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Investigation of Reinforced Soil Nail Wall Behavior against Surface Blast

S. R. Soorani, F. Khosravi*, S. Sharifi
Imam Hossein University
(Received: 22/10/2018; Accepted: 26/01/2019)

Abstract

Excavation of underground spaces provides locality for military and defence application. The stability of the
excavation wall is one of the important issues in the field of geotechnics. The use of steel anchor elements is one of
the sustainable methods for stability of excavation walls. These anchors pin the surface of the wall to the back soil,
providing the wall's stability. In this research, the behavior of soil nailing, anchored walls and their combination
against the blast load has been modeled by Abaqus finite element software. Also reinforcing elements are placed in
different walls so that the safety factor becomes 1.5. Different numerical models are chosen to determine the best
plan for dealing with the dynamic load caused by the explosion. The explosive charge in software is equivalent to
the 120 kg TNT explosion, and this load is applied at a distance of three times of the depth to excavation. Also the
modeling of full anchored wall has been verified in static mode. Based on the results, the deformation of the top of
the wall after the explosion increased by 5 to 65 times of those before the explosion in various models and the
primitive deformation caused by static load increased after excavation. In a wall that was completely reinforced by
nails, static analysis showed the highest amount of deformation, but after the explosion, the wall reinforced by the
combination of anchors and nails showed the most deformation. The safety factor of the nailing wall before the
explosion was 1.5 and then reached to 1.01. The explosion also caused a 110% increase in tensile stress of the
Anchors.

Keywords: Excavation, Blasting, Numerical Modeling, Soil Nailing Wall

*Corresponding Author E-mail: Ferydoonkhosravi@yahoo.com Advanced Defence Sci.& Technol. 2020, 01, 433-441.


mailto:Ferydoonkhosravi@yahoo.com

WA Glio) oF o lous (s Jlw <y 98 wiBlay (gla g 59Ld g poler oode @y pis

YT

Jle gl ol g lamill 1 Ly agzlse 10 by ppasa
Jos glaie mhas S8 5 Bas oy 4 [V 81y 5 (5L
Jog asm alaie 0,5 Juw b g ozl o)l L cow
Ol Gl Gl 5 SL5 Laime 5 (KObE) arsS” IS5 4 9520
ahio | dagian ol Lid 5 b slals (e bl coo
o by plrals (oS &5 W8S A g 03,5 (o)
abeS 3l i (Sl Hlade a4 aS) jlxisl e 555 Jigd chi
Seolins Julow 4 35 (Y] oK 5 (6l el (Conol i
Sl SO cow slopls adaie b (s sl Bg (goman
)9 sJ_lgf o)‘d_? Cwles Lsle,».ol)l; ).u.u l; 9 a.olo).. gs)é
LasS o f aos Sl S8 4yl 9 )il 7,5
S s B b (g5, JLd )Lad lade TNT 7,5 jlade (il
Ly e 5 488y ol o] 31, b S 5 Sa S
S5 L g Galidl Bes IS s ¢ g ojla cwlses jials
SLs g oy SonY Kb nw (S S nS a4l
9y = 3ais L IY] (ll5en 5 lio ol o (201531 T S,
6 s ;51 AUTODYN Ij 3l 5 5l oolicul 5 Lo ;oS se
r BBl el sleldl Jlie o 1) B yo (Sl
s ales 31 il 3 4ol 5 e i b g oS
s Jg5 asles 5l T zes slyal ol dge dold G o
Joigs SO 1y oo bl SIIE] o) e 5 b auzily
Boe 50 gyte g8 S1aS wiid S a5 W0 )S ) 9
o )‘J—ZASJQ[_LA Lg)Lz.a;‘ oaLoj o..\.w).n.>)...4v)|).»_..“.:
2l aksej ;0 09 walgs el j9She Jig5 il TNT o S6ls
ol Slinios o Lol ) 5l cod ey slalad
s o] hlsen 5 o lagaios 4 Gl 45 Conl w5 & 50
5 eslawl b 8] o)) Kan g of oges o il [£] o) 1San ¢ g
5 Gogd sla Jos anlin 4y (FEM) dg0oe s3>l g,
o5l sl oo g jloxiil Bl )0 (580 (sloojlu (gamans
S5 5 Gibwdams Gl Laglaisloy T4 sdas
30 4S Oygo pl 4 w005 eolaiul (SPH) 4 51,5V lalass
5lamwl oy la IS s oo S Jow awais 5l ablis
5 48,5 oS 55,5 Lol badwnd plu o 5 @l)d Jow
sladelos sl (o3 JB s gomgs Joo o w85 axss
odudy (gode (gikw Jue 4 [v] OHad g do 31> (5 loail
G,Y- 6 Lol disn g, 5l eolaiwl L ygdae il
Sl ol 8o o5l 9 SIS Gl (o) 2 5 (CEL)
WOl ediws g Jpglie S ax o aiils ly g aiSlo

