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Abstract 

This paper deals with prediction the effect of soil remoulding (smear) on the ultimate bearing 
capacity of driven piles. The proposed method based on detecting the decrease in ultimate bearing capacity of 
the pile shaft (excluding the share of pile tip) after sliding downward. This was done via conducting an 
experimental study on three installed R.C piles in a sandy clayey silt soil. The piles were installed so that a gap 
space is left between its tip and the base of borehole. The piles were tested for ultimate bearing capacity 
according to ASTM D1143 in three stages. Between each two stages the pile was jacked inside the borehole until 
a sliding of about 200mm is achieved to simulate the soil remoulding due to actual pile driving. The results of 
the tests exhibited that the pile might loss 14% of its ultimate capacity when it is loaded immediately after 
installation. Also, it was concluded that the pile may regain of about 9% of its original capacity after 30days of 
its installation. 
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  تخمين تأثير اللطخة على قابلية تحمل ركائز الدق
  

  سيف محمد جواد                            حيدر علوان مهدي            علاء حسين علوان الزهيري        .د
  مدرس مساعد                                مدرس مساعد مدرس                                              

  لاصةالخ
إستندت الطريقة علـى  . على قابلية التحمل القصوى لركائز الدق) اللطخة(بيبات التربة تخمين تأثير إعادة قولبة ح   ب يتعلقالبحث   اهذ

نجز العمل مـن    أُلقد  .  نحو الأسفل  ابعد انزلاقه تحري النقصان في قابلية تحمل عمود الركيزة فقط وإستبعاد مشاركة قاعدة الركيزة             

. ة الدراسة العملية التي أُجريت على ثلاث ركائز خرسانية مسلحة نصبت في تربة غرينية تحتوي على الطين والرمـل                  خلال مواكب 

فُحصت الركائز بموجب المواصـفة القياسـية       .  بحيث تُركت مسافة فارغة بين قاعدة الركيزة وقاع الحفرة         ةتم نصب الركائز الثلاث   

 الركيزة الـى  حمل القصوى لكل ركيزة وعلى ثلاث مراحل يتم بين كل مرحلتين دفع لإيجاد قابلية التASTM D1143الأمريكية 

لغرض تمثيل الحالة   ) الجك الهيدروليكي (ملم تقريبا عن طريق استعمال المضخة الضاغطة        200لمسافة  ) أي انزلاقها (داخل الحفرة   

أظهرت النتائج أن الركيـزة     . رة للركيزة خلال عملية سوقها    التي تعاني منها حبيبات التربة المجاو     ) اللطخة(الواقعية لأعادة القولبة    

من قابلية التحمل   % 9من قابلية تحملها إذا ما حملت مباشرة بعد نصبها في التربة، كما انها ممكن أن تستعيد                 % 14معرضة لفقدان   

   .يوم من نصبها30بعد  فيما لوحملت
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1. Introduction 
Piles are structural members usually used to transfer 
the bearing loads coming from structure they 
support to the deeper strong strata. According to the 
method of their installation, piles can be divided 
into two groups: 
(a) Displacement piles, and 
(b) Non displacement piles 
 Driven piles and preformed-cast in place 
piles are examples of displacement piles. Driven 
piles may be of a solid section made of timber, steel 
or concrete or hollow steel section. The second type 
of displacement piles (driven cast-in place piles) is 
formed by driving a close-ended tube into the 
ground then it is filled with concrete. Non 
displacement pile is created when a void is formed 
into the ground by boring or excavation then the 
void is filled with concrete. 
 The method of pile installation may have 
profound effects on its behavior under load (Polous 
and Davis). It is easy to recognize that these effects 
are mostly related with displacement piles since the 
method of their installation generally creats more 
disturbance than other methods. 
 
