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ABSTRACT: In this paper, the forensic evidences and investigation of a subway tunnel construction failure occurred in Kaohsiung, Taiwan 
are presented. The studied construction failure occurred during a cross passage excavation of a shield tunnel construction work of the 
Kaohsiung Mass Rapid Transit System, and resulted in severe tunnel collapse and extensive ground failure that even reached to ground 
surface 30m above the tunnel depth. Valuable photo images obtained during and post event, as well as results of special geophysical testing 
methods were presented and compared to verify proposed failure scenario. Information presented in this paper is hoped to be helpful to 
improve engineers’ knowledge for preventing similar construction risks. 
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1. INTRODUCTION 

On 4th of December 2005, a severe construction failure occurred 
during a cross passage excavation work of the Kaohsiung Mass 
Rapid Transit System (KMRT). This construction failure resulted in 
the collapse of 100m long twin shield tunnels and extensive ground 
failures that even reached to ground surface 30m above the tunnel 
depth. Forensic investigation on this incident was firstly conducted 
by collecting valuable photo images taken during emergency 
remediation. Moreover, excavation conducted after retrofit works 
were also conducted to recover remains of damaged structures. 
Proposed failure scenarios could be exanimated via such solid visual 
evidences, especially the timeline of failure development. In 
addition to collect photo images, borehole probing and the resistivity 
image profiling testing methods with designed testing schemes were 
conducted to investigate condition of ground failure. Both 2D 
surface and 3D resistivity image profiling (RIP) methods were 
successfully adopted in this investigation to identify the problematic 
local soil condition, scopes of ground failure and the damages of 
tunnels. This investigation work was in an effort to justify the 
possible failure causes as well as to evaluate the effectiveness of the 
applied retrofit work.  

In this paper, forensic evidences such as photos taken during the 
emergency remediation and investigation excavation, as well as 

results of forensic investigation tests conducted are presented in 
detail and analyzed. Proposed failure scenario is then verified. Work 
presented in this case study is in a hope to serve as an example and 
reference to the peer engineers in the field of underground 
construction, as well as to improve engineers’ knowledge for 
preventing similar construction risks. 
 
2. SITE CONDITIONS 

The plan and side view of the tunnel are shown in Figure 1. It is to 
be noted that there was a vehicle underpass just above the two 
subway tunnels. The twin tunnels were constructed by the shield 
tunnel boring machines (STBM) which can advance by rotating a 
large steel disk equipped with cutting blades, while the main body of 
the boring machine is protected inside the shield. Figure 2 shows the 
plan view of the failure site. The soil profiles at the locations BO29 
and BO30 shown in Figure 2 are indicated in Figure 3, where it can 
be seen that the deposits comprise predominantly of silty sand with 
occasional layers of low-plasticity clay (CL) to a depth of 40m. The 
SPT blow count values, as shown, increase with depth and have 
values of 20 to 30 at the depth where the sump of cross passage for 
water collection was constructed (Ishihara and Lee, 2008b).  

 

 
Figure 1 Plan and side views of the studied tunnel site (Ishihara and Lee, 2008) 
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to the underground structures. Electrical currents were introduced 
into the target area by setting up layers of electrical circuits. 
Resistivity values at specific locations could then be measured by 
specially arranged sensors installed on ground surface or in 
boreholes. Figure 18 shows the equipment used and Figure 19 
shows probing posts at ground surface used to record resistivity for 
2D RIP tests. Figure 20 shows in-hole resistivity sensors before 
inserting into the boreholes. Measurements of resistivity at specific 
locations were then used as known boundary conditions and input 
values of nodes of the analytical models to calculate the resistivity 
field of the target area.  
 

