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Fig. 1. (a) Meshing of the numerical model, (b) Model with assigned absorbing boundaries
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Fig. 2. Schematic display of the geometry and initial dimensions of the numerical model
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Table 1. Soil types investigated in this research [16]

' o oSSl 43515 ;
Ol cops S ppaie 039 Sl SB Swimsr Sl Jode  Shpgge e EF
v v(kN/ m3) 0 C(kPa) E(kPa) Vs(m/s) e
R /Y’\“ VA vy N YYeooon Foo 1
¥y YA Y 5 Yeorons fo- 1
o " " 5 forns Y. m
R /\”\” ' YA N Yooooo VO IV

"



AF B 5Y docio VFY Jlo o) oplas DO 09 (poS puol (yly0s (awdins 4 puis

[YV] Buiioss (9] 55 SUd5 g 599 89 g5 Cilaaduine .Y Jou

Table 2. Characteristics of far- and near-field earthquakes in this research [17]
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Fig. 3. Acceleration time history of the near- and far-field earthquake in Bam
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Fig. 5. Acceleration time history of the near- and far-field earthquake in Loma Prieta
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Table 3. Characteristics of the soil layers in Gilroy region [18]
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Fig. 7. Comparison of (a) the Fourier amplitude spectrum and (b) the response spectrum on the ground
surface in the present study and the results obtained in Soltani's research [18]
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Fig. 8. Comparison of (a) the Fourier amplitude spectrum and (b) the response spectrum on the ground surface

in the present study and the results recorded for the Gilroy area resulting from the incoming earthquake in the
bedrock
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Fig. 9. Maximum horizontal displacement on the ground surface in the presence and absence of an under-
ground cavity in the near- and far-field earthquake in Bam

0.16
,E Near Field (Landers) = = =With Cavity
= —— Without Cavity
g 012 -
= - RS
u - ~
] e - ~
_— - A
£ 0.08 e .
= .
= e ,
’ \
E ’ .
= 0.04 ’ \
; £ *
= ’
E A Fi _/
0.00
0 1 2 3 4

0.01
Far Field (Landers) - — =With Cavity

——Without Cavity

Maximum Displasement(m)

- ~
P A
- Al
——————— - \
- A
- A
- n
- ]
0.00
0 1 2 3 4

oo W35 595 9 SUF 059 Aj 50 43 (Suejp 0k jphs pAE g jede Sl )3 (e el 3 pS T (B glearle ) JSOS

Fig. 10. Maximum horizontal displacement on the ground surface in the presence and absence of an under-
ground cavity in the near- and far-field earthquake in Landers
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Fig. 11. Maximum horizontal displacement on the ground surface in the presence and absence of an under-
ground cavity in the near- and far-field earthquake in Loma Prieta
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Table 5. Maximum horizontal displacement of the ground surface under various types of far- and
near-field accelerograms in the presence and absence of a cavity
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Fig. 13. Acceleration response spectrum of the near- and far-field earthquake in Bam at X/R =1, 3
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Fig. 14. Acceleration time history of the near- and far-field earthquake in Landers at X/R =1, 3
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Fig. 15. Acceleration response spectrum of the near- and far-field earthquake in Landers at X/R =1, 3
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Fig. 16. Acceleration time history of the near- and far-field earthquake in Loma Prieta at X/R =1, 3
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Fig. 17. Acceleration response spectrum of the near- and far-field earthquake in Loma Prieta at X/R =1, 3
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Table 6. Maximum near- and far-field ground acceleration at a distance of one and three times the
cavity radius (X/R =1, 3)
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Fig. 18. Diagram of the maximum near-field to far-field horizontal displacement on the ground surface
in all the soil types at H/R =1 under Landers earthquake accelerograms
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Fig. 19. (a) Acceleration response spectrum and (b) acceleration time history of type I soil model under
Landers near-field accelerograms
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Fig. 20. (a) Acceleration response spectrum and (b) acceleration time history of type II soil model under
Landers near-field accelerograms
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Fig. 21. (a) Acceleration response spectrum and (b) acceleration time history of type III soil model under
Landers near-field accelerograms
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Fig. 22. (a) Acceleration response spectrum and (b) acceleration time history of type IV soil model under
Landers near-field accelerograms
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Table 7. Maximum ground acceleration for different soil types introduced in Table 1 at a distance equal to
the cavity radius on the ground surface (X/R = 1) under Landers near-field earthquake
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Table 8. Maximum acceleration on the ground surface at H/R =1 and H/R = 3 under Landers near-

field earthquake
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Fig. 23. Maximum horizontal displacement on the ground surface at different points from the cavity center
under the near- and far-field accelerograms of Landers earthquake at two different cavity depths (H/R =1. 3)



AY U FY azao MY Jlo o) o)lods DO 050 S puol ()l jos (awdige 4l

Near Filed (Landers)y 7777 With Cavity

—— Without Cavity

(mez)

Acceleration
&
2z

0 10 20 30
Time(s)

s
g

Near Field (Landers) e With Cavity

—— Without Cavity

mez)

. ta
2 8

g

XR=1.0
H/R=1.0

Response Acceleration(

g

MIE

[}
=

2
Period(S)
(2D

Eld b il (980 (3o (10 (w0l S35 595 (S35 CuBCLS Cod Clind Floj ey ;U () Qs Gy b (1) YF JSS
(H/R =1) »,is

Fig. 24. Acceleration response spectrum and (b) acceleration time history under near-field accelerograms for
Landers earthquake at a burial depth equal to the cavity radius (H/R =1)

2.50
Near Filed (Landers) = With Cavity
_ £ Without Cavity
1.50
3 . i
~. i :

Acceleration

H/R=3.0

0 10 207ime (5)® 40 50

()

o
2

......... With Cavity
—— Without Cavity

Near Filed (Landers)

/)
[
g

2
2

g

XR=1.0
H/R=3.0

Response Acceleration (n

g

[—]
-

Petiod(s)
(&b

b il dw (580 Bos (515 (i) S35 050 (54305 Cudo g Codd Ol (giloj aeey ,U () QU wly b (A1) YO JSS
(H/R =3) s,is gl

Fig. 25. Acceleration response spectrum and (b) acceleration time history under near-field accelerograms for
Landers earthquake at a burial depth three times the cavity radius (H/R = 3)
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