Y4 A8 Gl 9 3l TYA o Lol VF 090 (60 3,15 (cwlilipmn g9 (glaaSL

9SPT.>J.C wb‘fﬁwwbw) Sl 615‘.) S Kol 4\19‘}5;&% u.o.oz.:

8y wa 576 e L yao T 59,8 loygn ! sme) el nl S plo
Ot eoadld SI3T oSils 08 ,Ma 4y 5l poe gwriigro sAKESlS cy]yae _ousikigo 05,5 )
oliels oylasls olKals o oymopsle saSisls ¢ wlidime 05,5 -
OlRS Olpl Snio 5 ple olCils ¢ pwiigen 5 (B 92l (Gl e (e 09,5 T
STy oS, oSils ¢ oigs 5 (o6 00SlS el yar swsiige 09, —F
Moo edgeuo (o932 oSsls caslypgle 0uSisls  oulidran 09,5 -0

* ahmad.rastegarnia @ mail.um.ac.ir :Jgis odiw s

QQ/FNY iy AMNYIA el yo

odus

g3y i £ o

Oyl Cez )0 Hle,S gaw, dds 10 Al VY. 5 o lalinl 355 sae b (S SKlasl aygly 5 (Saies adal; Gdsw cpl o
Sleogas 5 6)lid Cuglio 59, » wlyos Sal 150 Wil o CL g5 5l odas j5b 4 ady> opl S aSil @ axgi b ool oy
o Sl aygly blsyl 5l 5 i o lailinl 3985 sae b Sains blijl aS ols las gl b pw)p 58 S gg5 cpl soSTy
SKlasl a9l (SKiwaod g0 (ANN) coias vac a0 mls oluly il o LS 40 Cuglin 5 S5l SKlasl
5 (S Moz (pasS (gl Wilg oo SPT S 0l aseins 0ls lid o&y Ceaglie sl el )l cio i lp ooles (jgu )5 4 s
gz 05 3 eolainl 0,50 JauB BB B L e 0 oSl olulid Sledde d> o 10 egasy b, A5 SKlasl 45
.\>13 )9 &QT )‘d.a.o uwlﬁ‘ la as ols uLwA CJL.\ e oy SEM u%)io.o wLo)] )‘ salazul l) ‘_g)j]J.o.c 0,90 > ) S
Canglia (il Comgo (slabamdle b job 4 Sal ioldl uimed ool @l Lol aigy Cogb, g LialS iSlas Sis pme
& bl Shae Sal polie 5 sy5ldes oloj 3 Al Jloine b & Cuaglie Gl nl 5 w05 aige Cush) L S sl

el ey Sal as o ¥V ljl s g Lad Caglio yiSlas a5 5 4k

s S o 0338l S gy a5 Sanslhe (sla el e iS55 Sl igedS sloosls

Ot Sk By gl (b me ez 5l ogd e
il SPT bl Sb SuSigh Oluogas
Sleogas (end slp SPT ilesl Jol )0 az)8
3 okes yare Lol el onls &ll wlocis o sl S
5P ailen, G puaigs A= 0yl cazr o
S g G enis (LiSe; Jlad Suglie Jo
5 i) 0uis (2885 (Sby Cuaglie (o> (5 pdyeS| S
wsly g Sxmr wile (S5 slayall Ko
OhKes 5 cmme) dad oo ool S Sl
lises ez (VoY S 5 LISy 5 Y)Y
5 ol SKlasl agly L1, o lasbinl 3525 sac alay

Haiay -
slagge;l 5l eslinul b (SisSe) sloyial b uens
25150 SPT) o,lailewl dqa8 ui..sntaﬂ ssle u,-.’.‘)?w
WOl (098 ey 50 Jdo 4 Slies sless
S ehl (S5 4 g Gl g Jb slacasgame
(o> g GpB) dbbioe Caglyl SO (5)lo paiges
5 sl Voo Jub 5 LG 5 VoY
Sl o TN NS 5 ol Y VA iy et
SB s b 5 (VA wolty shile 2l 5 olsid
Joe )0 09750 SB (ST sl el )b ogupe sl
)Lu é)s_n Slasin 4 SA)L»D 9 L‘”°jj)—3. olil.’;l.w



" A9 lowo) 9 3l YA o5los VF 0598 (6 3,5 (wlidippmn ) (99 (LASL

Cuaglie iulidl iSlas a5 cwl ool lis b oy 0
ol Sl aoye A giEl S e, SBog led
9 Y Y Oz AERR so‘)ls.o.ﬁ 9 L_,’_:L.«.«.:)LQ) é?’“"t_‘?o
Sl as ol lad (6,50 cwyp (YVY gglinid]
‘3‘9) > g AW e Lg)Lw.S we[&o o mlpl
ol Sl o, F g A o938l 5l am ey 4 S
S Slidss (VN0 (ogmgi 9 (myde) S9dse
Aoy Ve Gl ly gy ale o o Slas
90980 9 Voo e Sl g SN wis ST 5155 Sal
W omie wy SB A Sol g8l (Ve Y Sang>
Sl als axmas o g SVYgie STy olas,
O CopdS 005 o ol Gl gladiges 0wy
S 4 39d oo ALl S cailS Corw dlge lgie
oild g Vo0 ) 05d oo S Cunglin yiolidl 4
(Y’\% ‘Q‘)Mﬂ

Ot g hlgy @) dle ol el Gas
okl (Ll SKlasl aygly 5 (Soiz sl gl )l
5 S5 S osete > ol 0 Skes sy 5 SPT
Adlioe LS (g 49> o) SIS LA Cunglia
S ¥z Gl el (s Sz Ly, Q)1 slaie 4
9 pekias by Sialesl sl Lo SKasl ay4l; o
asg> 5l Al VY 5l as SPT) o, lailewl d4a5 ioles]
A eolaru s..\.».wl.:b.o B QLQJS &)

oy il 595y m) SB p Sal b g
Glad Cwslie (ppate Gjs o sbagile]
XRD xSl S 5l sga> (gaudils woois game
Gz bbas ;s oy S 4 .0l sl XRF o SEM
5l ain doye b sladiges g adlol aluue Sal
Sal g5l des oloy b (Gl L o ags Sl
AU iz 85 1E Gllesl 0)50 035, A+
A atie wy S LS5 Sy Sl Sogl

aslllao 3 yg0 ailaio —Y
Sy 53 S (g, wds> aslllae 3)50 odgu
Y:33510275 X:506524 _oLdla> olasse L oyl
ol 1) ads> Gl (eulbidinee g ) S0 0Bk o0
8 ) S dlr S oS (o9 429> S0
S il cov & gl 4 cul aiS ol S

DA a5y o) WS eyn SNeex
VN0 e 5 o Ve Ve o7 ] 3l 5 LIS 50
Sl SIasl agsl alal, V¥4 o Ken 5 (5,03
ol Slge, sloa 51 Sy o lp |, SPT L S
bulg) anslie a5 wis)S gl plial W0 S w25
o olRingsy @l b oS G5l Slye, J Jol
Bod e hawg ool &l)l akal, a5 s e olis
Gl YL Jlaie (V445) lasdsl o ULl 5 (V205)
WS e ) 28 bl Sliges, L5l SWhasl 4y
OF) oL Kes 5 @old (0¥ ) Kan 5 o eid)
LS il Glp ane Sl &5 WS e
aoy o VUl (BLST o ozl ;o 092 g0 diloy,
S GRS o wilos 09) FO (y5ldes )90 50
S Al e g gy oy SLSE p Sel Ll
Glid Cuglie @ ol lp Ay Sel Glie
CL) o iy b oy ST (sl 5o ST
(OLSen g cwemdh) Wil o S S35 do 0 A Sgus
(Y\?

