\VQYJ:}")JBJ; Al A)L«.fuc\' 09> ML'.ALG}J

oLt b 0 3ilso (5 yli> CIlos S y Julxd g 43 35
&b 3T g 5591 S35 g

Y . Vo
ot Xy Gl sl

ONIYE ol o) AN il g o) VYN bl oyl

oS>

2 Gl 005 @l) ‘Ylg @U.e& (S L 9 m.la.c dLmJSy' ‘5)‘.6.5 ojﬁ & w)}}&.a d)l.b o‘.:lc& 2 flgﬁu." olKwd )‘I odlaiwl a)'”,al RV 9 4‘».30)
Gkl Gl oo @libbre S sl dtwsn £489 45 (63b5 el pl o5 sbapile b (g)les Slles Lo9..4> il by sbojgp yd pdl sla s
Gilw By sojey 3l (S el s 0w 1 edlaiwl b 055lSe (gylis Slles Sy (wyp Bun b addllae pl Dyl Gjge Sy Cople olyd
by plxl )5S 058

SledMbl (yglgan 2l 50 ad oslitl glo 3T 5 (65,1 (2bdy SuiST 51 «Sanny Julos g 425 jglato 4 inogs (53)90 dalllan (pl )3 3 (omiy 2 (W9,
ool d5lg yd ol ¢l elmad g ol Bilow icren 5 bad e (ladlulisl o an\aUO,j] o S ¢ )SH8" gliad 5 4y winliie (sla i, jl
ol sy b pbol 455l lis)lS jeis b g sixie slaog 5,187 5 clybbie slasely g Jlin] cdlial (65, mlie lolid (55,5 oslitwl
A duogs  J S Slolul g ond (sancogll o

gyl 4 barye onds olwlid (6550 mlio oyl VARVA W wlid g5 b Lid glaog,S ;0 SUyhas (o5l aue O dallas ol 5> (adly
Cood g1 (e Jalse & Lgypo Y L g (S0 ySU (5551 4 bgupe A ((SlSe slacsisl 4 bgrpe ¥ e olbiord slacsipl & bgre ZNVE (S 38
el 5> b yilad oS 5 Shils oo 4 SUiks 55 gle ggemme 170 polaidl b ks 5 a5l slogond 1 Sipn 5 NV L )8
gy pl o oy b g (g les

e & glo WUl 5 (6551 b3y ey 5| lgise ol (30xta g Egisia Jas lie (oI5 pl oS oK Cllas cdlllan uls polulys 3G g8 Al
Dge5 0dlatl pl o 5 oKt Sllas Sy Julod 5 4550 10 She hgy S5

ETBA 55y plioisi csylis Sy U1 2l 2319 slS”

o

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

el oS witwn oy & dlon 5l Son (gjomw 5] g
5 bbb me (i 55 JELD 0,51 b tigd oo
asolis [V] 05,8 )8 eonsie clyblsw (6 me
S 5 @lolid w4 Lafig 3 olble
2535 Jaee 6l ol @b 4 Ay e 63,
@ ¥ plplop o by lis p Vs Jlo
Sl g LS )Ll g dnged i 53 gt Jod
@olg> gaby [V] Wil cuws jl1 095 gl (79,00
2 aslS gla Jlw 0 Sie 4 e (BB g daxie
srelojoliee (s )58 o (gjloligs slaojon
JrS yokaie a V] ol Laojg s ool 5l (ol 01992

oo
33l Il 53 Lo el )3 (sl g Oldas
(Silw oy Olles > w31 gla Sl o sl 8L
Sldes Co o by g mibie sl Jigh ()l ooy @
Tunnel boring) J5g alede plod jlas puisle YU
[V ]ewl a8 5 148 sslatwl 5,90 (machine (TBM)
b slagedle b (lix Sllos (St Wb &
o=l )l plSin > enlys g9 8y Jlousl plin s
286 slal o > 0,85, [V] cewVl Lo figs
(J55 slojlsd (b Jleinl b b (2l
Sl 1 86 s doa saos VT glgil b agalse

.ul).g.l (od ‘05 ‘_fiw).a r=9l.c o Kisly ey =)

gharibi_88@yahoo.com. |l )5 ¢ pwydo Can s olKisly eyl (ol )8 (g 9omatily o Jgammo 0diaa g3) =Y


https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

2503 g ) y5tS o 5 (g3l oy g Ol Jlasl

Bk ool 1B 2905 G |y adlllae ol plosil @ jg 0

Ly oldas cpl (Jad cubligs g bl Olbbro s
25 S g plolid (s 4

Silw 59 petae slaojgp 5l (S0 ) (pwyp cpl

9 650 2lod) S LS g j9uiS 038

| —

T = Py
/

FroanSfield

il ojeym alizee falie 3 sl olyblbe
iy plosl Lacld olos 1 Soilatums S
L bLsyl » y9ds g pols cldllas ladd [0-F]
2 b el g ool oy Julod g 4550
Oldes b yius g g SG il 0l (g )li> Olles
slabig e wlai olojsy 55 0580 (silu g

ol o & oK bawg 050l (o)l Slles Y gl

\vay j:.':'jbl:‘)"- Al o)w AE 093 UI{//K—“//U' 4lale 93



https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

w03l (6 )l Slles Sy Jlow g 4550

eyate Juy o) sy Slles 5y b
Y pgmal Ded o 0diS pl o T oKiwd bawgs
c‘s". B L;;‘. :..: du . " M ] : (_Su . 'E‘