de2g Jlo Il sl oS loxail 515U 0,00 Shad g poee

doddo )

oLl ey sbolad jloslasnl Jole e aidlay ol o
(i Saladd die; ;s 4 JlB 4SS ol slojs
pLS el Ll o bl &y (o iss slool, (3l
SN0 39S igrhne (oo 50 (o) sl el 6l
Gk 3l WSl e (e 5 Slalidd (o i ol e
Ls o0l8 Caid o)lges (gl louly 025 &5 o6 locis
U s a sl e 0I5 4 Ly o la s (5395 slabn
ol Sl s S LS il ezmen (Selis sl
il sla by, oS atids Glagle; 5l )55
oolawl 0550 g oo dlgiion (6,10,0065 0l (g5l ,lul 1y
S o sLacSly Ly 5 sl e 5 15
o,lgs Gloplaaly polis S8 5 6)lly sbnl slo b,
ls=ean J Getsl 55l St sl (510 2055
ool 850 IS, ol jo dge (LS ojl (6,li> (laptas
sl 5l (Hgs i sleessn sl 15&'.)*"1 5 wslass 5718
Jsero 60M0o VAV . dans , 21l L aS 0 5 colazul plls
2 St slapin 45 oLlie 4 aagi Ly aiogs
2l o S Goee slodgS oimgan oS8 lags,lopess
315l 5 gume loolaiwl Ly conis aiyls (5400 10065 (slo g,
W 1093 5 Lol Al 0 (6,5 e Sngexe
Smaz 5 g 69990 U olnl 5o 65l pies b s)lo 058

Sl So bl ilee s b glojlgns SIS ol
53 6 nk ol o Bus a8 aia 1310 5
5y Shee iz 31 g o] oyl S it ol S
S an Glorw 35 b oS s o0l i slapsabi b
@lealr S5 5 glak Lhis gl g wload Jate sel
oa s la> szl sw o byl gl oo oolasiul 965 o)lgso
L5 0o )8 o ooty (2 Iib 5L B (9uil g Wigd oo o
S Jie slojle Gledl e 5l g e 1) 5l8 9550 S90
S sl slppimms (LS (Fhb g cle ils o
2ol @ls 48 ais i Glaptas 5l 65 i sl
ol 43 g o St b adlie 5 ozl Ellamdle
bl b akl) 0 a3 S ©)50 slagiod jl slasdls
00,5 oo ¥l S clalame

S renS pgmad )3 0didid S O jgo o iagh sdes
iz sboojlu ) (Db 4 baipe S )0 lxdil 250



FYo O g (lgm Jgmw ) dw tcxdran Hlxdil il 50 (6,105 ) koo gy ool pglio Hlged HLdy (oaw )y

i o VY

oBzils o ldepled (5,lee i b 5955 VA Jluv o
aS () J58) 00 5 2l (6,135 15l ol jon 4y Texas A&M
A dalgs a3 Sa goue il Jae (rione plaied,
ode slagiludas a5 ol (nl ;0 990 cnl Sl o e
plasl Jlees nl 59, 2 soue o)l sl oslainl b (g3oaie
Ol oian ol sose slagslodoe (e 5l el oot
o 0,5 0, La 1939 Jlw 50 DNV ot 5 0 gl @
A S e al ol g e VIB i)l g e 7e Job syl 5553
o ooliiul 3550 b loe el yio VIFE LaSs slo s S e
e YIA g VA 55 50 Bl L az )0 ¥e ool aygly boggn ol
e yoikee AR a8 oy baaileST ailonys 5 caai (e il 2
Sl loas (65l o jlos (5 KL sl 5 VYITD Jsbo
ol 00l oolaiwl o oo YO Hha8 L s0Ys8 el 5l Lo lge
e S il 20 VIY Ll s 30 50 4lo5 Jsb
ST das Y (o) e (6,0 1T Y SO Juls
LS LOYAD KNIM® lawgie ogase o9 L slaslsog,
Y g mhaw ;0 o /Y M ;o ap,0 Ve ol o,laslonl dga8 d’....o.Lc)‘“—

el g 5 &S e Y M o a5

+3.0¢
¥
| 415
+.0k | fjﬁfmad Cell
5.4 m Unbonded length ;

~ [ - WE 6x25
£-10F 14 Dywidag Bar Soldier
= (GRI50)
g -2.4 Beam(A-36)
= RS
s-3.0F
7 3.6
L | 000N
@

