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An instrumented bored pile with soil improvement for increased 

shaft resistance

Un pieu foré instrumenté avec amélioration du sol pour la résistance augmentée du fût

W. H. TING, Consultant Engineer, Kuala Lumpur, Malaysia 

C. T. TOH, Consultant Engineer, Kuala Lumpur, Malaysia

SYNOPSIS In a limestone area in Malaysia, the limestone occurs in the form of thin slabs with soil in
between. Loose alluvium overlie the limestone slabs. Large diameter bored piles were constrained to be founded on the 
thin slabs. The limestone slabs in combination with the poor overburden soil were considered inadequate to support the 
piles. The soil in the overburden shaft zone was then improved by je t grouting technique which is b rie fly  described. 
The pile was then instrumented and load tested to determine the load transfer pattern as well as its  general behaviour. 
In another part of the site one large diameter bored pile with no improvement of shaft resistance was load tested, and 
the results were analyzed and compared with the behaviour of the pile with shaft zone soil improvement. A cluster of 
je t grout columns was also constructed in the overburden material and load tested. A fin ite  element model study was 
also made to obtain a better understanding of the mechanisms involved.

1. INTRODUCTION

Some parts of Kuala Lumpur, the Capital c ity of Malaysia, 
is underlain by limestone formation with karst topo
graphy. I t  was proposed to construct a 26 storey build
ing on such a site. The building has three basements and 
is supported by bored piles.

2. SUBSURFACE CONDITION

On the building site, the soil profile consists of loose 
clayey s ilty  sands of quaternary age overlying weathered 
Upper Paleozoic Sedimentary rock deposits which in turn 
lies on the Lower Paleozoic limestone formation.

At this location, the limestone appears to have been 
weathered into rock lenses and slabs of varying thickness 
with soil deposits between the layers Instead of the pin
nacled limestone structure, typical of Kuala Lumpur lime
stone elsewhere.

A typical cross-section is shown in Figure 1.

3. GEOTECHNICAL CONDITION

In some areas, the large diameter bored piles are founded 
on limestone layers which are more than 3m thick, pro
vided that the subsurface condition below the layer is 
adequate for supporting each pile group. Where there are 
frequent occurrences of rock layers, the piles were con
structed by d rillin g  through the rock slabs using the 
reverse circulation method.

In some areas (eg. Borehole 54, see Figures 1 and 2), 
the upper limestone strata was found to be less than 3m 
thick, and thicker layers can only be found at great 
depths. The strength of the strata at various levels is 
shown in Figure 2.

I t  was then decided to found a pile of 1.2m diameter 
(near Borehole 54) on a limestone layer of about 1.2m 
thick and to increase the load carrying capacity of the 
pile by improving the soil surrounding the shaft. The 
pile was keyed 0.5m into the limestone*

4. SOIL IMPROVEMENT

The technique of soil improvement adopted was the forma
tion of jet-grouted columns around the pile. The ve rti
cal section is as in Figure 2 and a cross-section is as 
in Figure 3(a).

A jet-grouted column is formed by lowering a 19mm 
diameter tube into the ground un til the desired depth is 
reached. Two water jets at the bottom of the tube under 
a pressure of 20 bars loosen the soil as the tube is low
ered. Then, under a pressure of up to 250 bars, jets of 
grout are pumped into the ground as the tube is raised. 
The jet delivers the grout as well as mixes the grout 
with the soil within a certain radius to form a grouted 
column. Under average soil conditions, a column of about
0.4m diameter is formed by this technique. The grout 
consists of a mixture of 1 part cement to 3.4 parts of 
water by volume. Up to 15% of sodium silicate by weight 
of water was added to Improve gel time.

5. LOAD TESTS ON JET GROUT COLUMNS

A load test was carried out on a 3 piled cluster as shown 
in Figure 3b to determine the efficiency of the jet 
grouted columns.

The jet grouted columns were formed in loose alluvium 
to a length of 3.7m. The load-settlement results of the 
test are shown in Figure 4. The piles failed at a 
p ile /so il cylindrical interface of about 1.4m diameter 
when pile stress was less than about 2.3MPa.

The back-computed modular ratio between pile and soil 
(E pile/E soil) was approximately 10.0 indicative of a 
compressible pile.

6 . PILE TESTS AND INSTRUMENTATION

The 1.2m diameter bored pile (near Borehole 54) with the 
soil surrounding the shaft improved by jet grouting was 
tested to twice its  working load. Loading of the pile 
was by use of kentledge.

In order to observe the manner of load transfer down
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the shaft, four sets of strain gauges were Installed at 
various depths along the pile (Figure 2)*

The bored pile vas Installed and tested from R.L. 
90ft (R.L. 27.43m or 9.2m above the fina l pile cut off 
level) as basement excavation at that juncture was not 
complete. The top of the jet grout columns was at R.L. 
59.8ft (18.23m) the fina l pile cut off level. The con
figuration for load testing Is as shown in Figure 2.

