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An Experimental Study on Ground Motions and Permanent Deformation
nearby Earthquake Faults

Yoshimi OHTA and Omer AYDAN

Abstract

It is well known that earthquake faulting induces ground vibrations and permanent ground deformations, which
damage structures and cause the loss of lives and properties. The studies on the characteristics of vibrations and
permanent ground deformations during faulting process are very few. However, the ground vibrations induced by
faulting have important directivity effect. There are some laboratory experiments on how crack propagates and
appear on the ground surface in soil deposits overlaying a solid basement undergoing faulting motions under constant
velocity conditions. The authors developed an experimental equipment and performed acceleration measurements
during a dislocation action under gravitational environment. The relative displacement of the moving side in the
faulting experiments was varied between 25 and 100 mm. The accelerations were measured on the surface of
quartzite sandy soil deposit of the moving and stationary sides in the faulting experiments. In this article, the
acceleration responses of hanging-wall and footwall in relation to faulting motion are described and discussed. The
experimental results clearly indicated that the accelerations on the mobile side of the fault several times larger than
those on the stationary side. This experimental result is consistent with acceleration measurement in earthquakes

such as 1999 Chi-chi, 2003 Miyagi-Hokubu and 2004 Niigata-ken Chuetsu earthquakes.

1. [FL®BIC

PNEERI K HIEE C I3 3R I Wi A0 X 2 iR 8kE -
R TAT7 740 « FLFEANDOKE P EPRESINT
W3, EINICB W T20044E10 H OFHB IR i zE, 20034
7 AOEBWIEILEHEE, 19954 0 IR EHIE, Eihc
BWTIFI9994FE 8 HDO hva « a ¥y o) HIESRELEI H
DEE « FEEMEBTOWEIL, WP ICRL OTEICH L
W, FOfh, 7Y RV AKE (V7o v Aa
B 1906u~ 7)) nyHE $1989), 47 > bV T E
(19394F Erzincan #1 &, 19434F Ladik #17, 19444F Bolu
HE, 19674 Mudurnusuyu #12, 19994F Duzce HiZE) 7%
EHZ S OHE THIRIBEEMARE STV S, — )
W2, HIEEDRAIL, Humk a2 REE 9 2 A O REE S BEE D
JEDOFTNDEENZ L 2D THY, HEREIELEICE W

TIZHIEWE 2 A TEY) 7 £ OPEITK S B ODTEAE
T5ZENLL OHBIZBWTHERIN TV,

HIEEIC & BHEICIE, HEEENC X A0 & W L
LHEREMAETC X 28 ESH 5. WilEE, SOOI FE
o THNZEMPFED o W2 NERE TH 5. WifEiFHgic
YEF 3 207710 & > CPhotoliZ7/x L7z & 512 a) IEWT
JE, b) BFNEE L o) ¥MrfEIcHE S5, Photol
TIXWEEENC X > THIREHES K E S AL Tw 5 Ek
FHRRTINSE., Zho OWfE:EE)C X > T, Photo2 1
REND K%, SHESRHIE, YA LD o LOEEY
DU T ERAREE e & OHI T REE YN L K N FEE L
Tw3 (Aydan 2003, Aydan » 1999, Ulusay 2002).
Photo 2 a)~c) %, 19994E F v « a3y » = U HIB DK
DbDTH5., Photo2b) DIEEDORAIY 5L D AT
NI EL R TE %, Photo2d) 1%, 19954F It /& I Fe 5
MBI & 2 H N mEEGE R BB ORI T D 5.

20054 1 H18HsZ#

k1 BRI RFE RGBS ERREEE T 5317 (Tokai University, Graduate School of Marine Science and Technology)
%2 BRI AR TR} (Tokai University, Dept. of Marine Civil Engineering, Shizuoka, Japan)

05280 35 (2004)



KHRE -« 74 5> d A

e - -’ - {
a_ hnt . e T PR A

LA7 0 g R s a-:.'E
S g, o e .
e el . y

e e P

a) Normal faulting (1995 Dinar Earthquake)

b) Strike-slip faulting (1999 Kocaeli Earthquake)

¢) Thrust faulting (1999 Chi-Chi Earthquake)

Photo 1: Fault types
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a) Apartment blocks (1999 Kocaeli Earthquake) b) Railway (1999 Kocaeli Earthquake)

e) Dam (1999 Chi-Chi Earthquake)

f) Pylon (1999 Chi-Chi Earthquake)

Photo 2: Damage of the structures by earthquake faults
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Table 1: Experimental conditions

Angle of inclination for faulting

90"

Faulting type

Normal Fault

Faulting displacement

25, 50, 75, 100mm

Layer thickness

200mm

Ground material

Sandy soil

Table 2: Physical and mechanical properties of dry sand

Mean Grain Size Dry Unit Weight Porosity Friction Angle Repose Angle
(mm) (kN/m?*) (%) ) )
0.46 -0.60 14.7 43.73 32-34 29 -31
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Figure 4 The effect of fault displacement on ground

surface profile
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Photo 3 Views during faulting motion

B8 & TR ONIRE IS DI S, EAIECHER 2 BE s
L TR > IEEIRE 2R L TWwa, WEESNIC L 200
W RE O X Fig. 6a 127w L 7z @28 i & 100mm -
JEE 200mm O EDIGE & FEDIGETH 5. A
ZRUERSY U CORO T IR IRE X, EH S L IR EE G
FICHERICHEBL T3, ZOFE L D HIERICZDED
i DZENT 2 IEREICFHEIC & 72 72 & 13 % OIS T ORI
TEREZRD D ENAJETH S LHEHIE NS, £z, N
HEHNRE 7% 51F, HEROZ OB T % HiEO®H
EERDZZELHEGHTHS.

