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Static load capacity of RCC piles in soft clay – a case study 
Capacité du chargement statique de pieux RCC en argile moue - une étude du cas 

S. J. M. Yasin, M. J. Alam, M. S. Islam,  & A. Siddique 
Department of Civil Engg,, Bangladesh University of Engineering and Technology (BUET), Dhaka, Bangladesh 

ABSTRACT 
Pile foundations are usually adopted when individual column loads are relatively large and footings are not suitable due to high
compressibility or low bearing capacity of upper soil layers. Such soft soil conditions exist to a great depth at a large part of
Bangladesh, an alluvial delta, where pile foundations are adopted even for two/three storey buildings. Since installation of cast-in-situ 
bored piles can be made by locally available low cost equipment, they are popular in Bangladesh, though their installations in soft
clays are prone to defects. In many instances SPT and soil-profile appear to be the only available sub-soil information for the design 
of such foundations. As an aid to deal with such situations, this paper presents a case-study, based on static pile load test data on cast-
in-situ bored RCC piles in soft clay, in which it is attempted to correlate ultimate pile load capacity from static load tests with
estimated capacity using SPT-N value. Also a comparison has been made between the load capacity of cast-in-situ bored pile and 
driven pile in the same soil. 

RÉSUMÉ
Les fondations de pieu sont adoptées habituellement quand les charges de la colonne individuelle sont relativement grandes et les 
positions ne sont pas convenables dû à haute compressibilité ou basse capacité de la portée de couches du sol supérieures. Les telles
conditions du sol mou existent à une grande profondeur à une grande partie du Bangladesh, un delta alluvial où les fondations de pieu 
sont adoptées même pour les bâtiments de deux ou trois étages. Puisque l'installation des pieux forés cast-in-situ (béton moulé en 
place) peuvent être faits par du matériel du coût bas disponible localement, ils sont populaires au Bangladesh, pourtant leurs 
installations en argiles moues sont sujets aux défauts. Dans beaucoup d'exemples le SPT et le profil du paraissent être la seule
information disponible du sous - sol pour le design (plan) de telles fondations. Comme une aide à traiter avec de telles situations, ce 
papier présente une étude de cas, basé sur le test stable des données du chargement du pieu sur des pieux forés RCC cast-in-situ
(béton moulé en place) en argile moue, dans lequel on a essayé de correspondre la capacité définitive du chargement de pieu des tests 
de chargement stable avec la capacité estimée en utilisant la valeur SPT-N. Aussi une comparaison a été faite entre la capacité du 
chargement de pieux forés béton moulé en place (cast-in-situ) et les pieux battus dans le même sol. 
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1 INTRODUCTION 

There exist several theoretical methods for estimation of static 
pile capacity of bored and driven piles (Terzaghi1942; 
Tomlinson 1971; Meyerhof1976). In general these methods 
incorporate the principles of soil mechanics and consider, 
separately, the contribution of point resistance and shaft friction 
to the ultimate load capacity. In most cases these component 
resistance forces are estimated using soil parameters from 
laboratory tests. However, sometimes due to the unavailability 
of laboratory test results it becomes necessary to estimate the 
pile capacity from field test data. For bored and driven piles 
piles in sand and stiff fissured clay, Meyerhof (1983) compared 
the ultimate capacity obtained from load test with those 
estimated using Cone Penetration Test (CPT) and Standard 
Penetration Test (SPT) data. However, there are limited 
information in literature for soft soil. 

Cast-in-situ bored and precast driven RCC piles were 
installed at a site in Khulna, Bangladesh where soft soil exists to 
depths greater than about 40m. The piles were subjected to 
static compression load test. The observed ultimate capacity is 
compared with estimated ultimate capacity using SPT-N value. 
Also comparison is made among allowable capacity determined 
by three different methods. 

2 SUB-SOIL CONDITIONS AT THE SITE 

The site is located in Khulna city which is situated in south-west 
part of Bangladesh. The region is generally underlain by soft 
recent swamp deposits containing layers of decomposed 
mangrove vegetation.  A typical soil profile of the site is shown 
in Fig.1. Up to 43.5m depth from ground surface, which is the 

end of sub-soil exploration, the soil consists of layers of 
cohesive, organic and silt-clay mixture of varying thickness 
except a 3 m silty sand layer from about 10m to 13m. Liquid 
Limit of soft clay was found to be in the range of 40-50, Plastic 
Limit was in the range of 24-30 and natural moisture content 
was more than 50%. 

