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ABSTRACT 

A stretch of an expressway in the rural area of Selangor was affected by occasional flash flood. 
To alleviate the flood problem, two rows of 2.40m diameter drainage pipe culverts were installed 
by pipe jacking method to facilitate the flow of backwater. The pipe jacking alignment traversed 
sedimentary formation of hard weathered Schist, Shale and residual soils. Ground settlement of 
unknown magnitude was expected. Instruments were installed to collect site-specific data and to 
gauge the performance of pipe jacking works. 
 
This paper briefly presents the degree of ground settlements experienced by the residual soils and 
the extent of settlement influence zones due to the pipe jacking works. The percentage ground 
loss and settlement troughs are back calculated and discussed. 
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1. INTRODUCTION 

The flash flood in the end of year 2001 caused a stretch of a rural expressway at the northern part 
of Selangor to be temporarily shut down. The investigation revealed that the existing drainage 
facilities failed to cope with abnormal runoff discharged from the intensive developments along 
the river catchments, resulted the backwater towards the upstream and subsequently flooded the 
expressway.  
 
To address the occasional flood and the new projected flood level, a comprehensive hydrology 
study had been undertaken.  It was recommended to install two additional rows drainage pipe 
culverts of 2.40m diameter, running in parallel as shown in Figure 1 and to raise up the existing 
pavement by some 800mm to 1200mm.  
 
It is crucial to maintain the serviceabili ty of the expressway when constructing the drainage pipe 
culverts. Digging up the expressway for the laying of the new drainage pipes was not advisable as 
it would cause substantial road damages and affect the Level of Service of the expressway. 
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Trenchless technology, namely the pipe jacking method was adopted for the installation of new 
drainage pipe culverts.  
 
Pipe jacking method has been widely used for the construction of common utility trenches in 
urban area, busy road junctions and road crossings. There are extensive jacking experiences on 
soft to medium stiff overburden soils. Jacking of pipes in residual soils is rarely reported. The 
installation of the pipe culvert using pipe jacking method enable a study on the degree of ground 
settlements and assessed the percentage ground loss for pipe jacking works on medium stiff 
residual soils. 
 

 
 

Figure 1: Site layout plan 

2. PRINCIPLE OF PIPE JACKING METHOD 

Pipe jacking system commonly used in local construction industry consists of Slurry Shield and 
Manshield (Open Face Cutting). The former is generally used in soft to loose subsoil where the 
anticipated ground deformation is significant while the latter is adopted in stiff to hard ground 
where the ground deformation is less crucial. 
 
Pipe jacking works consisted of advancing a series of precast pipe segments from a jacking pit as 
shown in Figure 2 to the receiving pit. The pits are generally built with braced sheet pile wall . In 
the jacking pit, a thick reaction wall has to be constructed to allow for thrust and load transferred. 
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Jacking forces are exerted through series of hydraulic jacks as shown in Figure 3. Sheet pile 
sections at both the jacking pit and receiving pit have to be cut for advancing and receiving of the 
pipes. Pipe segments as shown in Figure 4 are extended one after the other until completion of 
whole pipeline. For long pipelines, it is usually required to install an intermediate jacking station 
to facilitate the load transfer. The ground is excavated through the cutter head as shown in Figure 
5. The spoils are delivered to the jacking pit through a conveyor and disposed off site.   
 

    
     Figure 2: General arrangement of jacking pit                        Figure 3: Hydraulic jacks  
 
 

    
 
 Figure 4: Precast jacking pipe segments        Figure 5: Cutter head 
 
 
While cutting and advancing the jacking pipe, the ground ahead of cutter head is prone to deform 
and disturbed due to stress relief and forming of voids between the pipe annulus and the ground. 
Degree of ground disturbance is significant on soft clay and loose granular soils. It is required to 
treat and stabilised these unstable overburden soils ahead to minimise ground loss.  

3. CASE HISTORY 

The site is in rural area at the northern part of Selangor (see Figure 1). It was originally a valley. 
During the construction of the expressway, the hill was cut and portion of the valley was filled to 
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form the expressway embankment. A river from the east of the site crossed the expressway through 
a triple-cell 2.8m diameter CMP culvert. 
 
The two new 2.4m diameter (D) drainage pipe culverts, namely the South Line (SL) and the North 
Line (NL) are located at some 20.0m up north of the existing triple-cell culvert. They were 
constructed at a skew angle of 44 degree with respect to the expressway alignment. The lengths of 
pipe culverts are approximately 56.0m and 60.0m.  
 
