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Bl- 7P & x&3 A 2 pmamoty
Fig. 1 The NCU geotechnical centrifuge.

Bl = 9T R & B HEGE & 0
Fig. 2 The fault slipping simulation model container.
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Bz #FWEHFmd L %RIAE; (b)EHRE
Fig. 3 The sand model and ground surface scanner: (a) side view and (b) top view.
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Fig. 4 The particle size distribution of quartz sand.
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BlI ##3F %K Bl» & XFHRp oo
Fig. 5 The small travelling pluviation apparatus. Fig. 6 Setup of the completed model on the
centrifuge platform.
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Table 1. The specifications of tested models and test conditions.

2K BRH Dr 4423 Rh
Rk Bk R )

3 (mm) | BB (m) | %) F3(mm) | B3 (m)
80gRtest23 200 16.0 70 80 50 40
40gRtest21 200 80 70 40 50 2.0
1gRtest20 200 02 70 1 50 05
80gNtest24 200 16.0 70 80 -50 40
40gNtest26 200 8.0 70 40 -50 20
1gNtest31 200 0.2 70 1 -50 05
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Fig. 7 llustrations for the coordination and notations of (a) the fault slipping simulation model
container and (b) the normal fault model.



i3

e
)

CEE R FOU R L S 5 R R AT A R 139

100
200 (a'l) 809 Rtest23 —— 50 (Omm h/H=0%)
(a) 809 Rtest23 —— 50 (Omm h/H=0%) ——— 52 (5mm h/H=2.5%)
—— s1 (2.5mm h/H=1.25%) 3 (7.5mm h/H=3.75%)
3 S“s‘xr:/:r? 5?/;;%) 80 1 T s (10mm =5)
54 (lomm kg0t —— s5 (12.5mm h/H=6.25%)
> 6 (15mm h/H-7.5%)
—— s5 (12.5mm h/H=6.25%) N8 75%
100 4 6 (15mm hiH-7 5%) 7 (17.5mm hH=8.75%)
57 (17.5mm hiH=8.75%) _ 8 (20mm hiH=10%)
. <8 (20mm hiH=10%) S —— 59 (22.5mm hH=11.25%)
3 —— 59 (22.5mm h/H=11.25%) £ 604 — s10(25mm h/H=12.5%)
£ —— 510 (25mm hiH=12.5%) ~ —— s11(27.5mm h/H=13.75%)
= —— 511 (27.5mm h/H=13.75%) = —— 512 (30mm h/H=15%)
=z 512 (30mm h/H=15%) =) —— 513 (32.5mm h/H=16.25%)
(=2 04 =513 (32.5mm h/H=16.25%) (7] 514 (35mm h/H=17.5%)
T 'S14 (35mm hH=17.5%) < 15 (37.5mm h/H=18.75%)
< 515 (37.5mm hH=18.75%) & 516 (40mm h/H=20%)
F= 516 (40mm h/H=20%) = 404 —— 17 (42.5mm h/H=21.25%)
= 517 (42.5mm hH=21.25%) % 18 (45mm h/H=22.5%)
=) 518 (45mm h/H=22.5%) 519 (47.5mm h/H=23.75%)
5;5; Egg‘5mmh,Z/H2:52W3n‘)75%) 520 (50mm h/H=25%)
520 (50mm h/H=:
-100 2
2004 L e e 0 . : : e e py——
-100 0 100 200 300 400 -100 0 100 200 300 400
Horizontal distance (mm) Horizontal distance (mm)
200 100
(b) 40gRtest21 —— 50 (Omm hH=0%) (b-1) 40gRtest21 —— 50 (Omm h/H=0%)
—— s1(2.5mm h/H=1.25%) —_
——— 52 (5mm h/H=2.5%) — )
3 (7.5mm h/H=3.75%) 3 (7.5mm hiH=3.75%)
