[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.3.1019051 ]

AL VEY LY Sl ain Al bign B e 40

898 ilo 3T bt 33 (vl sy 3 1r) giliaws Sl sl (155309 3 Jawilis (U 3 !
s Swiadig) § (SPT)S yIiliut

T 5931 T 5l w0 e a0l Wllile M (S (oS 0 0
Olnl Ol R5 cmye S5 olSils crly pole 0aSidls ((omaigs (ool (raej 1353 szl .
Ol el (oo yie oy oBils casly pole caSLisls o pwlils (re) 09,5 wbiwl .Y
Ol ol jas ol oDl Sl5T olKisls ¢ pwaige (ol (e o)l ulils 157V
ol ol 5y oSS« Sigis sl ol 5 ¥

VYYD iy gl VRV Yicdl s Al

oduS>

GeioS gy el G 5pm il 5o (ulisjusy 3L 50 silieg Jolgw 55 2l Kl Jlad (o) (g Sae
SLl Canl 3 laibenl 3585 51 Jalo Laosls (59, » 4SS b (2]l Joniliy (b)) Co (o9ls A5 gy oobol 2
9y 52 4S5 L Rockwork 138l o 5 Lawss oo,e ablie .ay0,8 bl pns S Ll lgie 4y 0+ /YOQ aioy
0 (5 yslaez (SeiSI5s DMLl s 5 @yl puipe (olidi e o 5l (p9sy slaaiigd Sliogas
03)55 (7 o515 ol e ) (Slalllae oogame a5 Lnil Sl ad () (SSS555 (3L sl s 4l sl
gy 41 6550 o2 e el S0 =0 ST JUl asg Sleogas hls (650305,) Llod 4y 9 Cewl oy 1Bl
3 (PGA) (slo3 )y S SLLl ¢ 2l il sloml )5 ey Steg i iz & 4298 b iuled oo 9y adlare gl
Sl 28,5515 Lyl 0yse LIQITVATO 38 o5 b ol Sl 5T (@mae) cymo gebams yo 881 ol iy
sl e dilate Jlad Slelis )| So5lsn loary] 5 Lamls o5 aslllas o 50 035050t 5 (lnsle Slig
e MalS ¢ o o5 of Vb o j5> b debis (anl 50 b 5 dnle 0> 50 (glails Slogany 3529 s
@iz bla jo o1y, 59,0 Sl gandig sbbasd ob ools jaseis ddhis pl 0 o],y ey 4yl
2 @Ky e98y Alisee Jlaz gladS Kilis 45 00 5 g5l dilaie axas 9 (rhans sloGes 10 9 gilivy:

A Py giliwgs adlate (gl ol UYL 59 ol b o1,Klg; £435 gazme j0 g 09 adlaie pl S

2 Klgy ylas sanaig (giliny wojlaslinl 3485 L')yo)'T :Lbojb ..\...15

doddo
J.&lo)o g.)—‘ )LMJ ..b)j)l)B U"’)"Md"ﬁ'“" 9o u)}ozbsu.c).wd.v(_g‘o)}) uls)_> f‘ B S 6[@%4564&&
5 4Bl il ety 4y gdite o Lt o gLl oot o S o il e il3El 50 S 28 5 s

DOI: https://doi.org/10.22034/JEG.2023.17.3.1019051 torkamani2788@gmail.com :Jgiue ssium g %


http://dx.doi.org/10.22034/JEG.2023.17.3.1019051
https://c4i2016.khu.ac.ir/jeg/article-1-3076-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.3.1019051 ]