During testing, load was maintained at various levels 
to observe creep behaviour. Additionally, some cyclic 
loading was carried out.

A second pile load test was carried out on a 1.4m 
diameter bored pile which however did not have its  shaft 
zone improved by jet grouting. The pile was embedded 
18.6m into material with S.P.T. greater than 50. This 
second pile was however not instrumented with strain 
gauges.

7. RESULTS AND DISCUSSION

7.1 Load-Settleraent Behaviour

Figure 5 illustrates the load-settlement behaviour of the 
instrumented bored pile with shaft zone improvement and 
of the bored pile without shaft zone improvement.

I t  can be seen that the pile with shaft-zone improve
ment is d istinctly more s t i f f  at the head than the con
ventional pile.

7.2 Maintained Load Behaviour

The f irs t  cycle load was taken to 800t and maintained for 
42 hours. As shown in Figure 5 and 6, the second cycle 
was taken up to l,600t. The loads were maintained at 
l,400t for 62 hours and at l,600t for 25 hours to observe 
creep behaviour.

The maintained load tests show that creep occurs with 
transfer of load down the shaft and the equivalent change 
In load in the pile can amount to about 180t. The creep 
decreases with stress level and duration.

The changes in the strain profile due to creep at 
l,400t and at l,600t are shown in Figures 7 and 8.

7.3 Load Transfer Phenomena

Figures 2 ,  7 and 8 show that large load transfer occur in 
the unimproved portion of the pile (R.L. 90ft to 60ft) 
and in the upper few feet of the improved length of the 
pile (to R.L. 36ft).

This is somewhat surprising as i t  was assumed that 
the transfer would be within the length of the pile where 
the soil around the shaft was Improved by jet grouting 
ie. below R.L. 60ft. The average shaft support between 
gauges 2 (R.L. 67ft) and 3 (R.L. 36ft) is about 523kpa, 
and between gauges 3 and 4 (R.L. -34ft) about 166kpa.

The former value is somewhat high and a possible 
explanation is that during grouting of the lower section
i.e . below R.L. 60’ , the soil heave due to grouting may 
have induced an upward "preload shaft fr ic tio n ".

Figure 9 illustrates how "preloading” due to heave 
could have affected the load transfer results, in produc
ing an exaggerated load transfer curve at the upper 
portions of the pile.

An elasto-plastic fin ite  element analysis using 8 node 
Isoparametric Quadrilaterals was carried out for the 
bored pile with shaft improvement and resting on a 1.2m 
thick layer of limestone. The assumed properties are 
shown in Table 1.

7.4 Fi ni t e El ement  Anal ysi s

T'ible 1

Material E V* C <6
f

Bored Pile 19GPa 0.3 - 45° 45°

Jet Grout Columns 320MPa 0.3 640KPa 0. 0 0. 0

Soil From R.L. 90ft 
to R.L. 60ft

32MPa 0.3 0. 0 30.0 30.0

Soil Surrounding 
Jet Grout Columns

32MPa 0.48 134KPa 0. 0 0. 0

Limestone Beneath 
Bored Pile

30GPa 0.3 300MPa 0. 0 0. 0

Soil Beneath 
Limestone

64MPa 0.48 200KPa 0. 0 0. 0

The load settlement results from the Finite Element 
analysis in Figure 6 shows a less s t i f f  response compared 
to the measured results.

Figure 10 compares the computed strains from Finite 
Element analysis with the measured strains from the se
cond cycle. The Finite Element analysis showed less load 
transfer with depth compared to the measured results.

In an attempt to estimate the degree of "preload” on 
the pile, the computed strains were subtracted from the 
measured strains and plotted in Figure 11.

The estimated "preload shaft fric tion " ranged from 
75KPa to 190KPa depending on the applied load level. The 
shape of the curve resembled that suggested in Figure 9.

7.5 Tensile Strains From Cyclic Loading

The cyclic loading test has two interesting features. 
The f ir s t  is the presence of residual strains in the pile 
shaft after the pile has been loaded and unloaded. The 
other is that at the end of the second unloading, tensile 
strains begin to appear at gauge point 3.

Figure 12 Illustrates the measured strains for the 
second and fourth loading and unloading cycles with ten
sile  strains in the lower portion of the pile in the la t
ter cycle.

8 . CONCLUSION

The soil surrounding the shaft of a large diameter 
bored piled pile has been improved by the formation 
of je t grouted columns.

The instrumented pile load tests indicate the benefit 
of improved soil surrounding the shaft.
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"Preloading" of the upper portion of the shaft due to 
heave caused by grouting may have taken place 
possibly resulting in:

Large load transfer along the upper portion of 
the shaft*

Residual strains after unloading some of which 
are tensile strains.
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