[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.22286837.1397.12.4.7.7 ]

[ DOI: 10.18869/acadpub.jeg.12.4.687 ]

AV WAV Oliss £ 5t condjlss Mo ulige bl &

255858 5luds g3 laiyy £ 90 pl oy 3
Sldwle SlA

Qb.o.c (eudigo QJ; (sudigs g u_\s saaly “ﬁ LAY

QVALY il ASCAVAL RIS TG

oS>

Cilames b B0 5 i la i, b Oler el 3 bl 51 (ol )2
s Wagy s OgpelSlonw Sl eslizal Lo I3 b s S gslew ¢l
e sl SS SO Slho et s L (MICP) (SOl S s S
Sos s 53 5 Slesl (’i)j Sol= 8L s oyl dasdes b 5l &S el
Lol e bl amsps 5 Sbt sl o wedS Ol S o 5 4 e Jsboms oS
Sl eSS 5 SA Sl wilay L) Pl anle S golaa b R opl 5o asd e
Blpy Sbt g5 Gy sy alp, St g5 S L 0T Al lab s 5 (Ao)s
S 55 pteen ip ialesl 3l eslizal b MICP gy Yo S35 deoyd )3 sdipr b
2 alszs Gl B 4 S eslie glazebl Ll sl () elde
i g3lon slatipes Sl by G5 L 0zl Il anle SB silen L,
sl il a1 St e DL JSLLLS 100 51 ee 00 6 (sl 5 1 Juols
asle baglie 53 Lo )3 11/ Olseas o ddgilua 450l o gte 5 Coglie JialS ow
Sy lawgie S Caslis i alsg Ll L S I el sk 5
EDX 5 SEM (sl slUT s ol 4l il doys YH/A 5l anls axioms sddslass
sobe eyl ol 4 S ilaas 5l a5 b3 Ll 5 S5l anls St 4l 5l S
e w35 e 5 ekd Al e dd (g3l S sa0 3 eSO S gy ka5
slods sdaline St gladils oy s ol
eSSl S o S sy S Gilen Glaanle (s Ogrelilans (g hdS glaejly
- WU

khodaparast@qom.ac.ir = J sies sdies 55°


http://dx.doi.org/10.18869/acadpub.jeg.12.4.687
https://dorl.net/dor/20.1001.1.22286837.1397.12.4.7.7
https://system.khu.ac.ir/jeg/article-1-2637-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.22286837.1397.12.4.7.7 ]

[ DOI: 10.18869/acadpub.jeg.12.4.687 ]

WAV Oty § 5lad (on3les dlor ¢ pudign gl ons & 123 TAA

VRV

e slp bl (SO Olo pax Ol il 53 bl 5l (5ol o
ool 5 A el 5 e oalely bl s laely s 9IS sy ge e
5 Les LU Wilg e sl 5 Ol slaanle ( S glade . 5ls r)\,u a1
e RS e S50 IR b B S pme 3 Ladiltag) o e dacnd s
o 33 S 35 el 0T (505 laesle & 4 53 5 338 T Sligny |l SOI 5
el el slas S5y Geb 5l Al S s Wl ke WS e ST eus a2
Oloms b ST L Sb 038 bglsno b 5 laped b5 lagg oo dla b o 0515 Slas

D] 35 ol OT 0555 b e el 51 Glositle o 03 b 5 J3
St ol s Ses 5 g pbsuls (s (MICPT) dSol S0 s Koo g
el il 3 g5 a gt Ol el e 53 1 ST 555 wiige Sl g3l O S R sn 4 s
IS Gk 3l g asd e Colds b Shsen S Cl (Sl S S MICP
LSl S Olgsas & Joee 5o oS Slaws oo G sbml ol (651 e i
S Ll s ook K5l se slaanl 3 a4 S Syh e (Cewledda bl ColdS
S50 Sk G dpn sl ol S0 Ll s MICP & e Ll 5 e
St Jlad ey 5ol m‘j Losoilss 6,80 Boy onl oo ol 4 S 13 eslizu
5 sl GLOn M5 ly ot Sls 4 @ SL S alKs s e 2ls s 5
o S Gy sl ol e B oyl Slssd Wiy o S e DL S
s o SIS ) eSSl S sladlis S5 S o g il 5 Dl S g0y