el by 20) gl Joln s ) S5 Jedly U500 ¥AQ

=,5ls, (Kramer and Elgamal, 2001) 045 0 o0usls S o1, 5y, mMasl 10 000 ol 09 o 5l oS el 4
ojlu Canid 4 yomie Wilgs o Joe ol ol algs S plSoxinl (58, 5l el o) ) cpny £539 s o S ol
Seed et al., ) s5i ajlas 51 6,50 gyl 53 L (S glaow & bge sl K @ md do i3 ) £59
i ol Lol il ol pen S i cilitee slacdls g anle idigr csdite o Ll b Yeers ol Slg, (2003
Yuanet ) axies o sae Hludige slp il p cawl bojle 0 g 009 55 S o5lail &0 a5 Slej 0 L da IS
Olgie 4 il Ll 1) ey p ol b oo glasl cobls a5 slaatins b slosl slaarins s (ggeme 5o .(al., 2010
009 YU Judo 0 dobu blie yo cdélopl b (Yuanet al., 2010) wgd oo 43,35 i jo o Sy, daitans slaSs
b9y Bk 3l Sl 5l 56 ey SIS et (2ol 05 o0 esaline Sl Jemly iy o o
s5dse ol (lymo lagialeil wloly 2lagss; 5 (salel 5 (Rl g3l o (Ll slagis, 5 sove
2 Slgy Caglio ol Cax oaxie ol e 5 aBislel sl g, w3l slo e ,o (Zhang et al., 2002)
3985 iulesl « (SPT) o lasbiwl 3585 yialesl sl eslaul b olymo ol slo g, 45 ()lg5 (oo a5 sl oy &Sl oS5
Sges o)Ll i zae ks (5,5 05ll 5 (CPT) by e
50 ALdS Oladod 4y (g pabue dslol o 0l o (6,0, BB > )5 g Sl sl jtagh gl jo 0 Sy, s
5T Ay a8l olis 5Slas (5,8 L SPT (503l YO 5 alled 0 (gloosls 5l eolatul b .ol salss aisloy 5 50,0
J;M)Q.M u)lcbrg.....do)))?' d‘f =\J|)L§c\.]a.sl?u’ .]a.:‘)...u)..) OMWLSLQM ‘su))absjb OO &Lm‘jum)éja.w
OHlSes g ol Cuwl o Sls,y Juaily o yiios Gl (uandy jlols olaial) 8o Jole jo o8 jpd odgase S
oolawl b 1) o8 el ol jo (wliejon jod slavwle loaiigs o),Slgy sty obs)l (ol o 0 (VYA
21 lg s sloxinl Sledde gaiaigy g dilosls sl SPT yee3l 1+ 5l s g ailad FO o luiliwl 3585 Canglin slaosls |
aoes cpl @ S aladlone Loyl 5 )0 o0l dgd (goisdigs AL o) bl a5 Wles S pw 5 1) (6535198 (slaaigs
o) 5 B3 o0l Al co ol aupd AlSul B o8y 8 ok 51 ol Jlgs o o1,y ;) Jumsly o yiien a5 wilodw,
Ayay

5 SeSig55 sladile Syl 10 35350 dunjp ol v Ges jleolatul b g b3V 00 SuSS 455 SleMbl sl
sailaie 4S5 Ko, Az pl 4 g didges A (oS5, (gaaigy Al ¢ ulie 00 0 03gamme ey ol law Akl
1051 7S T Ges (ol Cand 5o e ol e 5wl e 2S5 sl Ll oy (S il (L
OV o) Jled) ail oo i
e osbeeyan 52l 5o gl Jobo i 2S0lg) Jenily (b)) S 35laslind 35a5 Cunglio () 51 2mghy o0l 5o
sl 0033,5 oolawl SPT 5l oslaxul L S 51,5, b, sl Seed and 1driss(1971) oass Mol g,


http://dx.doi.org/10.22034/JEG.2023.17.3.1019051
https://c4i2016.khu.ac.ir/jeg/article-1-3076-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.3.1019051 ]

VEY L ¥ St oain Al s oliB e 4,2
ra.

Pl Jobo (ol (0 9 (2L 3 CunBgo
B3 B g az 3 VY oldlinr (55 ;9 bing) (ol wdloe (Jole Sasdan Sl gilivwg Gbivs) «aldl i LI
@ ost 5l a4 szl e yan — el jan ool @ Jleds 5l g 0)ls 8 Byl Job az 0 08 5 L
FoskS VY (oliejuis o) alold 5 ol go oguzme ol dged S g aAlSol 0 350 51 5 ()8 s (S5Sas oS
O JS5) wb oo

27°180°N
27180N

27°120N
27°120°N

e, Sandy marly comglomerate
nfolded Conglomerates and fine clastics

Alluyium and Recent depasit, Un conglomeratod soils, clay, sand and gravels

(ln) aslllas 590 ailain L3I0 Condee ) SO
Fig. 1. Geographical location of the studied area (Bostano)

b 4t (bl ol 0ads @ly (e jois (SES Stz 2 9 09,55 051 5o addllas 3,50 05900
oobe hile a8l Wil Jold «i)ls geis; axdllas 8,90 03gamme (SU05 j8 a5 cwlid ) slaasjle (Y SD)
(o e S Siwdule sl)lo a5 g > lT w5lu g Jlodae SalKiw 5l olayls b ogls j0 o5 (Sojlen b (6 mnS5
5 b byt s il jun 3L 5 Ll s plies lag b el (o8 (S35lse b il 5 5008 ()le
Osbe ezl Giale B o el i Jleas (Baid ale b & Cuns (s Gl 0 IS lade a5 il o (Sui>

St gy JUl g Gialeyd pln o ol Coglie 5 canl g i clw 5 oy sl sl LT b 4 s lics


http://dx.doi.org/10.22034/JEG.2023.17.3.1019051
https://c4i2016.khu.ac.ir/jeg/article-1-3076-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.3.1019051 ]