> e ol ) plins

32 OR9)
oS el imorgs (53y90 dllan Sy il adllaa
J55 ol ojgrm VM e Sl (b o
A ploml gl Ve 5l Gt Jobo L )8 ol Jlas
i ple olSiw ) odliil U igs oyl csyli
(Double Shield TBM) o35S alaiia plo 5y
)l 18 U g (Hard Rock) cows Kw g4
olin alp 4ol jlcd s plxl e F/55
0w Sllos wulld (5 ol 5 (n Fmre 0l
Slilos cpl whbbre gy ol » il plins

285 )8 5Ll )5

o9y jl hblsewe RJUL jalate 4 adllas ol 5
Lo S 5l b oslinal glo 5T 5 (65,0 b,
5T o1l s a8 el ol U39 00!
J)_f odla! L;}‘)sl L;me &‘951 (LoD Ql)bb'u
[\WY]

bosss 03lSe (5 3l 53ed aollne kit &
oisu Y olliwd ol alides ool o 5 olKtwd
Joh=S (= (Crane) ()5 o)l s an 5lS
299038 9 )Uge 9 GLegd 305 (G059 o)
st oy oy ol 2285 )8 adlllas 50
5 alias ealin sla by, jl GleMbl g glae
Goyb a8 eolaiwl (LSS cglad 5 40
OLS)HE ©olad g o)l o) pb 4y olep ) Sk
5 b £55 5 P 23 (o b 0 atslss oSl
2l 925 clgndid  dles Bilaw (68 Al
obS Jold py8 ol led it |y L] S
Elslgii syl 5 Ol blie lulis pb 4 (6,5
PSS ) Comid (0l )3 &S 2y J S bl
Oblpiin g abgi 1) 295 )5 @lblowe U ad aiwlys
() ogMe les S5 0 bole S cua 1) 295

Energy Trace & Barrier Analysis ) glo ;U]
3 osliil 3)9 yimgiy (il 3 45 (ETBA)
Cowl o odlatwl (gdaaie Sldllas > S L cd)S
9 Sl SESS ol (g 2 2 Bl [NYF]
3 5505 3UT slag, 5l ol L anlie 1o b
g Olytad olwlid jog—ad > (date 3,09,
b9y ETBA by, [\¥]adly Jo,55 5 a8
o olos jl alols lblxe slolus j> (canl)s
Sloladl S5, L SusS pl el SUyas 65,1
3P alsdb Gl b)) sl )lpl o s
(G baomo Ly g liapos o,81) Glual cuows 4
g calolid Ban L S5l @l 3 0y9] (oo a3
bl Jewily 45 (655l lio (aled clbobe L))
D] a2 o )8 awyp D90 1y 15,15 sl

ghie plo3 jli> (pile Lol lj2l -

5 ool 5y Caoa 53 31 gl i (il
ol o ccwl s S sl olias
eSSl Glacied | JSiie pl o 5 05w
b Gl 4 (s of ool Gl alex
(Disk Cutter)  ¢,le> slaSusd 4 (head Cutter)
Ll o P S (5 Jols 22 515 3505 0 Ll
Jolis Lacsusd C)’..l ol 005 Oi “9) 2 "y
CablB g S go0 wlwlpy a8 Wiwe olaass
g b ol Lid o (id p Ojgo 4 )l
Ao plS aldes jl Job sladbs sl sl
J55 3 s S Loy Sy a0 bl g5 L
eon il liand N gl 9d oo Jitie
e o slis |y pl o g oKy Lol

oSl (Back up) sl i lace b
L) sage o 1y ol (Jol (sasn slacdles
o Glidi g gyl I Jols dls oo 4 adss
Sl J oolizal L) Jigh o csiloslul (b
s (PeaGravel) (o550 b 32,5 «CioSw Joo>
slecJls | (Grouting) (ylew—w olegy 5,5
o) sl o Sy o il gl s

pLSen g 0 cuad Jlgte slagSly 69y 0 rcuond

ey J:.S}:‘bf Y ooyled Voo U/{UK._"/’W aalale 95



https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

ol o o olKusd jd dalllas 350 sleutisn 31 Sy j0 0l plulid Ol bl Cund Ko =Y Joun

golegy 3yl gl e R

golelJglSe J9sesS

L\wsw =)=\
ui)lxs')\ -\-y
* 9SSl gla e —V-Y
Sigy slagiy —V-F

gt slogiy —V-0

L;‘L.M)?) —\—;’

“¥ Ja;l).w -\-v

Hlid o a5 -Y-)