b ele plgre 4 (G938l (poiz 3l slale (b
i Syl sl 48,5 5 eslil 3,50 S suisS
Sl e lop ilize clodisS Lol laoaisS gl |
5 rd Sudgin ((HNoje slasogBl (Sluls slge
Yol O )en 5 wigiln) canl cul cwyp b3
XA GfSan 5 s XY ol fSen 5 5558
Ne¥e by GLS 5 g pbae V- VF s, 0s 5 (Ll
5 PP owle VeV LSSy 83 ube
5 VeV ATy ()| Ken 5 JlagS oV ), Sen
Glrojgym 4o bg, cpl leslanul (Y VA (o 5L ail>
o leal, Glaogy alex 5l Coeal Ly S5
30 cwlol S Sl a5 (69)lge o pgas
il oo tailh (S Oldes 51 YL o 006,55
G@lisee o 0,8 (18 Azl 550 (golaidl las
5 el yasl) W08 ey |y oy GOS L Sl b
(bslow] VoY (e 5 6w VoV () Sen
sl s (YA (o) Ko g g0l o Y-Y
Oloow wiile Jglate slaoasss ) lagly 5l eolatl b o,
Rl oo Ol plss dsee 5 Canglie SRl el Sl
OhHSes 5 5) 93,5 o0 Slezl 5 093 Ll pd 5 Cugb,
(YVF (a5 g o g YO F



aw Joli (Bph adls jo 0 b Slbl s oS wlawl S
aald lagyl 515 90 (g9, a5 Wled 5l lax SooS elis)|
SlorS st oyl sladiun & jdsaddi g b
0 S p 5 Hiedl sl Kw wlads Ly il o
SlreglSsS wile 5 (b5 - il slaw sloasls
0595 S il oo (Sloacl (gly0glSS) Lo ,S
Olye @ Gl 1) Gl -05s5 Olsz slesls)
S ogai Slaels S5leS (pgm; degerme (n i erad
il oo Iy Glo)S (Broled 4l 5l (ormg 0 S
dreslSiS (i Syg0 4 b Slsl Sl ol
0ds SiwgS Sl slaay 5 Swawl )b
WleyS bl ladhie O (low S ,0) Kgd o

(\YrY

O Vb g sdo bogS 5e )0 3szee sole la S
o) 429> Jde 4 dxgi bl oald ool liwasS
1S A 50 Gl S qgm; cds S ISE oS
GBS 1) Cubs 0yinS 5l iy el eoldl 3l
ol &5 58) Wildgy oo (o) (e O L (S

OFFF oS bl glalase U
oeelS slSen ol ads> (culidiins) slaosly
kS s e S (530 ) el
(s g Joz sl Slos glacsen)
Syl glaSin I slesere) Selygy laSin
ol gbale Jolis Jd 3 Swdwle &g
S penynd aiile (seldl g S

Kerman city area

Airport

12 i
Kilometers . gﬁ.

2 =T
Alluvium | 03

Marl and red Conglomerate ===

35
Limestone and Marl §

Shale and Marl [ ]

OFFF cylosS bl (slibaie o olow 0 50) oS st sromy Aidgo ool yn s adaiho ) S

28l oe (05wt b 50)) CL 56 3l oone jobo &
S g ol g el Ssejdl b (ASTM 2011)
556 (o) Sk G gy 285 I8 (o 3590
atd Jols oy S aglie 5 (o515 (Shy 2 Sl
o) ol slailes] all (S slaaiged
XRF sl g SEM « caglin o Sujd Sliogas
g Sal cilizie a0 b adiges 4 dalllas 5,90 S
oui jgame 5,Li8 Cuglin 5 o515 slailes] pl
syt 51 eoliad b Sy s iglejl e
o35 (ASTM 2010a) o ol ASTM D4318
ASTM D854 s )it ool 1 oy S pgase
5 diegy Cusby (O Jsaz) (ASTM 2010b) oy

o9, 9 dlge -¥
59 w5 iged S oy 98 SPT [ialojl el jslacs 4y
S S s bgi 3l eslitl b o Juiliul glais
Pedie plnil yia e VFu glisl 5l o S okeS PYIO
8 aled Goe (il o bl ALE L Sdses
OJ._S‘) S )O )».A‘_Ju._.o \°(5~ o)ldjl O 9 ‘O):_f‘s_ﬁ
Slr 3l y5e Sy slasd ply S9i Cuaglie 09 0
SPT Lile] Sslads Y S (ASTM 2008) asly oo
ASTM D2487 5 Jailiasl b llae 5 0ylie gomails



\YY

A9 lowo) 9 3l YA ojlads AF 0590 (69 9,15 (pwllipymn) (99 LOASL

cSle gloy U le C)S g ol APy, Jebl anS
B9y o 5l ol Cagb, B o atils a5 e ladiges
SES (359 S D jge 4 boliue j0 Sal Glacins
o1 Gtalesl po sy S S s 4 e
g5 A Galpli s 485 15 50wl Sal gl A
e Sl Sl s slaaised oS A byl
3 00t jgama (5,Lid Caaglie p (5)9les oy b

A dpd Sl 5l it mdaw O o

Donut hammer
Quide pipe

Anvil

Rotating
cathead

~ 45cm

762 mm fall

Borehole

ookl o515 Goley] o S Sas JBs aSlas
(ASTM 2012) ois yuss ASTM DI557 s ,laiken
olol p bdged oaii jpame Cuglie uizes

A Cyuns (ASTM 2006) ASTM D2166 »,ailes!
5 Shas Sol oS5 sl ladiges cols oy
@ Ol G g bgle S L wlyoue Sal lowl S
Oialesl 5l sael Caws 4 aig Cagb, ojlasl 4 3Ry
5o balie wllas s 00,5 adlsl baigas 4 (515

Pulley

Rope
/

(Yool iyl 9 o2&l ykd) SPT GislosT ol ,Sls Silouds ¥ JSCo

slagge;l  als LoolsS
5 baled 5l Jol> S5 (59, 5 oot plbwl alKisls)]

ol oael V gz 50 SPT sles] bl cyuzpen
Sialejl 5l ol Stz Lawgio a5 55 o cdaline
o oimlesl o ol Jlade plp YO Loy (s gomedu
G bl g0 0 (Sawes OB wbl o peiins
50 ailrden jlid all e albaes jlad LS6 Lo
Canglie sloyiallb Lol Gl (g 9mmean ol
bsgte (V)8 olfSon 5 Jol JoS) 0530 (o0
5 i oy glagioleyl o s SKasl 4yl;
S 4 (CD) oud (288 aidly (.S (5 ) gomed
paFls g @S oo polie bl e F/O 4 Y4/A
wbloe VY 5 N Ly eSS 4 8 ey
oud 5)li> saaileS 5| Jol> mlis (o) 2 () Jgo2)
Wk S wlise gondib bl o5 aas oo oles

(Y Jsoz) ail o CL g4 5

Sy g b -F

Py oy (SSSg; Sleogas agh opl o
5 2Rale;] slajiole;] mls I eolanwl b olo)S
5 SV Ot Sz Shlyy 9 0 cwyp by
Lol @l 385 sae bl L3l SElasl ay4l;
3 (o, YYY) base ases cpl S oSl & azgs
£y onl s9) » whowe Sal 36 Wik CL go
30 SE g pl ganals povie 0l gwyy 8 S
el oo &1NVY S

Slgw) (B1,59 54 9 (ST 93] Clalllao —)-F
099> ol (gaails pba alKisle;] sla isle;]
2 oS 5 et Giales] epiiane (B oS 5]
2 bl 3485 iolesl 5 LasleS | Jol> S (54,
it 5o 3 (ASTM 2008) ASTM DI586 s st 3.l
] 00 lbl?u‘ uLQJS D) Ms? o FHIK SR )‘

gy 205> 53 0dd (5 la> slaaileS CueBoe ¥ SO



YWY A9 lowo) 9 3l YA ojlads AF 0590 (69 10,15 (owllipymn) 99 LOASL

502000 505000 508000 511000 d 514000
: AR Iy

=)
=]
=]
-
o
Q
Ll

499000 502000 505000 508000 511000 "

OloyS (e ddgs H0 ol (5l Al Caxdge ) S

Ol adg> S (SuSTsi) Cluoguas (SuiSly 9 655 w0 s as bl cuogi ) Jou

Sl by b b oSl S ojl’:: Sl sl
LL (%) sy o> TAY 23 2 YioA 0 A
PI (%) Sy Ll VEY VF VY NG Y £
N(SPT) o Jaibeul 3gi5 sue YYOY Y\ V4 any f Y
Passing Mesh 200 Yoo SISH g 0ms doys AQY Q¥ a9 \Y/EY VY )
w (%) g Cash, Yo Yelo- vE sIvs ¥ *a/0-
o sl JE VLAY VIAD VA3 Y VYY YIvE
Ya Ses JB V.0F Vio¥ V/¥q SNy VYA VIAA
Dy s i ialeg] 5o (s SShaol ayl; Y IAF YY/Y- YA IAY oo 84
Cp s U3 o)l 55 (S e s “leY AR e 157
O S y97n A iales] o S5l SShol ayl; A Y/$- Y YIYa) oo Y
Cr 697 A ialos] o Faie <A -/¥Y “/f- At SNy “12A
Ce oS ialesT s w515 gy N A4 V4 A% e -lo¥
Cs oS ialesT 0 oaSod ey SfeYY “[eYY “[oY Y “fe e SNef
dlas, a5 caS g oo bl mhaw oL Ges 5 S d(@lop, <) S cdl g, gowals @ axg b