ol sy L) Sl ol s 2 Sils5 Jdly 25 vay

0 Uy e 0dgi Gl S5 51l (o Gl ]Sl ool il 9 cnl jo (Baus Gl d SRl L asl e
Ol 50 )l o )le i jls pasiie NS Wil 50 Gl o Bais 5 (e g9 lagiale B 0 5 Syl laces
Uy o eSSl (Bais Giale 3L pliee il 5 Ol e Ol ot IS a2 )0 ) ¢ et b (s
Ol B 50 Glie Wil 5 gy Wl liee i S0 4z )0 Ve i b (b (il 50 5yl el (e ol
o Ve e b b (e d 50 )T (ke sl gy adg e ieS Ghle Az pe Ve e b b
5 5) el Sllgy o pd liee 2y%eS il (Bais Graled b plive o)l 5 Sllsy capd Gliee i Gl
Gl 5 55 5 Bdas 5 039 cidigy Sliguy 5038 i lsS (o 50 o8 (650 lsS (slaanigs (YA o Kon
il B 0l50 D50 a4 4S5 ) o (2 i (18] slodiiigg (53515 (sloaiigg oy 5o cilonel 25z g 4 Slelis |
a5 ab o rals basls b e lelas )| 5l ol H90 b g wilos S laciis Cany (219 U Olelas )| assls 5l a8 iz
5| ol gl (VY00 «som) wlond adsl e 5 68 w555 S wSla ygals wiutis cilizeo (glapl & oo ymad
a5 0,10 3975 (o 9 (i (sldmle (b Slgw, axdllas 350 00g0me 4o 4S Cewl o] Fly sad (5la> sladileS

Ayl ol dsllae (o Conl (s yiioy

56°80'E 56°16'0"E 56°24'0'E

Q SR

27°18'0"N
27°18'0"N

/
!
/’ '// ,./ MPL aj

27°12'0"N
27°12'0"N

%
Syssscese]
SRRKRAX]
SRRRAIARR
SRR
SRR

{0
09000008
Oset0sesesese
RN
56°8'0"E 56°16'0"E 56°24'0"E
Legend 0o 25 5 10 15Kn
X City B vesion Guit [ swdy Area
_...._.I —+  Antielinal Axis With Plunge River Faults

Agha Jari Formation, Sandston and red marl
Bakhtyari Formation, Conglomerate, Sandy marly comglomerate
Sub Recent. Old deposits, unfolded Conglomerates and fine clastics
- Guri Member, Limeston
|| Alluvium and Recent deposit, Un conglomerated soils, clay, sand and gravels

OYYY (6,x8) olie o VIYD- -+ a5l asd)§ ) cgiling ddlaie owlid pey 4 Y S
Fig. 2. Geological map of Bastano region, taken from Bandar Abbas map 1/250000 (Fakhari, 1995)
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Fig. 3. Spatial distribution and investigation of the depth of earthquakes (Hagshanas et al., 2009)
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Table 3. Borehole No. 1 (First Borehole of Persia) (399858/71 and 2995338/7)

from depth (m) to the depth (m) soil group the name of the group —
0 1 SM Silty Sand .
1 5 CL Clay with low Plasticity ;
5 7 ML Silt with low Plasticity
7 9 CL Clay with low Plasticity .
9 15 SM Silty Sand g
15 19 ML Silt with low Plasticity I
19 25 CL Clay with low Plasticity

(YAROYF+/+) g YAAFFYNF) (L picds alad) ¥ o )les aileS . F Jgor
Table 4. Borehole No. 2 (7th borehole of Persia)

399643/16 and 2995360/01)

from depth (m) to the depth (m) | soil group the name of the group -
0 1 SM Silty Sand
1 4 CL Clay with Low Placticity =
4 10 ML Silt with low Plasticity -
10 12 SM Silty Sand _—
12 16 ML Silt with low Plasticity .
16 22 SM Silty Sand
22 26 ML Silt with low Plasticity —
(YRAF-YE/N) 5§ YOUYF) (SLS pgw 4iled) ¥ o lots aileS .0 Jgo
Table 5. Borehole No. 3 (the third borehole of Niak) (400259/36 and 2996034/11)
from depth (m) | to the depth (m) soil group the name of the group
0 4 CL Clay with low Plasticity !
4 6 SM Silty Sand N
6 8 ML Silt with low Plasticity sz
8 20 SM Silty Sand

(YAAF APV 5 T+ YYFIFA) (S et 6ile) ¥ olass 4ileS £ Jgor
Table 6. Borehole No. 4 (eighth borehole of Niak) (400234/48 and 2996086/7)

from depth (m) to the depth (m) soil group the name of the group .
0 7 CL Clay with low Plasticity
7 15 ML Silt with low Plasticity o

Sy 5 Sl 5 Glanle Glagsd w5 (8 laasle Sligw, 51 JIg giling: aidlaie o5 5 (555 0 ailaie o
) (5th 9 LQ:L».M..@‘J 5)55..\.0 ;.)ng...u) » 0531.(: aslaioe JL@.w Coun L M‘J‘ )0 9 09....4‘5‘0 &9).....: ‘5171..» d.laLuo )‘ 6‘4..»Lo
Coond 1 Jlion le 45 00gamme (pl jo b LS Logas ailocil ;o Olgw, i igd oo 00y ddlaie ;o 5

il gn ailaie 25,


http://dx.doi.org/10.22034/JEG.2023.17.3.1019051
https://c4i2016.khu.ac.ir/jeg/article-1-3076-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.3.1019051 ]