—— s4 (10mm h/H=5%) 80 4 —— 4 (10mm h/H=5%)
—— s5 (12.5mm h/H=6.25%) —— 5 (12.5mm h/H=6.25%)
100 - 56 (15mm h/H-7.5%) 6 (15mm h/H-7.5%)
7 (17.5mm h/H=8.75%) 7 (17.5mm hH=8.75%)
—_ —— 58 (20mm h/H=10%) — —— 8 (20mm h/H=10%)
3 —— 59 (22.5mm h/H=11.25%) 3 —— 59 (22.5mm hH=11.25%)
£ —— 510 (25mm h/H=12.5%) £ 60 —— 510 (25mm h/H=12.5%)
= —— —— s11(27.5mm hiH=13.75%) = —— s11(27.5mm /H=13.75%)
z 512 (30mm h/H=15%) e 512 (30mm h/H=15%)
=) ] 2.5Mm/H=16.2 =) 513 (32.5mm h/H=16.25%)
‘© 0 514 (35mm h/H=17.5%) ‘© s14 (35mm h/H=17.5%)
< 515 (37.5mm hH=18.75%) < 15 (37.5mm h/H=18.75%)
£ —— 516 (40mm h/H=20%) £ 404 —— 516 (40mm h/H=20%)
3 17 (42.5mm hH=21.25%) = 17 (42.5mm h/H=21.25%)
3 518 (45mm hH=22.59%) 35 518 (45mm h/H=22.5%)
519 (47.5mm h/H=23.75%) 519 (47.5mm h/H=23.75%)
—— 520 (50mm h/H=25%) —— 520 (50mm h/H=25%)
-100 4
20 A
SR S S S N S S S S S 0 o
-100 0 100 200 300 400 -100 0 100 200 300 400
Horizontal distance (mm) Horizontal distance (mm)
100 200
(c-1) 1gRtest20 —— 50 (Omm h/H=0%) (c) 1gRtest20 50 (Omm hiH=0%)
— :; g gg’:/:/f‘z 202)5%’ —— 1 (2.5mm hiH=1.25%)
80 4 — )
—— s5 (12.5mm h/H=6.25%)
$6 (15mm hiH-7.5%) 100 4 6 (15mm h/H-7.5%)
75%) 7 (17.5mm h/H=8.75%)
— —— 8 (20mm h/H=10%) . —— <8 (20mm hH=10%)
£ 59 (22.5mm hH=11.25%) 3 —— 9 (22.5mm h/H=11.25%)
E 604 510 (25mm hi=12.5%) £ —— 510 (25mm h/H=12.5%)
= — s11(27.5mm h/H=13.75%) = —— 511 (27.5mm h/H=13.75%)
= 5 - —— 512 (30mm h/H=15%)
=2 =) — 2.5m) 6.25%
‘S —— 514 (35mm h/H=" D 01 —— s14 (35mm hH=17.5%)
= 515 (37.5mm h/H=18.75%) < 515 (37.5mm h/H=18.75%)
p= 40 1 = 516 (40mm h/H=20%) = —— 516 (40mm h/H=20%)
= = 517 (42.5mm h/H=21.25%) = —— 517 (42.5mm h/H=21.25%)
) 518 (45mm h/H=22.5%) 5 518 (45mm hH=22.5%)
519 (47.5mm h/H=23.75%) 519 (47.5mm h/H=23.75%)
—— 520 (50mm h/H=25%) —— 520 (50mm h/H=25%)
-100 4
20 1
0 T T e —— 2004 S
-100 0 100 200 300 400 -100 0 100 200 300 400
Horizontal distance (mm) Horizontal distance (mm)

B~ 2 T2 £47 ki g R R 4 %7525 (2)3#% 80gRtest23 ;5 (b)i# %
40gRtest21 ; (c)3# % 1gRtest20 -

Fig. 8 The profile of ground surface deformation caused by reverse fault (2) model 80gRtest23, (b)
model 40gRtest21, and (c) model 1gRtest20.
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200 mm

200 mm

200 mm

200 mm

! 600 mm I

B4 2 k7 L4250 %1 KT HF o B RIALE (2):#5% 80gRtest23 ; (b):# %
40gRtest21 ; (c)i# 5% 1gRtest20 ; (d)z# %% 80gRtest23 % izt -

Fig. 9 The development of shear zone caused by reverse fault (a) model 80gRtest23, (b) model
40gRtest2, (c) model 1gRtest20, and (d) digitized data of model 80gRtest23.

