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ABSTRACT: For physical experiments like analogue modeling that designed for studying geological deformation,
reproducibility of the deformation is important to guarantee the reliability of the experiment. In this study, the normal
fault generated by extensional stress is benchmarked using a sand box model. The scaling factors for the modeling
test are considered and the experiments are conducted by setting the appropriate material, extensional stress, and
boundary condition in the same way as in a benchmark experiment. In addition, a large centrifuge facility is used
to vary the centrifugal acceleration and extension rate in the same sized model to account for the scaling factors
of the physical quantity during extensional behavior. At 1 g benchmark condition and a centrifugal field at 10 g,
a constant rate of the extensional stress is implemented and the topographic evolution is reliably measured. In this
study, the reliability and applicability of large centrifuge model tests are evaluated for formulating experiments
designed to study geological deformation.
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LME A7zt 45 IS A= BEso
1 AE ;I 5 glow, AFFERE FAAI

WA A B AATET ANEE B Y LU Fa% 845 tistel AHow ojsd 4

& AAH o2 BRI S| YRt AR ik HollA o] Sk ol=d A Ak @4
g (analogue modeling) A-150] = =|o] gy & Adhs AL BEF AR e, vHEAo] &
(Ramberg, 1981; Koyi, 1997). ZgAl HEllEg A2 2| Be o A4 9] A THAIZ 5= glem,
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42 magstel Bk A5 BYelo) AL s
S gk TRelE Bt At B A0 5
W o), Aok A W A=, AFAre] Zaz )
7, 221 9 4 0 A, 24 5ol it 7l
o] 5o Q8] 2L ABE LA ATAE
2be] Aol xfo)7h whagsh, 72 Y27} 27h
3 797} ubgsie. olela BAIS Heksl] 98 A
2 ThE 719e) A7AHEel SU% AR, W 2 2
g =ofstol AT T, 24 ABE FFstel 1
235 vl BAsh] A ojulS sk Wnt
3 A7 Y= QI th(Buiter et al., 2016).

Schreurs et al. (2006)2 o1& AAF 2@ TH
A 7)ao] Holslo] - AP S Anle) =
2 W AT Hsle] RS BE vjHo] 2
SRR EERSEE R PRI EY
Hagt Amel A 4 A 7|le so= 22 A
= okl vl w e A2 ou|7t Qiek shE 2|7 ¢
oFet 25 BALSE HA A& <2l Polydimethylsiloxane
(PDMS)el 2 & Hol /4 54 4R A2 &2
AgE A% mE(Zo] 20~29.2 cm, E 25~90 cm)o]
ool o R geS WA Baoh 44
A2] 2&2 A (rtheology) ] W3S fsh= A
A stk Ze A7 7|2 daol| A e 9
ARGS9 A2 A o) vl fARHA U
Byt om, ol= Ao tigt viEA 9 AAo] 7Hs
glth= A ugit

E HAFLo)| A= Schreurs et al. (2006)9)| 4 AAE
ThR 71kl St A e AR WA
shylom, mdl S 9 A2} uhY 52 FYsHA vt
E3 o 2H dojzl AIE v wstTh AL Y
AES fIall, B ARl 22}E HAKsand raining)
sho] AHR A2be BALSE 2w, Q1S A A
A 42X B4 B WiA|uk=a skqick
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Th= Hoj|A] A mdly Ate] o] Erh(Park
et al., 2005; Sato et al., 2014; Yoon et al., 2014).
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& BRL NANA AgH e 2 ASES Fo
20 AA 2719 BYHG RS B4 BPLS A
shol AAle] $ARAL AWl VPL +AL 4
Q= o] o] YJtk(Park and Kim, 2013; Park ef al.,
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2.1 #ixjol3 AlE

B Ao A= Schreurs et al. (2006) 3} A3 A
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45 cm, 0] 70 cm)E st FErEoE 4
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7ML S FEOA A I ¢ JEF L-
HQFY] o] 54] FRE(mobile wall)d} T2 FL2E
(fixed wall)& AZstATHE 1). 728 TAY
A9, oAl TR B FA(FEEN Exvltt
9] Eo| Zpo|) 2 Q3| YT o= U= Bl HFS
2)2:3k517] 9130 0.1 cm 7Rsat 97 A=H5tsct

A A|zre] HABAS AR Sl8) Tz A
9] FFAKsilica sand) S o] &3ttt FAR= 2132 o
2 safete] AZatglon], A, H4 Wrs 27t
1.65 g/cm’, 1.24 g/cm’ o], FSA4(C,) S} L&
AGCo), B YA (Coo)2 2196, 1.11, 02202 F
Qo] o) YEEEH BT (P2 BR
Stk AR A\ ZHo)A] BE-E el ot Z(weak
layer) HARE | 218l %/d -7AlI%] Polydimethylsiloxane
(PDMS)& o]834tt. Schreurs ef al. (2006) |4 A}
-85 PDMS@} 7R2- =ello] A3 08515 0H, PDMS
o WAL A3 < 107 579 WFE 2 FollA]
5 x 10* Pa-so|t{Weijermars, 1986; Ten Grotenhuis




et al., 2002; Cruden et al., 2006).