el by 20) gl Joln s ) S5 Jedly U500

(YRAPFANND 5 F- Y- YAY ) (L, Jol 6le8) 0 o)l ileS Y Jgoz

Table 7. Borehole number @ (Raja first borehole) (402402/93 and 2996488/15)

from depth (m) to the depth (m) soil group the name of the group e
0 1 GM Gravel with Silt -
1 4 SM Silty Sand !
4 6 GM Gravel with Silt ML
6 8 SM Silty Sand
8 10 ML Silt with low Plasticity sm
10 20 SM Silly Sand
20 22 ML Silt with low Plasticity A
22 26 SM Silty Sand sm
26 28 ML Silt with low Plasticity e
28 30 CL Clay with low Plasticity -
(YA9PFAAITe g YT VDY) (o pgu ailed) £ o Lol ailad A Jgo
Table 8. Borehole number 6 (the third borehole of Sule) (402407/51 and 2996698/40)
from depth (m) | to the depth (m) | soil group the name of the group
0 2 SM Silty Sand —
5 4 GP-GM Poor graded (érrz\\/lzll with Silt and :::
4 6 SP-SM Poor graded Sand with Silt and Sand o
6 10 SM Silty Sand
10 12 ML Silt with low Plasticity -
12 16 SM Silty Sand o
(YRAYOAIYY 5 F-TVO-/2Y) (L pgo ailed) V o las aileS A oo
Table 9. Sample number 7 (second sample of Toya) (2997580/27 and 402750/63)
from depth (m) | to the depth (m) soil group the name of the group sax
0 2 SM Silty Sand .
2 4 SP-SM Poor Sand with Silt and Sand e
4 10 SM Silty Sand
10 16 ML Silt with low Plasticity -

-\
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Table 10. Borehole number 8 (the first borehole of Toya) (402784/21 and 2997603/81)

from depth (m) | to the depth (m) | soil group the name of the group

0 3 SM Silty Sand

3 5 GP-GM Poor graded Gravel with Silt and
Sand

5 6 GM Silty Gravel

6 8 GP-GM Poor graded Gravel with Silt and
Gravel

8 10 SM Silty Sand

10 12 ML Silt with low Plasticity

12 20 SM Silly Sand

20 22 ML Silt with low Plasticity

22 28 CL Clay with low Plasticity

GP-GM

PRI

(YRAVY- Y ¥299F) LT 3 poms i) A 0,leds aileS N Y Joo
Table 11. Borehole No. 9 (third ferroalloy borehole) (399949 and 2997707)

from depth (m) to the depth (m) soil group the name of the group sM
0 1 SM Silty Sand 0
Well graded Sand with
! 3 SW-SM Silt and Sand sM
3 7 SM Silty Sand
Well graded Sand with o
! 9 SW-SM Silt and Sand
9 13 SM Silty Sand S
) Poor graded Sand with P
13 15 SP-SM Siltand Sand
(YAAYYY - 5 YA99A8) (GLITg,8 pgo aled) Vo o o ailaS VY Jgor
Table 12. Borehole No. 10 (second ferroalloy borehole) (399986 and 2997720)
from depth (m) to the depth (m) soil group the name of the group
0 6 SM Silty Sand e
6 7 CL-ML Clay with silt and Sand <L v
7 9 SC-SM Sand with Silt and Clay “;"
9 11 CL Clay with low Placticity
11 15 SM Silty Sand —
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Fig. 9. An overview of the study area
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Fig.10. Placement of boreholes in the area of Bostano
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Table 13. Liquefaction potential during borehole number 1 (first borehole of Pershia)

. FC Boulanger and Bray and Susceptibility .
Depth Soil type (%) Pl We/LL ldriss sancio Index Potential
1 SM 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
CL 100 13 0.45 0.02 0.92 0.47 Not liquefaction
CL 100 12 0.62 0.03 0.97 0.50 Not liquefaction
4 cL 100 | 9 0.75 0.11 1 0.56 Susceptible to
liquefaction
7 ML 80 | NP | NP NP N.P 1 Susceptible to
liquefaction
9 cL 100 | 10 | o086 0.07 1 053 Susceptible to
liquefaction
15 SM 20 | NP | NP N.P NP 1 Susceptible to
liquefaction



http://dx.doi.org/10.22034/JEG.2023.17.3.1019051
https://c4i2016.khu.ac.ir/jeg/article-1-3076-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.3.1019051 ]