          Fig. 1.  Subsoil profile 
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3 PILE CHARACTERISTICS 

The cast-in-situ piles were circular in cross-section (500mm in 
diameter). Out of the five cast-in-situ piles tested, three were 
24.4m , one was 5.0m and one was 6.0m in length. They were 
installed by percussion drilling and tremie concrete. Drill mud 
was used for borehole drilling. Sonic Integrity Tests 
(Klingmuller 1993) were caried out on the cast-in-situ piles and 
the piles were found to be structurally sound i.e. caving did not 
occur during concreting and that the pile shaft had a relatively 
uniform cross-section. Each of the four driven piles was square 
(either ‘305mm × 305mm’ or ‘355mm × 355mm’) in cross-
section and the length was either 24.4m or 27.4m. They were 
driven by repeated blow of a drop hammer and had splicing at 
the mid-length. A steel shoe was attached at the bottom of the 
driven piles. All the cast-in-situ and driven piles were embedded 
completely within the soft clay layer and firm soil layer was far 
below the pile bottoms. Thus all the piles may be considered as 
floating piles in soft clay which derived most of its load 
capacity by shaft friction only. The characteristics of the tested 
piles are presented in Table-1. 

4 STATIC PILE LOAD TEST 

Static pile load tests in compression were carried out on all the 
piles folowing ASTM D1143 (1989). Load on the piles were 
applied by a ‘pump-pressure gauge-hydralulic jack’ system, 
where the jack acted against a loaded platform. The pile head 
settlements were measured by two dial gauges placed on 
opposite sides of the pile head and average of the two sets of 
reading was used in the analysis. Load tests were carried out 
after about one month of pile installation. After increment of a 
load step when a pile was found to virtually plunge into soil, 
step wise unloading was done. For piles TP3, TP4 and P103, 
unload-reload cycle was applied at an intermediate load step. 
The load-settlemet curves for cast-in-situ bored piles are shown 
in Fig.2(a) and those for pre-cast driven piles are shown in 
Fig.2(b). 

4.1 Methods of interpretation of load test data 

A number of arbitrary or empirical methods exist to serve as a 
criteria for determining the allowable and ultimate load carrying 
capacity of a pile from load tests and are detailed by Chellis 
(1961) and Poulos & Davis (1980). Fellenius (1975) also 
summarized and reviewed some methods. Some of these 
methods are based on maximum permissible gross or net 
settlement as measured at the pile butt while the others are 
based on the performance of the pile during the progress of 
testing. Some of these criteria or methods are mentioned below 
along with those in Bangladesh National Building Code (BNBC 
1993) and Indian Standards (IS 2911 1979). 

Table 1.  Pile geometry and installation type 
Pile 
designation 

Length  
 (m) 

Cross-section 
  (mm) 

Installation 

P26 5.0 500 dia Bored, Cast-in-situ 

P73 24.4 500 dia Bored, Cast-in-situ 

P103 6.0 500 dia Bored, Cast-in-situ 

P187 24.4 500 dia Bored, Cast-in-situ 

P199 24.4 500 dia Bored, Cast-in-situ 

TP1 27.4 355 x 355 Pre-cast, Driven 

TP2 27.4 305 x 305 Pre-cast , Driven 

TP3 24.4 305 x 305 Pre-cast , Driven 

TP4 24.4 355 x 355 Pre-cast , Driven 

Where failure occurs, the ultimate load taken by the pile may 
be used to calculate the allowable load using a suitable factor of 
safety. Various definitions for ultimate capacity of a pile on a 
‘load-settlement’ curve can be found in literature. Terzaghi 
(1942) reported that the ultimate load capacity of a pile may be 
considered as that load which causes a settlement equal to 10% 
of the pile diameter. However, this criterion is difficult to apply 
to a case where no definite failure point or trend is indicated by 
the load-settlement curves (Singh 1990). Sometimes 10% of the 
pile diameter is too large to accept as a criterion. Indian 
Standard code of practice (IS2911 1979) specifies that the 
allowable pile capacity is two thirds of the final load at which 
the settlement attains a value of 12mm. This is a conservative 
estimate of allowable pile load capacity. 

