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An investigation in to the choice of Ground Access to Airport using Multinomial Logit
Modelling

A. Rezaei Jafari A. Edrisi

Abstract This study aimed at investigating air travellers’ behaviour with regard to choices for ground
access to Imam Khomeini International Airport. The choices included subway, bus, carpooling, taxi, private
car (parking) and private car (car drop-off). Data collection for this study was done during three days in
summer, 2014, and Multinomial logit modelling was employed for this purpose. The survey was
administered as a face to face interview in Imam Khomeini International Airport, which is located in
Tehran, Iran. A total number of 257 questionnaires were collected, with the degree of validation being
34%. The most important results of this research indicate that the majority of imam Khomeini passengers
have a high income(%900f them have 1.5 million tomans per month or higher) and car ownership(%92 of
them have at least one car in their household). Considering that these passengers don’t have intention for
using metro, with increasing the travel time, public transportation costs (e.g. parking cost) and improving
metro service qulity (e.g. increasing the reliability and decreasing the travel time) , it may be possible to
absorb them to use metro.

Key Words Ground access to Airport, Imam Khomeini Airport, Subway, Multinomial Logit, Stated
Preference.

sl e QYT OT 50 sl 5 90/ Wlie iy sl

O e sh pllaal ar s xis o8NS (Ol jas pwdige 8AKEs () Wl ,lS st gal oy d gen s 65 (V)
Email: arezaeijafari@gmail.com
0L cwsb pll il axlps gris o Rl Ol as owdige 8455 GLaliud (V)



...4KJ_}JJ L gt g D a‘j:»J u/}gb/&/ﬂm.ah;: ;A:\?"}./L;JL—JJJA

oS Aas e 0Lz Laasl ! pogdle ez s LIS 5
s Sl e e SR
A1 a4 Lo 1) OB e e o s
535 & o) smied 825 [12] G55 5 5L S
G Jhe Sl esliadl 1y SLsGT g
il o8 Lisls 0L s s S o (slabor
Ol m Sl Sull dade g Gl Auga de
Sl Cans s Jndl Cond sz A Ol s Sl
S N e N K T
Sy sSL o e 5l S o5 a e Jaw s
by g (g s DA g
J8a Sl LSJ}TC"'? sl o S
Lib e 0 dE0ks Oy gy el 2 eddan S
Slalllas s 015 o s ol b sdplondl lellas 3148
oYl s e 5 s 25485 il LT
bad S Bme b iy cpl 3 4S5 S 6 L3I [13-16]
357 R 5,5 e 8 pd OBl 4 Ol e L i
Ceslo s plosil a5 Slle S1 s Ot Al 5 o
e Sa3 5 5 oSU o b Ol o ity
llae ¢ e oWlas ol der kil e
oo lal ST 3V S sdlian (oo 5 SLLL
Cleas patd Gt 5 WSU OBl S oS
san 53 5 35Sl Blw YU wels ol
53 A3l o DS o ges L5 fam s 355 35150
KK 5528 53 b Koo Sllllas 3 ol blas
23 e S e 3l o853 gy Slew oS Lledalive
235 AR S50 5 oSU Ay 38, Vb A
e csmses JBsJo Busa O35 ol 5 o Jlie
P psee JBsde gl Ol lralr
Conlos 035,00 [17-20] 45U o b y3 V) 550> (AES
Josdem e ORIP Semos LaysiS 5 ok
Tt A B e e A e 02 5 npee
53 ok S5 Oladllas o gdle Liwly ol 55 e (AL