el by 20) gl Joln s ) S5 Jedly U500

0

19 ML 80 | NP | NP N.P NP 1 Susceptible to
liquefaction
21 cL 100 | 9 0.82 0.11 1 0.56 SI‘fSCept'b'.e to
iquefaction
23 CL 100 12 0.77 0.03 0.96 0.49 Not liquefaction
25 cL 100 | 8 1.01 0.18 1 0.59 Susceptible to
liquefaction
sy s a3 ) ¥ 0 Lo aileS Job 1o o1 Sy, Jumily N E Jgo
Table 14. Liquefaction potential during borehole number 2 (6th borehole of Pershia)
. FC Boulanger and Bray and Susceptibility .
Depth Soil type %) Pl We/LL Idriss sancio Index Potential
1 SM 20 | NP | NP NP N.P 1 Susceptible to
liquefaction
2 cL 100 | 10 | o058 0.07 1.02 0.54 Susceptible to
liquefaction
3 CL 100 12 0.74 0.03 0.96 0.50 Not liquefaction
Susceptible to
4 CL 100 11 0.76 0.05 0.99 0.52 liquefaction
10 ML 80 | NP | NP N.P N.P 1 SI‘.‘scePt'b'.e to
iquefaction
12 SM 20 | NP | NP N.P NP 1 Susceptible to
liquefaction
16 ML 80 | NP | NP N.P N.P 1 Susceptible to
liquefaction
22 SM 20 | NP | NP N.P NP 1 Susceptible to
liquefaction
25 ML 80 | NP | NP N.P N.P 1 Susceptible to
liquefaction
Table 15. Liquefaction potential along borehole number 3 (the third borehole of Niak)
. FC Boulanger and Bray and Susceptibility .
Depth Soil type %) Pl We/LL driss sancio Index Potential
1 cL 100 | 11 0.9 0.05 0.99 0.52 Susceptible to
liquefaction
3 cL 100 | 11 | o84 0.05 0.99 0.52 Sﬁs"ept'b'_e to
iquefaction
5 cL 100 | 11 | o088 0.05 0.99 0.52 Susceptible to
liquefaction
6 SM 20 | NP | NP N.P NP 1 Susceptible to
liquefaction
Susceptible to
8 ML 80 N.P N.P N.P N.P 1 liquefaction
20 SM 100 | NP | NP N.P N.P 1 Susceptible to
liquefaction
(S iz alad) Fojlods dloS Job jo0 0 Silg, Sl N oo
Table 16. Liquefaction potential along borehole number 4 (8th borehole of Niak)
. FC Boulanger and Bray and Susceptibility .
Depth Soil type %) Pl We/LL Idriss sancio Index Potential
1 cL 100 | 10 NP 0.07 1 0.53 Susceptible to
liquefaction
3 CL 100 15 N.P 0.01 0.49 0.25 Not liquefaction
5 CL 100 14 N.P 0.02 0.71 0.37 Not liquefaction
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7 CL 100 12 N.P 0.03 0.95 0.49 Not liquefaction
15 ML 80 | NP | NP NP N.P 1 Susceptible to
liquefaction
() Jol 65led) 0 o)less ailed Job jo o, Kls, Jonsly NV Jgax
Table 17. Liquefaction potential along borehole number 5 (first borehole of Raja)
. FC Boulanger and Bray and Susceptibility .
Depth Soil type %) Pl We/LL Idriss sancio Index Potential
3 GM 20 | NP | NP NP NP 1 Susceptible to
liquefaction
4 SM 20 | NP | NP N.P N.P 1 SI‘.’SCQF’“b'.e to
iquefaction
6 GM 20 | NP | NP NP NP 1 Sllfscep“b'.e to
iquefaction
8 SM 20 | NP | NP N.P N.P 1 Sllfscep“b'.e to
iquefaction
Susceptible to
10 ML 80 N.P N.P N.P N.P 1 liquefaction
20 SM 20 | NP | NP N.P N.P 1 Sllfscep“b'.e to
iquefaction
(L5 pom 4leS) 7 o)l &leS Jobo 0 (2] Sly) Jouils VA Joor
Table 18. Liquefaction potential along borehole No. 6 (third borehole of Toya)
. FC Boulanger and Bray and Susceptibility .
Depth Soil type %) Pl We/LL Idriss sancio Index Potential
2 SM 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
Susceptible to
4 GP-GM 20 N.P N.P N.P N.P 1 liquefaction
6 sPsM | 20 | NP | NP N.P N.P 1 SI‘.‘scep“b'_e to
iquefaction
Susceptible to
8 SM 20 N.P N.P N.P N.P 1 liquefaction
10 ML 20 | NP | NP N.P N.P 1 Suscaptible to
liquefaction
20 SM20 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
L pyo alad) Voo lods 6ile3 Jsbo )5 (2l Kl il VA Jgor
Table 19. Liquefaction potential along borehole number 7 (the second borehole of Toya)
. FC Boulanger and Bray and Susceptibility .
Depth Soil type %) Pl We/LL driss sancio Index Potential
2 SM 20 | NP | NP N.P NP 1 Susceptible to
liquefaction
4 SPSM | 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
Susceptible to
10 SM 20 N.P N.P N.P N.P 1 liquefaction
16 ML 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
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Table 20. Liquefaction potential along borehole number 8 (first borehole of Toya)

