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" Impact of Environmental and Geological Issues

to HSR Infrastructure

e Education : Ph D, Civil Engineering Dept, UC Davis
e Experiences

e Adjunct Professor NTU (CE, Railway Technology Research
Center)

e Taiwan High Speed Rail Corporation (1998 ~2023)
e Specialty
 Civil-Track Interface Issues Identification and Analysis

e Remedial Work Planning and Implementation to Rectify Track
Irreqularity

Ground Subsidence: Soil/Ground Water/Pile/Track Interaction
HSR Slope Precaution and Disaster Warning System
HSR Tunnel Safety

HSR Interface Management and System Integration
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Impact of Environmental and Geological Issues to HSR
Infrastructure

1. Why Environmental and Geological Issues outside of ROW are
critical to HSR Operation?

2. Case | : Ground Subsidence
Case Il : Slope Safety
4. Conclusions
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Impact of Environmental and Geological Issues to HSR Infrastructure

HSR Alignment |.. 1. 345 KM

Bridge/viaduct : 242 KM (73%)
Tunnel: 48 KM(15%)

Cut/Fill: 40KM(12%)
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2. Took 6 years to build from 2000 to 2006
3. Services began on January 5, 2007

4. Crossing 26 rivers and 6 seismic active faults
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pyright © 2007 Taiwan:High Speed Rail'Corporation.

~ Cut & Fill 40km(12%)
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Tunnel 48km(15%)

Cross Section Area:90 m* ==




Bridges & Viaducts

242km(73%)
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Impact of Environmental and Geological
Issues to HSR Infrastructure
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Severe Ground Subsidedence
Settlement + horizontal displacement SR

1. Heave : Huilong Tunnel (G2 #ER&3E)
2. Slope : Miaoli & Hsinhsu Tainan + Kaohsiung
3. Ground Subsidence + Horizontal Movement : Yunlin

4. Co-Seismic Displacement : Tainan + Kaohsiung
5. Creeping Fault : Kaohsing
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Impact of Environmental and Geological Issues to HSR Infrastructure
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e For the given alignment, all the
constructions were conducted
within the right of way (ROW).

e Which party should be responsible
for the impact from Environmental

and Geological Issues originated
from outside of ROW ?

e Government?

e Taiwan High Speed Rail
Corporation?

e Civil work contractor ?
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Impact of Environmental and Geological Issues to HSR Infrastructure

Ideal Reality
B 738 HH = zH HH
Demgn/anfs‘:c;l,c:c,lq(')n Stage Revenue%perat’lgn Stage
Smooth Track SFRAVHE A FRaHE +anrmmaee Track irregularity
| ghiE (i) N
Slab track (not ballast track) Slab track (not ballast track) \ \
Civil Structure + G L (i) /
- - BRI - +HREMTS
RE - B tf‘f iR - nge B i T
Firm A ERYHE, %éjjﬂl\?i& B S
w/o Ground movement Not Firm w. Ground movement

B RE W - IRERE K
Ideal is full, the reality is very skinny
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Impact of Environmental and Geological Issues to HSR Infrastructure

1. BHEzGHEAE  SERENERSANARMEEREIE ZIREIZKRA &S -

1.  Comparing with other transportation infrastructures such as freeway and MRT, the
geotechnical engineering design for high-speed rail project adopts similar principles
but with more stringent allowable displacement of foundation structure.

2. HBRJIEERE LET - FASIEREER - HEEFIREEKES - MENEEKRGE
MIBEEEXRTHEE - BREEBHNARESEZNELMTINRAFIE -
1.  The higher operational speed, the hlgher standard for track regularity

3. HUEFIRE i T 4EE100m e RIS R B 1R

1.  The serviceability of foundation is to ensure the track regularity fulfill the requirement
for safety and comfortability.

4. SETERETEMAEE (angular displacement ) A EIE
1) BSEEEBEZE (simple support bridge) : < 1/1000
2) =EZREESEZE (continuous structure): < 1/1500
3) PRI EREAREIE(tunnel and embankment) : < 10mm/20m
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)

1.

Over-exploitation of ground water is the
main cause.
1)  Since early 1950, mainly along the four

townships in west coast area for aquaculture .

2)  We first observed the ground subsidence in

2000 along the HSR alignment. Up to 2022,
the max. accumulate HSR structure
settlement is around 2m.
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)

Major Concerns from Governmental

/control regulation, why the ground
subsidence in Yunlin is much severe

To minimize the negative impact to

HSR safety, the objective of ground
water control & management is set

1.
Authority
1) Under the same management
than in Chunghwa?
2)
at the level of 4 cm/year
2.

How to enhance the R&D effort made
by Governmental Authority
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Impact of Environmental and Geological Issues to HSR Infrastructure

To minimize the negative impact to HSR safety, the objective of ground water control &
management is set at the level of 4 cm/year

e Ground settlement 4 cm/year : there is

no basis !
. . Risk Eliminati -2 St [ tive Maint Work
o Referring to the data in last 20 years - Long erm Solution : removal of 92000 tons of earth

this goal is not reachable! '

e Instead of specifying a number for this | ;’
goal, it would be practical | e ————
o first identifying the weak point of HSR ” S

structure suffering the negative impact
from ground subsidence.

e Then formulating the remedial work
strategy.