CO(NH,), + 2H,0 — 2NH," + CO3* ()

Ca*" + COs* — CaCOj M)
Lol o b le b St slawils Gy, idn oot bl S pl &S Sl

1. Liquefaction
2. Stabilization
3. Microbial-induced carbonate precipitation


http://dx.doi.org/10.18869/acadpub.jeg.12.4.687
https://dorl.net/dor/20.1001.1.22286837.1397.12.4.7.7
https://system.khu.ac.ir/jeg/article-1-2637-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.22286837.1397.12.4.7.7 ]

[ DOI: 10.18869/acadpub.jeg.12.4.687 ]

A4 Sl Skt (S5 g ibat p w33 g5 0 s

53 Yot Jla s baiass sl 5l S s IV Y] didsia o 5 g |y Sbe SSG 433
AL bl bl ks S gles sl @S S elital o s
slacssa s3lensl i Bld 51 8L e Olpear o sly Leolos e
Slagtass pbl b e 5 [E] 355 (ime (53301l 53 oML 5 Lo PH
GoF o 8Ll Slesliad b sddgilea glaanle () pme ST (g)lad sl
L s Yoo Jle o Oas 5 Siliss [0] 5,5 wsp 1 sl LS L o3bS
b s 5 e laaals OF 3 8 b gty CondS gy 4 bz g
(0 ol homs O 5000) @S IS 5 0551 0l iy () 520y o sl (5,580 51 eslinad
Gl tass YA Jle 5o feslydl [ Ws S S | Lisde ol 5 Siluns
Loy CodS 008 )y Jaon sl Caslie b S (glew @lp los 18
Yord Jlo s OLea 57 s IV] 313 plowil ¢ e 5l sdalinsay slacs S s S S,
S aslis gl bl (S5 ,Se 2ln Goos) Sais S b sn b
Aty S te Vet S e S el 5o s onl 08 e oLl 4 e
3 YV Jle s S olen Ol ool glaaslp s (g 108, K, [A]
Sl b G Uiy SO wbl psken [8] Al e OLSs 5 Kb Sliass
Sl Slos 1S Sl YT Dl 53 gy 3585 5 S S gLl b slass
i3S S NS " e 358 Ol S S L35 Rl g ek el S G5l
i3S s B8 s LYY Il s OLes 5 55l s [ 0] sl ol

4 Bl oy A0 5T L ST L s s anle S s dSely S

. Whiffin

. Sporosarcina pasteurii
Dejong

. Al-Thawadi

. Van passaan
Biogrout

In situ

. Liang cheng

. Surface percolation
10. Tsukamoto

11. Toyoura sand

©CONOUTAWNR


http://dx.doi.org/10.18869/acadpub.jeg.12.4.687
https://dorl.net/dor/20.1001.1.22286837.1397.12.4.7.7
https://system.khu.ac.ir/jeg/article-1-2637-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.22286837.1397.12.4.7.7 ]

[ DOI: 10.18869/acadpub.jeg.12.4.687 ]

ATAY Ol £ 5 ek conailys Alr (pulign lidin) 25 4.