* Syl g Jleusl LB dlge —Y-Y
04" deuST dlge —Y-Y

(sleoss =Y

e lge —V-F

01555 dlgo —Y—0

S jlas oind 4iiSTy dlgo V-5
by -

Hlid cog gyl —Y-Y

o 3 > g -

* b giu —Y-¥
SSad =D

S g

0y g j sbo 4J Y-V

* (Sl ,5) sl ¥
(st

* o e
(Bolas) 555 o —¥=) -
* S Gl =¥
S Jolge ~0-)

Oe) 4 oo Jelgs =5
ls2 5 Ol 4 bgsye Jolge —#-Y

ESP-Nint
RPN
b F

00,5 oolatwl cadllae D90 oo jd K (ST 50
ol Jelse 6 50jlul 4 bgyye Waosls ol 5l (S5
sbaghioe o2 bl d dhogpw plai (558 )l
el a bgoye (B g (alidy) (omabline 9l
D9 By > e 5ol
5 caol &yl ETBA oo,
o Jold dlsyo pl fs3 ] lie lulid -

Sl olte ol oLl 3] o ipabl y5 iio 4
2 g la anl s g Clial s ¢ | iz
ploslole & b g calize ()l slacas
Ll f Lol S ol 53 2y
A ool [VF] (6,8 sl jlsliwl
45 5l ol Jelse plolid can o (g3)l5e
ooled jlre 290 b duslie (gl (655 05lul (slaosl
g 0ad pbsl law)y gls jlag VO] s

WAY 5 5 5l5 5 Y olad Ve o3[O asliale 5



https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

w03l (6 )l Slles Sy Jlow g 4550

4B ST GV Jsho 4 oy b iy jlat 58
buwgs il o [VA] MIL-STD-882B »)lslil |
Oluds 0l 00,3 o w0l )5 o Do Ol
cJ_l.iLo.} cLJbO‘j)lS UL_“:))).w Oppmw o )9_*a'.> l_;
90035 )35 (el aly Lwlid )y oS,
o day b ylad g8y Jleinl g wud slads,
A g edlas Bilgw g Slbbre Jlaisl slassly
2l b ojgn plho 9639, 10 ol Cud Cdlgs
o Sl g Bilgw a5 4 dogi b ad a5 L
g Yl g biye ) 25 oLl 5l adlas
)35 0 ol )8 Clads slass 95,5 oolatwl Jlw
duds VWY o JU adllas ol Galisee ol e )3 ond
g
S olie o eyl Sy B (5t 53
L_g 04 GL.«:LM: u‘).‘o‘&u d]){ J‘J.gj) &9.99 k.g'w%)
Sy (S SLbl gl (g 5 (Sad Cumdy
Ay Sy a3l & a9 b gt ool 0 A0 s
omple o pbs Jlasl g ud 3.4l 5l osel s
945 SO W AT(F Jgi) Sy wglias o b))
L il Cowd 45 35 dulio b 0] o s 4y S
A Sy addgl Jolod (S ) gliad (sloyline

©ygme (S Glbi8l gl ©ygps e jslaie
Olola 8l ETBA LS (54502 yaiw )0 .Cdply
S polslp pdine 5 QLS Cppie b (S
b sl S gatils (Bis aepllas Ay,
9 mpde Lo, S L g b )llad] (5o ¢ e
w2 g )3 VAN JAd G (63,8 cblis pjlg)
A8 slaylSal) lal (28 L ptin (gt e
O ) g odd oLl Sy bire wld 4oy
Slahidl colas (lise g gl Sy Judod @b

03,5y (Lot (J S

a 4l

650 o OV pl o 5 oK Cownd Vg g0x0
b ol 550 al i sbeeg S o STUjlas

098l (55] @lin (olod (SLolid g s sl
st b Sy a5 Ly bl o S
(sl Ay )0 o Cud wolgmdid 5 Eoles il
@S, (ppodige jgi b ()5 Clul> (155 5
lwlid (ol oly Glis)l5 5 LS osles
PN Y] iy Oy (650l mle
Ol sord JooSS g 03latl 3)90 Cund SV g
Caol 0053,5 &3l adlllas

(555 mlie (oluwlis 5l as (65,0l olos, =Y
Lol 5 had 5l i )3 (65051 2 poome (il
Gihia] oo ol ol als o ol 365 o,
SU s 55,0 golin Loy sl 3Sean 45 ]
&5 ol laylsal 5l pslhite (s i el
Eso jdg0i Byl S > &S (6958 4 3 )T edlal
2 9 0dd mrw s (G5l B o3 B)b 3 g (65
(Lo drS) &lge 9 5551 sgme e 93 cl O
S Hbdie Ly 5 (i ol DY A ]S pase e
23 1T 5 eSS i i

o= b byl g (JyiS cleladl Lol -V
s 33 Og290 Lo S (ooled (lolid b al>y
Shpog Oizped 9 4l Sy G 9 5551 Gl
O 9 S5 Gl sl Cae it oS
Lo J,08 sl (65,50 1 (iU aq gl S
DIV Y A bl g ol S 8 e

