity o f  the straight 

p ile upto 1 2  in . d iam eter is 8  tim es the shearing strength o f  

the clay  at  the poin t o f  bearing. Th is value decreases to 

alm ost h alf  fo r  under- ream ed p iles o f  base d iam eter 2 2  to 

30 inches and  under- ream ing rat io  about 2- 5. Th e reason 

fo r this m arked drop  is not clear. It  cannot be attributed  

en t irely to  the softening o f  the c lay  from  w ater in  the wet 

concrete.

3. Th e anchorage offered b y the under- ream ed p iles is 

close to a value obtained b y m u lt ip lying  the shear strength 

o f  the so il w ith  the area o f  the cu rved  surface o f  the enlarged 

p ort ion  which is a frustum  o f  a cone.
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