AL BElE Ao dAg v EAS 7HA
= A8 ARES 39 3 71ES et myet
kol 7Hgstar QAR 2 A4 o]t AR
A 2 24 ATS Holn, JEHE el Aol ¢
I} FARItHE At 237t itk (aeger and Cook,
1979; Lohrmann et al., 2003; Barnhoorn et al., 2004;
Panien, 2004). =2} & YHupzkzlo] 33°0]| 4] 45°9]
WSlo] ERER AR A2 S mAR 4
(Byerlee, 1978). & A9dof| A o] &% w2 WjFnt
AZre 41° 2 HYof] ZEETH(Kim, 2016).

A% 298 Schreurs et al. (2006)2] AP ET} §
ARt o 2 240 9 Azkstgict WA, = 7R
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(2006) of| 4] 0183t 2.5 cm/he} F-ARHA| 0.007 mm/s
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23] APAE Y JYR GRS olgston]
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2l Ao th(Kim et al., 2013). &4 &S S| ZHA|A
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<+— Fixed wall Initial length 19.4 cm Mobile wall —»
: 1 cm sand _.
I 1 cm sand (red color) Extension
1 Direction
1.5 cm sand
: E $ 0.5 cm PDMS A
10 cm

Fig. 1. Setup of the extension experiment. A thin viscous material of PDMS, 10 cm wide and 0.5 cm high, lied in
the central of the test model. Half of the PDMS is located on the mobile wall sheet. The mobile wall was moved

constant velocity by actuator.
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Table 1. Model ratios used in centrifuged models.

g
HM

Quantity / Parameter

Model ratio

l
Linear dimension (e.g. thickness) lﬂ =1,
0
Body force per unit mass (centrifugal acceleration a,, and gravity g) % =aq,
. Pm _
Density E =pr
. Al /L
Strain m/bm 1
Aly/l
o
Stress — =0, = p,l,a,
0o
Sm
Strength of materials S =5, =0,
Vi . Hm — — Oty = oot
1scosity Yo Uy S r
. t
Time Mot = Hr
tO prlrar

Fig. 2. KOCED Geo-centrifuge facility at KAIST.

o] glon, 7|24l EejgEol et AAk7E A
=] o] Qlth(Schofield, 1980; Taylor, 1995). Z|¥lkg
S Fofo] dHRFAFH A= dRtE e s ARt
YN L= YRE ANEsto] AHFHR sl &
Ae] 921 AR 4= Qlk. 9l 2|7 pme) A
AMdS YAl ERolA RS fslixe A A
T 873 A9 AR Aolo) W4T UE, T2)3

A 4 Sl Bely wado] Waslth o} Rokel
™ 3 13} Zrel(Ramberg, 1981).
1g 273 2 S22 P FU 99 4

FUBE 1 g 2NN ST AR} 2L PO
2 Suslgon, SRS 10 g7 THshs
BT 5 gl 5 Mgl (mele) A )
sHI517] 918 42 WO 2 ol AAE A}
of ZAskh. 10 g9 FY M=) BLE F 5
2 S ASA] g A2 SIS ool
2 olg3to] WSl Aol2 5% A 515L Thstol
A B9 g St

1g AT TR 2 QAR sk o) =
2 AW} AF B AR (EH) A st E of
83to] iz o g4 AE BTk 19T
UIEE 10 g SR Fole md AR 53
¥19] 27go] Br1oto] U UR 5 AURGAIF7]
2 W& ohE dolq AAE o)l ZAskdr
T 38 Q1 AFS 913 E0)E Aofole) A4
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Fig. 3. (a) Setup of the extension experiment system with actuator and Gopro measurement system. (b), (c) Installed

two Gopro measure top and side view of model.
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QY| AEAT IS A Y A dfelle] @ WIAntE ATt vnE 3 dAHHIeH,
B9 71&A AL, ol AN L G AS, 2 A FF oleh AvE AESHE @do] AHHL ol

G2 03

Drég structure
(b) 20 MM

Fig. 4. Surface views of natural gravity field test model evolution at (a) 0 mm displacement, (b) 20 mm displacement,
(c) 60 mm displacement and (d) 70 mm displacement.

Extension
direction

Edge of
mobile sheet

Edge of Initial

moblle sheet Cery
4
" o S /

Fig. 5. Laser scanning for natural gravity field test after induced extension (7 cm): (a) In this test, displacement
was extended in step 1 cm by actuator. (b) In this test, displacement was directly extended by actuator. The mobile
wall moves leftward. Red line is location of edge of mobile sheet, and blue line is initial center.
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Fig. 6. Surface views of centrifuge test model evolution at (a) 0 mm displacement, (b) 20 mm displacement, (c)

60 mm displacement and (d) 70 mm displacement.
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Fig. 7. Side view of centrifuge test model evolution at (a) 0 mm displacement, (b) 20 mm displacement, (¢) 60 mm

displacement and (d) 70 mm displacement.
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Fig. 8. Laser scanning for centrifuge test model after induced extension (7 cm). In this test, displacement was extended
in step 1 cm by actuator. The mobile wall moves leftward. Red line is location of edge of mobile sheet, and blue

line is initial center.
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