5 S S ETBA S5 (g5l o3lsy yolaias
S o=l 23 ojled Jgix) wb oolisul (slojg
g Blaal olas (55l g 5 €95 4 bgrpe sl g
045 6)91@? sosdly 4 g b dgzge o J)Mf
Cnd S jloslitully 5551 g9 g 03)5 eSS
A8 Jo5 Y g

Cygo > 4S5 Blaal ol 4 baye yatw
Cl pSan (J S lgo ColiS pas |y 5 292 pae
A Gl 9 485 )3 0 bny (55 80 cos
il aa bynye S p)lS ol widn (g A8 g5
g et U Coud 9 3l e ol sl S
Jlaisl g i sl o iS5 s 489 lais]

ey J:.S}:‘bf Y ooyled Voo U/{UK._"/’W aalale 95



https://ioh.iums.ac.ir/article-1-679-fa.html

L’
Mer g (Soko dlg> \ °

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

b Al =Y o
iy adb Caogs )
s 3B L Spe b axsls )
e & 0D (6 dodo b Jid low el Y S v
g & Cdd (5 dodo b (Jid jlen el Y 335 ¥
g & Cdd d> | S oo b (i gilew el ¥ S ¥
s ggdy Jlonl =Y Joa>
Bilo s il ipos iy
ool Juto o, Sa g8y A e \
S algs 2 )b (wae e pos b > B Joioee v
ol Joizxo i yos Job 3 o] g98g 0ligl 25 C o5 4 o5 \l
A8 (0 &) s yos Jobo 53 Canl (1S (Jg Canl Joino pé ol g89 D duxs ¥
o 1y ) s & 08 (5 yie el Jotma b s B Jebme D
Sy ©9lab 9 2bj)l o ple = ¥ o>
Sr Sir S S anlb bt ous
(f) (v) (v) () g8y Jloz>!
4A° 3A° 2A° 1A°? (A,
4B° 3B° 28° 1B° (B) Joie
4c* 3¢ 2c” 1C° (C)ols 4 ols
4p* 3D° 2D° 1D° (D)oS &
4E° 3E° 2E° 1E° (E) Jaiona i

it ey 5 oliaesos by 5l it "

5 Jldl LB dlge 09,5 125 5 g3 3l ¥ aliard
0955 325 3 WA (lwlid e dlge 09,555 5 15
SUjlas 65,50 mlie (Slgld it b (Sl
W oLl (5,0l 09,5 25 8 B 5 & bl
9 il TAAL Oy YV L bgiw 09,5 155
Jh 5 )Ltb co By, L TN L Sy )55
Eb sk 5 08055 slaad 574 L plaSyn (uiS
S 9 Gy eSS 4 X0 L S ye 5 g
HByS 0 1y 55 wlie Slgl8 e
Jolos b b ye (slacspl 09,5 5 3 adllas cul 5
sbaciod )3 sl g ooy Jsloe (S0 58
Mooy Jole g Olegd )55 g5 ¢S 95!
oYL Sy sadsl (2L 53 990y Cand
gl Sy @yl g L |y Sy g4,
3 Sapn g 0ad dpog Jpus wlelidl gl 45,3l

i bgye o1 ol (55,0 gobio ol 51 YRS
SLoiss il an Lo ye TNV oS58 slas |
T o Sl (slagsyol an by ZFY ¢ olowds
Jelgs @ boayo Y s g (SopSIl (6550 @ gy
D91 sl

YA o U adllae ol 5 0k eaSG slacS IS
2 Sl (LSl pas g YU oo o @ &S 0l Sy
2 0dd 2yl Sy laas) (YL O Join
loms Sl o 031 ol dj)ﬂ slaog,S 5! S pp
Cromud dy by po 00 JoST S )lS diges S
(£ Jasa) Canl 00,5 &l dllds opl 45 59908

NFe a8 9 ol Giagy cnl ol 503 |
()l g laog e Jelse 4 barje (o3 slas
o byye 1oAYV 5 g2 Ll & by ZNY
Slasipl 0g)S 53 1dg (gunblineg ySUl (slag e

WAY 5 5 5l5 5 Y olad Ve o3[O asliale 5



https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

w03l (6 )l Slles Sy Jlow g 4550

o o JESET Sl sl

S5 SOy soog)S 5l Sy p3 0ad (s Sy G4S) (2 VL0 Jgao

hesd clom el S et

et
P i
Ko e SEeds
i
(el
oy
(1853} (e li8 Kiy) baogzw
165 )