2003/01~2014/03 2014/03~2014/05

Ground water fluctuation and surcharge loading combined effect
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Impact of Environmental and Geological Issues to HSR Infrastructure

Under the same management /control regulation, why the ground subsidence in Yunlin is much
severe than in Chunghwa?
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE{l—, ith/E T Fa)

Four Types of HSR Structure Settlement in Ground Subsidence Area

1. Typel : No ground surcharge loading - subject to the effect of deep pumping: (south of
Zhuoshui River, Huwei)

2. Typell : No ground surcharge loading - subject to the effect of shallow pumping: (Tuku)

3. Typelll : combined effect of surcharge loading and shallow pumping(Yunlin station -
Tuku)

4.  Type IV : horizontal movement(Three subsidence centers in Tuku, Huwei, and Xizhou )

Note: shallow means pumping depth within pile length area, roughly 70 meters below ground surface.
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)

Type | : No ground surcharge loading - subject to the effect of deep pumping
HSR structure loading < pile capacity (safety factor 1.5)
HSR structure sinks with the ground

GNSS GNSS P
GL. +0 T GL. +0 T
ASI] Layer 1
AS?2 Layer 2
ASi Layeri
GL. -0 GL. -60M
HEILFESE = GNSS JIfEE = Y AS
GL. -0
If Sop > P (BEEEE 1 >BREE)
BREIE < BEHEEEN (ZF%ELS) EEIIES = = FeoMU T+ EBGSH AT
BRI RE A MBS = LAS(EL -

=GNSS - AS (GLA+0~-60M)
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)

Type Il : No ground surcharge loading - subject to the effect of shallow pumping

1. Pile capacity may be less than the design loading due to negative skin friction
caused by compression of soil stratum adjacent to pile body

2. HSR structure sinks may higher than ground

GNSS P
GL. +0 T
/_\.S(GL+U~-50M) AP i i
GL. -60M AP, A 0
J AS HEEEN)
GL. -co

If (Z2Py +P)>22P, (BEEEASET] < (IBREFE +EBREET)

BEUIEE = iihZ2 FeOMEL M LEBEMAE/IAFT + ASEEEEA)
= GNSS - &S(GL+O ~seomy +  AAS (%E’E)\)

EEHKIE L E B - B8 ZHEUBERERREERD
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZFEf#l—, ittiE FFa)

The difference between Type | and Type Il : compression rate
1. Huwei : 1.4 cm/year, suffering no pile negative skin friction

2. Tuko :2.4 cm/year , suffering no pile negative skin friction

3. ST:7.8 cm/yr, suffering full pile negative skin friction
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)

Type lll : combined effect of surcharge loading and shallow pumping
1. Extra settlement may last forever due to seasonal ground water fluctuation

2. Typical example:

{ /
ispuvenoarsnes B4

No 78 express-way crossing underneath HSR bridge
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(FE 61—, itt[E FFg)

Type lll : combined effect of surcharge loading and shallow pumping

1. Extra settlement may last forever due to seasonal ground water fluctuation
2. Typical example: No 78 express-way crossing underneath HSR bridge

3. Embankment of No.78 Express-way was removed in 2014

2003/01~2014/03 2014/03~2014/05
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZEf§l—, ithjE F[g)

Type lll : combined effect of surcharge loading and shallow pumping

1. Extra settlement may last forever due to seasonal ground water fluctuation

2. Typical example: No 78 express-way crossing underneath HSR bridge

3. After removal of the embankment, the bridge and ground rebounded immediately.
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Impact of Enwronmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE{l—, ithjE T Fa)

Type lll :

combined effect of surcharge loading and shallow pumping

1. Extra settlement may last forever due to seasonal ground water fluctuation

2. Typical example:

No 78 express-way crossing underneath HSR bridge

3. After removal of the embankment, the angular displacement between piers remains

below the design level 1/15000

P1 P2 P3 P4
TK224+260 TK224+300 TK224+365 TK224+405

No 78
Freeway

1. 2004-2011 P3: Pier Angular Displ t P2: Pier Angular Displ t
. Pler Anqgular Lisplacemen ler Angular Lisplacemen
0.46/1500 => 1.03/1500 1.40 ot boarn ad'ustmentgl o P 120 Potireartrgraciostrre: lg 03 P
. . 1.20 g : —a )1_00 ﬂ
2. 2011 : pot bearing adjustment (THSRC) )](100 Remwn ment b Wembank ent
1.03/1500 => 0.64/1500 : .80
b.30 / \ 0.76 / / \)\0.71
3. 2014 : Removal of embankment (Transportation Authority) b_ﬁo / Om__. D60 L/ 0.64 ‘?".\
0.71/1500 => 0.55/1500 / 0.62 0.57 040 0.5 —
OA0 | ——TK224+365 0 9% Tk224+300 '
4. 2017:0.44/1500 b20 020
0.00 — : 0.00 : : —
AT QT A AT AT AT AT AT AT W AT QA A CA R AP S N Y A A A PN
FTESSEELTF TS FSELLELEFEPEE S
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)