1.1 Effect of Type of the Soil 
 On the other hand, the type of suurounding 
soil has a role in magnification or minimization of 
the installation effects on pile performance. 
(a) In clays: 
 de Mello (1969) classified the effects of pile 
driving in clays into three classes: 
1. Remoulding (smear) of soil particle structure 
closed to the pile shaft. 
2. The stress state of the soil is changed after pile 
driving due to soil densification i.e. increasing the 
horizontal stress. 
3. Developing of the excess pore pressure then 
disspation with time. 
 Lee et al. (2003) concluded that the state of 
the soil (density and stress state) is changed 
significantly when a pile is driven into the ground. 
D. Basu et al. (2005) noticed that pile driving 
preloads the surrounding soil, resulting in a greater 
base resistance than that observed for bored (non-
displacement) piles. They found higher ratio of base 
share of pile capacity to its total capacity (qb/qc) for 
displacement piles than that for geometerically 

identical non displacement piles (qb = capacity of 
the pile base and qc = total capacity of the pile). As 
it is seen the capacity of pile shaft is decreased due 
to effects of pile driving. Generally, it may be 
expected that pile driving process in clay will cause 
initially loss in undrained shear strength of clay due 
to remoulding at constant moisture content (Polous 
and Davis).   
 Concerning the pore pressures developed 
during pile driving, a number of measurements have 
been made. As stated by (Polous and Davis) a 
summary of some measurments of the variation 
with radial distance of the excess pore pressure 
around a single driven pile are given in Fig. 1. In 
this figure the normalized excess pore pressure is 

indicated 
vo

u
σ∆
∆
′

 where u∆ is the excess pore 

pressure and voσ∆ ′ is the vertical effective stress in 
the soil prior to driving. It is seen there is a 
considerable scatter in the points resulting largely 
from differences in soil type. The larger pore 
pressure being associated with the more sensitive 
soils. However, D'Appolonia and Lambe (1971) 
derived eq.(1) to estimate the maximum pore 
pressure developed near the pile surface. 
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Where, 

mu∆ = maximum excess pore pressure 
Ko = in situ coefficient of earth pressure at rest 
Su = undrained shear strength 
Af = pore pressure coefficient A at failure 

voσ ′ = initial verticle effective stress in soil 
(b) In sands: 
The soil is compacted by displacement and 
vibration resulting from permanent rearrangement 
and some crushing of the particles. The pile 
capacity is increased when the soil is in loose 
condition due to increase in relative density caused 
by pile driving. Kishide (1967) proposed a simple 
method to estimate the effect of driving a pile in 
loose sand. He assumed that the diameter of the 
compacted zone around the driven pile is seven 
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times the pile diameter (d). Also, he assumed that 
the change in angle of friction φ′  is linear with the 
distance from the original value of 1φ ′  at the pile tip 
as clarified in eq.(2) (see Fig. 2): 
 

2
401

2
+′

=′
φ

φ                                                     (2) 

 
From eq.(2) it is concluded that when 1φ′  = 40o, 
which is the case of dense sand, there is no change 
in relative density due to pile driving. 
Paik and Salgado (2004) investigated the effect of 
pile installation method on pipe pile behavior 
(penetration parameters and bearing capacity) in 
sands via calibration chamber test conducted on 
model pipe piles installed in different sandy soil 
conditions. They concluded that the pile capacity is 
increased with increasing hammer weight at the 
same driving energy and with increasing hammer 
weight at the same fall height. Finally, they 
observed that the jacked piles have higher bearing 
capacities than identical driven piles under similar 
conditions. 
2. Experimental Works 

To performer the goal of this study, an experimental 
program is conducted on two stages:  
2.1 Laboratory Stage 
           In this stage routine classification tests were 
conducted on disturbed samples taken from three 
boreholes prepared for piles. The tests consist of 
specific gravity, Aterberg limits and grain size 
distibution. The results of some of these tests are 
listed in Table 1 and others are shown in Fig. 3. 
Although soil samples were extracted from different 
depths, the results of the tests showed almost the 
same physical properties. Moisture content, unit 
weight and unconfined compression tests were 
excuted on undisturbed samples taken from the 
three drilled boreholes. The results of these tests 
were tabulated in Table 1. 
            The aggergates prepared for concrete piles 
(sand and gravel) were also tested for gradation and 
undesirable matter content according to Iraqi 
Standard (IQS 45:1984). The sulphate resistance 
cement is tested for physical properties according to 
(IQS 5:1984). A concrete mix was designed to 
achieve 28-days compressive strength of 30MPa 
following the proceduer given by ACI 211.1-91. 
The resuls of tests and mix proportions are listed in 
Table 2. 