Slgesy o515 Sy 5 (e V0 Sl i) ST 8k Ges
S5 B I 0 ,me )P ) e 8 glasl 4 5l

dlas, Jlea! (VY L ol o lastinl 3585 soe . Kle)
9 2 XRD (ulojl mlis gy ez Zool ond ads> cplple el Gnb Slse, ol (2K,
F UL asg> ol )5 (o) S5 45 was s plis baaiges sl 5 oy il Slge, 5l Baas Lo )S 14 (o5,
peal e A S (Y SS) MLGA ool 2y ST Syle dalsl Glael bzl cpl 5 ool oaudig

s oo i |y ol (GBSl (g 55s S P e e (Joloe 5l (S adhie (3 Syl

o3 oy Ll 4 o b ggame o o S,



'Y A9 lowo) 9 3l YA ojlads AF 0590 (69 10,15 (owllipymn) 99 LOASL

(WUSCS) wlisgs gaiaiab 55 Jlslyd o5 9 Slslyd @395 ¥ Jouxr

USCS Sloly8 AU JUCER N JE IRV
CH \¥F f/0 £/q
CL Yo YV AYID
CL-ML \EY f/f £/4
GC o Y Y
GC-GM \ / /
GM ¥ A A
MH Y At It
ML Yy Y/¥ Y/
& AQ lid A
SC-SM \Y It It
SM Y \/ A
SP Y <1\ Al
SP-SM Y -\ /N
SW-SM \ / /
Total yag. LAY 100
nﬂﬁlm‘n) wlnw Sll;lﬂllﬂ Sﬂﬂ;ﬂﬂﬂ snluw 514.00“
SPT(6m)
B vigh: 2
o - Low 8.1

3350000 3352000 3354000
it n

3348000
L

3346000
"

Seale: 1:100,000
) 1 2 4

3344000
1

T T T
2350000 3352000 3354000

T
3348000

T
3346000

T
3344000

T T
496000 499000 502000

T T T
SO8000 511000 514000

P Gos y0 9,luiliwl Sgdi due Comdg g p el Y S

2l bl ot 3ol o il 3o sie b S

ol 00l 0ols lis s (5 iolesl

SISkl 4yl b 8l Soi5 soe abal, & S5 ol

wdloe 2 Billae (S 5 (IS
¢©=0.83N,,+1.24 o)
C=0.010N,,—0.004 )

SKlasl alg; @ wonds ol 355 sus Nop als, ool 5o

> p S (Sainr € g 42,0 ces p LI

S Wz 9 31 SBasl a9l (Lo il -Y-F

03l (ygumw 5y S5 & SPT U
s SKlasl aygly avwlxe gl daly, @) jalate 4
49> 53 (CL) oS ity b (o) SB (Sainr 5
358 g ek by lopsesl @b 5l ol 8y
S9) » &85 Dieo o aw,p b colaiul o lastiul
Gl Gl sopiins bl )l a5 ams o lis ools VAF
Sylastinl 3585 sae b Sz 5 S S SKlasl
5 ol Sl aygly leo bLI,IA UK, 0500 0429



Yo

A9 lowo) 9 3l YA ojlads AF 0590 (69 10,15 (owllipymn) 99 LOASL

s e llad s 5 w5 fosine
Lilsy iyl sl 09ly Gpgs o)l 5 (RMSE) Slay o
g 00 %S jshy sl o ps g RMSE 50l oolazul
ool oolitul oy ails; (2Ll sl At (e
A ) Kan 5 pdio ¥V adle 5 g 5lal) o
FoVe o) Ken 5 6)lad VN (), Sen g s0bTz,alis

(R o San 5 lalS

5 ooliial b Lalg, ol jo Nep laie il oo Kg/Ci’
(VA5 8 5 (g ) w5 Lol ¥ alad
Ngo = Nspr * Cg * Cp * Cs * Cp )
dae Cp ke jhd (gl (Mol sae Cp ¥ dayl, o
byl s gly Mol sae Cs (38> (555 sl 2l
Sl ke Job sl (ol sue Crog pTaises
ol g Stz 5 SBlaol 4yl ala, glgil ool
oz 5l o bl sl lne ol o0y @511 ¥ Jgaz o Ny

502000
L

508000 11000 S14000
L L i

SPT (10 m)

3348000 3350000 3352000 3354000
i " : L

3346000
n

Scale: 1:100,000

N

T T T T
3348000 3350000 3352000 3354000

T
3346000

s |0 ¥ 2 4 =
| pe— | &
4 T T r T r T — 3
496000 499000 s02000 S0S000 S08000 511000 s14000
Vo Bos 0 O luilin! dgdi due Caurdg 3l (5 guai Y S
496000 499000 502000 505000 08000 511000 514000
Legend SPT (16:m) N
.Hisw-s.\‘ns 1L'
§ i .Luw 3 L §
H 8
H E
&9 ra
2 2
-2 E
7 g

.‘g-

1 _iin®
.

k! /

o

3346000
M

Seale: 1:100,000

T
3348000

0

T
3346001

3344000
H

T T
499000 02000

T
3344000

T T T
08000 511000 514000

S0 17 Gos j0 5 lailiwl dghi due Camdg 3l ol F S



[ %]
100
64
36 777 [ {
: ]
fe .\ I 'ﬂ\ﬁ ! | I “ bl |
T 4t I I in
; ¥ Wi, i fww- " .‘I"" ; L ; I ]
oo M i "f p “\""‘*‘;“_. "f“.w Nlh-\w 'ﬂ_\,g,fh'ﬁfﬂwwlfﬁwmﬂw#w
| - ‘— l
0 L T B
0 10 30 40 0 60 [2T]
49050 | [ 1l [T 1 [T TITIT 10 G | | |
33-1161 Quartz syn Si 02 ; g ;
05-0586 Calcite, syn . CacCO3 :
36-0426 Dolomite CaMg(C0O3) 2 R = v
09-0466 Albite ordered —NaAl Si 308 S—
26-0911 L1llite-2M1 N (K, H30) Al 28i 3A1 010(OH) 2
16-0351 Clinochlore-1M b ferroan (Mg, Al )6(Si,Al)4010(OH)8
19-0932 Microcline intermediate e KAlLSi 308
sy B S XRD islojl guli 51 slaiges b S
F i ; }?}?, spectrum 1
si
) 4 [llite
Al
D
Mg
- :
| 4.; _,'.46" K
K K
B AR MAALLAAN WAL WA LA L A | | ARG (Ee i1 108
: 0 1 2 3 4 s 6 7 g 0 10
; E o Full scale 88 cts Cursor: 0.050 kev (253 cts) Eie
10pm 'Electron Image 1
bl S5 SEM a5 5 S5
40 0.5
> y=0.8274x + 1.2378 0.45 }'=0.(3104x-0,0039 .
73 R? = 0.6284 .. il R?=0.7288 s
&b o % - o.
T30 | X 035 63
= & s 2
g% . J’;:! £ L0 .
315 o 5 o v
& : 0.15
E 10 .. ’“~ 01
g 5 0.05
0 0
10 20 30 40 50 0 10 20 30 40 50
N60

N60

8 ylilil Sgi5 s b (A5 18 STlan! asglj 9 (S o bLI,IA S



'Yy

A9 lowo) 9 3l YA ojlads AF 0590 (69 10,15 (owllipymn) 99 LOASL

G i B3 (gl slaslin] 3985 sae ulul 5 (Saiws
ol oelel o (LBl SKasl aysly eds 4 Cod
Oty oy p & barye alals, 5l (S 0l e sl
9 Sz skl b (o Ceaglio slayiall (s s
olie i ol o sl o 1 Jgaz o SSlas! ayls
Lo, onl 5 ool b Lbls Slaol agly 5 St
odds 6 pSojlal polie b g ol dewle (F Jouz [0 042 90)
oxel VY S 58 awyp ol s o awglie pols s
ciizee 530 Ll LY o ) Luly, 5 ol gl anglie oo
e (VoY) sgame fawgs ool &l alal,y a5 o oo ol
398 oo odlin o)l ol Gdss polde L (6,850
0 08 pedS g 0dd (g S ojlail polde alayl, oy gy oS
il shwsie Loyl Bl sl 5 b gy
oYl g OV JSS bl lidall o ye (V) JS2)
SrSoilal Sz 4 baye (Vo IS0 ulal ) cds
50 S e olid a5 Ablie odl 08 pmes g ol
FO S her b 358 20 (Ko allsy ) glas
ol ol bl Ll Sl aly b ol akaly
Fobe dilon,; SB (eglie Sluogas o5 allie ne

o9 J5S ol (Sor g

ANOVA | Jol> (P-value) o gon g jlode
Oet Bily oo embie SSLE (Guls 3BT 0se3D
S a5 cowl cpl [Slas ail s, 0 31 S (gl Se
..\.wl)sn oals °"\';).|)'~’ 9 «.ML.A

ol G0 Jitue (gam S Slogrie 51 Koo (S
5O (s w8 dolae lawgi ool o i polie
Ol il aily Ko K05 L billas &5 S50
JM‘ o )5.‘0'.;0 @ .»))‘..\3 S9>9 09”‘“))'?) )| oolawl
O3sly mngd 093l pb 4 Ggasl 5 Keass ) lalkas
Bl oylel cpl Jlade .09 o oslawl (Durbin- Watson)
a3 oo s o)lel oyl jlade el jo b Y BV
3l oolaiwl Sl g 0,10 0929 0SS 5l lallas PMlal a5
Y Jgaz) 0)s 0925 s ala