Type Ill : combined effect of surcharge loading and shallow pumping

1. Extra settlement may last forever due to seasonal ground water fluctuation

2. HSR Yunlin station (with combined effect) vs HSR Chunghwa station (w/o combined
effect)

3. The settlement of HSR Chunghwa station stabilized at 4 cm in 2018, however, the

settlement of Yunlin station continues increases up to 26 cm in 2022
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)

1992~20174 Z# T o & 14 B (kA &)

FARBIR IR KFIF & th Rt E R AR
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)

GNSS & #ik £ (mm/yr)
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE#l—, it [E T Q)
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(Zfl—, it/E T ba)

Type IV : horizontal movement(Three subsidence centers in Tuku, Huwei, and Xizhou )

Investigation

Monitoring : on going
e Ground horizontal displacement (SAA)
e Pile structure movment(SAA)
e GNSS on bridge level
 Pier tilting (24 piers)
e 3D Traverse survey on bridge level

Ground horizontal displacement mechanism
o RESEE block model : completed
o SEMIER dislocation model : completed
» IN-SAR:ongoing

Remedial work plan
« Will be initiated based on monitoring data

Remedial work construction
» Will be initiated based on design and monitoring data

e
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(Z#]—, it/E T Fa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )
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Ground Subsidence(Z#]—, it/E T Fa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE{§l—, ithfE T Fa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE{l—, ithfE T Fa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE{l—, ithfE T Fa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )
INSARZ 1 : EKEREEFIR(9pm, 2022/8/30)

Changhua and Yunlin's Verticcal velocity
(mm/yr)
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= 9.09-1219
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(Z#]—, il/E T Fa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )

INSARSZ #f : @ KEREBE IR (9pm, 2022/8/30)
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T T T T

) Xizhou g
13 Township £
£ -20 a AR £
g £
S >
5 =
§ Tuku /N ™
-40 _ b
subsidence Township’
subsidenc%
-60 1 1 1 1 1 1 1 -5
0 5 10 15 20 25 30 35

Distance(km)
S EZ N L EMEIFEP O - EKFOUBEEZEIREENTZE - EIEPO
MA@ KFERE -
ZMNMEAKERERITRIRELEIRPOEER - BZEESEIERRAGD - IEE
RO AEEBZNIPEPOR - MARRGESEQRNKFERE -



EESNEIE BN R EE s e

Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE{l—, ithfE T Fa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE fll—, ihfE T Fa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZEfll—, ithjE TFa)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )

Mechanism of horizontal displacement

1.Long Term Tectonic movement
2.During the development of subsidence center
3.During seasonal ground water fluctuation
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(Z#l—, it/E T ba)

Type IV : Horizontal Movement(Three subsidence centers in Tuku, Huwei, and Xizhou )
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZEfl—, itt/E T Fa)
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Ground Settlement > Pier Settlement in Tuku Area
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE fll—, ithfE T Fa)

Ground Settlement > Pier Settlement in Tuku Area
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(Z#l—, it/E T ba)

Ground Settlement > Pier Settlement in Tuku Area
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Impact of Environmental and Geological Issues to HSR Infrastructure
Ground Subsidence(ZE{l—, ithjE T Fa)
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Conclusions & Suggestions M
1. Political football kick around for e 1) =
many years. It ends up with - i ""l"'"l" *3= N
nothing. 7 : I
|
2. Ground subsidence issue should be %{g | |
defined clearly, ~o 1 | =
1) Regu?lation enforcement ? %%B-__k_,__—— o
2) R&D.. . Vo
3) Monitoring? |
4)  Water Supply? |
Y

1. Be practical it )7
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Lessons Learned (TK126)

1) Time required to reach fully
failure <24 hrs. Displacement
level for management shall
consider

1) BEEES=EEZEMZEX mobilization to
ensure operational safety
2) ABYMER capability of

monitoring device

2) The concept of safety factor can
not reflect slope displacement
and time.
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Lessons Learned (TK126)

£\ BXEAEEAFHARFIEEEFEEZRR
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FEEGEEREED | 1~4amm/ps e IEE 0.5~1mm/H 0.5~2mm/

S E (EREEHED | 1~10mm/Bg fEHIEE 2~10mm/H ; 20mm/7H ; 0.5mm/H 2~20mm/H
TTEMEGEFERETD | 4~40mm/BF | 10mm/BEFLA R ED 1~32mm/H 1~5mm/H ; 10mm/H

Ref : it T #3136, 2013
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Lessons Learned (TK126)
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Thanks for your attention