5.0k 48 g 7o

n
J0k
|
x Settlement point| (I (@
90; | Inclinometer 1.3 -2 11

Texas A&M olXzils «los 35, 90 b oo cid o jlgns ) JSC%
[yl

gl (1,5 gooe Jos (Juo (priwioe Cuz 4
oaddll )| mllas Clasin ulsl » Abaqus |l338le 5 L (gasgs
iy oyl 4o sadaizle Jaw 5l 855 o)lgs ;o celiwmsa

sl 00 45|)‘ 03D d)ﬁfo)‘k\j‘ )iQL&“BQT?JBﬁ)'? JAA

DS e et s 1) Ol 590 0392 8, S s Sains
el 138 56 Sl Jlxisl zge plp 0 S 90 039> L3,

S S slaosls 55, 1 ol 55l anses o Sl
o=l o el A8 S5 O jen Sz Olaasg gl 0sS jo
sges o)Ll [A] o)) IKan g yog51,008 g Budios & ()lg5 o0 Ao
Seeliss sla )b ol o suimlas Bl> s L8 @ a5
Sl sools g aslllas pl zuls duslie aslazzls 5 (i)
S8le s 0 SVl Joao plBaspls iol58l o S, aS ol las
Seolins k6l i e TARASS s ¢l
5Lk Gezren e e i | el AL 5o Jlss
9 Cl_...n SLs )‘5_3'\) )L';_é) A_MJLM 9 L [Q] ubli@
el an Ivel gy wslassls y Jlxisl ply jo Sys lges
s (Sealus @l 595 2 s ,lomiil (sl 055 3L
U‘Jﬁ) d2Jlas u_’:“ B u_>‘d).: 0)5)_1 AS_) Be o..\_MJLSJB_iz..A
Sgazme Jolsi (6,55 bl ;o (Seelad s)luly (Slewlow
slou) dely Blwlxe ol 0,8 &l amdn ;o Clo g
P 0db 9955 Hlers (Sealind 6yl Sl (ernlie (G iy
J= i haly ol oM i 5l B 9 00,5 lxall il
Sged
alga ool slojlgas JL8) () Allie cnl 5l Soa
o vgame sl 15810 5 5l eolatwl b (goYed sla Lol
52555 alrsgdy 00l s 0,190 Holate (el iy Cewl (Gungd
Abaqus ,l5-8le ;5 5l eolaiwl Ly jloail Ly ol j0 51,50l g
sbooloms o, Shee L)l St 41285 13 0 950
el saboolaiwl Sglaie (5 lpe s b Joo 4w 5l (55l
Olimebl (o 5 (sl ls a s el oass Ol glaigSa s Jawe
0520 § 3iS g, Hlow dm dalol o ail Sl g lal

Gl (g, ¥

s 2l b oalil 350 ,l53la 5 o cadarslo Jao lazl 5
S9d o (Friwino 006N Il Gulieples (o28ly 5 )90 S
Oliebl sudaisle Joo ps (s Lalpd colio (WISl 51
=l 50 00 lanly o)lss glaosls 0g Judoay 5,5 Lol

255 g0 e (Sl rrons e ol 35



AN Gl oF o)l oo Jlw ¢y g8 wiBlay gla g 59Ld g poler code @y iid

fFrs

Elevation

-25 22 21 19 17 15 42 M1 88T 6543210122456 78910 12 14 16 18 2

Distance

Sl loles (550 V0 055 6 o lec Jae ¥ S

(=) 02555 5 (D) o0l i Slee 3 (o5 5 Y Je
oads oald 13 -V/D 315 9 Jol Y [0 00uS hen e Gl
Ao o dges Jobb azlg 4 o5 Y ojlaila Jlae opl ool
56 A b a¥ss 5l ol 15 50 g el oid S e
0,5 oolatl [KuSs 51 Y alols 4 gy F s Y

ol ml 00 gSEue LS Jue o a5 Y Jow 4o

o s 99 9 ,RSe 5l ste VB aAlolil g A s s,
o ooliul SuSs 5l 5 ,me 10 akolil by 5 50 (s %0 #

Sl 1B oS ZU 51V 515 50 Jlee ol o,

3 JuE-i}
1
-1
3
5
c -7
2
=
©
=
L
LLI
-25
2523 2119171514311 9 7 5 3 1012345678910 12 14 16 18 2
Distance
of . . - - . e -
Sy de sl S5 e Ve 08 F S5
3
1
1
-3
5
C 7
k=l
E -9
] -1
Ll -13

-15
-17
-19
=21
-23

-25
25 -23 -21 19 -17 -16 13 11 9-8-7-6-5-43-2-1012345678910 12 14 16 18 2

Distance

oo boles (s yte Ve 355 .0 S8

8
7
6
.5
W 4
’)~
&
> 3 g
€ » / Abaqus 2D
/ measured
1 ) === Abaqus 3D
0 ’
0 0.02 0.04
M) 55 i