4ndde
Ol Euegn ol Sldlas a8 ladle s
23 5 Colodd ool o835 5 4 e (oo fd b0
Gl 93) oy ladie I Oldles ol SI
Ly 5l Lles S eslizul (s Lalises ((glalom i
Sz 5 Sl & U5 e g5050 2l 5> s
Ol bl 5 eddpleil Slidllas ST 3 [1] 5,5 6L
dgeh Pl Gla, U o Fege Sl e A 5h 5 i
Ssola Jbe Ol peay td2ly oo 2l 58 Ol lee Lo 5 i
Clil ddlln Olse b lallia s [2] LNLKes
ddae (63590 Aallle 0553 4w ius ssd
Ol 5 izt s O sles Sl oy s & (Sl
oss (S e D by s (sl oS izl
L Shdlae gl S =55 ol Coeal b o s
Oles Sl dsb SRIBI L o saay GO i Sua
Ll Slay gt g ol Caal 30855 3 4 o s
[B-8]0Ler 5 S 5 0L 5 & prpes
Ol e ol jes 3lax) Ol iles slazrl la S5
5 o GBI 5 (s O (e (i ol
A8 Ay ol 5 Joths 5o 00 Ol OSes
- sl wlasile 4 e LS slals
Wl ieee 3l &S L35 oLl Ol il (s3Lasl
(i ool 53 QL Ol e Olal e slias Ol 5 e
D L ST Sl (M ¢y
Sl Flol allils; 55055 5 50 [9] O es
QST 55 ain ol835 5 4 i (gla jiw 2alS
[10] OLer 5 oSl conl pesdle .38 eslinal
oS5, Qe e wd (G SU Qkf.,\;;\)w
[11] oL Kan 5 g GBI .15 S Jus | guS Sl ol
Sl B Je sl Sy 5 e Slasis
s s S eslial 6,8 53 s s S e85
5l (e i e s s Do

s 5 53 8 Litn b ke e Ji

)r"Y/\ ‘uﬂ ;JL«*:‘(_})}L;WJL-‘

fwj)ﬂu/jaﬁf.wu&a@j;d



3 e = (s i ols, e

SO — st S50 55 (ST S hen (s 5]
B oS53 SKuSHk 5o yo 55 05,5 SOL k) 05,8
moslo— pased S0 5 (Gl i 3l iS50 Ok
Ot b 5 o855 3 B Ol pless Olle, ) shite) O
o855 ,5 KS L 53 03,5 SO s O olasklal b
“plel Mol o835 3 4y o s shtasy (o
okl Ol G S e UE e
Sl S s e 5 S ,EL sl Ll
el 8355 5l ediSaslinal ol Ol 3l
Stk Slascads 5 gnnl 4 SeS S

Al o Slagin

GRS )
S g SRSl slade
o A ST Rl o B S eeeas Ladie (il
eJJ;MaJ 5,5 8l ekl ol g sllas Jl 05,8
il o ¥ Gyl 350 e ol [ Ay 5SSl S
Ly 535 0 03ls DL Vi &)y S5 2end )
Sy DS bl Ssea G
ol sdalis L5 o S e
ool & stalie LB o2 U 5 Jsgoee Caad Y
St |y O s 5 doas oo OLES £ &) oy
2SS e By ol
g 4 S ol Ol 5l OIS S50 3
o bl o] 3155 e dute sl Sl eslizally o
P S s Syl Cewdds |y e S 31 S
slods 03,551 5 S sl =t

_ exp(Up)
Fa = Tjexp (Uj) M)

QY L 45

A iy 8 Ol Jlz| =Py

Cleay Ol b, (5,50 a4 (63,05
Coslodd atls p 50 il &S Lol OO
[21,22]