ooy (pl 5 S o gy Fomb o oS L GlaS 5o (g5 A eSSl S Ol
23 St S slala 5 Jikae sz Jdoa gdae slse 5 g S S0 Sl Sl L
(YD) O 5 Couds, s (T1E) 0K 5 S KU DY ] cl s gla S
Sl e aals ol [N ] 0LKes 5 5l g il Aol b el Slides
ol e 5 s si e el (il Sb (o) eSS aglie (I o S s 1S5
ocrl 3 s s 5y KssS 4 FeShm s Sk ol asewd of
s JSES L S s e bl a6 56U Lol b 5o eendS by S ladli S
S )5 J RS DSl 5 )z 4 OSa 5 (53w WWAY Jlu L3 YT Y]
il sla, 58U 3 5 CondS s, s T3l eslizad b (Lulal) o sde ) s
Lo Coms 5 hos PH S Cusb) dos 0l SO Ol s 8L clle L3l
Caslie  anle sduails S0 [VE] dtls y S ey 5 (L2a) s S Jsbea
Sy Lo slos g gl (6 8L Sl ealinal b (S5 5050 s eddigiluny sladgad 5
Sralesl Aomsar 5 MO L ol PH L sl JS 5 jese o5lae (sl CoiS Jame 3
5 oal3pms [VO] A oy s (VT4E) Oan 5 sdames S (sla tassy 5o (reins 5
anle S 3luas L (0Y4E) OLSas 5 sdams S Clids oSS sl (1Y¥4E) 01K
K38 osp s (St ol 2l 3 Waaisad plss (S5 pms Soo Jhsa ol sluailss
S obea 53 ke else LUl 4 LG 5 Bslbodess e VY40 Jle s V]
o Sl Srass ol oo DV dasls  slanls lasS 5o 65U Gau 5 oo S
35 Gr i Ol Lalls sl L anglin 53 &S by S 3 MICP 5 Slas
G50 SRS L eldlen gladised i Sl sl bl (s e 3L Cab
A i) eeiiee i haleT A sy o 3585 Gy 5
L S,y 93l

=S 85 plas

5 okd soslmer Sl sl Al Lo 51 tass cnl 3 eld ) anle S
Caid S5 oy S 5l O s thewanle 5 1 o sanls St glad od (5luoslel (gl


http://dx.doi.org/10.18869/acadpub.jeg.12.4.687
https://dorl.net/dor/20.1001.1.22286837.1397.12.4.7.7
https://system.khu.ac.ir/jeg/article-1-2637-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.22286837.1397.12.4.7.7 ]

[ DOI: 10.18869/acadpub.jeg.12.4.687 ]

T4) Slaule Sl (S5 il 2 w33 g5 86

g5 3 D) il el el saliad (335) Aoss Yo Olppets 6555550 S Sl
b b 5 sl 4885 8 e dee Y S lawgie o3l Ly el gduailas
31 5eS) Sl s O wilszoy Jlie izen 553 3l OF uails 0 35 w2850
gerle 5 Y0 g A by Jlgy de Lo oSS e S el (Mo s S
Sy s LS)‘-K(*U (CL) (b et Caolm L ) Olges 10wty
ASTM £YT= 5l ol 45 o eslizal slacSbs sdtuails Sl 55 ) IS5 5o
ol Lol bl s sl S mmsoden st 5 il anle gl SIIL aualls 2,4 D
sl @51 Lo yod adsl Dlaaseta 51 JelS ledbl 55V Sl s 5 ek esls 0LiS [VA]
033 e S dalr glaadls JUSor s glagtilesl & ol S5 4 oY ol
L Gildas i jan Sl asdlm (s 5 0eS o 5ase U5 e il 0 soae
ASTM DEYIA 5 ASTM DYooV ASTM Devot—r+ ASTM DAoE-Y+ sla il

LYY VA ] wlenss r\?n;‘
ol ealaiul élaﬁ-ﬁ Slasedn JJJ.?

SL- &gl AL
I A3 sawls S b 0k (g S 0 3151

Y/ Yo Y/ Gs
YE AR +/04 Emin
1744 YN VA Yamax (Qr/Cm®)
+/40 V/Yo /AY Cmax
\lan% VA \/EV Yamin (Qr/CmM®)

- - Y D..

- - A Cu

- - AL Ce
SM sc sp Soail group

(USCs)

O sewlilonw Jglows 9 (6 7Sk O gl g

b sl s sl o 0 5 S3lesl b e hassy cnl 53 el eslizd 15 S
xSl el 15 S 05 nSIS 5S 0 3 PTCCVTE0 5Lt L o ol (6,50l
sl SuiS o 53 (658 a5 e (501345 Ol x5 ede sla sy Ol


http://dx.doi.org/10.18869/acadpub.jeg.12.4.687
https://dorl.net/dor/20.1001.1.22286837.1397.12.4.7.7
https://system.khu.ac.ir/jeg/article-1-2637-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.22286837.1397.12.4.7.7 ]

