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Fig. 6  Geological profile of the Taipei Basin
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Chingmei Gravels
Ventilation Shaft GL-43m
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Analysis for blow-in

RL 53.0 m

Uplift = 10 x ( 88.0 - 53.0 ) = 350 kPa
Soil Weight = 19 x ( 76.0 - 53.0 ) = 437 kPa
Safety Factor = 437 / 350 = 1.25

Year of 1970

Chingmei
Gravels

RL 102.6 m

7 m

RL 60.0 m

40 m



Analysis for blow-in

GL -14.6 m

GL –26.6 m

GL -49.6 m

W

RL 88.0 m

RL 53.0 m

Uplift = 10 x ( 88.0 - 53.0 ) = 350 kPa
Soil Weight = 19 x ( 76.0 - 53.0 ) = 437 kPa
Safety Factor = 437 / 350 = 1.25

35.0 m
23.0 m

Year of 1990
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Analysis for blow-in

GL -1 m

GL -17.6 m

GL -49.6 m

W

RL 53.0 m

Uplift = 10 x ( 49.6 - 1.0 ) = 486 kPa
Soil Weight = 19 x ( 49.6 - 17.6 ) = 608 kPa
Safety Factor = 608 / 486 = 1. 25

17.6 m

Chingmei
Gravels

RL 102.6 m

32 m



Contents

• Failure due to human errors
• Failure due to poor workmanship
• Failures due to Unforeseen Conditions



Case 1 – Human Error 
(Negligence)

• Nankang Line
• Station Excavation to GL-24.5 m
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Chingmei Gravels
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9,000 m3 sand & gravels
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Northern Curtain Wall
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A Small Hole?

• 70,000 tonnes of water recharged
• 9,000 m3 of sands and gravels dumped
• 5,400 m3 of grout injected

A$4,000,000
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(a) t < 18 days
      Phase I

(b) 18 days < t < 39 days
      Phase II

(c) t = 39 days
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100 Hp unit was shut down
200 Hp unit reduced to 66%
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In Refrigeration Zone
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At Center of Refrigeration Zone
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(c) Section B-B

2800
93

50

22
00

22
00

18
00

20
00

70
00

 =
 2

d

Unit : mm

Refrigeration Plates
(Rectangular Pipes)

9000 = 2 c



-35

-30

-25

-20

-15

-10

-5

0

0 50 100 150 200
Elapsed Time, days

Br
in

e 
Te

m
pe

ra
tu

re
, 

o  C Delivery
Return 

100 Hp unit was shut down



-30

-20

-10

0

10

20

30

40

0 50 100 150 200
Elapsed Time, days

G
ro

un
d 

Te
m

pe
ra

tu
re

,  
o  C

801-R14 806-R14
805-R14 811-R14
813-R14



-30

-20

-10

0

10

20

30

-10 0 10 20 30
Ring No.

G
ro

un
d 

Te
m

pe
ra

tu
re

,  
o  C 812 - 20 days 812 - 81 days



-30

-20

-10

0

10

20

30

-10 0 10 20 30

803 - 81 days

804 - 81 days

821 - 81 days

G
ro

un
d 

Te
m

pe
ra

tu
re

,  
o 

C

Ring No.



-30

-20

-10

0

10

20

30

0 50 100 150 200
Elapsed Time,  days

G
ro

un
d 

Te
m

pe
ra

tu
re

,  
o  C

701 702 703
704 705 706









A

B

C Up
Down

Ventilation Shaft



C

B

A



Base Slab
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Opinions of Committee Members
on Water Paths

Member 
A

Member 
B

Member 
C

Member 
D

Member 
E

Path A H H L L L

Path B M M H L L

Path C L L M H H

Notes:  H – high possibility  
M – medium possibility   
L – low possibility



Opinions of Committee Members 
on Water Paths

Member 
A

Member 
B

Member 
C

Member 
D

Member 
E

Path A 3 3 1 1 1

Path B 2 2 3 1 1

Path C 1 1 2 3 3

Notes:  3 – high possibility  
2 – medium possibility   
1 – low possibility
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9

10



A$30,000,000?



Lessons Learned

• Never under-estimate water problem
• Ground treatment can not be relied on
• Extra thickness is required when 

groundwater is a serious threat



Case 3 - Unforeseen Condition

• Panchiao Line
• Opening of A Tunnel Eye at Ventilation 

Shaft A
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• Purchasing one new shield machine
• Overhauling one shield machine
• Replacing 

A$60,000,000