Lol L) B
(R E

plw do caus |y (Slolyd oy iy bad oy las
Lt 5 5 ool Jal Sy el sl ol b
Py Sy g4y oy i TA Sy (6 45y S
A polaid] dgs 4 adllas oyl
‘.\l,_W9.x_m);l§‘)9_5)|)_><\_,Lm ,«Ouupl.o)).)
Ayl S 545 9 2 plwolid atpus Sl b >
sl byl 05 b)) Jod BB dgas I piiy
§esliad s oln 5 sl (2 b 4t
e Olyseni 9 (IS5 g (o) 4 Jlad] ptnns
RS (cmub Jalge 09,5 4 bgyye (slassyl
S olaid] 0g 3 d oy )3 plw sy 1) oy
@l A )3 (pey i) Jleinl > 4 da 518
0955 yj cpl 5 &S g pl o OBl slowd LS
O E599 3l S el jolale 4 .cé)S 5 s
s LI ldas g5, U8 plyie 25
o> 5l odlatul b pres (65 3 oo (gy0lb (o)
0,9 y ;I L8 1, Probe Drilling wlllas pll 4

bor JAE J98 BB sgie 4 jlas ol

Jod BB (godgimme 10 Sy oS ol LS daciomd
Gl 00935 #8ly

» beed Jsloe Ly basyo slags) sl og)S
90509 9 olegd 305 (305 9 Ol JolS 2
J=B OS5 (n S S 3 (pizned 9 y90)LS
a5y e pYb adgl Sy gadgl (bl 5> Jll
b glaylegd )5 oy plaid] v 4 1) S,
3 edklos 39551 5 e sloslS 5 (s lis Sl
dog (JHS i lpl (23 L )5 de S,
9 5951 (295 5 cuslio (ol il ol o
e plin Lo Sly 69y 0 L i (sdns
Sty s ol BB Sy (5039450 & pdlas
Ohbl s a5 olwlid (Sl olbl s
(odiS 31 g ol S cbgi Jols ond olwlis
)_’45 g odip g 3 Lgl.tbdu.l cub).’ ‘)l,;‘;é Cod L_99)L>
pl o s 0wy calisrs (glaciond y ;3 g Bdlas

ey J:.S}:‘bf Y ooyled Voo U/{Ub’_:/’ﬂ/ aalale 93



https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

2D ~
7 2 a1 Y Slaal
s 1k
A 7 I S $iil e sifles 1o
| Slelgiiy 7T 05290 o |28 ) ¥
Y v A 9
ESRERE E R 34
4 lall EEAE a7
oY el y
b
” 50 S A ol ey 5l eoliz 1 O e 3l 02lill oSo) (Tl b pglus bl )
= ., e " P Pt e ¥ B
23| | DAk glgud cadlo i pleabl dasidle |9 | || i Gk S el & (Gloy O gl el | e e Sl
3 J V W glacl o ;
_'s‘ ]‘ by NI EE s o G Tn o B <l e e € ol aNL) V e o3P b
) Ser R o et s VP Oy GRS T R gps R ERe
- sSSPty | it el g s PPE Sfeslicnd
TR b sl ekl 5 Gl 8 e lS gl S S ipds Bhasals | adeiane | g
B3 4Dy § YBIY ’ N 7 ¥
X 81R! el s > E9p ) 29380) yuile s oS pots o glasl pas 30 GkS> 5o
Condg ey oy ot 1o 3 glagl > il solid
o Sl (ol ol ot il [ S5k gl LTS 05 > ol o o>
4 nly e e e Back T | 3 I [ ] e o Lo oL NN " T < v
3 DY |5 s gl Jedlgms s Back Up |73 1B 1 | g B 5l oy @0 gy oslilly | \ ol 950559 S ¢
! Joy gl 6 bl o | S oS g1l & sssel8 gl Ol gll hisel
PPE jloslial - oSl g
2 9 ) : 5 e Sasliglecky |5 Sopl
3oy 3 R e S e I N ) e | el S| .
k) 3 g DT e ) o ) i S0 celie g b ol 5 i ealind v S U - oyl ob ¥
500 0 O R G SR Jeee [T e SllSYe 5L P
Phace or AT
X by G Sy e el ol | o e 55 o alS s L N
Mas pglan 595 o ¢ 90 pslnl @ i 5 gl S dhoars
N P Sk s g s _i sly z Py (0 395055 5l & g IV ey 5o SIS S \
3 : o y - 3 old Sy s pels eatd g ¢ 0SS ’ Fpad oSS
A colie bl gla i e

Sidsrednl sy yshaie & GEISen 5 joual 0 &S
i el L,5)LS 55 olgs 39l g Ao g
Al oy pidy 48 M) 4o (pl 4 3 2l plovl
Lot (galze [YV ]l 039 Lot g95 51 (ZFAIDA)
sleo 5l ol o S Cllos 5 Caio opl s &
ol 0033)5 pond odos jeS B Sy S lgie
4S5 )9S ) GihlSen 5 oS & padlle 5
98 Oy sy dm cul 4 5 0l plox]
3 VY] il e bgiw > 4 yguiS oyl 3 bl
plomlag 5 e 5 Slsl> o5 (6,50 gadlas
i ol s cle i 48 a8l s sl
IVF] s 038: (Y +IA) bogis
09,5 325 (r09d Olois 4 38 Sy (SHlSe jlas
2 b 0 Lasuls mls (Sle wlbbre I ali
P s laculed & 15 asute ddllas oyl
)i Slles (pizmen 9 OLf93 5 Jol S

