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i %7 & -Reverse Fault-

0 1999 M 7.5 Chi Chi (Taiwan) Earthquake, Taiwan
D2 RARFRN(L ERUR ) A LEP




o 1954 M 7.0 Fairview Peak Earthquake, USA
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o 1992 M 7.3 Landers Earthquake,USA

o A5




=

J 4~

AN ol . S S5
)
i

\

gt
B
put

~

Vel

=N
N
o
fP~5~
X

O 0O 0O 0O
g R
NG\
A |

N
NOM N

T€

@\4-

f-}»
AL
NOM N

AN

Fault dip angle ¢

Bedrock

UEL=VETRERES ]

©
®
>

T

Overburden - %
.\ Shearzone %,

b Y b 4
Mo My (Emax) 2 v
R \\( ]/ ;

A Y
\\\ o
A 17

Height (H)

Material (¢c.¢)

AH

LEGEND
==== Faultslip surface
B Triangular shear zone

JE-1EARENE 247

Palm
structure

Tulip
structure

(McCalpin - 2005_)



BH NG —F HR k(B 3H)

BRH -¢ O F iR A A s

Moderate Moderate . w
Severe  toslight Severe toslight  Severe V?,'a'fnb;%ub}',"f’«'n"g
Variable building building  building building building girong ground
damage damage  damage damage damage damage ~ " otion

‘e i [ >

Original position
of back thrust

b) Example of reverse fault with I
forethrust (50% of slip) and
backthrust (50% of slip).

(Kelson et al. 2001)
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a) Uplift, folding and bulldozing at
fault scarp from reverse fault with
constant dip.

(Kelson et al. 2001)
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Adobe building with soil floor
Modified truck-tank building

on cement floor

Destroyed adobe building

Cement walkway

Fracture

Explanation

Brick building with cement floor

2(_6 Relative displacement components in centimeters.
1® Downthrow side. @ 1 Upthrow side. Throw in centimeters
Thrust fault. Triangles indicate upthrow side. § Fracture
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BH-10| 75 5.8 BF-2 105 64.5
B-45 40 35.4 BF-3 200 | 18.95
B-46 39 35.5 BF-4 200 144
B-47 30 25 SCF-1 60 45.1
B-48 27 226 | SCF-2 | 165 164
B-49 30 22.58 | SCF-5 | 181 122
B-50 30 17.4 | SCF-6 | 400 222
B-51 35 9 SCF-14| 200 158
B-52 30 11.5 |SCF-15| 80 52
B-53 30 /7.1 |SCF-16| 160 137
SCF-17| 240 214
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X (100~102)% = 2 g P9 2% % 4 (1/2) 3
40 20 5.0

1gRtestl )
1gRtest2 40 10 5.0

1gRtest3 70 10 5.0

1gRtest4 70 20 5.0
10gRtestb 70 20 (2m) 3.8 (0.38 m)
10gRtest6 70 20 (2m) 5.0 (0.50 m)
10gRtest7 70 20 (2m) 1.30 (0.13 m)
10gRtest8 70 20 (2m) 3.5 (0.35m)
40gRtest9 70 20 (8m) 5.0 (2.0m)
80gRtest10 70 20 (16m) 5.0 (4.0m)
40gRtest11 70 20 (8m) 5.0 (2.0m)
80gRtest12 70 20 (16m) 5.0 (4.0m)
80gRtest13 70 20 (16m) 3 2.4m)
1gRtest14 70 20 5.0
80gRtest15 70 20 (16 m) 5.0 (4.0m)

1gRest16 70 20 35
40gRtest17 70 20 (8 m) 5.0 (2.0m)
1gNtest18 85 20 5.0
1gRtest20 70 20 5.0
40gRtest21 70 20 (8 m) 5.0 (2.0m)
80gRtest22 70 20 (16 m) 5.0 (4.0m)
80gRtest23 70 20 (16 m) 5.0 (4.0m)
80gNtest24 70 20 (16 m) 5.0 (4.0m)
80gNtest25 70 20 (16 m) 5.0 (4.0m)
40gNtest26 70 20 (8 m) 5.0 (2.0m)
80gNtest27 50 20 (16 m) 5.0 (4.0m)
80gNtest28 70 20 (16 m) 5.0 (4.0m)
80gNtest29 70 20 (16 m) 5.0 (4.0m)
40gNtest30 70 20 (8 m) 5.0 (2.0 m)