W & 355 LgRtest20 H A5 5 = I BE % H R i A S 3 2 88 - HIRRW (L)
TERAREEG 13 (1g) T FERIRIPTSZ Z B 71 (confining pressure ) & /=i s
%71 (80g) /N - FEkIMI B G#E S ZEEA (dilating angle) 5 (2)7E B O NS EE
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WK R A IR RS2 Sl Fa T2 1% - FIRETIE R - (it
ey SR ] oy R R e

fil /1 () ~ Bl /L (b) B Fu(c) 53 731 R 200 mmid £ Jg 280 g~ 40 g~ L g2 BRBE T
FEFE B o Fa T AH (R 22 L S B S 2 - FRJRR 5 ) it 16 P IDUS: e - g 510 v e ¢
AIBSBhTEHL - W DUBLEE T e B o i e SR 17 bt R AE (oY e 8 8 IR DL -+ [T I
IR 8 FEE e PR AL i 10 Z BT e B Se AT S IR IR SR R TR 0 L BT W -

FH R F1(d) S 7% [T T T 3 ik 3 e 7 o o L R BE 5 W7 o Ak B A Mt R
FREHIEE A% o 8- (a) ~ (8 (b) Bl - (c) 53 il Ky [l L (a) ~ Bl () B[] 1 (c) 2
BoE Y - B (a) ~ &+ () BdE - (o) L th b SR VB RRFAG (2 50 ) T BT

500 500
(a) 80gRtest23

(b) 40gRtest21 —— Layer 0; elevation=0mm

—— Layer 1; elevation=20mm

400 400 A —— Layer 5; elevat

—— Ulayer 10; elevation=
ar band (lower b

—— She:
300 300 4 ar

Uplift height (mm)
Uplift height (mm)

T T T f T T T
-100 0 100 200 300 400 -100 0 100 200 300 400

Horizontal distance (mm) Horizontal distance (mm)
500
—— Layer 0; elevation=0r
(c) 1gRtest20 T et cevaion=2omm

Layer 2; elevation=40mm

Layer 3; elevation=60mm
—— Layer 4; elevation=80mm
400 - —— Layer 5; elevation=100mm

n=
—— Layer 9; elevation=180mm
—— Layer 10; elevation=200mm
—— Shear band (lower bound)
300 A —— Shear band ( upper bound)

Uplift height (mm)

S T S S
-100 0 100 200 300 400

Horizontal distance (mm)

Bt Tk I Rand BT A F e #F (a)i % 80gRtest23 ; (b)i#s% 40gRtest21 : (c)
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Fig. 10 The distribution of shear zone caused by revers fault (a) model 80gRtest23, (b) model
40gRtest21, and (c) model 1gRtest20.
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Fig. 11 The top view of ground surface deformation caused by revers fault (2) model 80gRtest23, (b)
model 40gRtest21, and (c) model 1gRtest20.
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Fig. 12 lllustrations for the coordination and notations of normal fault.
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Fig. 13 The profile of ground surface deformation caused by normal fault (a) model 80gNtest24, (b)

model 40gNtest26, and (c)model 1gNtest31.
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Fig. 14 The development of shear zone caused by normal fault (a) model 80gNtest24, (b) model
40gNtest26, (c)model 1gNtest31, and (d) digitized data of model 80gNtest24.
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Fig. 16 The development of shear zone at different falling heights of the hanging wall (a) model
80gNtest24, (b) model 40gNtest26, and (c) model 1gNtest31.
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Table 3 The intersections of fault slip surfaces and ground surface caused by normal fault.
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Applying centrifuge modeling to assess ground surface
deformation and the range of shear zone caused by normal
and reverse faults

Wen-Yi Hung!, Chung-Jung Lee , Yu-Yi Chang?*, Wen-Chao Huang?,

Wen-Jeng Huang?, Ming-Lang Lin, Yen-Hui Lin*

ABSTRACT

In the study, the NCU centrifuge and the fault simulation container were used to assess the
ground surface deformation and the range of shear zone caused by the normal and reverse faults.
Sandy soil models with a depth of 200 mm and a relative density of approximately 70% were
prepared and tested at 80 g, 40 g and at 1 g acceleration fields. Based on the test results, the slope
of a cliff appears to be proportional to the dilation angle inversely proportional to the artificial
acceleration field. Moreover, the dilation angle significantly affects the width of a shear zone,
which tends to shrink with decreasing overburden pressure when the sear zone is triggered by a

normal fault and to expand with decreasing overburden pressure if caused by a reverse fault.

Key words: centrifuge modeling, normal fault, reverse fault, shear zone
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