Fig. 2.  Load-Settlement response of the tested RCC piles; 
(a) Cast-in-situ (b) Pre-cast driven. 
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The load corresponding to the point of intersection of the 
tangents of upper and lower portion of the curve can be taken as 
ultimate load. This is also called Double Tangent method on an 
arithmetic plot. De Beer (1968) suggested that the load 
corresponding to a break point when the load settlement curve is 
drawn on log-log plot is the ultimate load. The ultimate load 
may also be considered as the load on load settlement curve at 
the point of maximum curvature which is termed as minimum 
radius of curvature method.. Hansen (1963) proposed a 
definition for pile capacity as the load that gives four times the 
movement of the pile head as obtained for 80% of that load. 
This ‘80% - criterion’ can be estimated directly  from the load-
settlement curve, but it is more accurately determined in a plot 
of the square root of each settlement value divided by its load 
value and plotted against the settlement. BS (1986) recommends 
that allowable capacity be taken as 50% of the final load which 
causes a settlement of 10% of the pile diameter. Bangladesh 
National Building Code (BNBC 1993), do not explicitly require 
the estimation of ultimate capacity and states that the allowable 
capacity shall not be more than one half of the test load which 
produces a permanent net settlement (i.e., gross settlement less 
rebound) of not more than 0.00028 mm per kg (i.e.0.03 mm per 
kN) of the test load nor more than 20 mm. 

4.2 Analysis of Pile Load Test Data 

To obtain comprehensive and meaningful information from a 
pile load test, a necessary requirement is that the load-settlement 
data indicate that the full capacity of the pile has been reached. 
The load-settlement curve should show that the pile has 
plunged, or is continuing to settle with no increase in load, or 
that the settlement is so great that the full capacity is essentially 
obtained. At this situation full shaft friction and end bearing are 
mobilized. Usually this situation is achieved when pile butt 
settlement is more tha 10% of the pile diameter. Piles in clay 
normally fail by plunging, but for a pile with its base in sand, 
frequently it is observed that settlement increase with increasing 
load. 

From the load settlement curves (Fig.2a,b ) it may be 
considered that each pile reached its ultimate capacity at the 
application of the maximum load in the tests. The rate of 
settlement at the maximum load were more than 0.13 mm/kN 
(Table 2) which is higher than the limiting rate of settlement 
mentioned in BNBC (1993). The difference in the rate of 
settlement is probably due to variation in the time interval over 
which settlement was observed at the maximum load. The 
ultimate capicity of the piles were obtained from the load-
settlement curves where the piles underwent large settlement 
under a load and is virtually taken as the maximum applied 
load. Allowable capacity of tested piles were determined using 
BNBC (1993), IS2911 (1979) and Double Tangent method and 
the results are summerized  in Table 2. 

Table 2.  Summary of load capacity of tested piles. 

Ultimate load 
(kN) Allowable Load (kN) 

Pile 
design- 
nation 

Settlement 
rate at 

maximum 
load 

(mm/kN) 

From 
Load 
test 

Predic- 
ted from 

SPT 
BNBC Indian 

Standard 

Double 
Tangent 
method 

 (FS = 2)
P26 1.97 160 60 64 93 70 
P73 0.32 450 500 135 187 150 

P103 2.40 250 68 80 120 70 
P187 0.13 629 630 255 333 200 
P199 0.16 739 675 345 407 280 
TP1 0.43 899 955 430 550 410 
TP2 0.34 759 811 360 440 340 
TP3 0.19 999 695 480 610 440 
TP4 0.38 999 820 450 500 450 

5 ESTIMATION OF PILE LOAD CAPACITY FROM SPT 

The ultimate pile capacity, Qu of a pile is considered as the 
summation of shaft resistance Qs and point resistance, Qp.

Qu = Qs + Qp  (1) 

The shaft resistance  is considered to be derived from 
cohesion property and friction property of the soil layer. Thus 
the shaft resistance is taken as 

( ) ( )
=

=
n

1i
ispiss A*fQ  (2) 

here (fs)i = Shaft resistance per unit area of pile surface in the i
th layer and (Asp)i = Surface area of the pile shaft in the ith layer 
For unit shaft resistance the following equation for α method 
(Tomlinson,1971) is adopted.  

K tanqcfs +=    (3) 

where α = adhesion factor, c = average cohesion for the soil 
strata, q  = effective overburden presure at the mid height of the 
layer,  K = coefficient of lateral earth pressure and δ = effective 
friction angle between pile surface and soil in the layer. 

Fig.  3.  Ultimate capacity from Static load test and SPT data. 

The adhesion factor α is reported to depend on cohesion c, 
Over Consolidation Ratio (OCR) of  the cohesive layer and the 
aspect ratio, L/d of the pile (Tomlinson 1986; NAVFAC 1982). 
In the present analysis α is considered to linearly vary from 1.0 
for c = 0 to 0.5 for c = 200 kPa. i.e. 