1gNtest31 70 20 5 N B . _
40gNtest32-C Clay 22 (8.8m) 50 (2.0m) ENT @

1gNtest33 70 20 5.0 || ggggﬁggg«,:,ﬂ;@
1gNtest34 70 20 5.0
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(cm)

70 % 20 (16m) 175 (1.4 m)
Clay ( 37 kPa) 22 (17.6 m) 5.0 (2.5m)
Clay (46 kPa ) 22 (17.6 m) 5.0 (4.0m)
Clay ( 46 kPa) 22 (17.6 m) 5.0 (4.0m)

70 % 20 (16 m) 5.0 (4.0 m)

70 % 20 (16 m) 5.0 (4.0 m)

70 % 10 (8m) 5.0 (4.0m)

Clay ( 115 kPa) 22 (17.6m) 5.0 (4.0m)

Clay ( 108 kPa) 22 (17.6m) 5.0 (4.0m)

70 % 20 (l6m) 5.0 (4.0m)

50 % 20 (16m) 5.0 (4.0m)

70 20 (16m) 5.0 (4.0m)

70 20 (8m) 5.0 (2.0m)

70 20 (16m) 5.0 (4.0m)

, 70%-Clay (107 kPa) 21 (16.2m) 5.0 (4.0m)
s 70%-Clay (107 kPa) 21 (16.2m) 5.0 (4.0m)
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Uplift height (mm)
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$10-80g (25 mm; 12.5%)

h" AR T — ——- $§20-80g (50mm; 25%)

Reverse fault $10-40g (25mm; 12.5%)
S$10-1g (25mm; 12.5%)

., === $20-40g (50mm; 25%)
S, ———- 520-1g (50 mm; 25%)

Horizontal distance (mm)
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— B8 (16mm; 7.6% — F17 (426 mm; 21269
¥ (1756 mm; 8. %N — 18 46 mm; 2264
88 (20mm; 10% e (47.6 mm; 2LT6W

20 (60mm; 2699
— B0 (26mm; 125%
— #1276 mm; R.7TPR
— 2 (20mm; 16%
— 13 (326 men; B 204
— 4 (Emm 1TEW
w— 6 (37.6 mm; B.7TPR

Falling height (mm)

e (40mm; 209
— T (426 men; 212804
— P18 (46 mem; 225%

- HEUTEmm; B.7TPA

20 (60mm; 269

Fault tip

' i L 1 1

1 1 1 1 1 1 1 1
I 1 1

0 100 200 300 -100 0 100 200 300
Horizontal distance (mm) Horizontal distance (mm) Y
\-)

I NN I IFUO =|

,t.l lEEnTE::HNlc:AL
PHYSICAL MODELING



Falling height (mm)

/
¢ _f,
g
/}'!
/{’
a"){
i —
EV‘_-;? e

$10- 40g (25mm; 12.5%)
$10-80g (25mm:; 12.5%)

- 520-40g (50mm; 25%)
- $20-80g (50mm; 25%)

S$20-1g (50 mm; 25%)

100
Horizontal distance (mm)

200 300




0.0

G e S
—— s1 (2.5 mm; 1.25%)
— s2 (5 mm; 2.5%)
——— S3(7.5 mm; 3.75%)
S4 (10 mm; 5%)
—— S5 (12.5 mm; 6.25%)
—— S6 (15 mm; 7.5%)
S7 (17.5 mm; 8.75%)
S8 (20 mm; 10%)
—— S9(22.5 mm; 11.25%)
—— S10 (25 mm; 12.5%)
—— S11(27.5 mm; 13.75%)
—— S12 (30 mm; 15%)
—— 513 (32.5 mm; 16.25%)
= S14 (35 mm; 17.5%)
——— S15 (37.5 mm; 18.75%)
S16 (40 mm; 20%)
e S17 (42.5 mm; 21.25%)
—— 518 (45 mm; 22.5%)
S19 (47.5 mm; 23.75%)
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normalized falling height
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Normalized horizontal distance
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normalized falling height
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83 (7.6 mm; 3769
M(10mm 6%