2l o bl s 68 5 o pSas o
slaciowd il o pl o T K b (g)les
5 035wl Jol )y VIO plaS y2 y555 ) 5 559018
ST JU g0 9 wlegd 8ay5 Cuomid o ZAV/D 30y5

Al olaid] agd 4y 1) Sbylas (655l mle

S5 4ol g oy
wlolid (555l @lie ppidn 0b 53 45 yoblen
095325 > 9= (SlSe lasiyl 4 byype o
IV L bgiw 4 bgsye jlad o iy (Sl (65 5l
Jog o> aldes 1y as oluls Slglys
35 sl )L oo g (olmls 4 byje slacled
olgs oyl s gl | botw coles bl
Slasdlas o [VV-Y- Jasid Slaslo sleojgy )

WAY 5 5 5l5 5 Y olad Ve o3[O asliale 5



https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

w03l (6 )l Slles Sy Jlow g 4550

@ilg> o ogde Jlaidlo slaofyy 3 oS
Lapgsd 9395 o 2lics)lan Jelos L)1 5l (30
505 adlla il ol [VY] 355 agzlye Lol g o
ssloles dslse aalllas ol )3 9 cdlae nl 430
S 85 @l 175 (ALl g gy
dgg iy planlsg s an |y oad olwls
)li> Sllos > by g g oS’ o Slies
Or—pe 9 Sl l 3bj) ke Shog e
3929 b5 dlex jl by 3,6 qu. Py spae
LD s Al ol ocl yolglaj Jslos ol
9 L)l g lhog e Mg @iie > (J S o)l
= e i 4 a5 (g0 (iozen
cwlio (9,5 gl (JgliS (2 sgweS 9 S o)
2R 18l il gl S Gl j90)8 (S
o Aelul byl ond plolid (558 class il
D9y (suebolineg Sl (sl lane b dgalse (iomen
lg2 slod 9 Cugb) (99:VL ¢ bigr slosl )3 (9,5,
3y 3 bghd ©pglxe 13 (35, (piznen
Shlas (slacs il cnl (5029l 2929 @lio o yiotee
gy

NIBY p> (535 5y plad 5 S b
A Ll pl o olSwd adlllas 590 (slytans
9 S )L G2 gl b &S Slimes Syl
Copotl 45 Col (alge 51 ) Lo (1392 5oy
il pliz g3 1) (S5 3 s

59,5 > 015 plolid S las (g5l golio 51 /5
P9 Vb didgs pde dlge 09,5 05 ) bgye (olions
5 g oo 48 Sl > ool 095 (pl 2ae
L8 )y )58 09,5 5 (il 3 (oleerd Blge
3 86 5k293)5 o Juwg sl cgiagosSe) oS | 295
Oisrip S (e s glails 5 )l Clles
Jolos ol (05,0323 350 5l (e lie g 059
35 G Kan g S 8 adllae 3 Atk ST o
Jobio 3 Lajlegn S g Lajls Ly agalge L b))l
A4S Ny azes oyl an by plodl (o5l g
ot JoBylegd)S g JS)legd S pwiin (1S

23,5 lagde 4 bl cuml o lg5 0 S g
JHe 9 968 (owyp 3 plie (ool &S (paddllae 5
8l ol ploul puiio )3 )5 51 LB euis g
i 4o by il colgs 5175140 ggemme oS
plual 59)9 L bLS)l 13 3)lge oyl 5IAVOIY &S o34
YOl 039y pui> 4 (>,

5 ALS oS 5gp ol adllas ) (slaaiil (S0 ]
S5 @l TN S 5 0595 0 gloog S
Sl o gy lesls olaidl sgs 1) STUjlas
Sl 03,5 15 g e Jio 3 iy S
o sbasl (9,555 (H95)]) Had CieSw > G
adox SISLS lapSly g 955095s) <8 plin 5
5353 p Olblsw Lagl o a8 el slacdls
Sl S8 jolate 4 ad ololid holyS
Obizebl lies polie (gl pulas (SIS 3
02935 9 Sy 4 polie sl dagSaly cadls |
W35 deoyi (5,8 sla feallygiws

o 8l 23 Sigdametnl (wyp 3 38 el
Sy o Sl 1,5 s eolg s 51ZYV/AY
9 Sla rizmen [VV ol 039 il 3,55 5
Ppenlys Mo )y gadlas 55 (il S
ABl)d 35y eleia] (el by Cod slaolS,
S oo Ll Ly 3yg5 0 9 ZVIY gilge b oyss oS
uelaisl 3gs 4 AY Lo 3 1) eolgs 5)lge 51 70/
2 ohlSed g 3l556 59 cpmomed [V ]34 000
4S8l D s Ay Cio D 295 (sadlas
2y95 p dllae laJlo > (Jad gl op pald
cizzan [Y5] sl 03 VY gl L Ll L
posmegll 1) Cuxiio 3 38 (gaalllas 5 plitases
L3y p s 4 (o 6 ol op il o5 dl
ITN 5 il yS g o390 YNY e 4 g Lol
LYV el ooy olais! oy 5 as |y colas 3)l5e
2 Sl by 4 calisee ol po slael o WS
9 xS A Olie (pimen 9 LS o g g9
dye0 mlio 1 Sy TS cloladl cule,
15b o aalllao

ey J:.S}:‘bf Y ooyled Voo U/{UK._"/’W aalale 95



https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

255,148 eolawl 350

Xl
1. Shahriar K, Rostami J, KhademiHamidi J,

editors. TBM tunneling and analysis of high gas

emission accident in Zagros long tunnel2009.