bged Sl By Gldllas oa b )0l8 s
A S eledl el o35 3 s jwn) g jiasd
s l30ly Ol g, 5l a8 Sladlas ol o Sid
L [23] & 0155 oo eeles S oslinal o ol slade
0 ki ey ol giludde 5 Jde Olge
a5 5 (o5 andllae w33 4 ) o iwd
LS 55 o )lal LT e o835 5 ometplel Mol
(labaz 5> Ao Sl Cor ) sladie gl el
- Ol o853 53 A sl llal 5 slaker
Sladde 53 S8 5T Gla bl oy e 45 Soslesls
- Sl welys Ghe doss Gie Ol eddastls
Ot Al e Comir g e e A ()35
oy So 0Ly 5 aua Rl L &S Clesls LS
Al e 2l 0T Sl eslizal 4 Ll i
sla zal b RS ebobs Lolawl fass ol s
A s e Ol bl s S
33 o3l GBI aS Ll el )b e sdle o5 glaskiin
ol Ollee 5L Ol sla by dis gy 435
S b 0sSlen 8 Slils & ol - saeS0L)
bleS Oljee 4 B ilodol o855 3 4y iy form 550
(S eslizal 1y i 5 fom & 50 Ol 5 0ol 3 1550
s s Sl s b alaly 5 Ol sl Sl
Go8) Ol i s a5 ¢ matplel o835 5 4
sl 3 5 0 sk SVI5 (G 2 L
Lo iledbe g B, Sl eslaall Sl
o ol (slake

bae U Colodd e ok S5 35050 4 4> 5L
L o) Ol jw Gda 4w 51 a8 Ol les L3,

e By Jem st Vg bl s (68 e

de;jjd/jopf.ugx 45/,..:.4

’r"?/\ 4u<~‘ ;_)Loﬁﬁvﬁj)jw‘,/[«/



...4KJ_}JJ @wx_;ffl.«i ;j:»J u/}gb/&/ﬂm.{q— ;,.:;-J/L;JLAJJ.A

o855 40 olyn Ol slee bl 3 138 50 sls uhne
XLSTAT gl 5l sslinall 5 458 Lol
s s el s AS (b bl
plomil (g St 5 o855 O Bl 51 OLs 53N ) 50
ouLi:é))T@g- Sl (g K OLL 3l 5 A
e gladde o ax 5L Laesls ol 5 3505 L1 o
JAS it ey St e L Sladte
2l Nlogit 5l s3le 5 o i paze e 51 i 5 38
ool 5 B o dde Lolgs A gilede

Al 1S Laesls

A S Ao s o =U,
J &S bl sllas 15 =T
155 53 Dt Jla | S 45 ol a5
Sy el ls S 5 ) Copsllas WU 4 L
ol S5 e oY Al e s b3Sl oo llas
e sl S D s o IS sl S
Sy Lol S L Sl s s laler s
o) b SRkl o el laber s
[24] covlods eslanal glabomais
Sasn ol el e samsoles (1) S
w58 Sladllas bl o lanl S Sy go ol a0 cASL s

N85l (sla e gl

b b

(e ru\a@w;)&\ﬁol;wjléﬂﬂ

Laosls aK.Ll,; Sl 9 AJLL‘) BL aJﬁ':td))T@.q- Sledb| ¢>)S ))\)

SPsS Jljle 5 3l eslizally s pine Saeen J 28

NLOGIT4 33l 5 5l ssliully (s3Ladts

Laesls i Lol

e el Jol e N S

)r"Y/\ 4& ;_)/.«—J‘/A_;AJL{WJL.«



3 e = (s i ols, e

R WY ngf.iwj.;
a5l gslies G 5 g K s Sl
Jedos 3550 aliin 5 YOV (s gy 0l eSS 280 &S
Y0) aasliiin s /)¢ s sldad pl 515 238 13
Slr oLl Ls s ilular Jue o la ) 1S (walids

Mﬁjf)\jsnbmd‘bjjﬁdv\ﬂ@w)m‘

Wesls Jdowi cw)y

3550 SPSS Jlle 3 a3 eJ—;Ls))T@.?- slaesls
Sl pite dd s 23S IE 5 e
22 LS A e 5 s (55l e e el |
s aled e 3 8 la ine ol il sl
LAs 8 (s as S 13 eslanl

GO s OAS Gy i axoa skl
oy ezl ol835,3 53 DL S maly e G115
- oo o halin alod o;)ﬂV)Jg,:);J-:;@}s o
AEL o Jle Ve by e Sl b 2l aS 550

