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ABSTRACT:  One of the important issues of excavation and tunneling in urban areas is the assessment of its impact on 

foundations of neighbouring structures due to ground movements in particular on pile foundations. Excavation and tunneling 

operations cause lateral soil movements which induce additional lateral loads on piles and they are known as passive piles. They 

are subjected to additional bending moment and shear force which can lead to serviceability problems or even failure of piles 

itself.  The present study focuses on 1g model tests to determine the response of single pile adjacent to a tunnel and a combined 

effect of excavation and tunneling. The effect of various parameters related to the pile, tunnel and soil on the response of pile to 

passive loading was analyzed in this study. The following parameters viz. pile length to diameter ratio, distance between pile and 

retaining wall, distance between pile and tunnel springline, position of pile with respect to retaining wall and tunnel are varied to 

understand the response of piles and also to identify the factor which influences the response most. The lateral deflection of pile 

head was measured. Analysis of the test results showed that the shorter pile (L/d =10) deflects more when compared to a long pile 

(L/d =20) in case of excavation, tunneling and combined case. 
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1 INTRODUCTION 

Excavation below ground level causes relaxation of in-

situ stress due to ground movement. Tunneling is one 

form of excavation which causes ground movement. 

These ground movements affect the performance of 

structures located nearby such underground activity 

particularly the foundations of structures. The various 

field conditions in which piles are subjected to lateral 

soil movements are piles located adjacent to deep 

excavations, and tunnel construction, embankment 

construction and piles adjacent to pile installation 

operations. The lateral forces induced on piles due to 

soil movements as a result of situations stated above 

are termed as “passive loads” and the piles are termed 

as passive piles.  

The lateral forces acting on piles due to soil movement 

may induce additional stresses and excessive deflection 

on the piles. In critical situations, they might damage 

the pile and compromise the stability and serviceability 

of supported structures. Thus, it is essential to evaluate 

pile responses due to lateral soil movements. 

Reasonably good number of research works is reported 

in literature for the prediction of ground movement due 

to excavation as well as tunneling and response of pile 

foundations towards these ground movements 

independently. Both 1g model tests (Chen et al., 1995; 

Ilamparuthi and Madhumathi, 2011; Meguid and 

Mattar, 2009, etc.,) and centrifuge model tests (Leung 

et al., 2000) have been performed. Analysis were also 

carried out on numerically simulated models by 

researchers (Poulos and Chen, 1997; Chen et al., 2000; 

Min et al., 2011; Basile, 2014; etc.,) to understand the 

response of piles due to excavation and tunneling. 

However, the response of piles due to combined effect 

of excavation and tunneling has not been investigated 

adequately. Thus the combined effect of ground 

movement due to excavation and tunneling on pile is 

investigated in this research study through 1g model 

tests. The objective of the present study is to 

investigate the response of single pile to lateral soil 

movement by varying the pile length to diameter ratio, 

distance between pile and retaining wall, distance 

between the pile and tunnel springline, depth of tunnel 

and location of pile with respect to retaining wall and 

tunnel. 

2 EXPERIMENTAL FACILITY 

The experimental facility includes model tank, 

laboratory models of pile, retaining wall and tunnel and 

necessary instrumentation.  

2.1 Experimental Procedure 

The response of single pile due to tunneling is studied 

using a model tank of dimension 0.7 m x 0.29 m x 0.44 

m made of steel. Aluminum hollow tubes of 19 mm 

outer diameter with 1 mm wall thickness were used to 
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fabricate the piles with length to diameter ratio of 10 

and 20. Retaining wall is made out of aluminum sheet 

1.2 mm thick. Poorly graded sand with specific gravity 

2.65 was used for experiments under medium dense 

condition with density 16.5 kN/m
3
. Tunneling 

operation is performed along the shorter side of the 

tank. The tunnel axis depth is normalized by taking the 

ratio of depth of tunnel axis to diameter of tunnel. Two 

normalized depths having H/D ratio 2.2 and 4.2 are 

considered in the experiments where H is the depth of 

tunnel axis from surface of sand bed and D is the 

tunnel diameter. The properties of the materials used in 

the experiment are given in Table 1.  