Ly Jol led) A o)leds ailaS Jobo jo (2], 55lg, Jomily Ve oo

. FC Boulanger and Bray and .
Depth Soil type %) Pl We/LL 1driss sancio Suscep.Index Potential
3 SM 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
5 GPGM | 20 | NP | NP NP N.P 1 Susceptible to
liquefaction
6 GP 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
8 GPGM | 20 | NP | NP NP N.P 1 Susceptible to
liquefaction
1 SM 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
12 ML 80 | NP | NP N.P N.P 1 Susceptible to
liquefaction
20 SM 20 | NP | NP NP NP 1 Susceptible to
liquefaction
GLlls b pom 6l A olods aileS Jsbo jo 2l Sils) Joily TV Jsoor
Table 21. Liquefaction potential during borehole number 9 (third ferroalloy borehole)
. FC Boulanger and Bray and Susceptibility .
Depth Soil type %) Pl We/LL driss sancio Index Potential
1 SM 20 | NP | NP NP N.P 1 Susceptible to
liquefaction
Susceptible to
3 SW-SM 20 N.P N.P N.P N.P 1 liquefaction
7 SM 20 | NP | NP NP N.P 1 Susceptible to
liquefaction
9 swsM | 20 | NP | NP N.P N.P 1 Susceptible to
liquefaction
13 SM 20 | NP | NP NP NP 1 Susceptible to
liquefaction
15 SPSM | 20 | NP | NP NP N.P 1 Sllfscep“b'.e to
iquefaction
GlLlTs 8 9o ailes) 1+ o )lods aileS Jsb 1o (2] Sly) Joily VY Jour
Table 22. Liquefaction potential during borehole number 10 (second ferroalloy borehole)
. FC Boulanger and Bray and Susceptibility .
Depth Soil type %) Pl We/LL Idriss sancio Index Potential
6 SM 20 | NP | NP NP N.P 1 Susceptible to
liquefaction
Susceptible to
7 CL-SM 20 6 0.29 0.44 1.15 0.80 liquefaction
9 SCSM | 20 5 0.39 0.64 1.07 0.86 Susceptible to
liquefaction
Susceptible to
11 CL 20 8 0.32 0.18 112 0.65 liquefaction
15 SM 20 | NP | NP NP N.P 1 Susceptible to
liquefaction
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Fig.11. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No.1 by Seed and Idriss method
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Fig. 12. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No.2 by Seed and Idriss method
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Fig. 13. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No.3 by Seed and Idriss method
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Fig. 14. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No.4 by Seed and Idriss method
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Fig. 15. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No.5 by Seed and Idriss method
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Fig. 16. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No.6 by Seed and Idriss method
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Fig. 17. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No.7 by Seed and Idriss method
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Fig. 18. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No.8 by Seed and Idriss method
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Fig. 19. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
borehole No0.9 by Seed and Idriss method
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Fig. 20. The Conditions of SPT number, shear stress ratio, and liquefaction and settlement condition in
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Fig. 21. Zoning of risk of liquefaction in 4 meters depth of the ground in Bostano area, Hormozgan province
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Fig. 22. Zoning of risk of liquefaction in 2 meters depth of the ground in Bostano area, Hormozgan province

OB 50,0 (bl cgilings ablate (po) 550 A Bos )0 cs'.l)i;‘b S ganay YV S
Fig. 23. Zoning of risk of liquefaction at the depth of 8 meters of the ground in Bostano area, Hormozgan province


http://dx.doi.org/10.22034/JEG.2023.17.3.1019051
https://c4i2016.khu.ac.ir/jeg/article-1-3076-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.3.1019051 ]

sy ) iy ol ey o S sty s 15

OB o0 bl giling: adlaie (y0) 550 7 Gos ;o (21 Kly) Slas gunangy VF USo
Fig. 24. Zoning of risk of liquefaction at the depth of 6 meters in the ground of Bostano region, Hormozgan province
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Abstract

The purpose of the research is to investigate the risk of liquefaction risk at the beaches of Bustano
in the western part of Bandar Abbas in Hormozgan province. The periodic stress method was
used as the method to evaluate the liquefaction potential based on the data obtained from Standard
Penetration Test (SPT). The acceleration of 0.35 g was chosen as the maximum acceleration of
the bedrock, and cross sections were extracted using Rockwork software. From an engineering
geological point of view, the characteristics of the sedimentary deposits and the collected
geotechnical information were analyzed to generate geotechnical index profiles. As the study
area is located at the edge of the folded Zagros, seismically it has the characteristics of the Zagros-
Makran transition zone which basically exerts the most pressure on the saturated sediments of
the area. Due to the strong movement of the earth in generating liquefaction, the seismic bedrock
acceleration (PGA) and the maximum horizontal acceleration at the ground surface (amax) were
evaluated by liquefaction analysis using LigIT v.4.70 software. The results indicate that the sandy
and silty sediments of the study area are the outcome of the weather changing processes at the
northern altitudes of the region. Granular sand and silt sediments were found under favorable
conditions with high groundwater level, confirming the presence of liquefaction phenomenon in
the area. Zoning maps of the intensity of liquefaction were extracted at the surface and at depth
were obtained in different parts of the Bustano, indicating the different classes of risk of
liquefaction in the soil of this area. In general, the occurrence of liquefaction with high intensity
liquefaction was predicted for the Bustano area.