86 (126 mm; 8.26%
88 (16mm ;7 .6%
87(17.6mm; 8769
$2(20mm;10%

8 (226 mm; 11.26%
$110(26 mm; 126%
$11(27.6 mm; 13.76%
$12(W0mm; 1699

813 (326 mm; 18.26%)
$14 (26 mm; 17.6%
816 (376 mm; 18.76%
818 (40 mm; 20%

17 (426 mm; 21.26%)
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18 (476 mm; 23.76%
8§20 (60 mm; 2699
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B-Footing C-Footing

D-Footing

89 cm

06 cm 03 cm

8.06 cm

I< 30cm
80glF ZIZAGE N ! 31.4 kPa 80giSZiZRSFESN : 52.9 kPa 80gi5ZiZ#EMEN) : 86.0 kPa  80glFZiZAGMES : 52.9 kPa
BRI R EYRIEIR 2B *ﬁ?ﬁiﬁﬂt@%%ﬁSﬁHZﬁﬂé EEIRMEBEYRIEBIB 2B BRIRMEBREVRSEBIEZIBK

I ECER -

80gNtest35-F-A 125 (10m) 0.5 (0.4 m)

]

80gNtestS8-F-B 80 70 z B 8.06 (6.5m) 0.89 (0.7 m) 5 1
80gRtest39-F-B 80 70 i# B 8.06 (6.5m) 0.89 (0.7 m) 5 0.69
80gRtest4]-F-B 80 70 i# B 8.06 (6.5m) 0.89 (0.7 m) 5 0
80gRtest52-F-B 80 70 i# B 8.06 (6.5m) 0.89 (0.7 m) 5 1
80gRtestd47-F-C 80 70 i# C 806 (65m) 1.44(1.1m) 9 0.69
40gRtest57-F-D 40 70 i# D 403 (3.25m) 0.89 (0.7 m) 5 0
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s/B=0; p=52.9 kPa Breadth, B
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s=0 / | +
Thickness of Fault rupture  / i
soil layer, H 5 line / !
Y :
1
hanging wall L/ !
P/ :
/ Foot wall i
; i
y
Dip angle,
a=60 degree

Vertical

Fault offset displacement, 3
throw, h

(C)EBERETEAE LT (s/B=0.69)

Footing-B; B=8.06 cm T Y
s/B=+0.69; p=52.9 kPa

Breadth, B
P )
a /s it
Thickness of Fault rupture  / |
soil layer, H P line s !
- ;
hanging wall / i
C o/ |
./ Footwall !
‘ i
Dip angle,
=060 degree
@ Fault offset displacement, 5 /  Vertical
throw, h
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Dip angle, 0 b : % . )
0=50 degree 0 5 10 5 20 25 30
FaultoﬁSEtdisplacement,a Vertical .-l.l-l.l-l.l-l.l-l.l-l.l-l.l-:
throw, h € B =1/500, Bary(2012):
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Model( Allmendinger,1998)
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ERE-TIF o R %S % R R Sk
T

FI* FREFRREROAKGE © fP-constrained modulus °
=2 Nero, hRBE %

*EiFEREE > F B aKn o ® F 2 H5Kn/Ks

i M

= | _ _ 2n n
é I W= |—= Cp(o-z) Z(Uy) Y
=14
3 I 2 _4n

i —_ zZ —
5 2 o .
& - ® physical modeling ,
S I m=0.4 (numerical test) \
% | ————- m=0.5 (numerical test) \ -
(,3) 3 1 T m=0.2 (numerical test) \ .. -

1 10 100 1000 el sem

Average effective overburden stress at middle of depth (kPa)
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BRI B #

4

* 363 ¥) K 7
T RER Im Om 10m
T Kn(N/m) 2.08x106 | 2.08x106 | 2.08x10
Ks(N/m) 2.08x106 | 2.08x106 | 2.08x10
Parallel bondéZ % 4 (N 1x10° 0 1x10%
SE A B 1 i 0.466 0.466 0.466
28 H - F y(kN/md) 1.57 1.57 1.57
IIEBEE R G BTG 0.43 0.43 0.43
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Kn

kn/ks

ball friction angle(u)
wall friction angle(u)

Ball density

0.2(m)

60°

1 (m)

0.04(m)
0.02(m)

e

1B

—

5.16 X 10°(N /m)
3

30°(0.577)
20°(0.364)
2600(kg/m?)