Table 1 Properties of the materials used in the experiments  

Material Parameter Value 

Soil 

γsoil 16.5 kN/m
3
 

Angle of internal friction Φ 37° 

µsoil 0.30 

Esoil 9000 kPa 

csoil 1 kPa 

Angle of dilatancy, ψ 7° 

Pile 

d (outer diameter of pile) 19.05 mm 

Thickness of pile 1 mm 

Epile 70 GPa 

γpile 27.5 kN/m
3
 

Retaining 

wall 

Ewall 70 Gpa 

Thickness of retaining wall 1.2 mm 

 

 

Tunnel 

D (outer diameter of 

tunnel) 

74 mm 

Thickness of liner 0.5 mm 

Etun 50 GPa 

γtun 72 kN/m
3
 

The tunneling operation is simulated using a helical 

auger which is rotated at a uniform rate to cut through 

the soil. A hollow tube made of tin with outer diameter 

74 mm and thickness of 0.5 mm is used as the liner. 

The auger was manually rotated at a uniform rate with 

a handle along with the liner. As the auger cuts the 

sand and moves forward, thrust was applied to the 

walls of the liner while operating the auger. Thus the 

liner moves along with the auger as in tunnel boring 

machine. The liner prevents the flow of sand during 

tunnel boring and the helical auger brings out the 

cuttings through the space between liner and auger. 

The experimental investigation on response of single 

pile due to excavation and tunneling is observed by 

simulating an excavation operation first followed by 

tunneling. The location of pile is changed in such a 

way that in first case, pile is located equidistant from 

retaining wall and tunnel springline. Schematic 

arrangement of test setup is as shown in Fig. 1. 

 
Fig. 1 Schematic Arrangement of Test Setup for 

Excavation and Tunneling 

In the second case pile was located at a distance of 10d 

from the retaining wall. Sand in front of the retaining 

wall was removed manually in layers of 20 mm each. 

This will induce movements in retaining wall and pile 

due to the lateral pressure exerted by the soil behind it. 

The excavation is continued upto depths of 200 mm. 

Deflections were noted for every 20 mm depth of 

excavation. Once the excavation activity was 

completed, the tunnel was bored to a length of 250 mm 

by adopting procedure as explained in previous para. 

Pile deflections for various length of penetration of 

tunnel were observed. 

3 RESULTS AND DISCUSSION 

In all the tests pile was located at a distance of 145 mm 

from the edge of the tank (mid-width of the tank). The 

deflection of the pile head are observed for two 

different tunnel axis depths and six different pile tip 

locations as shown in Fig. 2. 

 

Fig. 2 Location of Pile tip and Tunnel axis 

The variation of  pile head deflection with respect to 

depth of penetration of tunnel for H/D = 2.2 is shown 

in Fig. 3. The maximum pile head deflection decreases 

when the distance of pile from tunnel springline 

increases for the condition of the sand bed and L/d 

ratio of pile.  
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Fig. 3 Pile Head Deflection Vs Penetration Depth for L/d 

= 10, H/D = 2.2 

The rate of pile head deflections shows steady increase 

after 100 mm of tunnel penetration irrespective of the 

distance of pile from the springline. This confirms the 

fact that, as the tunnel face approaches the pile, rapid 

soil movement occurs in the vicinity of the pile causing 

increase in pile head deflection. Fig. 4 shows variation 

of pile head deflection vs penetration depth for H/D = 

4.2. The maximum value of pile head deflection is 

lesser compared to the previous case (H/D=2.2). As the 

tunneling operation is performed at a deeper depth (i.e. 

H/D = 4.2) the soil around the entire length of pile is 

subjected to movement which resulted in overall 

vertical movement of pile. Hence the lateral deflection 

of pile head has reduced for shorter pile when 

tunneling is performed at deeper depth. The location of 

pile is indicated with a dashed line. A comparison of 

Fig. 3 and Fig. 4 also confirms that the rate of pile head 

deflection is higher within a distance of 0.75 times 

diameter of tunnel from the center of the pile. 