5 9y Je 50 odddwlne g oadig pSojlul a8l glrals Y S
Texas A&M olZzils dy Jlas lp owions Jow g ol

9 g oo )0 055 gl S s (V) S8y az i L

J=oe o ‘_,.‘_15 S (295 d;l.la; Lgl)b omd);oj.\}‘ )l..\.ﬁ.o
S s (Sbntyd Jin ssbnpdos Ja SO S0l (55,3
Jdoas a5 el ools ylid sad s uSoslasl poline 511, (6 xS
= b dolae 5 1Sl (G50 SbS VAL 00 in (5950
S yemo slaseSas giluJoles Al sl amin SO L LSS

Joe bl ¥-Y

Joe aw cond ol lgs o ySles ks £95 )-‘-'L‘ bl sl
:.Aio)f ol BUS RS =LY

(Sl Lalas) oauts iy Jlee SlS ) Jas @
03 i Hlew 9 (2555 5l oS Y Jaw @
(5 L) TS CI SLls ¥ Joe @

33005 51 o Jao cal 5o sl Ly o ey sy

aaloysl lwl 50508 ol Spencer g, 5 GeoStudio
i ool Il sbeo s sl plaebl oo 2o FHWA
e 3l VO Bl ol oils Sl s (635 e
SIS Jas a3 oo Slasio 5 Job (olater ol
VIO dga ;0 liaedsl o o Joo dw jo ;0 a5 wiloads Gl
adloads eols i (Y-0) sl IS jo Jow aw W oy
s Boyl5s0 ol (@iles sl a5 S Slasiie iz an

Ll 00 43|)‘ (\—Y) LngJs» B ““t")"

035 i Hlee 39 51 o)led Jaw o)l (g3l lky sl

Jsb a5y 4 (5 Y 55,0 L g 51 o o & g5 eolin

lbgé )LQ,Q 9 -y )‘).) )é JB‘ )Le,o Ll 00 JLQ.C‘ Ao 2 Oges
Y O PR e i A T R



LARS O g (lgm Jgmw ) dw tcxdran Hlxdil il 50 (6,105 ) koo gy ool pglio Hlged HLdy (oaw )y

Olime 40 0y mite oole (18,5 Ll 10 4 dx g3 b ol Cewody
Slzail J1og8 jhad (V) alayly olul o mghy ol 0 VY- kg
Al oo Cawdas YO M sgas 4o
Ol jo jLas gl cus s (Y-F) Lalg, 5l eolaxwl b
Slade 1 jlad as gleyoas 5 JSwly s 5y (Po) S ol)'T
(ty) Lol e plojoas (e Ly s co oo 4 Sy
)b?_oj ‘)L\_S.A 9o u-)‘ )l oolai_ul l_> as Ob)j‘ro 4.»_wl.’>u)

IVE] 0T e sy JI108 550 & Jlae! oyloj - i

252R\ "
P, = 0.0488pCf. | 22~ ™
w3

ta = 2io/Po )

Cenl M/ o> g 6)|Af)b T € s C g(\ﬂ—f) .]a.:‘B) 3o
9 L.M‘VO leo)).! [P ).‘Sl» BCS L.§|°))J Sy )l ‘f.)l.s as
S Jep ‘.\_J&_A Cewddy (B) alayl) 5l awle S (4l
9w 28 L aS Sascas cuyps fo koM cus
Sl 059 AlST Iy el YIVO sgam> )0 051y slawls S
D] oo camsas (8) alal 5l a8

n+1
c=e+ (),

n—1
n ®
c = \/E V, = 488f. (Zﬂ)
4 w3
lo = pCX"™ )

Sl e iy S 0l Gloals Sl XX
(V) adal, sloslawl U g cl fygdas daad b 980 loxail

xmax g (252R\" "
_ = e0le( 222 %)
w3 “\ ws

4o by polie NSl 5 cadasl)) Ly, Gulul
sga> ;0 SL 3 oljT plawe jo L sd xSl > SL S
ol o asl jlad ol g Wl e Cawsay 10 X 106 N/m?
il ol 5l (=26 (65,5] gty (nl )3 ey o 4l
Al ools Jnl S a lej- il Jloges & g0y

SibwJow F-Y

it Les s,l5-8le 5 ADAQUS l58le 5 Sl 4 4z b
) SsS555 g5l Jae G slasls 5l (B s SSTs55

oads Il sleo,lgs S Slasie ) Joos

\ Jowe axlg Slasin
VA [kN/m?] Eetled oyane Ui
yunsat
\ [kN/m?] C (St
vy [°] @ SKhol a5
¥ [°] P eglest agl;
Foono [kN/m?] E Sl Jso
R P R
\Yeooo [kN/m?] e
Eff ooz
-/¥Y - Ko« S1 il oy
A - v ‘Qj...alx w]..o

oobl o (V) Jgaz jo oanasd )3 by o slusl aygly
WYL Sl ol aygly b slawle sloSe ol eder slorioy