-
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&



1k 4 £ 8/ BB H

AH/H=6%

AH/H=10%

D
AH/H=0%

AH/H=2%

AH/H=3%

o

Finite
strain ellipse

ellipticity & color

¥ 0 0.095 0.140 0.182 0.224 0.263

g’ none | -44.3° | -43.6° -43° 42.4¢ -41.8° -41.3°
Volume change | none 1 1 1 1 1 1

Max elongation | 1.05 1.15 1.20 _
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(B4K2E¥K) 4

=

ball radius
ball density
ball k,,

L 2 A0 ML
ball k,, / ks
ball friction angle(u)
wall k,,

wall friction angle(u)

e

3}

=

0.7 ~ 0.8 ~ 0.9(m)
2600(kg/m?)
5.16 X 106(N/m)

Ky = Kno(05/ 090
3
30°(0.577)

6 X 102°(N /m)
0°(0.364)
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Wosm st % 0 R G 215 ~ 163
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(E2FEL.5m)
137m » 4334200 8
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SCF-15
228m

SCF-16
173m

Sea leve
F _8.48m

Basemeft
depth

Legend
Gravel l‘;a‘m:,vma

Mud

[ERLsE

[e~s2="s]
Muddy gravel

|50

7.38m

£ 136.52r]

ellipticity & color

¥

()
0.049

9’

-44.3°

Volume change

Max elongation

1
1.05
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ball radius = 2.625¢-3 (m)
K, =2.08e6

K,/K; =3

density =2600 (kg/m?)
friction =0.577 (degree)
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displacement
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Displacement (mm)
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O Seismically Induced Ground Failure
Z ®A4c x4 (AP -1972;SHMA- 1990) ¥ (T
o [# ithT'fi# —4@/\?/ }E‘;l”‘}é]fé .:“%‘
Alquist-Priolo Earthquake Fault Zomng Act of 1972
01990 # "y B X TR RFI L Z K
( Seismic Hazards Mapping Act of 1990 )

0 %3

o 2006- William A. Bryant-California Geological Survey
o 2009-Surface Fault Displacement Hazard Berkeley , CA

May 20-21, 2009;USGS/California Geological Survey/
PEER
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Seismically Induced Ground Failure

0 %% william A. Bryant (2006)
O A M F R (Callfornla Geological Survey » CGS)
O 4e M B %‘r bR z%E‘,g, ¥ 32 (Seismic Hazards Zoning)
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v Alquist-Priolo Earthquake Fault Zoning Act of 1972

<

Les o

0 AP 24| 242 %] 1 1971 # ¥ % =2 E (San Fernando)
#*2 M, 6.6 &

(This Act resulted from the Mw 6.6 1971 San Fernando earthquake)

2 RRAEAPE TR T E o PSR £
Q’E/f%&

(The AP Act originally was referred to as the Alquist-Priolo Geologic Hazards

Act and was intended to address a broader scope of ground deformation
hazards.)

0 1989 # ;& 5 & 413 (Loma Prleta)’? 4 M, 6.9 Loma
Prieta Earthquake, 2% 2 3F % /& i % L & f“ T o R
SlEE4 T R TR FRILZR

& 73
WY X7
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0 1972 ERNEE-$ -
e )ELL&’?% U PANE =
( Alquist-Priolo Earthquake
Fault Zoning Act )

/),\\ | \\ g
N Weﬂt\kﬂt

01990 # " 2 X T R W
L ZANPE R

= A
( Seismic Hazards
Mapping Act of 1990 )
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\ts%/f 7S T TSR

\ 2 Af'




CGS¥ REFM¥ 1B RT3
(Seismic Ground Failure Zonation Proci:rams) 5

O NERY B A FEHZ RE

(Identify where ground failure hazards are more likely to occur. )

O F T A E ®TET

(Delineate “zones of required investigation”)