 
Table 1: Physical and Mechanical properties of the ground soil 

 

Property Depth of 
sample (m) Borhole(1) Borhole(2) Borhole(3) 

0.75 2.67 2.71 2.72 
1.75 2.76 2.74 2.80 

Specific Gravity, 
Gs 2.75 2.75 2.73 2.78 

0.75 33.2 32.7 31.4 
1.75 35.5 38.0 34.8 

Liquid limit, L.L 
(%) 2.75 38.8 37.8 39.2 

0.75 12.0 11.8 12.2 
1.75 13.6 14.1 13.0 

Plasticity index, P.I 
(%) 2.75 14.5 15.8 14.2 

1.0 16.2 15.8 16.3 
2.0 17.0 17.2 16.8 

Moisture content, 
wc (%) 3.0 17.2 17.4 17.4 

1.0 16.88 16.74 16.26 
2.0 17.01 16.92 16.85 

Dry Unit weight, γd 
(kN/m3) 3.0 16.98 16.84 16.91 

1.0 78.1 79.1 77.4 
2.0 112.6 108.4 112.0 

Unconfined 
compression, qu 

(kPa) 3.0 118.7 116.8 117.1 
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2.2 Field Stage 
Pile installation 

Three 150mm diameter boreholes were 
drilled to a depth of 3m below ground level in the 
University of Baghdad near Al-Khawarizmi 
Engineering College at Al-Jadiriah using the hand 
auger. No water table was distingushed in all 
boreholes. To make side skin friction of pile is the 
only active component of the pile capacity (i.e. to 
vanish the tip component of the bearing capacity) 
during pile loading, a gap is left between concrete 
pile tip and the end of boring. This was made by 
utilizing a circular steel plug plate fixed at the 
bottom of reinforcement cage of the pile as shown 
in Fig. 4. The reinforcement cages were placed in 
the boreholes sothat the piles are installed lefting a 
gap distance of 500mm between pile tip and 
borehole base. Then the concrete is poured inside 
the holes with light compaction to the final top level 
which is achieved by using a PVC pipe mould as 
shown in Fig. 5. 
Pile testing 

After casting, the piles are left for thirty 
days to permit for concrete maturation. Then each 
of the three installed piles are subjected to the 
following procedure of loading and unloading using 
a hydraulic jack of 35ton capacity, 0.01mm dial 
gage, reference beam and steel pipe of closed ends 
as a loading column. The cantilever beams of 
neighbor building are employed as reaction beams 

during pile testing. The details of the loading 
apparatus are shown in Fig. 6: 
1. The pile was loaded according to the method 
discribed in ASTM D1143. The theoretical 
estimated maximum bearing load of the pile was 
incremented into four equal 25% increments. In 
each increment, the applied load is maintained by 
continuously jack force increasing untile the rate of 
settlement that specified in ASTM D1143 
(0.25mm/hr) is reached. Incremental loading was 
continued by jacking the pile until a settlement of 
about 15% of the pile diameter is obtained or when 
the pile can not carry any additional load whichever 
is nearst. In the present work all piles failed by the 
former criterion. Then the load is removed in 
decrements of 25% of the total load with one hour 
between decrements and settlement recovery of the 
pile is recorded. 
2. After this stage of testing, the pile is driven to 
about 200mm inside the borehole by rapid 
continuous jacking on its head. This stage simulates 
the effects of particles remoulding (smear) of the 
surrounding soil during pile driving. 
3. The piles are left for for 0, 10 and 30days before 
the next cycle of loading is resumed. 
4. The second cycle is conducted following steps 
(1), (2) and (3) mentioned above. 
5. The last cycle is done following the same 
instructions of step (1). 
 The results of the test of the three piles can 
be seen in Figs. 7.  