5 Sz ably & bg e al oy g RMSE (l5e
odd 03)pmest 5 odd (5 ,Sojlail Sl Slasl al;
.Iay).o L§Ua.> aS 09»;‘54 odlive .l od./a—l \e J.i».v o
Sl 0al 5,80l g Slaelie Saice polie a
OaeS el a5 sixe cpl Ay Bl co (4100 31 eS) oS

Nep bl 5 SBol a5l g Stz Lslgy £193l & bgy po (oati a3 9 (5,18 oo el «(ygmunily (o599 0, bT Y Jgamr

5 Sl asgl; alasly £lgil Durbin- . . Durbin-
(5 Wy alail gl
Ngy bl R’ P-value Watson ’ R’ P-value ~ Watson
Negp ! 3
b 0.622 0.00 1.52 b 0.722 0.00 1.63
LY 0.605 0.00 RSty 0.693 0.00
99 450 ol o Wiz 0.625 0.00 ez @lder sz 0.723 0.00
Y 0.559 0.00 Sy 0.69 0.00
b &b 0.562 0.00 sl &b 0.681 0.00
50 0.5 —
B 45 | v=ooext739 045 | V7072200 0031
o R*=0.6218 e e
3 @ ~ " Ruse-004 e 8
8 RMSE=4.43 d 035 . et 2
E o -
g 30 g 0.3
(- E 025
& 25 g
= 20 £ 02
g 2
5 15 © 01 A% :.
2 10 0.1 -
3 s 005 TN Sa b
& 0 0
0 0 e 0 W0 0 0 0.1 02 03 04 05

Measured internal friction angle(degree)

C-Measured (Kg/cm?2)

eli&.llaﬂ 39 00 (68 031l pwolio b ool (ygumw )5y Jrwgi 00l 00 cmosi woldo LU,V JSCh



YA

A9 lowo) 9 3l YA ojlads AF 0590 (69 9,15 (pwllipymn) (99 LOASL

SElaol agl) g (St 3 o0l b (o 5 englilo (b ol )by (rntd (5l iy S oy 31 49 bgypo aluilgy F Jour

oo &4l kulgy

&2l

SB goi

¢ =27.140.3N-0.00054N 2

(VAAR) Uil

0 =0.70Ns+18

YY) o) Ken g oime

¢ =\/0.3N, +27

0Y) )5 5 S

& anls gl

C=0.014 Ngy—0.18 (YY) ogame

o b il oy slaSS

0= 0.209 Ny + 19.68 (YY) sg0ms

0.5
045 |* This study
[}
0.4 Mahmoud. 2013
g 035 °
5] o o
& 03 °© P
= s}
E $
2 025 e o ' 3
g 0.2 °'g.g’e°!
. [ J L]
= o oo8fise
0.15 "m’ g A
ol |8 :)":
: e o oxa
0.05
0
0 0.1 0.2 0.3 0.4 0.5
C-Predicted (Kg/cm?2)
40 -
# Mahmoud. 2013 A This study
= Wolff. 1989 ® Peck et al. 1953
35 # Mujtaba et al. 2017 = N - ‘
+ 7 ] L 4
—~ A++‘-ﬂ]_+ / Am _me <&
2 i e B e o L
g A4 A WL o 2 %
Z Y e é’o °
o 25 A A 2 ZanA 000
%l i R AA; I:ﬁﬁ
=] 20 2,04 A
:% A A AA +
& 15 s aas Af, 40
= and™e
5 F e
51 T Rl
& 5 AA F o r
b
= 0
0 1 2 40 50

0 30
Predicted internal friction angle(degree)

iy gk 5 bl Bk 31 ol Ll b oo 033 3 00 (650l y20lin gl 1) JSC



e A9 lowo) 9 3l YA o5los VF 0598 (69 30,5 (owlidippmn ) (99 (LASL

Jsb 5o ohalojl dsgazme S0 opSolr oras
5 8Sed alejl slp g o esliul oS (50
5 Bl) wb o bgame wuax sbrosls o ien
Ooygal Jae 0,8kee (VY o VN ] ISen
sloosls 5l Joius 0,5 S Sl ookl bl eags
5 oo VN0 Len g L) 0gd awl il
G 5 ple VAAF LB IS 5 Lo VD oleogalyl
sdome lhs Slss g, VY JSS s (Yees
A sl Oleer @Y N0 L e Joe )0 MSE) (oSl
o908 ;0 MSE Jlode (p5eS Cowl ool &Iyl 0550
Stacl agly 5 (Satenz Glp w4 pa3jk g p9o
s R 3l oolital L o 4l slaJoe el Cowd 4y 5l
o Ot St | ol @l wias s, RMSE
Joe gloools 5 5 Salesl 53900 0ls0 sl 959 5
el s ool (s 10 5V F Y sla S5 s agy ANN
O abal ) sl sl ool Hlas V8 SE (o aS jshiles
Slp o S g ead xSl nolie
S Lol SKlasl agl; 5l 5t SB  (Saiwe
S8 peite 95 (nl Sysln ln sras 4 il
YL cds il lis eole g S, Ay Cnd (6 5YL
s 35 SeS55 Al srmriey Sl ANN g,
XY G Sos 5 b,5) ol o ol Koo ke
(SR gemld 5 e YA (L Sen 5 L3R,

AERR

4l yand Kol 3l 03liiunl b o) S 6 5bunge ¥ —F
Caaglie (511> Ysame o5 iy b (g, slos>
L oablis gleol, 51 (S aiinn (Sail 6,k Cud)b
Sl b byl st oS g5 ol 4 bgye OIS
oolaiwl b > yo Cumsg jo S Sleogas daugy .ol
Syrme S Cuii b 505 Jlul 4 o5 (Gog38l olga
SpSse A e albsn, sSE Gln S (el
3 ooliil 500 laey] w515 Slidae Vgl
gy 8B 52 ogde Lot (53,555 5 0 3,5 oo
S g oad pSlie SI il Cush, gy
@t G wilg oo S enias LSS sla S
oy s St oS b o 4 il sl
S Ll s e S0 S s Jliml geS
S BS S S el 2zl S oS Cuglie

Ol 08 D) 95 (59,555 5 s Sl on

S 9 S SBasl agl; o alasly -Y-F
SE gt mas 4SS 3l eolawl LSPT L
) ol ol ooliiw] SLaST 855 cwadige 5o alisee
NN (gl 5 Sldl s VNV ) Ken 4
5 sbsS LRl YA gpes el 5 e
5 o) VAL (s 5 g50, VY (S
XA s g LK, s Y19 1) Ko
eras 4D e ol Y esil ols g o
Jome b Gl 5 b ol ang (ogras
Lol SBlasl aly) oy o ol jlailm
5 e g b eslind (St
SPT- iap) (53355 <5 b ey &Y o3y Jalts o
L bl Sl 4y s Sy 5 (N6O
Ol g eolaiul 0590 Y Wiz aSll el ((Sais
~S i) sl pieys I L el e g5 5] adl
e Ol 5l GaSslr sl s bl oS e
2 8995 Glysie SzsS b b S5 sl nolie
3 eolaiwl b (609, slaools ples laml Sl 59
VUG- e S ek 4 wind gilw by ¥ oadoles
WS o)l 8

X-X

X, =2(———min—)~] )
S

a1 eolawl b oonds 00 pedt sle e S0
5 R sl asls aulxe b ang cguas omac
D90 (gl 99 oo dslne ) 7, & a5 RMSE
13 ,
RMSE:STZ(y—y)Z ®)
i=]

e Y eond (6505 ojlail (sla e y B alal, 50 a5
57 5 laools JS slasws 71 Jow dloles Lags oo 3,1

S0l ge aiged el
degorme du dy AL & (639)5 Ol leesls S
ol imone g ialel (el sleesls Lol
5 w0l Gisel sly (B0l asgerme 5l g s
wothe @l gln ojs @B pslie o)) Cussy
31 obeebl gl (s lasl dcgome 5l ol ool
Giisel sloools degaze 4 aSl obj (Siwly pas
WSt bawg iyl e Suld 5l aS al oolil