DVF] el (0 alal)) 15 & g0t a5 Col a0 ¥
Y=¢9-30 m

Gl laaly jo oadoslanl (gla e 5 o ,S5LE lasin ¥ Jaua
o,lg0

oSl o &l axlg Slasuive

- Yeoo | VASe- | [kglem?] POTIIERY;

- Y Ve [mm] Sleo yhas

- - A [m] g ST Jsbs
e 505 Jobo
Yeed | Yyeed | Yyeed | [kNm? | E (Kb Joae

- Ag# ¥ [m]

YEeo | YAer | YA-+ | lkgim] | piogase o)

U Ggmilyy o p
<[\ - - m oo

BICTHIFIR S
aw alold 0 TNT ¢ LS VY- jlxail Jobeo ,b il cpl yo

logialesl 4 azgi b 3,8 0l (o) o 2 255 Gas il
69y = DY] LS § (g sl s oiplonil Sloe

Slgiiin Lol J15s 5 ;b gy (V) abayl, cibizes oS>
%

D = 051(W)3 + 5% ™

oy 0 y2xiio 03lo Jolae TNT (50 W (V) alal, o

IF ol ) aal) 5o +/0) cu s VF] o lSs § !



AN Gl oF o)l oo Jlw ¢y g8 wiBlay gla g 59Ld g poler code @y iid

YA

2,8 8 anlie 0,90 oSOl jo g0l lew g 0,les0 o
ol (Sebiwl IGT 5 e 5800 5 50 Y Jow pgead (V) UK
ezl b Oglite SVl Jgue b slaanmli 550 JS2 a5

Gl 0000l UL»...’

L) Sibol 50T 51 Gy Vol Jore 8l S8 s WY S
(S5bgn fitar JSib yeeis o 5, & o
PO S Y Je Sl Bl mls Gelul
= el oa sl o 18 515 o Sl p0 &S S S
slog b godann lp o8 sldn Ul e olol e
SLoslee phaiie mhaw Fas al3 8l L cnl 5 5 e
O Ol o GBI L a1zl (2138 s sudoslia
ailse Gl el o sntiolxy]

0091 iy gl (ol o T o led e o

Caddy 0555 g5 (Sl )5 esliin] S lpebl cupo
a oatlys )l o 3l eolil b liebsl 5 (5,51
ool et 095 e 00ls gl I [VO] o Ien 4 455 allie
Slade 5l (Soil aS ol cwsas V0F liebl o, o
2 sl i ol 955 13800 5 51 solaul b sdwlcassa

el oals ooy plid Syl Judow e 0 ¥ Joe (A) S

Sl Jelos con ¥ Jow A S
el 31 sy <l aiin (A) S S psblan
3loslinal b 65l liabsl co pd o3355] sty sl 51>
03,5 &S > o il AF 5l w995 aily, Abaqus l38le
9 =28 ol e 59 995 ol Skl ) Glas Gl g e
LS i anlsl o ool il 2alS aglie sla el
50 Jow d ;0 Eo SSLs (o oddolnl sies S 065 o)lg0
ol 50 ol ] sla loges 1o sl sa @il (A=) ) sla IS

059> ;o ,l38le s ol slacgsgaste alax 3l o jla 5g5 (o
S oS3 o e ¥ 53, Jao 555 pte Sty
9 G NS,k odgazme (28,5 Hai o b ISl &85 sl o]
¥l Joos (oo V) 5 @5 bl 2 sl n)b
SOV 5T vgad 0lg 3YL T, (g 10 )k edgasme jo S
saalcwoas bl o las axiin 5 )bl Judoa S
ol 3 Al ol e Giag, ool 3 055 5ol
P e b 0l Sl le a4 S Jems Jgse pl
pos sl atgad slajye (Soalins LT e g5lu e
Al ol 4§ L jo sgasmel ol 5l Lo b s
0] s a5 ol 4l 0505l 5 dg0me e g0 b Joe SO
V Jos g () JSi (o 0l walss a1l bl Cend

el oo ooly las

Sty Gy il 55 45,5l slo ol o5 b
plasl sl e Ololl 5l i (Gamgd 5 havee (255
S 28,5 plnl g0l 4 ot e 03,5 eolitul o Julow
oMb 590 by e /0 e olayl 05 g0 4y Suo 3 odgame 4o
Awgey oo sy o0 o 1 4y Gl bl Colgdyo o)lges 5
b g 95,5 Joewire Lol Ly Sl 8la 5 s Lalos
S92 S5 S g Wd,5 Je 38 S90Sl (Siwgl
o eizen 35 Jlesl (] )3 (SS9 b Jolee
L S ol dyzl s ilodos slaan 5 285 00 YU Cye
O 035 ALl b les 51 Sy 5o 5l il e 10 5l
gl G pl5asol5 alilas ol 5 90,8 o Jlab Jlge o]
205 o0 S5 sl posS