Keywords: Standard Penetration Test, Bustano, risk zoning, liquefaction.
Introduction

If the soil sediments are quickly sheared in two directions by seismic movements, the water pressure
in the soil pores will also increase. In loosely saturated non-adhesive soils, the pore water pressure
increases rapidly. In principle,, this value can reach a level where the particles are suspended
separately from each other and then the strength and hardness of the soil are temporarily lost which
is called soil liquefaction (Kramer and Elgamal, 2001). During an earthquake, soil liquefaction causes
the loss of soil strength. This can lead to the settlement of structures, the occurrence of landslides, the
acceleration of failures associated withdusty dams, or the occurrence of other types of potential
hazards (Seed et al., 2003).
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In general, only saturated sediments can be saturated with those groundwater which are considered
to be liquefaction-prone soils (Yuan et al., 2010). Therefore, liquefaction potential is often observed
in coastal areas due to the high groundwater levels. The evaluation of land deformations caused by
liquefaction is done through numerical and analytical methods, laboratory and experimental
modelling and methods based on field tests (Zhang et al., 2002). In recent years, several laboratory
and field methods have been used to evaluate the liquefaction resistance of soils, which can be
compared with field evaluation methods using standard penetration test (SPT), cone penetration test
(CPT) and size Shear wave velocity measurement.

Geographically, the village of Bustano has a coastal location. This village is located at 27 degrees
north latitude and 56 degrees east longitude, from the north is bounded by the Bandar Abbas- Bandar-
Khamir Road, from the south to the Persian Gulf, from the west to the residential camp of the Persian
Gulf, from the east to the Shahid Rajaee Shahrek and its distance from Bandar Abbas is 27 km. The
study area is located in folded Zagros and the sub-arid subzone of Bandar Abbas.

Materials and Methods

To determine and identify the soils prone to liquefaction, the collected geotechnical boreholes
obtained from the existing geotechnical reports of the Soil Mechanics and Technical Laboratory
Company of the Hormozgan Road and Urban Development Department and private laboratory
companies were used. The soil index profiles were prepared by taking into account the groundwater
situation, implementing the location of the boreholes on the map of the study area, gridding the study
area into regular grids with a square grid of 500 meters. The grids without information were
evaluated by using the information from adjacent networks as well as the subsurface soil texture map.
Finally, the liquefaction potential index was determined for each network by using the analyses which
are performed. Due to the coastal nature of the studied area, the parts of the area which are near the
coastal line have a high underground water level of about 0.5 meters, and with the distance from
the coast in the northern parts, the underground water level arrives between 15 to 20. Therefore, the
underground water level in the event of liquefaction risk was considered to be 20 meters, and the
boreholes in which the underground water level was more than 20 meters were removed. In this
research, according to the regulations of building design for Bandar Abbas city, the acceleration of
0.35 g was used as the acceleration of the bedrock. Based on Yuma et al.'s the correlation between
the number of standard penetration tests (N-SPT) and the shear wave velocity has been used to
obtain the shear wave velocity profile in each borehole.

The standard penetration test was performed by Seed and Idriss to evaluate the liquefaction potential
and LiglT v.4.70 software was used to consider liquefaction analysis. After identifying the potential
of the area and examining the liquefaction potential evaluation methods, geotechnical
information was collected. And then, the surface soil texture map was drawn using aerial photos and
cross sections by Rockwork software, and after considering the importance of the strong movement
of the earth in creating liquefaction, seismic bedrock acceleration (PGA) and maximum horizontal
acceleration on the ground surface (amax) as well as the method used in liquefaction analysis were
investigated. Finally, the liquefaction risk map based on the liquefaction potential index and the
lowest confidence factor was drawn in each borehole.
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Results and Discussion

The Bustano area is lies on the sediments of the present era, which include coastal sediments, wind,
evaporite and river sediments, and it is also mainly originated from the rocks of the northern altitudes
of the region. The main part of the surface soil texture consists of sandy, sandy, silty and sandy silty
sediments with clay lenses. The sandy and silty sequence extends further towards the coast, and
further away from the coast, the sandy and clay sediments are placed between the sandy and silty
layers. Preliminary observations have shown that out of 40 existing boreholes, 16 boreholes were
found to be unsuitable for liquefaction because of the soil type (sand and clay) 7 boreholes due to the
low level of underground water, and 7 boreholes are unreliable.

In addition, 10 boreholes were analyzed according to the groundwater level and the type of soil (sandy
and silty) 10 boreholes were evaluated. The sediments of the western part of the Bustano area start
from the beachside with layered sands with red sand, clay with a slightly sandy paste in red and grey
colours, silt with grey sand and in the horizons further away from the coast in areas with clay lenses
with low pasty properties in red, light brown and grey colours ends in higher areas and repeating the
mentioned sequences.