Cross section of the pipe culverts is shown in Figure 6. Depth to the culvert invert is about 6.0m. 
Overburden cover above the culvert crown is 1.5D.  Net distance between the two pipe culverts is 
about 1.0D. 
  

 
 

     Figure 6: Cross section of jacking pipe culverts 
 
Drainage pipe culverts are made up of 2.4m nominal diameter Class 1.5Z precast jacking pipes. 
Each pipe segment is 2.0m long (Figure 4). The pipe segments are butt jointed with a steel collar. 
Two grouting holes diagonally to each other are provided at ¼ lengths from each end of pipe 
segment to facili tate grouting.  
 

3.1 Geology and Subsoil Profile 

 
The site is underlain by Silurian – Ordovician Formation. The rock mainly consists of 
decomposed Schist, Phyllite, Slate and intercalations of Sandstone and volcanic.  
 
Two (2) boreholes were sunk at the road verge on both bounds of the expressway. The subsoil 
profile is illustrated in Figure 7. The upper subsoil consists of approximately 1.0m to 5.0m thick 
transported fills. It overlies thin layers of gravelly SILT and SAND to a depth of 5.0m to 10.0m 
below the ground. Lower subsoil is made up of very hard soil to probably completely weathered 
Schist or Shale.  
 
Groundwater level was observed at about 4.0m to 5.0m below the existing ground during dry 
season.  
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Figure 7: General subsoil profile 

 

3.2 Pipe Jacking Works  

 
Pipe jacking by means of open face cutting Manshield method was adopted. Jacking of drainage 
pipe culverts was conducted in two stages. Direction of jacking was from the drain outlet towards 
the drain inlet. Jacking of the South Line started in mid May 2002 and completed in end June 2002 
whilst for the North Line, the work started and completed as well in two months later.  
 
While advancing the jacking pipes, subsoil from different origin was encountered. The advance of 
jacking pipe was slow, as efforts were required to break the weathered rock and hard-cemented 
soils on the first 20.0m to 32.0m jacking length. Pipe advancing rate was about 0.5m/day to 
1.0m/day. When jacking towards the residual soils, rate of pipe advancing is fairly consistent, in the 
range of 1.2m/day to 1.5m/day. The average pipe jacking rate for the whole culvert was about 
1.2m/day. Despite of encountering diff iculties and delays in the early jacking sections, each culvert 
was completed within two months duration (see Table 1).  
 

Table 1: Duration of pipe jacking works   

Pipe Culvert Pipe Length, m Duration, day Rate, m/day 
South Line 56.0 46 1.22 
North Line 60.0 52 1.15 

 
 
Upon completion of pipe jacking, cement grouts were pumped through the upper grout holes to seal 
and closed the voids within the pipe annulus and to densify the loosened soils or cavities if any. 
Grouting works were terminated when the grout returned were observed at the lower grout holes or 
along the circumference of pipe joints.   
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Figure 8: Settlement monitoring stations 

 

3.3 Performance of Pipe Jacking Works 

 
There are twelve (12) numbers of semi spherical nailed type settlement pins installed along the road 
verge and road median (see Figure 8) to capture ground settlements and to gauge the performance 
of jacking works.  
The recorded ground settlements over the pipe jacking durations are as shown in Figure 11.  It is 
obvious from this plot that the ground settlements had progressively built up, from a few millimetre 
to about 40mm for the South Line and 30mm for the North Line when jacking pipes advanced the 
weathered rock and hard soil. Upon completion of whole pipelines, the net maximum ground 
settlements were about 55mm for the South Line and 40mm for the North Line. 
High ground deformations recorded in the early pipe jacking segments were attributed to the longer 
durations required for the removal of hard soils and weathered rock (see Figure 9). It is believed 
that the delay in pipe advance had resulted the relieved of subsoil stresses ahead of jacking pipes. 
Over excavation at pipe circumference and ahead of cutting head might contribute to ground 
settlement. The degree and magnitude however were diff icult to quantify.  
When jacking pipes advancing the residual soils and the remaining drainage pipe lengths, the 
observed incremental settlement was nominal, indicated that the ground settlements mainly 
contributed by the elastic component, the consolidation settlement component was insignificant.   
The settlement profiles captured by settlement pins at the northbound road verge, road median and 
the southbound road verge were fairly consistent. Magnitude of settlement varies over a reasonable 
range.  
Settlement influence zone at longitudinal distance can generally be related to the distance between 
the ground level to the centre of jacking pipe section (Z0). The settlement influence zone on residual 
soils was based on the completed 30.0m jacking length (Figure 12a) after advancing through the 
hard soil and weathered rock. It can be inferred that the settlement influence zone is about 5Z0, 
about 25.0m ahead of pipe head. 
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Figure 9: Breaking hardsoil and weathered rock   Figure 10: Observed settlement at road shoulder  
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Figure 11: Settlement monitoring  
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Transverse settlement troughs for both the South Line and the North Line jacking pipes are shown 
in Figure 13. The settlement trend is similar to those reported by Peck (1969). Maximum ground 
settlement was registered at centreline of pipe jacking axis and decreased outwards. The settlement 
influence zone is approximately 3D (see Figure 14). 
The transverse ground settlements recorded at the northbound settlement pins were about 50% 
greater than those from the southbound (Figure 13). This is somehow expected owing to cumulative 
stress relief when advancing the subsequent North Line at a later stage. Under the same condition, 
the South Line settlement pins had registered some 30% to 50% higher than the North Line.    
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Figure 12: Ground settlements along the longitudinal distance  
 