! Levenberg-Marquardt
2 overfitting



\Fo A9 Lo 9 3wl FA o lods VF 0590 (60 )5 (wlicdimoy (g9 (slaaidl

Loy S oas ol plas il ol aws Jols et VT (e 5 59,8 VN0 () SKen
w‘oM)SSMMw)?Um)MWSWBL A,L"‘“—’L“" = l_: (Y”’) uL»_:LQLA (Y’\o(
Silbl 1o oS Teton) 55 o (59,955 5

Best Validation Performance is 0.0011363 at epoch 2 Best Validation Performance is 9.4495 at epoch 11
10° : o

m— Train Train
——— Validation —— Vaidation
—— Test —— Test

- Best — Best

2 @

E £

- 107 = 102

S 5

= i

w w

P T

£ -

©

2 Il —

LT @ 0 Py

c e e

o @

O Q

= =

e 10°
o ; 2 ] 7 = 3 - 5 0 2 4 6 8 10 12 14 16
8 Epochs 17 Epochs

(Cawly Coou) SB 515 Sol d5l5 5 (o o) S Sz (oo 0 MSE jludio oy yioS NY JSCo

Results Results

& Samples MSE R & Samples MSE R
@ Taining: 135 13541263 £.93384e- 1 @ Training: 135 138512760 B.6517e-]
G Validation: 29 1.13627e-3 9.22120e-1 ii Validation: 29 12.34152e-0 8.13101e-1
@ Testing: 29 1217133 9.25752e-1 S = L
Total P s Total 143635160 2.M473e1

Training: R=0.89338 Validation: R=0.92212
I~ = =
oy L © Data [eoele] S 04 O Data o
S o Fit
+ 035 + 0.35 y=T a
5 B
Q
o 03 g 0.3
© )
£ 0.25 £ o
@ & 025 AT o
§ 02 I 02 w
3 QA

E. 0.15 E ata -
8 g_ms Be S
=] o -

01 0.1

0.1 02 03 04 01 02 03 04
Target Target
Test: R=0.92575 All: R=0.90325
=1] ©
8 04 O Data )
o (=]
+ =+
ke B
o o
© &
e e
w [=2]
o I=
(=] (=]
1} n
] ]
- -
3 =
(=% o
£ £
3 3
o . O
015 02 025 03 0.35 04 01 02 03 04
Target Target

omas 45 3l eolisiwl b S8 S (med PSS




114] A8 Gl 9 3l YA o Lol VF 090 (60 3,1 (cwliliocpmon g8 (glaaSL

Training: R=0.85025

Output ~=0.72*Target + 5.4

Output ~=0.52*Target + 9.3

10 15 20 25 30
Target

35

Validation: R=0.88868

M 30
. .
+ 0800
@
kol oo
g‘ 25 :
t
2, o oo a
[+=]
o 20
[] [o]
1 o @ o]
5 ¢ .
a1s o
3
o 0 Too
|.
15 20 25 30
Target
All: R=0.84473
[+=]
i
+
s
Q
o
©
t
M~
Q
I
[
=
=
o
2
5
(=]
10 15 20 25 30 35
Target

s &0 3l ooliswl b U518 Shuol as gl cmass N0 JSb

Output ~= 1*Target + -0.0075

01 0.15 02 0.25 03 0.35 04
Target

35

o Daa R=0.85 e
— it o o
T il 00 g/
30 [} [} wo
o o %
o (o] [« [+
g o o
A oo [} o
I s} @
§ ¢ Ao ao
,ﬁ ogo o0
i 20 % o o
.: g 8 e
= g>o [}
g s ]S
3 8 oHO
O 5 (o]
8/ %8 o
o ©
o g‘g@
g 8
10 0% 8o
&
10 15 20 25 30 35

Target

1o Sl gl 9 (e o) ANN bwgs oo 60 50mnss g ol ol 40 ooy (6 3503105 (S ooz oy abasly . 18 JSi

oads odls las VY USG 0 ASTM D-422 o ,luilel
390> i jpame (6 L Cuglie islesl il .l
el gumaib elol S gy 5 Sl
waal Conds gl wlal el ool @l 0 Jgo
wlllae 3,50 S S (JB gl g e Cagh,
S el p oS VY g aops Yo cuis @

(Cawly Coouw)

Slas,s 00 eSS Sldlae o ol Gaisw o
5 onii jpame 5 Lib Cnglia a5l jan Sl il
SE) el aaitdly b o) S oS5 Slasis
U R S S R R e
Gamaily g el 00l mdd p 50 bgw,p
5l ool by (g 5oy anm (g, 4 anlllas 3)90 ) Sl



\FY

A9 Gliwo) 9 3l YA o Lol AF 090 (68 3y (pwlidopmn 99 (slBASL

polS” ST L ol yor (Si0;, ALO3) V59 LS 5
P Il (Sabplogs B 50 o G S 0
S el oad ales] GhoaSees b oS 5

2 ool 9yse SBojlas glagsdl 5 logssls
S s.,JLC O% as ds.wu’.a oddlive .l OMT \ Jsu\.’>
Sdlbee 5 s Dl S o

SE egatte (39 orl 2 edle LOA JK2) &b (rpes
590 YIP Ll oy ASTM DS54 s Jsitiasl Lol 55 m)

O Jsaz) ASTM, 2014)
odel £ gz ,0 Sal 5 L, slaaiges XRF zls
adllas 9550 oy (plords oS 5 F Joo Gillas ol
sgry wibos Cal 5 Si0y ALO; Fe05 ol

100
90
80
g
R
£ s
=
g 40
B 30
20
10
0
0.1 0.01 0.001
Particle diameter (mm)
oy SB guiudils Sovw NV S
1.74
1.72
2 17
& 1.68
'ﬁ.
'z 1.66
g
< 1.64
A 1.62
1.6
10 15 20 25
Moisture (%)
ooy S o515 o A S
DS b S b Jgu
Gs < i ‘_Jlf"? Cusby ooy yypazo g,Lid Caoglio RSN Pl PL LL )S.o|)lgr
(griem3) psloo | aits (kPa) sis Shsw | P | B D
Y/54 \IVY Y. Yoy 14 Y. Yo £0 ol
0 9 Sl diged (abiond a3 @S Jgus
Aigod SlO; A1203 F0203 CaO NaZO Kzo MgO T102 SO3 P205
Sal /00 150 SJfY sY AN Nidi £ -/a -If /¥
o FA y. 7 FIVE -10 Y/¥ SN\ /A ofe i
3 050 S o lood 4 jd gl Y Jgu
. 2- 2- - _ 2+
S5 S0, co’ | HCO, | cIm | Mg ca® | Na* | Kt
(meg/L) =Lk A Y y. 1 4 £ SN\ Ay




\FY A9 lowo) 9 3l YA ojlads AF 0590 (69 10,15 (owllipymn) 99 LOASL

5 b oo ialS ladigel Jodow amid )0 09d o0 S0
O g A b o) 50 5 o Loy ] Caoglia iol38l el

EHT = 20.00 kv

2um
EHT = 20.00 kV

WD= 11mm

WD = 20mm

09 g0 oolive o oSl CgSs Sie polal anslie b
w lails Jlail crge o, SB o Sal ot adlil a5

Photo No. = 561

Signal A = SE1
Photo No. = 7461

£

(Q.ub) Yoou ‘5'[0.5))4 L 039, YA 6)9‘ J.A.: QL»} 39 Sl b oud coms o) 9 (Y)Y @L&uf)): L S» SEM Pgad AL J&&

LaS Sal sy Vo0 (doys YA L plp) age Cogb,
Sal a5 alfin ol 00t ol o0 bglis v, S
"0 5 S5 Jols S STy 0gse 03538 S 4y
sl onl Wl oo a3 SaSh b o)1 D3 5w
o 9 00l DS ls )3 l9a (slao i JoSAT 4 e
pr 9ls (9 oepeS b Jale e S ol
Slr 55 s Acie @l Gl pogdle 0sdi e atitiy S
Wnte Susb) &5 (Sipe @ sl oY Slhds 35
b osd oS 5 S gl s 53 ol T gy oo il

ol 0 sols Hlas Yo IS o Sal

sladiges 5l plaS ya iSlas Sis (JBs 5 die Cosb,
Sbesl 5l eolanl b Sal 5w, S alize balxe
ASTM D 1557 5 Jubesl Lolul s o Mol 4525,

(ASTM D698-12e2 2012) o> ploxil
loigas Si3 JISz 5 atugy oo 2 Kal oy i
IS cpl o a5 Gysbplen ol ol Yoo s e
oy wilioue Sal jlade il Lowgh e sdslie
Al Sid ez a2ly ()9 9 Gl A Susb,
Sal doye Ve b JBs sSlas o ials .l oo ialS
Qgy cpl (oo Ve shaw) ol 5has g oyl aelsl asljue

