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Type I: fault rupture propagation through soil layer

Type 1I: Interaction of fault rupture and foundation

Table 1. An overview on the alluvium depth in some researches
related to fault rupture propagation and interaction with building

Y

DS 5l b St 2alS eees 5 [9-19] ALS
Sl gl ol 0k slane [2024] Lol 535
(s 5 oo (ARSI Gl sla s ahor 5D
49}”5;,.:& a3 U,,.f ¢ 5 Jed 5l ole el a8 sl LS
035 ot S S5 2 Sligy Gas Sk e ¢y
S 2305 0 4 Sl g CamBse o g Sudo 5 5 Olezt L
o5 JB b s e e o S 5l G20 (S S
Coale s @ Ll ajls LS 055 @l esle Sl o
@t U ol i LB, oy s oS atlist
Clades ol e oS 5 bolele L[Sl 05 e
55l alsl Olean
Slids Sl ol 0315 OLES (V) Jsd= 53 45 & S0les
3 Dol ol bl oS Dl gy Glages b i sl alnl
A e 53 Sl 3L Slesl 55 55000 o 5o
AN G W-CE{ I FRIRRUIOY i ) PO P JURFCIUN [P S
Slidos jo At e b Ges LS o 3
oS SaGes g ge Sassdone s 4 5 AR LT
L [14] wised gl Lilas 8 515 ) 550 Sligw
Gt OmSOAl p a Sat Sle e gsldde Sl eslinal
ol 45y 2 VY Sl gy e b o5 kS 5 e
S 0 At s @l 03,5 13 S o Ol il Sl
J.Mf S s Slgw,y oS JBJ sl sy Jie
oS 31 5 S s 5 e e ol S
sy Jlge onl oolsan tiled b S s 1y SYb
Sl Eon 5o Slsu) Ges sl (ildde 4S50
a5 LBl 3ol SIS 50 Sl a4 o 5 S
Sl AT Glagsldde 3 55 a Glacys s 4
Slagsbddbe 035 20l momen 5 Sl L5 Glages
Gos 0 Ol S35 o 4 Ok S slal b s3ae
Sl osls 35y Jl g S 5 o SRSl sy Slses
DS S50 53 Sliges Goo il s 4 [25] e gl
@3e ildde Sl eslizal L 58 0o lad ) 5 e S

Lﬁj)&\)b)é})@bﬁ)ﬁ‘\f”lﬂ)}k@]Ju:?-‘.}ﬂ



Veey L /Y a)w/f}ajww‘gb

e Q‘JA& g L;LAJ}'—“JPM

RSO IPTIVNCIR | S PR PREVPL P SO STV

Sl sl o 3 eslizal 550 Jloyl SaSE (sl gl )b Y g

[12]
Peak . ..
. Densit frictio Residua Dilatio Elasticit .
Soil Poisso
type X y 5 ann e friction " alzgle modulus  nratio
(kg/m’) (% angle (°) ) (MPa)
Dens 2000 45 30 18 2252 03
Loose 1600 32 30 5 0.75Z 0.35
Z is soil depth

Table 2. Ideal soil paramters used in parametric analyses [12]
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Fig. 1. Problem definition: interaction between normal fault
rupture and shallow foundation with width B and surcharge q
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Table 3. Soil parameters used in verifying the numerical
modeling [3]
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Fig. 8. Variations of foundation rotation versus normal fault throw for B=10m foundation and surcharge q= 60kPa
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Abstract

Shallow sediments and large displacement of the fault in bedrock can make the fault activity may appear to be
surface faulting. Propagation of the fault rupture through the soil layer is one of the hazards associated with
the fault dislocation in bedrock. The ruins from the 1999 earthquakes in Turkey and Taiwan and the 2008
earthquake in Wenchuan of China clarified the effect of fault rupture on the structures located near the fault
trace on the ground surface. Also, previous studies have revealed the destructive effects of the impact of surface
faulting on a structure. It seems that the alluvium depth can affect the interaction between the structures and
faults. Therefore, the present study used a numerical model validated with centrifuge test results to evaluate
the effect of alluvium depth on the response of shallow foundation-normal fault interaction. The Mohr-
Coulomb constitutive law, with internal friction angle and dilation angle softening behavior, was used to model
the interaction. The alluvium depth was considered as 15, 20, 30, and 40 m. The foundation was assumed to
be rigid in all cases. It was placed at different positions relative to the free field fault outcrop on the ground
surface. Normal faulting also was applied pseudo-statically to the model boundaries at a dip angle of 60°. The
rotation of foundation and the vertical displacement profile of the ground surface was investigated to evaluate
the effect of alluvium depth on the fault rupture and foundation interaction. The results show that there is no
difference between the free-field faulting zones for different alluvium depths of loose soil. A graben is formed
for deeper alluvium depths of dense soil in agreement with the analytical models, although the width of faulting
zones is the same for different alluvium depths. It should be noted, a graben may form in a low-angle dipping
normal fault (i.e. <60°) for loose sand. In interaction models, it has been observed that the interaction
mechanism of the foundation and fault remains constant for both dense and loose sands. The footwall, gapping,
and hanging wall mechanisms were formed for all alluvium depths related to the position of the foundation.
Also, a graben was observed as one of the hazards associated with the normal fault rupture and shallow
foundation interaction in the deeper alluvium depth of dense soil. By increasing the weight of the structure,
the foundation experienced more rotation for 15 and 20m alluvium depths. The reliable foundation rotation
could be estimated by considering alluvium depths of 20 m and more for both dense and loose sands.

Keywords: Normal fault, Shallow foundation, Numerical modelling, Alluvium depth
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