0 EA S TR AR I REAECTERE ) R BE

K REGHREHE

(Trigger “geologic or geotechnical hazards reports” that lead

to earthquake resilient construction in hazardous areas) o
LG
s




fr g frge-# L BiLy RETE R4 2 3R
Alquist-Priolo Earthquake Fault Zoning Act of 1972

<

LS AR AR BB LT R TR
PRI y 2 &,
cgFepd oo
(Surface fault rupture hazard is mitigated by avoiding placing structures across
traces of hazardous faults)

0B RETA REERGWA LG KRR R e 2T
P RE AN & o

(Earthquake Fault Zones-EFZ encompass hazardous faults, which are defined
as those faults that are sufficiently active and well-defined)

0 RSaE B A AT B e R
(sufficiently active faults exhibit evidence of Holocene displacement
(approx. last 11,000 years).)

O FEnE s @ $TE T d X EPIRZ B B RA ek
(well-defined — trace detectable by trained geologist.)

|

Al

.82

R
(TN
N4

;{- 7e,



CGS¥ ZRXTHR RIL %
( Seismic Hazards Mapplng Act of 1990 )

TR H DA E

Seismically Induced
Landslides

1989 Mw 6.9 Loma Prieta Earthquake  Bryant (2006)
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1971 San Fernando Earthquake

Bryant (2006)
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W10B A~ F %7k
TR EwREE A
(10 Region Fault
Evaluation and
Zoning Program)
Bryant (2006)
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M uake Fault Zone Map
kg ¥ (54’7 Earthquake Fault
LR Zone Maps 1ssued as of
.::.!lj; AT b
\K:‘;%?'.. by ie 1/1/2006)
““L;;.‘ Lk %ﬁr :";
\\ 1 ﬁk:fi
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(36 Count1es and 104
Cities affected)

Bryant (2006)

Che,

/’
&

\?‘
I3
27



0 ) TRER APAct% T_4£(1972) » SHMA+] %_

(5(1990) » & % F 5 LuE Ap g o
(The Seismic Hazards Mapping Act (SHMA) is modeled after the
Alquist-Priolo (AP) Act. Implementation of the SHMA generally

is the same as for the AP Act)

DEER AR CAPACtEF L E P SR RET ’%1

HEr > m SHMA LFE it 1 KR ¢ o
(An important distinction 1s that where the AP Act mltlgates
surface fault rupture hazard by avoidance, the SHMA allows

mitigation by engineering design)
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= P RXIBR RFERSOT EL D
" (Seismic Hazards Zoning) 5
- - o % 3% 4|5 K (Adopts Mandated Policies)
] 0 REHRELLTEG
(Evaluates Regional Seismic Hazard)

0 12 % & & %L (Receives Review Comments)
0 #% &FH i3 (Provides Technical Advice)

2 J}(tfl;]_fj, @ﬁ\g"f# O Jf];] if" ;5.:%5’&. '\ % e

State Geologist (Designates Seismic Hazard Zones)

O #% 3539 PRF3(Provides Advisory Services)
l o JRIFH & (Requires Site Investigations)
B Ry o § #7331 (Updates General Plans)
& Counties 0 FHfrARFAP
| (Reviews and Approves Projects)

‘ Bryant (2006) 0 # & ¥ it B & # {I(Applies For Waivers)

0 FE T3 L T EF (Determines Hazard at
. Prooertv () Slte)

0 ¥ B T (Mitigates Hazard)

0 F i 2 B (Discloses)




1992 # Landers# 2 Mw 7.3

g A2 A B X F

Bryant (2006)
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1999# & B & (Taiwan)

ek E R R FAPE FARE O RE AMAX
DEfp A Kg S & D
(“...if development along the Chelungpu fault had occurred

under AP regulations, the loss of life and property would have
been greatly reduced.”

-from Rubin and others, 2001, EOS, v.82, #47)
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PR CERARRER AN FNLDT > 2T VX2
7 7 [ e 7% (setback) & J.%E.‘—J{‘-;"‘m.?%fi?r

0 IR L T fREE PR REREERER > 9% 2
TR R 7

0B HR BB R TN OB 0 HE SR F R R R
Z

SEE-F 7 oE SR T2 A HE TR
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OL1ARRIPEF-T HI EEHPAHPE v FE-H#F
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(Denali Fault Earthquake Photos 07 Nov 2002)