 
Table 2: Material properties and concrete mix proportions 

 
Cement Water Fine agg. (sand) Coarse agg. (gravel) 

Property Results Seive size 
(mm) 

Passing by 
weight (%) 

Seive size 
(mm) 

Passing by 
weight (%) 

Initial setting time (min) 56 10 100 37.5 100 
Final setting time (hr) 3.5 4.75 92.0 20 98.5 

3 days 18.2 2.36 75.6 10 41.4 Compressive 
strength (MPa) 7 days 24.1 1.18 53.2 5 0.9 
Fineness (m2/kg) 273 0.6 33.0 

0.3 17.6 
0.15 8.2 

 

SO3 (%) 0.23 SO3 (%) 0.067 

Material 
Properties 

 

Fines (%) 4.7 Fines (%) 0.2 
Final result Pass 

 

Pass (Zone 2)  Pass (grade 20-5) 
 Conc. mix 
proportions 1 0.487 1.632 2.241 
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3. Results and Discussion 
 Fig. 7 shows the load-settlement curves for 
the tested piles in three cycles of loading. The 
curves of the first cycle for all three piles exhibit 
almost the same trend since the piles are distributed 
in rather small area of ground, the case in which the 
same condition of soil is predominated as it was 
clarified in Table 1. Generally, the curves exhibit a 
decrease in ultimate pile capacity at second and 
third cycles for a given settlement. This is attributed 
to the decrease in shear strength of the surrounding 
soil due to particle remoulding (smear) that caused 

by driving of the pile shaft. The decrease in shear 
strength of a soil when its particles remoulded is 
refered to sensitivity which is a property of the 
cohesive soils. In this study, the tested soil was 
found generally plastic silt (see Fig. 3). The 
plasticity came from the ability of the soil to absorb 
water and transfer from plastic to liquid state (i.e. 
plasticity index) see Table 1. This may stand behind 
its behavior after remoulding that caused by pile 
driving. The decrease in pile capacity was found 
dependent on time lag between cycles. The more the 
time lag between the cycles the less decrease in pile 

capacity. This finding comes compatible with the 
observation of Polous and Davis (1980). They 
described the regain with time of lost shear strength 
of the surrounding soil due to pile driving as a 
thixotropic regain of undrained strength as the 
structural bonds destroyed by remoulding are at 
least partially restored. 
 To study the effect of surrounding soil 
remoulding (i.e. smear) caused by shaft sliding on 
pile bearing capacity, the maximum measured pile 
capacity in each cycle of each pile were plotted 
against the number of cycle in Fig. 8. The calculated 
theoretical average maximum pile capacity was also 
indicated on the same figure. The curves indicate a 
decrease in maximum pile capacity in a range of 
(1.9-6.3)kN which represent a (4.3-14)% of the 
theoretical average maximum capacity. The effect 
of time lag between loading cycles (smear aging) on 
the regain of destroyed adhesion between pile shaft 
and surrounding soil is clarified in Fig.9. The piles 
regained (2.5-4.6)% after 10days and (3.5-9.4)% 
after 30days of the original measured  ultimate pile 
capacity. 
 
4. Conclusions 
From the results of the experimental work that 
excuted during this study, the following conclusions 
can be drawn: 
1. The proposed new method is based on destroying 
the adhesion bond between pile shaft and 
surrounding soil by sliding the pile shaft without tip 
resistance after installation to simulate the effect of 
soil remoulding due to actual pile driving. 
2. 14% of the ultimate pile capacity may be lost 
when it is loaded immediately after installation 
while only 4.6% may be lost when the pile loaded 
after 30days. 

3. When linear variation is assumed for shear 
strength lossing and regining during pile driving, the 
regain of the lost shear strength may be taken equals 
the regain of measured pile capacity after a certain 
time period. Consequently, a percentage of (2.5-
4.6)% of the original shear strength of the soil is 
regained after 10days and (3.5-9.4)% after 30days 
of the pile installation. 
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 Fig. 1: Summary of measured pore pressures (Polous and Davis, 1980)  

Note:
a
r

= the ratio between the distance from pile center to point at which the pore is measured to the diameter of the pile 
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Fig. 2: Effect of pile driving on the angle of internal friction (φ) in sand (Kishida, 1967) 
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Fig. 3: Grain size distribution of the soil 
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               Fig. 4: Pile reinforcement and plug details                                  Fig. 5: Pile installation feature 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Loading Apparatus 
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                   (a) Pile no.(1)                                                                                    (b) Pile no.(2) 
 
                                                                                                                     
                                                              
                                         
 
 
 
 
 
 
 
 
 
 
                             
 
                                                                       

 
                                                                  (c) Pile no. (3) 

 
                                                Fig. 7: Load-settlement curves 
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Fig. 8: Maximum measured and theoretical bearing capacities of the piles  
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Fig. 9: Effect of smear aging on pile capacity restoring 
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