 
 

Figure 18 RIP Testing equipment 
 

 
 

Figure 19 Probing posts for 2D RIP tests at ground surface 
 

 
 

Figure 20 In-hole resistivity sensors for 3D RIP tests 
 

The site was grouted extensively to stabilize the ground prior to 
excavation. Large numbers of sand bags and lean concrete were 
dumped into sinkholes to stabilize the disturbed ground after the 
incident. Underground conditions were fairly complicated when the 

RIP surveys were conducted. Optimization of sensor layouts and 
calibrations of the analytical models were the most challenging 
issues of this forensic RIP testing (Lee and Ishihara, 2008a).          
Figure 21(a) shows the layout of the 2D RIP testing. As depicted in 
the figure, total four longitudinal (east-west direction) and nine 
transverse (north-south direction) survey lines were conducted in an 
attempt to cover the damaged area. Moreover, Figure 22 shows the 
top view and the cross section schematic drawings of the 3D RIP 
testing. Total six boreholes were drilled to a depth of 40m. This 3D 
RIP survey was in an effort to assess the damage condition of the 
cross passage and the up-track shield tunnel. 

Figure 23 shows the results of 2D RIP test along the selected 
survey lines marked in Figure 21(b). In these figures, Calibrated 
values of resistivity are scaled on the right to each profile. As shown 
in the image profiles, cold colours, from green to deep blue, 
represent material with relative low resistivity such as disturbed 
ground with high ground water content or voids. On the contrary, 
warm colours, from yellow, orange, to red and brown, represent 
material with relative high resistivity such as dense soil, injected 
grouts or concrete. In this case, images obtained by the 2D RIP test 
tend to be slightly distorted upward because only ground surface 
probing posts were installed to record response resistivity (Lee and 
Ishihara, 2008a). However, resistivity profiles shown in Figure 23 
still clearly indicate that the area in between the vehicle underpass 
and the cross passage were in serious distressed condition. Profiles 
L2, H, and E, identify that ground in between the vehicle underpass 
and the cross passage in south contained high water content and in a 
loose state at the time of testing. Similar ground condition was also 
observed in the ground under the sinkhole on the north as shown in 
Profiles L1, L2, I, and J. In addition, ground failure area on the 
south where the up-track tunnel was located was found to be more 
serious than that on the north where the down-track tunnel is.  

 

 
(a) 

 
(b) 

Figure 21 Layout of 2D RIP tests 
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(a) 

 
(b)

 
Figure 25 Failure scenario proposed, (a) cross sectional view, (b) longitudinal view (after Ishihara and Lee, 2008) 

 

 
 

Figure 26 Wreckages of the crosspassage. 
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Figure 27 Damaged shield tunnel excavated during the retrofit works 
 
 

A forensic investigation committee was formed to study the 
possible causes of failure. Comprehensive investigation and analysis 
were conducted including information presented in this paper. The 
reasons why such dreadful vertical cracks occurred at the bottom of 
the water sump were probably a combination of design layout, 
constructability, unique features of local soil, as well as quality 
control of ground improvement (TCRI, 2006). There were also some 
facts found that contributed to such massive ground failure. 
However, piping created by high hydraulic pressure and internal 
erosion prone local soil are believed to be the major causes of 
failure. Near 300kPa pressure difference between the constructed 
tunnel and the confining soil caused the collapse of water sump and 
led to even severe failure. The estimated seepage hydraulic gradient 
exceeded 12.5 (TCRI 2006; Ishihara and Lee, 2008). 
 
7. CONCLUSIONS 

This paper presents thorough information and deliberate 
investigation of a subway construction failure. Detailed time history 
of failure course was carefully documented. Specifically aimed 
testing methods, including borehole probing and 2D, 3D RIP tests, 
were also carried out to investigate the scope of the failure and to 
study the possible causes of failure. It was found that well 
documented site information at the time of accident and emergency 
works are most valuable to identify the possible failure scenario and 
thus organize the following up investigation. Both borehole probing 
test and RIP tests were found to be able to effectively understand the 
scope of failure and the condition of complicated underground 
environment. The failure scenario and failure causes would be 
clarified by summarizing these documented photos, records and 
forensic testing results. It is concluded that the studied accident was 
induced by unpredicted occurrence of piping in the non-plastic silty 
sand deposit subjected to a seepage field with fairly high hydraulic 
gradient. 
 
 
 
 
 
 
 
 
 

The information presented in this paper is hoped to provide 
geotechnical engineers case references of similar forensic 
investigation, as well as precautions of similar construction works. 
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