 

Fig. 4 Pile Head Deflection Vs Penetration Depth for L/d 

= 10, H/D = 4.2 

Fig. 5 shows the comparison of maximum pile head 

deflection for pile with L/d ratio 20 located at a 

distance of X/D = 0.5 from tunnel springline under two 

depths (H/D=2.2, 4.2) of tunneling. The dashed line in 

indicates the position of pile which is at 145 mm from 

the edge of the tank. Maximum deflection in the pile 

for tunnel at H/D=2.2 was 4.5 times lesser when 

compared to the tunnel axis at H/D =4.2. When the 

length of pile extending below the tunnel axis is more, 

pile head deflection decreases because a significant 

part of the pile is embedded in sand which does not 

undergo movement due to tunneling. The rate of pile 

head deflection is very high between 100 mm to 200 

mm penetration. This implies that within a distance of 

0.75 times diameter of the tunnel from the center of 

pile, the rate of increase in pile head deflections are 

maximum. 

 

Fig. 5 Maximum pile head deflections for Tunnels with 

H/D=2.2 & 4.2 

The variation of pile head deflection for combined 

condition of excavation and tunneling is studied at four 

different tip locations of the pile as shown in Fig. 6, 

where A,B,C and D are the tip locations of the pile. 

Tunneling was performed at H/D ratio 2.2.   

 

Fig. 6 Location of Pile tips for Excavation and Tunneling 

Case 

Pile head deflection for every 20 mm excavation is 

recorded and continued up to 200 mm of excavation. 

Once excavation operation was completed tunneling 

process was commenced. The deflections of the pile for 

case A, B, C and D are shown in Table 2. For pile tip at 

A the pile head deflection was 5.3 mm (towards 

retaining wall) for the pile at 2d distance from the 

excavation face and for the excavation depth of 200 

mm. Thereafter the pile head deflection remained 

constant till a tunnel penetration length of 100 mm was 

achieved. Beyond 100 mm of penetration the pile 

deflected slightly towards the tunnel. As the face of the 

tunnel approached the pile, the soil movements around 

the pile increased causing deflection of pile head 
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towards the tunnel side. Thus, deflection reduced to 

5.23 mm when the maximum penetration distance of 

250 mm is reached. During boring the tunneling the 

pile head deflection remains the same without any 

change in deflection till the distance between the tunnel 

face and pile is 0.6D approximately. 

Table 2 Pile Head Deflection due to Excavation followed 

by Tunneling for Pile Tip at A, B, C and D 

Depth of 

Excavation 

(mm) 

Tunnel 

Penetration 

Distance 

(mm) 

Pile Head Deflection(mm) 

Pile 

Tip at 

A 

Pile 

Tip at 

B 

Pile 

Tip at 

C 

Pile 

Tip at 

D 

40 0 0 0 0 0 

80 0 0.03 0.02 0 0 

160 0 2.80 0.25 0 0 

200 0 5.30 0.60 0 0 

200 100 5.30 0.60 0.05 0.01 

200 200 5.23 0.60 0.90 0.06 

200 250 5.23 0.60 1.0 0.07 

Unlike the case of short pile, long pile at B did not 

undergo deflection due to tunneling. It is observed that 

the stress condition in the part of pile extending below 

the tunnel is not affected significantly. Thus 

embedment of pile in this region provided sufficient 

resistance against deflection. When the pile tip is 

located at C and D zero deflection is recorded which 

shows that there is no influence of excavation when 

pile is located at 10 times the diameter of pile from the 

face of the excavation. 

4 CONCLUSION 

 The maximum lateral pile head deflection 

decreases when the distance of pile from tunnel 

springline increases for the condition of the sand 

bed and L/d ratio of pile. 

 Lateral deflection of pile head is observed to be 

higher for short pile with less embedment depth 

when compared to a long pile. 

 The magnitude of pile head deflection increased 

when the normalized depth of tunneling is 

increased from 2.2 to 4.2 for long pile (L/d=20). 

Whereas, for a short pile with L/d = 10 the 

magnitude of lateral deflection of pile decreased 

with increase in normalized depth of tunneling due 

to vertical settlement of pile. 

 The rate of increase in pile head deflection is 

maximum when the advancing    tunnel face is at a 

distance of 0.75 times diameter of the tunnel from 

the center of the pile. 

 The net deflection of short pile when excavation 

and tunneling are performed on either side of the 

pile at equal distance is observed to be lesser than 

the total deflection when excavation alone is 

performed. 

 In case of long pile with L/d = 20, the deflection 

due to tunneling is observed to be zero. Hence the 

net deflection is same as the deflection due to 

excavation alone. 

 Zero pile head deflection due to excavation was 

observed for a pile at 10d from the retaining wall 

and 0.5D from the tunnel springline. 
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