2. Jafari MJ, Gharari N, Sheikhi HR. The
Reliability of a Tunnel Boring Machine.
International Journal of Occupational Hygiene.
2009;1(1).

3. OSHA OSHA. Underground Construction
(Tunneling)-OSHA3115. 2003 ed: OSHA; 2003.

4. Aneziris O, Papazoglou I, Kallianiotis D.
Occupational risk of tunneling construction. Safety
Science. 2010;48(8):964-72.

5. Einstein HH, Veneziano D. Risk analysis for
tunneling projects: Massachusetts Institute of
Technology; 2010.

6. Booya Mostafa AS, Asilian Hossein MSB.
Safety analysis of a corn processing industry by
energy trace and barrier analysis method: a case
study Iran Occupational Health Journal. 2007.

7. Nejadali H, Mortazavi SB, Khavanin A. LPG
Storage Spheres Risk Assessment with FMEA and
ETBA Methods. Journal of Kermanshah University
of Medical Sciences. 2008;12(2).

8. Zaroushani V, Safari Varriani A, Ayati S,
Nikpey A. Risk assessment in a foundry unit by
energy trace and barrier analysis method (ETBA).
Iran Occupational Health. 2010;6(4):7-14.

9. Shirali GHA, Adl J. How to perform Energy
Trace & Barrier Analysis (ETBA) in industries? A
case study in Isomax Unit of Tehran refinery. Iran
Occupational Health Journal. 2006.

10. Doshman FYFAS, Farshad A, Arghami
shirazeh HMH. Use of ETBA method (Energy Trace
and Barrier Analysis) for hazard identification in a
paint shop of an automobile production factory. Iran
Occupational Health Journal. 2006.

11. Rahimi M. Systems safety for robots: an
energy barrier analysis. Journal of Occupational
Accidents. 1986;8(1):127-38.

12. Hollnagel E. Accident analysis and barrier
functions. Project TRAIN, IFE. 1999.

13. Ericson CA. Hazard analysis techniques for
system safety: Wiley-Interscience; 2005.

14. ISO B. 17776, (2000). Petroleum and natural
gas industries—offshore production installations—
guidelines on tools and techniques for hazard

2l b dulie 1) lde oyt pl a5 S8 5
Cowl 03l joliaid] 365 a4 (gilw g slacdled
YA]

Lot 51 g b5 e e b Ll 5
4l o g Ly g (pej 4 bguye Jolge 0
L ol yon pl o 5 0B bawgs figi ()li> Slles
s3n poel 555 solyas > a3
oBalS Sen jluie Jilis &) baojlend (B35 San
ol oL 5 olKiwd an ol ySme s 5 il
101y Sl Sy e ] &5 S 5 S
LT s 58 i Ken ¢ (6 phm il dalgss JLo
N> o 5 40325 i sl St
85 45 W)y 4o cpl @ o @l g cuss
b opl g Conl Jlayss 5 Sy (2L e 58
V] 225 o plios ol By 4y i

5 il el higel 32 S8 slodnog
2 S polis Glgie & Slias Slpesd 5 )RS
2 0eS U w0 duogi @lblwe e Lials
Sim s L)y el ;U5 4 (odamte Slalllae
5 il sy sl g (o omen 5 e
ol o0, ul).bbu oaals L_)‘).;.MJ 9 L;)L\.e‘ii
Y A] e

3,5 sl edleiwl 4 le o aslllas oyl g8 blas
ol 4538 o) lsl ofgy sl Jolye (olod )3 (srex
LS)S‘C“-’? 6)345 s b laodby U o el Epog0
plw ol jleslawl LSl 35,5 3L
U9y 3l osliwl 5333, 5 Lige alitie (sLnofg sy
s § Sl sLnlas cul oSes ETBA
3 A ol pon (65 5] @mlio b bowtiuns aS™ 150
bl ploSoo |y g9dge cnl &S 9l b5 s
S92 pis (o (=l 3 9,5 555 SIS
Ellae gl s |y dulio Coblé alie ollas
ool Cowd 4o uls 4 d g b el o dgxe
L alo 5T 5 (500 (o) S5 oS S g0
D9y S glpe 4 Nlg e (e (63509, (il
55 05l g)lis Slidas ) S 5T g0

WAY 5 5 5l5 5 Y olad Ve o3[O asliale 5



https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

w03l (6 )l Slles Sy Jlow g 4550

27. Mohamadfam I. Evaluation of Occupational
Accidents and Their Related Factors in Iranian
Aluminum Company in 1999. Scientific Journal of
Kurdistan  University of Medical Sciences.
2001;19(3):18-26.