G e 3l m Vo P USSR

(g ol 00 (B8 00y sl (53l Je 40

&S Canline Glay ol o)l 0529 S Jlade 4y S 5 )lgwe oy

 Sbe @ (S )b JES U5 Sl (Kiwgey Soond

olizes 5JUT sleail L JLisl ol 5 0l (oS 9o
S8 o0 Do

Hlail l d N-Y

el coss Lol ool Le Jocs 51 S5 s g5loJoe 5 ome
soioloml S s yliae B a8 S )18 56T 550 (S5l



fra Oen 5 Slgms Jom ) st Pl il ol 53 (65105 ) oo Alpmogey ooy pglilo g9 LBy (w2

Sl 90 5l Les aSST Jdoay Sl Loles Joe o cwl jasin
o)‘%b ‘5\114 )‘ Sy A O,o.c Be ‘5!9‘ )LQ(Q 9 Sl ould oolazwl
Fi s Jlo ol bl 4zl g 43 095 2l o)ls 13

ol ;550 M50 90 5l HeS ol locwend [0 Joe ol

Sl gl s Y-V

595 Boc plp du alols ;0 TNT oLS VVo il Jolao s
23 O ol B 0)ls e VID (550 e (Jome @ e e )
O (V) S 00 8 o )ls S as aslh /-0 olejoe
ol ¥ Jace jo 1y il 5l ey 4l < /oY S s sadols]

Ll 00l

.
Y Joe 5o bl 5 e 4l 1Y S s ool s )Y S5

5 (99a20l) (551 Q3> 50 g9 90 o b Judi ) Joe jo
2 Oy 93 2 0 0)lgd JSb ds 28,5 plonil Sguzeae e
el 0 1| (VY) S

12
3,85 Leles 2V Jow
10 /
_ /
3 8
D /
9
E l
E 4 /
/
2 { A Sgaome 5
\ e SRR € S F 0N
0
0 0.05 0.1 0.15 0.2
M) S s

SilwJoe > g0 j0 ) Jow oyl S s NV JSCS

sleslaiwl pae el asin (VY) USG5l aS jsb ylon
0ylgn0 jo S pukd (gouo,0 Ar dga iuli8l el LAl e
a1 ol 51 e 0)lgs an JSKo sy (VYY) JSS 50 000 5 oo

] 00

Toe olgicds (555 S g 395 0,100 B alai) 845 zuiS allie
Lol ooy a8 5 L5 5 Slaize

9
o—
o Nv;
——
- - =—$
3 —— Fullnail
i —&— FullAnchor l\.
g Composition 4 ’

-40000 -30000 -20000 -10000 O 10000 20000
N.m)y ooz JJ

Cu,Sils o chas S A S

slonsl 551 LoLes 01520 55 S5 e 5 (1) S bl 2
oSl (K55 5 S i 50 YU Gied e el oal
Sygmo 50 A4S Cewline Glay (pl0gd o 00ys b SOl e o
=k obes o Gl b SIS e jo IS et Sl
Hlas g yinn b bojlgs 5l cwnd (pl (6l oo ,SSLS
00_bdid 8 O ygo (55l Joe Ho aldl gl solaiwl (g 5 iwglas
o=l Lo SOl ey (Jg oo 9)lg yie /0 ) oy ,SOLs Cwles
5 s Lales o)lsm 50 el oot o ly +/+ F cwlis
ol 522b 550 041550 90 s 4y ouliolon]

\
4 \
2 )
/

12 —— Fullnail
=== == Composition
10 \ FullAnchor A
98>
by N
3 \
3

0
0 0.01 0.02 0.03

(M) IS yeeris
fudos 51 o calisee slo Jowe [0 0 lgss a8l S s ) SO

Sl
PR R J&_..;Mu&u ) s awazgl
ol yiion 055 ZU e 500 0)lgn g0 5l s Loles o,lgn0

Jlos! Jdoan o)ls 0425 Sl a S olo Joo ,o oo
a8 el 00l 00 iS S Coas 4 05l950 Y 00l s

J5 S5l 092y Jdods (oS 5 e YL o8 (8,95



AN Gl oF o)l oo Jlw ¢y g8 wiBlay gla g 59Ld g poler code @y iid

f¥-

Sl Gl el ol jo o) 55 (5 OV @ lade
bbbl oy sl il slopledl (SodenS L 5 peles
e 48,5 L 5o Jere culps 5l i