α = -0.0025 c + 1.0    (4) 

Again the cohesion c may be obtained from N value 
(Meyerhof, 1976) as  

fm.Nc =    (5) 

where Nf is field SPT N-value and m is a constant. In the 
present analysis m = 5 is used for unit of c in kPa. 

The coefficient of earth presure K depends on the soil type, 
initial soil density, method of pile installation (bored cast-in-
situ, driven), volume of soil displacement etc. For cast-in-situ 
piles the value of K may be smaller than K0 (coefficient of 
lateral earth pressure at rest) due to inward yielding of 
surrounding soil. In case of precast driven piles, surrounding 
soil is compressed and densified. As as result in that case K may 
be assumed to be in between Ko and Kp (coefficient of lateral 
earth pressure at passive condition). Thus K was taken as: 

K = m K0 = m (1-Sinφ)    (6) 
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Value of m can be in the range of 1 to 3 depending on 
volume of soil displaced by pile. In the present analysis m = 1.8 
was assumed for the precast driven piles and m = 1.0 for cast-
in-situ piles. 

The value of δ depends on the pile material, soil type and on 
the normal pressure at the pile-soil interface and should not 
exceed the limiting value of φ'. In the present analysis δ is taken 
as
δ = 0.75 φ'   (7) 

Again the effecive angle of internal friction of the layer 
possessing frictional property is taken as 

φ' 1518N60 +=     (8) 

N60 is the corrected (for overburden) SPT N-value for 60% 
energy. The equipment and practice of SPT used in 
Bangladesh is considered to be consistent with an energy ratio 
of 60% and therefore, field SPT-N value, Nf after correction 
for overburden pressure is regarded as N60. For sand layers the 
N60 values were corrected for overburden pressure. 

r is reduction factor for ‘bentonite slurry’ or ‘drill mud’ used 
for borehole drilling. The drill mud develops a thin soil zone of 
reduced friction around the pile. Therefore, r = 0.7 is taken for 
cast-in-situ piles whereas for driven piles r =1.0 is used.  

The bottom of the piles rested in clay layer and following 
Bowels (1996) the point resistance Qp is computed as: 

qp = c Nc dc + q Nq dq     (9) 

Fig. 4.  Comparison of allowable capacities by three different methods. 

6 DISCUSSION 

The installed piles, except the two short piles, P26 and P103, 
derived shaft resistance from a thick layer of silty-clay with an 
SPT ranging from 5 to 8. The bottom of the long piles were 
more than ten pile diameter above a relatively stiffer layer (SPT 
> 15). The bottom of the  two short piles were also more than 
ten pile diameter above the underlying medium dense sand 
layer. Thus all these piles derived most of the load capacity 
from shaft friction in the soft layer.  

It can be observed from Table-2 that the load capacity of the 
longer piles (bored and driven) estimated from SPT using α
method and taking soil properties from a set of emperical relations 
were much closer to the observed capacity from load test. This is 
also evident from Fig.3, where estimated ultimated capacities are 
plotted against observed ultimate capacity. However, for the two 
short piles the estimated capacity were much lower (less than one 
third) than the capicity observed in load test.  

The perimeter of the driven piles TP1 (27.4 m) and TP4 
(24.4m) were about 0.90 times that of bored piles whereas 
perimeter of TP2 (27.2 m) and TP3 (24.4m) were about 0.78 
times that of bored piles. For this variation of pile geometry, it 
appears from Fig. 4 that reasonable estimates of ultimate load 
capacity of driven piles can be made such empirical  method 
from SPT by suitable selection of the constant m. 

Although, failure loads and factor of safety are defined in 
different ways in BNBC (1993), IS2911(1979) and double 
tangent methods the allowable capacity determined from load 
test data using these methods were found to be very close (table 
2 and Fig.5) and a simpler approach of getting allowable 
capacity from the ultimate load and using the same factor of 
sfety may be adopted. 

7 CONCLUSIONS 

It has been shown that ultimate compressive load capacity of 
cast-in-situ and driven RCC piles fully embeded in soft soil can 
be reliably estimated using a set of emperical correlations 
between soil parameters and SPT-N value. Also, allowable load 
capacity determined following BNBC, IS and double tangent 
method are compared. It is found that allowable compressive 
load capacity by these three different methods are nearly same. 
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