[ DOI: 10.18869/acadpub.jeg.12.4.687 ]

ATAY Ol £ 5 ek conailys Alr (pulign lidin) 25 4y

—0— Anzali sand —&—Kaolinite —l—Silt

100 r
90
80
70
60
50 |
40
30 f
20
10

0 1 1 (] 1 J
0.0001 0.001 0.01 0.1 1 10

Grain Size (mm)

Passing (%)

o ey GBS gauals o ) S

Lol emd AL ol PH o a IS sl 2l p SV 5 jase byl 2] 0 ST
L sl S b o T (glos 5 adds 553100 oo e b, 5L ySOI STt ol 3 g3l5m
iy b gles 53 S larses 4 Gaup S S 6 5 el esls 28 ey A U e
Oyt 35 oy aw ¥ go s Loyl 5 penedS IS lons 51 (6013485 51 5 ol
o eslizal ) pltiloses J gl
A6y s

b Seslie e Sl Olsiea W s b Gholesl o S 53w a5 L
i oI L bize sl L ola o3t Sl 51 ey 5 15 ol 5 St
s Ak ol il s Jols 5 o me L ~/'\¢;,a\>'=¢l{cj-cs|jll§dﬂw'¢jl(..:a.~a
o5 Slale Blay el (s 2 A SC 0T Sle a3 13 68 e i
TR WAPTE TGSV P WP WP
Silwa Slles

Oddatnd 5l 5,8 sl gl lo B8 LY G ool Sl il (5,540 500 gla Il s
Vo e il 5o et Yol b b sed ol O 51 e 5 0 03ls 13 St

Mm)j_bbﬂumw &Yl{w).) .Lv\o.\.&o.\.:;_,fdb;ii CUJ)\)QJ}))}M))


http://dx.doi.org/10.18869/acadpub.jeg.12.4.687
https://dorl.net/dor/20.1001.1.22286837.1397.12.4.7.7
https://system.khu.ac.ir/jeg/article-1-2637-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.22286837.1397.12.4.7.7 ]

[ DOI: 10.18869/acadpub.jeg.12.4.687 ]

qay Slaule Sl (S5 il 2 w33 g5 86

Ny Gup o S s (S e Sl S e sk Slo LAY S
el ol oslanal SG5 ) 5

Ao a5 e enls ol 5 el Gy Ladsed 4 Vb 5l (SO5 s slad sl
s S 3 s Slale Bl 5035 33 1 ad 53 S 5 S slas
S Jb Dl e 50 8 4 G5 Sle Jsloms e Ol et Sline 2358 a5
Yo e aedls 53 W el 5SS A JUt dile e 5 sl o Ole o2l (PV)
RO RN WIS LS S PRESTIN WS

WJAS?«J:):aMijSBdLQMyJJGQbé’r»_’MMQ‘}:A'( J_,b

A2y ‘il
S 4ges by
e aile oy awls SH ™ 0k (g S 0 3151
AR /a0 /o e
Y ! *\ Vy(CmP)

sy 55 S 5 0T Jlisay 5 STPV sy G G5 b o S b e e aul 8

O Sl 5 SLETPV 2530 om0 posliilons dows 5 (558 & il e
S b (YO£EY) o8 ile 3T glos )3 a0 gas 4 sl Y S5 5050 la iS1s plnil (5
YE 2 5 5asae Sl b O slilons Jloee 050l sSTH Oles SIS a5 e 03l
(F0)) O 5 SAlS 355 a5 S pmd 4PV ol S Dl S0 sl
N ol se GOl de s b5 L3S s p 1 (S350 Slots 2 S3e Julse
el 5 plgs Cmnslin 4 Oy 81, Oles 5oy TA ST oS Bl 53 055, 071 5 TA

ol 0l 4 S L 53 555 YA 5 b gad (gl es Olascode 5o0n 5 [YY]

Z . .
Sy sle o )
o8 S&
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2. Harkes
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1. Scaning electron microscope
2. Energy dispersive x-ray
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