 

-4 -2 0 2 4 6 8 10 12 14
H orizon ta l D is ta nce , m

-60

-40

-20

0

D
ef

or
m

at
io

n,
 m

m

S ettlem en t P in

N B SP 1

N B SP 3

SB  SP 10

SB  SP 12

G round Leve l

0 1 2 3
H orizon ta l D is ta nce , xD

-4

-3

-2

-1

0

  /
D

, %
d

Jacking  P ip e

N orth L ine

South Line

Z 0

Jac k ing  P ipe

 
 
         Figure 13: Transverse settlement trough          Figure 14: Transverse settlement influence zone 
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Performance of pipe jacking works was assessed by means of ground loss, namely the ratio of the 
area of settlement trough against the sectional area of pipe. Settlement troughs are in a shape of 
normal distribution (Peck, 1969) and are calculated based on the following equations:  
 
               d = dmax Exp (-x2/2i2)                                                                     ------------(1) 
    dmax = vA/(2.5i)                                                                             ------------(2) 
where, 
 
    A  = Sectional area of pipe 
    x  = Distance to pipe centre 
    v  = Ground loss 
    i  = Width parameter  
   d, dmax  = Measured ground settlement  
 
 
Ground loss (v) and width parameter (i) were back calculated from the recorded maximum 
settlements. The calculated ground losses at the northbound and the southbound jacking pipes 
were 7.0% to 12.0% and 4.0% to 8.0% respectively whereas for the width parameters of the 
settlement troughs, the values range from 0.5Z0 to 0.9Z0 and 0.35Z0 to 0.75Z0 (Figure 15) 
respectively. The wide variations in the values were attributed to pipe jacking delay when 
advancing in hard soil and weathered rock and the accumulation of stress relief caused by 
subsequent jacking works.  
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Figure 15: Settlement troughs for Northbound and Southbound jacking pipes  
 
Condition of the expressway embankment was surveyed via ground penetration radar (GPR). The 
results indicated that the voids at pipe annulus and loosened soil had been sealed with the grouting 
works.   

4. CONCLUSIONS 

Jacking of two 2.4m diameter drainage pipe culverts two months apart under an expressway 
embankment using Manshield method had been successfully implemented. The recorded maximum 
ground settlements were 40mm for the North Line and 55mm for the South Line when advancing 
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through the residual soil. The South Line was expected to settle more owing to cumulative stress 
relief when advancing the subsequent North Line at a later stage.  
 
Settlement influence zone along the longitudinal direction was 5 times the distance between the 
ground level to centre of jacking pipe section (5Z0). In transverse direction, the influence zone was 
about 3 times pipe diameter (3D). 
 
The calculated ground losses (v) were 7.0% to 12.0% and 4.0% to 8.0% at the beginning and at the 
end of the pipe jacking sections when encountering residual soils. The settlement troughs can be 
established based on the width parameters (i) of 0.5Z0 to 0.9Z0 and 0.35Z0 to 0.75Z0 for the 
beginning and at the end jacking sections respectively. The wide variations in the values were 
attributed to pipe jacking delay when advancing in hard soil and weathered rock and the 
accumulation of stress relief caused by subsequent jacking works. 
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