Fig. 10 12 B 5 200mm 12 3 1J % KNI B & W B E)
WX 2 HEHROBMRER Y. HEEEIRRI VKD 2,

W=gmy

T RENIEE, mIZEE, vy EELSAET

5, mEFAEICHEEHCTWS R, BEICKET .

8

Fig. 10 X D W@ 2 (i & A B R 25 1B s B %
ZERRTENS, FMCRLEZEZIEIXRAR IOk 3 Z
EMRTE S,

D . t
a:g+27r?sm <27r T)

2T g I ZENNGEE, DIidkrEEAE, T IiEEHR
SEERERR, t IXREITH B, Lz -> ¢, X VIEED
B t=T/2 D& EHRRICHKY, XKADIS 52615,

a=g+2ﬂ%

FREOBIEUE Fig. 10 1083, Z OEMANIE 0 EBRSE
RBLEKETHE., LREZZOEFTHARARTEE TV EHR
CHEIGS 5 Z EBAIMEEZ EOBEBRTHLWEEbh
5, UL, RERTOHRIIAAFICEW TR I > TW»
LEBRICIER ICHELL T 5,

B YN WS e



2000

,....

(=}

[=]

=
I

LERATION (Gal)

ACCE

a1

-1000L-

4000~

L

=

=

(=]
1

[ ]
[~
=1
=]
T

—_

=

=]

=
I

HEEWTRELEE 1 3 1 5 HUEE) B &

s Eo0t-Wall
=== Hanging-Wall

I

i

'

1

i .

t Fauit Displacement=25mm
: Layer Thickness=200mm
I
P
|
1

Y4
b2 0.3 0.4
TIME (sec)

a) Fault displacement=25mm

f‘ = Foot-Wall
- = - Hanging-Wall

Fault Dnsplacement=75mm
Layer Thickness=200mm

ACCELERATION (Gal)

-1000

05280 35 (2004)

0.2 W, 03 0.4 0.5
v

TIME (sec)

¢) Fault displacement=75mm

ACCELERATION (Gal)

WKAZIZICBE S 2 EERIIDTTE

3000

1

Foot-Wall
=== Hanging-Wall

b
=]
=]
<
T

Faul Displacement=50mrm
Layer Thickness=200mm

ACCELERATION (Gal}
=
2
T

-10005 0.1 0.2 0.3 0.4

TIME (sec)

b) Fault displacement=50mm

40001 ‘.i Foot-Wall
1o Hanging-Wall
t
r )
'
1
2000} +  Fault Displacement=100mm
\  Layer Thickness=200mm
\
1
1

ACCELERATION (Gal)

TIME (sec)

d) a) Fault displacement =100mm

Figure 6: Measured acceleration responses

N Fault Displacement=10cm
4000+ 1 Thickness of a stratum=20cm
i
i
| : || -%— Hanging- Wall
i
P
2000 !
1] Foot Wall
!
I
L
]
0 ]
¥ /
lf 0.1 0.2 v 0.3 04 0.5
TIME (sec)

Figure 7: The acceleration responses



KHEE « 74 5> 4 20

ACCELERATION
{(DISPLACEMENT)

Initiation Propagation Termination Siationary
(Motion start-up)  (Free fally {Motion is constrained) (Motion stop)

Figure 8: Four types of a time domain

T T T T T T T

2000 Acc-3 \ Dis-Acc3
A

T

Accelerometers
—— Foot-Wall
— Hanging-Wall
~—— Displacement

1600

Derived from Laser
Displacements

---~- Foot-Wali
-=-=- = Hanging-\Wall

ACCELERATION (Gal)
DISPLACEMENT (cm)

- : 0
1008.3 0.4 0.5 0.6 0.7

TIME (sec)

Figure 9: The relation between acceleration responses and fault displacement

Figure 10:

(Faulting displacement=100mm, Layer thickness=200mm)

5~

O ACC1-foot wall
® ACC3-hanging wall

NORMALISED ACCELERATION (a/g)

WORK (Joule)