2 I3 ke 5 es Gl g ogdle ilocge ol Ly



YFF

A9 Gliwo) 9 3l YA o)Ll VF 090 (60 3y (pwlidiopmn 99 (slBASL

30
........ '00
§ 25 e i o L
D 0 ..
5 206"
3 y=-0.0361x> + 1.0377x +20.922
2 15 R2=10.9558
Z
2 10
£
=
© o
0 2 4 6 8 10 12
Percentage of lime (%)

14

Max. dry density (gr/cm3)

18
e,
16 e,
14 [} S
12 . ZTTO T N S °
10
8 y=0.0444x> - 0.9436x + 16.86
R2=10.9901
6
4
2
0
0 2 4 6 8 10 12 14
Percentage of lime (%)

FS s i JKe g i Caghy duo 0y ST Hlaie il Ye JSo

Casby By 5 peedS S0 b Dl 50
sl 1) ot Slomes 5 (S Lol ¢ azbl o 351
o STy g o Lol oy S 4y Sal By S o
OLSen g (B 0ol BL) 4 o sl o] 4o (so0xie
(o Bl aar g Sale 5 12T DS g (nge V4
5l e a5 (Y- 19

by, S oles Lo, (el Jold STy
255 ey Bae (b digd ge bgle Ol g Sal b 2y
STy cnl )3 s i ) (eSS Jols asSTy
(=8B Gpssls) o) Jobs BB slagssls
Sigdse (Sl Sal slagssls |

e Gl sl Sty Gl i GYgie STy
Ole; &b 5 2gdo0 Sal 5 (o, S SlaS 5 )0 Cugli
Soslie (S )0 (st LS B S CA/Si o Al e
R FOIREEN IR IIRESRIIIE 38 SRS TR e
Jyams a5 CSH Vb o odgi & e (Vgje @
oobew 4 oS (YU Coni b (Vi 1Sy (Lol
Ul Gheghy anie SLa)S Gk p osdee Wl
L 5 s

g 08 ol pl Y NY (ol g pal) Wb rals
Sein)S 58 L Sal jmaSTly cpl 5o toygumwlbio S STy
Jé e o 4 Sal aS 09 o el g oo oS 5 lgn
slo iiSly plxl oy 4 axg L oS 5L SalSw
S5 sy P9 YANTE slagley jo SWIE9 olond
Slabgle 5l e o laBl daugy (Sl ply> Do

el sl leSal o,

S ialidl b CSH s Sy olgs

slagle; 5l an dgei O (55, » 5)lid Ceaglie iles]
slodisni) e sy b ojy 1+ 5 TA DT Y (g gl Jac
L ooais jgame (,lud Cuglan (posd (gl ouds oolazul
pldl ASTM s st olul s (o o5 jie dige Zusb,
Soe 4 baiges o515 ol 8 5l s (ASTM, 2007) o
3 bdiges zgy5 3l a5l ailagSS LB o celw YT
3o g edls dalolaz 10 YO (sleo ;0 rdiged Sgupy Mg
dadiges gl dee loy 5l 59, A0 9 YA OF Y Gus
Dentp Ml e 5o el badigad g5, b))
Bl erSsle polie 4 (Sl dg b leaises
o odrdgy Cugly &y

Sal dilies clodo,s b baaiges o,lid Conglin ol i
b el ool @l YV S o calisee (g9l e 3lej g
e Rl L aS 0sh o0 sanlie SOl & axy
ouils jganme HLid Cusglis dadige g sl des (o) 5 Sl
e Sal wo s a5 0ed o cdmlie ol e ol
Golid Cwglie JiSlas uzpee bloe doye Vo sgus
Ay g el Cewy 039, YA (5l as ploj 50 ouits jgame
el ol ol ol glid Cuwglie jo i ol )
2 oz el odal Cewds bz plo bawgd s golie
G oy S Cots Glp 5l 090 Sal Gliae 59
Sl sl 5l 0550 Sal oguoe 45 sy S
Y o) wibce 9oy A B Y (o, slaS>
Sz gy Sl jlade a5 355 ol 53 (V)Y) sgbtdl
Al oo by A Sgus pwy dule (g3lag

oRIPl Olgee 1 oled Caeglie o 2l s
Yoo SVl g Jad 0,5 slaeld (V555 sl piSTy
2 Voig o Sliregdl panliw b ko 521 o



1FO A9 Gliwo) 9 3l YA o Lol AF 090 (68 3y (pwlidopmn 99 (slBASL

1000
= 800
‘:_I
2 700
%
2 600
Z 500
a _ -
£ 400 —— =
= 300 *—e— s
<
E 200 Sample 3 (5% lime) —e—Sample 1 (0% lime) —e—Sample 2 (3% lime)
E 100 o Sunnied (7% lime) —o—Sample s (9 % i
= Sample 4 (7 % lime) Sample 5 (9 % lime)
0
0 20 60 80 100
Curing time (day)

Waiges g Lind Congliie 595 32 591 Joe o w3 ¥V S

Shmz b 35 s Siwor alby, s
S wiloe A3l Sl aysly b ol alad, 5l 5
Foke albn, SB saslie Sliogas aas oo (liS
Syige JAS o] (St by

e o pd (Eoan (omas D @l pluly
Loadboge /2 5 /A 55 4 SPT-Ngy Lc 5 ¢
(Eshan omas &b by, 93 RMSE o R alie
ot sl oole e Ty 4 S YL 2o
Sl BLas b Cenglie (gla ol

Jiile o olel Sl Slas SEM U1 mbs
S adsl isle atl e Sal o9l 5 an S
Sal oS5 b (silate 5l da 45 05 slails 5 oo
el ol hos az LG LSl o

a5 ols s o il o ST5 slaialej] 5 Lol b
5 Akt Cugh) Gl s (w; S 4 Sl og38l
plsl b 00,5 oo iy SiS e 02l (335 SRelS
e sy b ooads jpame (g)lid Caglie ubes
«Sy3l e 59, A0 g YA ONF WV 5l o aS 0 et
Gl & w0ads jpame (L8 Cueglie jlade (e
Ceoglie yiSlas s el Cass 4 Sal asye ¥
Casdy 039 YA (55l des oy y o0t jpama (5,Lid
Ailo oo ol (g liad Canglan jo pois oy 5l amy g 0uel

‘5$|~>)~\§

Sl ol 2550 ) allie Gl (Bans absiay
3L 0,80 slaoals &l cpm w4 oS liwl (gladlaie
ilei oo )Rl f2l> Goios

@olS s, il 5 SB SiSis5 slo ol )y Cppess
slosesl @l Gebol 2 (S ol (e Cuz
ot chaie mals cel SPT alax 5l asls
S SB cents )b 5l 00,5 e bl olSas L
SLSE wiige (lo> S 50 pamre Slalb,
GLBJLD- MLJ‘SQ ‘jl).o.c Lglbo)e): 3 oolawl )90
cilize bl o soby SaSTy shls Lol o)
Ol o aiS ol Slhes Gloojen yiws o oL
OlesS b (g ddg> (SIS eles iegk
5 S¥ez sloyuhl (e Caz Sl 5 oS
Syllinl dsas sae wlel 5 S SKasl al;
woe> e S Sl L oasg Lo &l SPD
(CL) 5 Qi b o) g9 51 OloyS (29—,
Shy dmte 5 whae Sel Gog3l L wil e
ALy 49> (nl S (5)ld Caaglie 5 oS5
Soi5 dae g ol ob) Gee SB L 4 axg L
S99 ddg> pl j0 ol Sils; Olilas ddawgie o laslil
3 Shinz g b Sl a5ly lawgie o)l
L o, SE Saes 5 Lol SKlaol aygly uass
2y ke Gar Sy Ghgy 4 (CD) ol aaritadly
(X o o RMSE o> )‘ Lg)La—‘ LgLﬁo‘,L‘o—‘ u,aL,.v‘
oo oLt gmdly (e2y90 o )lol 5 (g o sine o
S Ll SKhol agly Gbe Jod BB bl a5
50 0 vgzg ojlabinl g sae b Saiez



1144 A8 Gl 9 3l YA o Lol VF 090 (60 3,1 (cwliliocpmon g8 (glaaSL

sampling of soils. Annual book of ASTM
D1586 standards.

ASTM (2010a) Standard test methods for liquid
limit, plastic limit, and plasticity index of
soils. In: The American Society for Testing
and Materials, West Conshohocken, United
States. D4318.

ASTM (2010b) Standard Test Methods for Specific
Gravity of Soil Solids by Water Pycnometer.
Astm D854 1-7. doi: 10.1520/D0854-10.2.

ASTM (2012) Standard test methods for laboratory
compaction characteristics of soil using
modified effort. D1557.

ASTM D (2006) Standard test method for
unconfined compressive strength of cohesive
soil. ASTM standard D2166.