655 Jome Sl Lalad Jome Ui s 2lS” (g1,
el ) Y ol plaebl oo L sl Joe Olyea
o8 58U Gy o 0,8 LT g sl (Sl
o olps SladSs s S5 )0 ol gleebl o
alold any SSlaw 31 Jow ol 50 0,5 J13 cw)y 0590 loxa]
O 00,8 oalatwl (V0) JSi b gllas [0S 51 2o ¥
=SV 6oy )Tl 5l Sy j0 0l ool JIE-Y I s (ST
el oads Jlosl (S5 G958 Olsrear

2.04

Elevation

26 -23-21-19-17 15 -13-11 9 -7 -5 3 1012345678910 12 14 16 18 2
Distance

GeoStudio ,133ls 5,5 (V) ;S5 Lbled) p ez Joe 1O JSi
o ol e s ) Jow ojlms S8 poss (VF) JS& 50
aie (VF) S5 10 a5 jsblon el o als (L Loxadl
Ve Cond 4 ¥ oo ;0595 Ly 9 26 50 S8 i S
FIV s e Sl AUY 5l 095 25 ISt i g ol j2eS

RLIUW] P VORGSSC Oy 0

12
51,551 Lolos
10
o o8 —a— FullAnchor (2)
% —0— FullAnchor
E
€ 4
2
0
0 0.05 0.1
(M) IS 5

Sl 3l T oo 9V Joe slons (B JSS s N JSS

Ol o=l g sl ool Fagame 965 ZU IS s gogu> U
i s pals o g lul lawdsl (o o ]38l canline

=== FulInail
= = Composition
et FullAnchor

o

<m)Jg~,,w

355 0)leed b ylxil g0 3,95 2 5l o 0l2d UKD sy WY S

51550 Loles Jowe o100 50 JSa pss (V) UK oll
St i olien ol Sl b ol a8 0 o 30
5 e Gl il oby (i il Vo 3ga> 10) 965 U 0
loojlw au b i ool (sl jlome S8 ot dalioyn]
oo zybae ;e 5l VIO iSTas  Ssbial b s jglone
ools luiis 993 5l 1) JSo 5esS (0 5 e (25 5 0l sl
Cline ol cpl sl 0)lgss op paes Hlaie ol 5l as col
5 B S 5o sy 355 L o SIS, 5 eslinl a5
Jlos 00B 05550 0)l93 )3 s She (lain Ll
BRI I U TON 2 BNSVII-S N GO Y WP SO 1 [
bbbl co s bl (pl a5 .00 5 slol il zge 9,55 5
o)lg30 (6 lubl Jlaiml a5 canline oylay cpl ol Cowsay Ve
IS e OF) S Jlogod .ol YU jlens ol 51
Jlo 9,8 5| oy mio S plS o 1y s Llas o 50
oa=aoLad (S JSd s iy oo LS (1>
el S ol LG gg 00

(m) 40‘9.1& &Lﬁj)‘

o N OB~ OO ©

12

10 .
—a— Fullnail

co

M) o)lgs glas )|
o

0 0.1 0.2 0.3 0.4
(M) IS s

Eors 3l o 1) A e Ll ojlgps S8 s IF S
Sl Jelos

Sl (aal) (K Ceomnd )0 onlol] (5,97 (59,0
) il 3 s 45 595 ¥ o 5 e sl



FF)

O g (lgm Jgmw ) dw tcxdran Hlxdil il 50 (6,105 ) koo gy ool pglio Hlged HLdy (oaw )y

(1]

[2]

(3]

(4]

(5]

(6]

[7]

(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

b 0.0

Mobaraki, B.; Vaghefi, M. “Numerical Study of the Depth
and Cross-Sectional Shape of Tunnel under Surface
Explosion”; Tunn. Undergr. Sp. Tech. 2015, 47, 114-122.

Tiwari, R.; Chakraborty, T.; Matsagar, V. “Dynamic
Analysis of Underground Tunnels Subjected to Internal Blast
Loading”; World Congress of Computational Mechanics
(WCCM Xl), Barcelona, 2014.

Tahmasebzadeh, M.; Tahmasebzadeh, S. “Effect of Using
Blast Wave Trap in Tunnels with 90 Degrees Bend on
Reduction of Pressure Produced by an Explosion Outside the
Tunne”; J. Res. Dev. 2015, 6, 201-210.

Yang, Y.; Xie, X.; Wang, R. “Numerical Simulation of
Dynamic Response of Operating Metro Tunnel Induced by
Ground Explosion”; J. Rock Mech. Geotech. Eng. 2010, 2,
373-384.

Lu, Y.; Wang, Z.; Chong, K. “A Comparative Study of
Buried Structure in Soil Subjected to Blast Load Using 2d
and 3d Numerical Simulations”; Soil Dyn. Earthg. Eng.
2005, 25, 275-288.