The relation between work done during faulting and maximum ground acceleration

B YN WS e



HIEEWTIEITER 1 35 1) 2 R E) I & UK AT 3 % ERais

4. &

WiEBZIIERTH Y, T (HLL W) X0
g GEENT M) CBE S HKET D, Fi, BEORIE
WIEZANRICIKTE L & bd 5. B GEET 248) T
e (MY 2 D) OHBER IS U TR - 2 L 725
BBAKE W, T, WERZADMEEICIZIERERZ L Vil
[EERZANTFAT 5. BiEEEIC kX 2RI IIEETIX
B BRI RICIKTEL, 20 L Z BRI NARIEOWE
D HIOLE © W B LRI 5. WiEEE)IC & 2 R
D FEFE IR THIUBM B O NEREEEE I 2 5. o FEBR
R EEREL CITbh - OFERER LD &, 81
BETHRET 2RAOR EHBOKALZREIIRE ko
T3 Z e > Twa,

MR AR AR E OMEIXWEENREICKFE L, ZOfEIX
THEED b PBETRESBIHISNS, WiEEEICES R
NEREEIGE EB SR E NS £ SIHEL WD, Ih
SEBRTOBE I NI ERITEROMBICB W EHIla
2 BB X O A O e KM IR IR 12 7 S 2
ME—HMLTWD, Fiz, MRBOLMEFHIT L2 LT
F O IR EH33E & T e T b I %2 1EHE
IR T 2 2 LN TE 3,

& B

AT SRR ZERIFEIITEE [ HFIEWTE o5 %
e EEE iR O P A EicBI 9 25198 (No. 13305032 R
FHEHBA] FRHEAT) 02520 TT>725 DT
HY, BHOBREZRLET. iz, EBRETICHLD,
BRI % L Tl 120 I BRI i g e R T
FRT A T OWREOREEL L RFBEEICH, BEOREE
KLET,

05280 35 (2004)

SE X

Aydan 0., 2003: Actual observations and numerical simula-
tions of surface fault ruptures and their effects engineer-
ing structures. The Eight U.S.-Japan Workshop on
Earthquake Resistant Design of Lifeline Facilities and
Countermeasures Against Liquefaction. Technical
Report, MCEER-03-0003, 227-237.

Aydan 0., Ulusay, R., Hasgiir, Z., and Hamada, M. 1999:
The behavior of structures built on active fault zones in
view of actual examples from the 1999 Kocaeli and
Chi-Chi earthquakes. ITU International Conference on
Kocaeli Earthquake, Istanbul, 131-142.

Bray, J.D., Seed, R. B., and Seed, H.B., 1992, Analysis of
earthquake rupture propagation through cohesive soil. J.
Geotech. Eng., ASCE, 120, 562-580.

Cole, D. A., J. and Lade, P.V., 1984: Influence zones in
alluvium over dip-slip faults, J. Geotech. Eng., ASCE,
110, 599-625.

RGN, DIEERE— 1994 : HUEHEE O AT — B & K-
TFRIRR 274p.

KHEEE, IFIsE, RN, KIEtk, 745> - 4 %
VL HIEWTE O L L R B A IS B B 3t
BEROWTsE HAHIER LS Re2003BE8E4E,  140-141.

Richards, P. & Krantz, R.W., 1991: Experiments on fault
reactivation in strike-slip mode. Tectnophysics, 188,
117-131.

Roth, W.H., Scott, R.E., and Austin, 1., 1981: Centrifuge
modeling of fault propagation through alluvial soils.
Geophys. Res. Ltrs., 8, 561-564.

Scholz, C. H. 1990: The Mechanics of Earthquakes and
Faulting. Cambridge University Press, 439p.

FHE—, A K 1999 @ EEOWEELICHE S 5 4 AL
K UOHIERDZIARDLORET (£ D 2) -1EWRE, wlrfEssl
FEhk  EITHRWIETITITE RS No.U98048

Ulusay R., Aydan O. and Hamada M. 2002: The behavior
of structures built on active fault zones: examples from
the Recent Earthquakes of Turkey [Structural Eng./
Earthquake Eng., JSCE, Vol. 19, No. 2] Special Issue,
149-167.



KHRE -« 74 5> d A

= 5

HIEWE I X > THEB OIEBICHIRR OZTEF S Z S h, FHIC X > THEEYI: EDMER BE R 5, 19994F
DB « LEMEE, 2003FEO EIRIBAGTHIE, 20044 OHTIE R FHIE TN IR T L L TR B W TBEM O#E
DR E B R E BN H 2 2 ERHPEIN TS, TNFE THEI L 2HBOENCEL Tk L {fshTns
78, HUSRMWIE IR GRWSFTIC B 2 REEB X CHIBEOE BT 205813 M Th 5. WL ORI ikl feEhEs) %
v F TCHEERE BT S 2 & TR L 2S5 BT A BN O R METOEICEH L gEn % w», Ly
L, EEOMBREIZICBVTREL TWE, 2 TR BEEER 2T 13518 W CBRE© & 2 FEEE 2L,
Wt ST 3212 36 V) % MR I B R B D 2T 2 51 U 72, WS SRER C I3 T IR 2 W 2 e A 72 BB « TR B &
UWiEE Tl 21778 5 7. BB X V15 S N7 NS I 13 SEEHTE 2 B IR IR LIRS THa & Nz 33 & Bk 2 ]
Thote, RwsCTRWIEESNC RS L e FTEICE 3 2 I EIRE B L CHBE O I DWW TRN T 5.

B YN WS e