ASTM D (2011) 2487 (2006) Standard practice for
classification of soils for engineering purposes
(Unified Soil Classification System). Book of
Standards 4.

ASTM D698-12¢2 (2012) Standard test methods
for laboratory compaction characteristics of
soil using standard effort (12 400 ft-1bf/ft3
(600 kN-m/m3)). ASTM International.

Aydin, S. and Baradan, B (2012) Mechanical and
microstructural properties of heat cured
alkali-activated slag mortars. Materials &
Design, 35: 374-383.

Bagherpour, 1. and Choobbasti, A. J (2003)
Stabilization of fine-grained soils by adding
microsilica and lime or microsilica and
cement. Electronic Journal of Geotechnical
Engineering, 8: 1-10.

Bagherzadeh Khalkhali, A., Safarzadeh, 1. and
Rahimi Manbar, H (2019) Investigating the
Effect of Nanoclay Additives on the
Geotechnical Properties of Clay and Silt Soil.
Journal of civil Engineering and Materials
Application, 3(2): 63-74.

Beiranvand, P., Omidinasab, F. and Moradpour, A
(2019) Investigate Effect of the Parameters
Compressive on Behavior of Concrete Filled
Tubular Columns under Fire. Journal of civil
Engineering and Materials Application, 3(3):
131-142.

Chandrasekaran, vV (2018) Experimental
Investigation of Partial Substitution of Cement
with  Eggshell Ash in M20 Grade
Concrete. Journal of civil Engineering and
Materials Application, 2(1): 66-74.

Chen, FH (2012) Foundations on expansive soils.
Elsevier.

Ebrahimi Fard, H. and Jabbari, M. M (2017) The
Effect of Magnesium Oxide Nano Particles on
the Mechanical and Practical Properties of
Self-Compacting Concrete. Journal of civil
Engineering and Materials Application, 1(2):
77-87.

El-Shinawi, A (2017) Instability improvement of
the subgrade soils by lime addition at Borg
El-Arab, Alexandria, Egypt. Journal of

&l

WS Sl WS (S eSS G (9o,
S5 @ Sl JEs ez (WA | (a6 ,08

;e gbadl @il (egtas oeas A
YO-YA o oV o)lads oF 0,90 ¢(50 3,5 gwlidiyn)
Sl OYFF) olo,S oliwl sladlaie Of ol 5,10

ol S b
Cooglin gwmiin (YAA) T (g9 comld w5 gous
b bSwanle Sallsne 5 6,005 5L

us.‘...u)f) ).‘Jlj 9 (TP (omas d&o.u )‘ solazul

i) biliizen (ny oAl 4 i o prienis
DFFD o ¥ o)lads Y 0,50

St O 6 (e ) wolill vz o «gold
alop, S wiipe ol Sliogas
@i «Sal gl eolatwl b laes (BLST o ddlie
Y 0,lels F 093 (3,5 (omlidiize) (g sloasdly
AN o

o S iEeS wd (ald) we e 033 g s
ol Slgw) (S5 Glo S adllas OYA) £
AV oyled copmajpole oty —(ode aolilad @5

=z OTAY) (o (Il o ((So¥(s e g eSS
CBR aoglin y (NaCly 0,15 modes il al8tylas]
b o sl S g ams SB o515 slayiel s 5
O oys0 lres st 53 (22 SRR (Olorw
YAYY o

Abbasi, Dezfouli, A. and Orak, M (2019) Effect of
Using  Different Fibers on Slab on
Grades. Journal of civil Engineering and
Materials Application, 3(2): 86-94.

Abbasi, Dezfouli, A. and Shakiba, A (2020)
Experimental Investigation on the Effect of
Nano Carbon Tube on Concrete
Strength. Journal of civil Engineering and
Materials Application, 4(1). Doi:10.22034/
JCEMA.2020.215337.1013

Adebisi, N. O., Ariyo, S. O. and Sotikare, PB
(2016) Electrical resistivity and geotechnical
assessment of subgrade soils in southwestern
part of Nigeria. Journal of African Earth
Sciences, 119: 256-263.

Ahmed, A (2015) Compressive strength and
microstructure of soft clay soil stabilized with
recycled bassanite. Applied Clay Science 104:
27-35.

Ansari, Y. and Hashemi, A (2017) Neural Network
Approach in Assessment of Fiber Concrete
Impact trength. Journal of civil Engineering
and Materials Application, 1(3): 88-97.

ASTM (2008) Standard test method for standard
penetration test (SPT) and split barrel



112% A8 Gl 9 3l YA o Lol VF 090 (60 3,1 (cwliliocpmon g8 (glaaSL

Examination of Soil Arching (Doctoral
dissertation,  University of Mohaghegh
Ardabili).

Lu, S. G., Sun, F. F. and Zong, Y. T (2014) Effect
of rice husk biochar and coal fly ash on some
physical properties of expansive clayey soil
(Vertisol). Catena, 114: 37—44.

Mahmoud, M. A. A. N (2013) Reliability of using
standard penetration test (SPT) in predicting
properties of silty clay with sand soil.
International Journal of Civil and Structural
Engineering, 3: 545-556.

Meyerhof, G. G (1956) Penetration tests and
bearing capacity of cohesionless soils.
Journal of the Soil Mechanics and
Foundations Division, 82: 1-19.

Modarres, A. and Nosoudy Y. M (2015) Clay
stabilization using coal waste and lime -
Technical and environmental impacts. Applied
Clay Science, 117: 281-288.

Moghadam, A (2019) A signal-processing-based
approach for damage detection of steel
structures, Doctoral dissertation, Sharif
University of Technology.

Moghadam, A., E Estekanchi, H. and Yekrangnia,
M (2018) Evaluation of PR steel frame
connection with torsional plate and its optimal
placement. Scientia Iranica, 25(3): 1025-
1038.

Mokhberi, M. and Khademi, H (2017) The Use of
Stone Columns to Reduce the Settlement of
Swelling Soil Using Numerical
Modeling. Journal of civil Engineering and
Materials Application, 1(2): 45-60.

Motahari, M. and Kiani Vafa, H (2020) Studying
Performance of PVDs on Consolidation
Behavior of soft Clayey Soils Using EFM,
Mahshahr Oil Storages, Journal of civil
Engineering and Materials Application, Doi:
10.22034/JCEMA.2020.205130.1008.

Motaharitabari, S. and Shooshpasha, 1 (2018)
Evaluation of coarse-grained mechanical
properties using small direct shear test.
International ~ Journal of  Geotechnical
Engineering, 1-13. Doi. org/10. 1080/
19386362. 2018.1505310

Muhunthan, B (2000) Schofield, Liquifaction and
Dam Failures, GeoDenver, Denver, Colorado.

Mujtaba, H., Farooq, K., Sivakugan, N. and Das
B. M (2017) Evaluation of relative density and
friction angle based on SPT-N values. KSCE
Journal of Civil Engineering 22: 572-585.

Nassaji, F. and Kalantari, B (2011) SPT capability
to estimate undrained shear strength of fine-
grained soils of Tehran, Iran. Electronic
Journal of Geotechnical Engineering, 16
1229-1238.

Okagbue, C. O and Yakubu, J. A (2000) Limestone
ash waste as a substitute for lime in soil
improvement for engineering construction.
Bulletin of engineering Geology and the

African Earth Sciences 130: 195-201.

Esparham, A., Moradikhou, A. B. and Avanaki, M.
J (2020) effect of Various Alkaline Activator
Solutions on Compressive Strength of Fly Ash-
Based Geopolymer Concrete, Journal of civil
Engineering and Materials Application, Doi:
10.22034/JCEMA.2020.224071.1018.

Fauzi, A., Rahman, W. M. N. W.A. and Jauhari, Z
(2013) Utilization waste material as stabilizer
on kuantan clayey soil stabilization. Procedia
engineering, 53: 42—47.

Foroutan, M., Hassan, M. M., Desrosiers, N., and
Rupnow, T (2018) Evaluation of the reuse and
recycling of drill cuttings in concrete
applications.  Construction and Building
Materials, 164: 400-409.

Foroutan, M., Kassim, A. B., Amiri, S. T. and
Molkaraei, P (2014) Coupling Effect of
Suction Variation on Riverbank Stability.
Electronic Journal of  Geotechnical
Engineering (EJGE), 19: 4427-4438.

Harichane, K, Ghrici, M., Kenai, S. and Grine, K
(2011) Use of natural pozzolana and lime for
stabilization of cohesive soils. Geotechnical
and geological engineering, 29: 759-769.

Hashemi, M., Vahidi, M. and Kaviani, A (2019)
Effect of thermal stabilization of soil,
bentonite, calcium carbonate and fibers on
behavior properties of clay soil. Journal of
civil Engineering and Materials Application,
3(1): 53-62.