28. Bakke B, Stewart P, Ulvestad B, Eduard W.
Dust and gas exposure in tunnel construction work.
AIHAJ-American Industrial Hygiene Association.
2001;62(4):457-65.

29. Sanaenasab H, Ghofranipour F, Kazemnejad A,
Khavanin A, Tavakoli R. The Effect of Composed
Precede-Proceed Model, Social Cognitive and Adult
Learning Theories to Promote Safety Behaviors in
Employees. Journal of Kermanshah University of
Medical Sciences. 2008;12(1).

identification and risk assessment.1-45.

15. ACGIH TLV, editor. Threshold Limit Values
for chemical substances and physical agents and
Biological Exposure Indices. American Conference
of Governmental Industrial Hygienists; 2009.

16. Safety IPoC, Organization WH. The
International Programme on Chemical Safety
(IPCS). WHO/IPCS; 1983.

17. Vincoli JW. Basic guide to system safety:
Wiley-Interscience; 2006.

18. Standard M. System safety program
requirements: MIL-STD-882B, Department of
Defense, Washington DC 20301, USA, 30
March1984.

19. OHSAS B. 18001 (2007) Occupational Health
and Safety Management Systems. Requirements.
British Standards. 2007.

20. Hu K, Rahmandad H, Smith-Jackson T,
Winchester W. Factors influencing the risk of falls
in the construction industry: a review of the
evidence. Construction Management and
Economics. 2011;29(4):397-416.

21. Latief Y, Suraji A, Nugroho YS, Arifuddin R.
The Nature of Fall Accidents in Construction
Projects: A Case of Indonesia. International Journal
of Civil &  Environmental Engineering.
2011;11(05):92-9.

22. Bahrampour A, Jafari Nodoushan R, Vatani
Shoaa J. Five-Year Epidemiological Study and
Estimation of Accidents Distribution in Construction
Industry Workers in Yazd City by the Year 2011 by
Applying Time Series Model. Journal of Kerman
University of Medical Sciences. 2009;16:156-65.

23. Unal H, Gok A, Gok K. Occupational Accident
Characteristics in Tiirkiye between 1997-2005.
Kastamonu Egitim Dergisi. 2008;16(2):637-50.

24. Halvani GH, Fallah H, Barkhordari A, Khoshk
Daman R, Behjati M, Koohi F. ASurvey of causes of
occupational accidents at working place under
protection of Yazd Social Security Organization in
2005. Iran Occupational Health. 2010;7(3):22-9.

25. Ostadi moghadam H, Yekta A, Heravian J,
Fahoul M, AFSHARNIA M. Prevalence and
etiology of occupational eye accidents in Mashad
industrial's workshop. Journal of Rehabilitation.
2004.

26. Vazirinejad R, Esmaeili A, Kazemi M.
Occupational Accidents in Construction Industry
Among People Reffering to Lobor and Social
Affairs Office Rafsanjan, During 2000-2002.
Journal of Rafsenjan University of Medical
Sciences. [Research]. 2005;4(4):326-31.

ey L.S}J‘:JS Y ooyled Voo W/{UK_:/’W aalale 93



https://ioh.iums.ac.ir/article-1-679-fa.html

[ 12-90-920¢ U 11Je'swini'yol Wwolj papeojumod |


https://ioh.iums.ac.ir/article-1-679-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-21 ]

Risk Analysis of Automated Excavation Operations
By Energy Trace & Barrier Analysis Method

J. Malakouti', V. Gharibi?

Received: 2012/06/10 Revised: 2013/01/08 Accepted: 2013/01/15

Abstract

Background and aims: In automated excavation operations especially excavating big
tunnels with high operation speed the application of Tunnel Boring Machine (TBM) has
been prevalent. Tunneling construction projects especially TBM excavating operations have
experienced some accidents in recent years. Hazard control must be done through the
process of risk management. This study was done with goal of risk analysis of automated
excavation operations in one of the water transfer tunnel projects.

Methods: In this study for risk analysis, energy trace and barrier analysis technique was
used. In data gathering process were used observation method, worker experience and
judgments, checklist, standards & regulations and incident records. Recognition of energy
sources, targets, probability and severity of hazards were done by competence experts in
various team works. The identified risks were prioritized and control measures were
recommended.

Results: In this study 51 hazardous energy sources in 6 energy categories were recognized.
These identified energy sources included physical energy 29.4%, chemical energy 19.6%,
mechanical energy 41%, electrical energy 8% and natural energy 2%. The crane section by
19.5%, shield by 10% and cutter head by 10% were the most and the least dangerous part of
tunnel boring machine in excavation process.

Conclusion: Based on the findings of the study, TBM operations include various energy
sources. Energy trace and barrier analysis technique can be used effectively in risk analysis
of TBM operations.

Keywords: Risk Analysis, excavation, TBM, ETBA method
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