Wang, Z.; Lu, Y.; Hao, H.; Chong, K. “A Full Coupled
Numerical Analysis Approach for Buried Structures
Subjected to Subsurface Blast”; Comput. Struct. 2005, 83,
339-356.

Hosseini, S. A.; Hosseini, N. “Numerical Modelling of
Underground Explosion and Response of Buried Structures
Using Coupled Eulerian-Lagrangian Method”; J. Res. Dev.
2018, 9, 325-336.

Yogendrakumar, M.; Bathurst, R. J.; Finn, W. L. “Dynamic
Response Analysis of Reinforced-Soil Retaining Wall”; J.
Geotech. Geoenviron. 1992, 118, 1158-1167.

Baziar, M. H.; Rabeti Moghadam, M.; Gholipour, S.
“Numerical Investigation of Gravity and Reinforced Soil
Wall Performance under Blast Loading”; J. Res. Dev. 2013,
3, 259-267.

Xiaolin, W. “Study on Effect of Excavation Blasting on
dynamic Stability of Soil Nail Wall at Foundation Pit”;
Blasting 1998, 2, 016.

Briaud, J. L.; Lim, Y. “Tieback Walls in Sand: Numerical
Simulation and Design Implications”; J. Geotech. Eng. 1999,
125, 101-110.

Osouli, A.; Hashash, Y. M. “Case Studies of Prediction of
Excavation Response Using Learned Excavation
Performance”; Int. J. Geoeng. Case Histories 2010, 1, 340-
366.

Ambrosini, R. D.; Luccioni, B. M. “Craters Produced by
Explosions on the Soil Surface”; J. Appl. Mech. 2006, 73,
890-900.

Smith, P.; Hetherington, J. “Blast and Ballistic Loading of
Structures. Laxtons”; Oxford.1994

Xu, Q.; Yin, H.; Cao, X.; Li, Z. “A Temperature-Driven
Strength Reduction Method for Slope Stability Analysis”;
Mech. Res. Commun. 2009, 36, 224-231.

Hsiung, B. C.; Dao, S. D. “Evaluation of Constitutive Soil
Models for Predicting Movements Caused by a Deep
Excavation in Sands”; Electronic J. Geotech. Eng. 2014, 1,
17325-17344.

(V) S5l plas Jow 5l oolaiwl cdls (o .ol 00gs Ji5e 065 U
IS i (gl Ul b e o sy yloml 51 o o2
0,lgm0 yo jlome JSi jess 00 5 oo (6 e il PV Aoy
e 3975 45 305 Lol T jlne o3l 51 Sl L 555
ool e e ol jslme 03l bl lizpen (Lo IS yis
S SIS &5 (5510355 (ilu sl S slats; (Sl
I8 i)l 055 (051800 Jlsus fazmed caiivs (i

S5 A ¥

e boadlaoly jlees (59 sl (6185,0 il dllis ol yo
St s @l bl 1o B 5 13 (o) 2 0590 58V
(OlaSs golaol liedsl o o lhls slaolass jo cniialnl
i il el Sy 0 g il cilite MalS Al s
Sl bpplaidlo 4 5510 355 (o5 Jlo sln oSS
b @bt (izred 05 Sjge SO i Sl 5l (b
25 ol S sd sl $O B0 il caely lowisl wisls
3 S s Gl meS g0 8 calise sla Juw jo 068
RN P PCTOE PSS FSN B U IOV SRRV < N SO VRS
Sgai 85 b il b el s jleas b JSK0 yoss J 58
39 IS5 o5 J55S ol 058 SVl o S 5 g 3 ool
PIESRERUIN PRV PN C I Gl E ] P PYR PR SC gPN P PR
@Y S8 Jolws 4y oy sl (095 2 9 WS (o0 S >
ot o g9Sese oS 0 S o 8 1> sl @ ol
|y ISt s (525t L (Sl oo 5 43525
S 9o 50 Ll e Jles Gl plsebl apo g ctls
9 090 5al 5,0 L oo Ul Joe anlio L el cwon
0)l5 5 JSb et (a0, A Sgam alil agas e
3,5 ol 390 el e S 4 dgazee jpe b odd e
Lavojlgos 51 slomiil (6551 oty o S8 jess Ral381
sloe gl Las 5l 6 59> (6l ame po ol
Szl e 090l oolawl lxasl (g5le Joe (gl dgaals
A0S 00 i sl lge 0 1S gae 0 VY iolidl el
b 6yl il 5o pluebl o o rals el il ol
P 0 4S @lesss (b s sl s el s )5 e

s dz gy aSS ol 4 s (Sl sla b


https://www.sciencedirect.com/science/journal/16747755
https://www.geocasehistoriesjournal.org/