Hatanaka, M. and Uchida, A (1996) Empirical
correlation between penetration resistance
and internal friction angle of sandy soils. Soils
and foundations, 36: 1-9

Hettiarachchi, H. and Brown, T (2009) Use of SPT
Blow Counts to Estimate Shear Strength
Properties of Soils: Energy  Balance
Approach. Journal of Geotechnical and
Geoenvironmental Engineering, 135:830-834.

Houben, H. and Guillaud, H (1994) Earth
construction:  a  comprehensive  guide.
Intermediate Technology Publications.

Ismaiel, H. A. H (2013) Cement kiln dust chemical
stabilization of expansive soil exposed at El-
Kawther Quarter, Sohag Region, Egypt.
International Journal of Geosciences, 4:
1416-1424.

Kamali-Asl, A., Kc, B., Foroutan, M., Ghazanfari,
E., Cladouhos, T. T. and Stevens, M (2019)
Stress-strain response and seismic signature
analysis of phyllite reservoir rocks from Blue
Mountain geothermal field. Geothermics, 77:
204-223.

Kashani, H., Movahedi, A. and Morshedi, M. A
(2019) an agent-based simulation model to
evaluate the response to seismic retrofit
promotion policies. International Journal of
Disaster Risk Reduction, 33: 181-195.

Lotfollahi Qareshiran, S., Ouria, A. and Baher
Talari, T (2015) Exprimental and Numerical



'FA A9 Lo 9 3wl FA o lods VF 0590 (60 )5 (wlicdimoy (g9 (slaaidl

profiles in unsaturated soils under transient
flow. Engineering Geology, 260, 105218.

Shamsashtiany, R. and Ameri, M (2018) Road
Accidents  Prediction  with  Multilayer
Perceptron MLP modelling Case Study:
Roads of Qazvin, Zanjan and Hamadan.
Journal of civil Engineering and Materials
Application, 2(4): 181-192.

Shibi, T. and Kamei, T (2014) Effect of freeze-thaw
cycles on the strength and physical properties
of cement-stabilised soil containing recycled
bassanite and coal ash. Cold Regions Science
and Technology, 106: 36—45.

Shirmohammadi, H. and Hoseiny Khanshan, H
(2018) Effect of Mineral pitch and Zycosil
Nano-Material on Mechanical Properties and
Moisture Susceptibility of  Asphalt
Mixtures. Journal of civil Engineering and
Materials Application, 2 (2): 97-102.

Sivrikaya, O. and Tougrol, E (2006)
Determination of undrained strength of fine-
grained soils by means of SPT and its
application in Turkey. Engineering geology,
86: 52-69.

Sivrikaya, O., Kayadelen, C. and Cecen, E (2013)
Prediction of the compaction parameters for
coarse-grained soils with fines content by
MLR and GEP. Acta Geotechnica Slovenica,
10: 29-41.

Taheri, M., Zamani, S. and Ramazani, A (2018)
Design and Optimization of Mechanical
Properties of Reduced-Graphene Oxide-
Loaded Cement." Journal of civil Engineering
and Materials Application, 159-164.

Wolff, T. F (1989) Pile capacity prediction using
parameter functions. In: Predicted and
Observed Axial Behavior of Piles: Results of a
Pile Prediction Symposium. pp 96—106.

Yaghouti Lighvan, A. and Hajialilu Bonab, M
(2018)  Investigation  into  Effect  of
Liquefaction on Behavior of Retaining Wall.
Journal of civil Engineering and Materials
Application, 2(4): 201-215.

Environment, 58: 107-113.

Oyelami, C. A and Van Rooy, J. L (2016) A review
of the use of lateritic soils in the construction
development of sustainable housing in Africa:
A geological perspective. Journal of African
Earth Sciences, 119: 226-237.

Peck, R. B., Hanson, W. E. and Thornburn, T. H
(1953) Foundation Engineering (Vol. 10).
New York: Wiley.

Phoon, K. K and Kulhawy, F. H (1999)
Evaluation  of  geotechnical — property
variability. Canadian Geotechnical Journal,
36: 625-639

Qeidari, H. S., Salehi, M., Shayan, H., Kahnooj, S.
R. H. and Sadeghloo, T ( 2020) Analysis of the
factors affecting probable failure of local
entrepreneurs. International Journal of Law
and Management. 62(1): 93-115.

Rajesh-Kumar, B., Vardhan, H., Govindaraj, M.
and Vijay, G. S (2013) Regression analysis
and ANN models to predict rock properties
from sound levels produced during drilling.
International Journal of Rock Mechanics and
Mining Sciences, 58: 61-72.

Rastegarnia, A., Teshnizi, E. S., Hosseini, S.,
Shamsi, H. and FEtemadifar, M (2018)
Estimation of punch strength index and static
properties of sedimentary rocks using neural
networks in south west of
Iran. Measurement, 128: 464-478.

Robertson, P. K. and Fear, C. E (1996) Soil
liquefaction and its evaluation based on SPT
and CPT. In: Proc. NCEER Workshop on
Evaluation of Liquefaction Resistance.

Saghi, H., Behdani, M., Saghi, R., Ghaffari, A. R.
and Hirdaris, S., 2019. Application of Gene
Expression Programming Model to Present a
New Model for Bond Strength of Fiber
Reinforced Polymer and Concrete Journal of
civil Engineering and Materials Application
3(1): 15-29.

Salari, P., Lashkaripour, GH. R. and Ghafoori, M
(2015) Presentation of Empirical Equations
for Estimating Internal Friction Angle of GW
and GC Soils in Mashhad , Iran Using
Standard Penetration and Direct Shear Tests
and Comparison with Previous Equations.
Open Journal of Geology, 2015: 231-238

Seco, A., Ramirez, F., Miqueleiz and L., Garcia, B
(2011) Stabilization of expansive soils for use
in construction. Applied Clay Science, 51:
348-352.

Sekhavati, P. and Jafarkazemi, M (2019)
Investigating  durability ~ behavior — and
compressive strength of lightweight concrete
containing the nano silica and nano lime
additives in the acid environment. Journal of
civil Engineering and Materials
Application, 3(2): 103-117.

Shahrokhabadi, S., Vahedifard, F., Ghazanfari, E.,
and Foroutan, M (2019) Earth pressure



1F4 A8 Gl 9 3l YA o Lol VF 090 (60 3,1 (cwliliocpmon g8 (glaaSL

Determining of cohesion and internal friction angle of low-plasticity clays
(CL) soils using SPT number and investigating the effect of lime on
compressive strength of clay soil

P. Babakhani', E. Rahimi’, H. Gharavi’, M. R. Motahari* and A. Rastegarnia’*

1- Dept., of Civil Engineering, Faculty of Civil Engineering, Malard Branch, Islamic Azad University, Tehran
2- Dept., of Geology, Faculty of Sciences, Damghan University, Damghan
3- School of Civil Engineering, Iran University of Science and Technology, Tehran
4- Dept., of Civil Engineering, Faculty of Engineering, Arak University, Arak
5- Dept., of Geology, Faculty of Sciences, Ferdowsi University of Mashhad, Mashhad

* ahmad.rastegarnia@mail.um.ac.ir

Recieved: 2020/3/8  Accepted: 2020/7/2

Abstract

In this study, geotechnical properties and the relationship between cohesion (C) and internal friction
angle (¢) with SPT number is investigated in 120 boreholes in sedimentary basins of Kerman. Also,
the effect of hydrated lime on petrography and mechanical properties of CL soil was investigated. The
correlation between C and SPT (R2 =0.72) is stronger than that of ¢ and SPT (R2 =0.62) which shows
the effect of C on the shear strength of fine-grained soils is higher than the effect of friction angle on
the strength of these soils. Based on the results of the ANN model the correlation coefficients of ¢ and
¢ with SPT are 0.84 and 0.90, respectively. Based on the R2 and RMSE, ANN showed higher accuracy
than simple regression for prediction of ¢ and ¢ parameters. It is proved that, the SPT could be used
for estimating cohesion and friction angle of clays (CL) especially at the preliminary stage of projects
with acceptable accuracy. To study the effect of lime on strength and compaction properties of clay
soil, a set of samples were prepared by adding different contents of lime. Next, the standard Proctor
test and uniaxial compressive strength test at the optimum moisture content were performed. SEM
analysis showed substantial changes in the soil structure after the addition of additives. Also, an
increase in the hydrated lime content results in a decrease in their maximum dry unit weight and
increase in the optimum moisture content. Furthermore, it was found that an increase in hydrated lime
content results in the increase of compressive strength and optimum moisture content. The maximum
compressive strength is achieved at 7% hydrated lime.

Keywords: Standard penetration test, geotechnical properties, Kerman sedimentary basin, lime
additive, clay stabilization