In the central and eastern part of the Bustano region, a sequence of sandy and silty sand sediments,
sandy and silty sands, sand layers has been observed starting from the coastal areas, and further to the
north of the region. In addition to the aforementioned sediments, clay sediments and lenses are also
seen in this region. The number of coarse-grained sediments, especially sandy soils, in this area is
much higher than in the western part of the region.

According to the exploratory boreholes, the soil texture of the studied area is mainly composed of
sand sediments. From the coastal part to the central area under study, the sand sediments
are mostly of silty sand (SM) type. Sandy sediments (SP) and sandy loams are seen in higher
horizons than beach sands. Clay and silty lenses are clearly visible among the sand deposits resulting
from water and wind processes.

By moving away from the coastal and the central area under study towards the north, red hard sand
deposits can be seen among the layers with poorly-grained sand. The presence of boreholes with high
SPT in horizons far from the coast confirms the presence of harder layers along with sandy interlayers
in these areas.

The western and southwestern parts of the Bustano region are composed of sediments with layered
sand with low pasty properties (SM) and gradually change to clayey and silty sediments (CL-ML)
and sometimes contain clayey sediments with low pasty properties. The main sediments are silty sand
(SM) and poorly graded silty sand (SP-SM). In this way, the eastern parts are mainly composed
of inorganic clay sediments with low pasty properties (ML) and layered sand, which turn into sandy
sediments in the middle parts. In the central part of the region, there are poorly graded sandstones and
clayey sands which sediments in the eastern parts alert to poorly graded coarse sand sediments and
layered sands. There are clay sediments with low pasty properties (CL) in limited parts of the region.
To estimate the liquefaction potential of the Bustano Beach, the geotechnical data of 10 boreholes in
different parts of the region were used, in the western, southwestern and the northwestern part up to
a depth of 10 meters which the standard penetration number is between 1 and 20and in the eastern
parts the penetration number is generally above 20. In the central parts of the dense sediments, their
standard penetration number was between 30 and 40. Mainly, with the increase in depth, the standard
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penetration number of sediments has increased. In the southeast of the region, which is the flood zone
and the underground water level is high, the sediments are loose and the standard penetration number
is also low. In the Bustano area, the sediments on the north and west coasts have a low standard
penetration number, except for the dense sandstone areas. In different depths of the soil, at the depth
of 2 to 7 meters, in the central and eastern parts, the liquefaction potential is high. At a depth of 7 to
1 meter in the central and western parts, the liquefaction potential is high, and in the rest of the region,
the liquefaction situation is moderate and low. In the depths of 1 to 9 and 9 to 8 meters, most of the
northern, western and central parts and parts of the southern areas of the city have very high
liquefaction, so safety tips must be taken to deal with the phenomenon of liquefaction in these areas.
In the depths of 8 to 9 meters, as well as in the depths of 1 to 9 meters, the liquefaction is very high
in the central, northern, western and southern parts of the region. In general, according to the method
of Idriss and Seed, in most areas of the city, especially in the north-west, center and south parts, the
amount of liquefaction is very high, which requires more specific studies for all types of structures,
and it should be one of the methods to reduce the risk of liquefaction. According to the liquefaction
risk zoning map, 88.8% of the studied area is in the critical liquefaction risk area, 7.7% is in the very
high-risk area, and 41% is in the high-risk area. In other words, the liquefaction-prone areas are
approximately 58% of the region. The rest of the areas are in the danger zone of class zero.
Conclusions
The main objective of the current research is to evaluate the liquefaction potential and risk zoning
based on the results of the standard SPT penetration test in the Bustano beach bed in the western part
of Bandar Abbas. To evaluate the risk of liquefaction, first, based on the determination method of
Seed and colleagues (Seed et al. 2003) in each well, the coefficient of confidence against liquefaction
for different depths and the liquefaction potential index based on the relationship of Iwasaki and
colleagues (Iwasaki et al. 1982) for different depths were calculated in each borehole. Based on the
results of the analysis, the liquefaction risk potential map was drawn on the liquefaction risk potential
index and also the liquefaction risk potential map was considered in the lowest confidence coefficient
calculated in each borehole. The evaluations showed that the area between the coastline and the
central part of the study has a high risk of liquefaction, most of the networks that are located in this
area have a reliability coefficient of less than 1, and only a few networks have a reliability coefficient
of more than 1 (Figures 23 to 27).
According to the map of the underground water level presented in Figure (5) in most of the networks
located in this area near the coast, its underground water level is more affected by the sea and its
changes are very impressive. They have the maximum underground water level of 5 meters and the
minimum one near the coast is 1 meter. Also, by considering the soil texture map and drawn profiles,
the texture is sandy in this area and it mostly belongs to SP and SM types. And there are a series of
silty-clay intermediate layers in them, this factor can be very effective in increasing the liquefaction
potential of this area. From the central part of the study area to the north, the reliability coefficient is
high and the risk of liquefaction does not threaten the existence of this area. The soil texture of this
area consists of two parts, one part is sandy and of SM type, and the other part contains hardened
sand sediments. The boreholes in this region have a high SPT which confirms the authenticity of this
issue.
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