O Sl i G153 w555 (V) Jsd 5o
elodd o2ls ioled nesplel o855 5 )

Job cmsy Sl i ek Ol (V) Jsir
N o553 o Olwf'cwli

has) sl Sl w5 sas0lss (F) s

L;'.,:Aﬁ-rl,al eLf;)J} 33 ‘-’lijf(":""’li A PHES Jle YA (YL

e ‘5)3—[@:"-

g5 YA S eslinall tags cnl Sledbl d)j@?
S Clodd plal asolel oS35 o wsliiesy
Ol ples (53,3 Sl boalaly 53 Jige VA uls
s 5 sty aowr s SIS 5 Bl i Slasls
Ly e S S s Pl e slaelSss 3w
Al o

53 s sl siS s alie e tags diles
ool 8353 (s 2 Ol sl Sl 55 rass 0l
slas § g 6 K

XLSTAT 13l 5 5l basbii . ~1b (sl
L ol b V5l 5l e g5 Cslonds 3Lz
o SO 5 e g e Olas ke 8 sl
NPl b &8 ddan S ks Soslite e
e MAE b ae sl XLSTAT
sddolml oihe b LA S sk baslie
S G o Sl O pls CHLE e
el donny I jon O plns 31 030l Ol o g
U S o pUzd ) o A 51 (SIS IS
A ksl 0 Gheer S eslid gl (A e
b basliin  (gilweslel 5l i e 4alidins
Vo Sdeay aslii y TV s 0l a0l AL
3l SLlS 5 5 pasa YTAY Ol s 3,
slaesls 5l el 5 (ol dxlas O son

el Wﬁlﬁ‘ ogb_}jé g_;")j" Q‘J,‘?LW.A wa'GQL:.: Qb&)
j _
3 T B e
v
3
R R xa‘iun FAR J'U ' &' 3 [HJ_L?II—[{L

enstplal o853 53 0L S amly o J15 Y IS

’r"?/\ ‘A_4<~’ ijl«ﬁ"»j»j‘f.«‘,/b



...4KJ_}JJ @ijfld} ;j:»J u/}gb/&/ﬂm.{q— ;,.:;-‘}./C;JLAJJ.A

e plal 68355 55 0L Sl Coizr Glsl 3 w5 ) ol

IWwES Ghae Slsls | (Ao)3) pod Slolp | (hoys) mnzs Sl 5
5, Y o 01
35 YV 4/ Yoo
= Yov Voo

N . .

55 o Yov Voo

ool o835 53 0L Sialy Jab consy Sl i Y s

ol sy | Gllae S5 | (As3) s Sl | (Aos3) ez sl 3
3 s ag %l v
Jake g i Voo
o Yov Ve
NN . .
XS o Yov Voo

ol ooy 0 5o og;@g 85l JL VA VL slasl sl Glsl b s ¥ dod

JLA GV slael slans | Gllas a3 | (Aes3) o Gl | (As3) e S5l 5
\ ) /4 \/4
Y \E22 0V oA
Y 1A% VAT \a%as
¢ ¥ VY AN/
0 4 V/E 40/A
a1 0 V/A vy
\% 0 V/a 441
A ) /e Yoo
& Yov Voo
o310l ) . .
Js o Yov Voo

s e LS 1y ansdS 53 pestelal

Ol Bles ol o Sl Oljee (sdeo o 55 (1) IS
a3 e O [y et elal 8355 3

5353 53 0L Sl i e (V) s
Lased 5 0L ol s Ghlis ula | 1y ipastplil
s e olas

CA.:QLA L}Jb‘f 6‘)‘5: sasol s (i) J}JQ-
J;:.A;'-CLA\ alfzjjé BN Qb_jfc__mb ool gl (g9 055
sl

b el Gl 3 s 5 sl (0) J s
G| ‘5‘7&€L“ aKJ}fé BE Qli;cwl.:

alf.}j)j‘)\ oaleiu Lfvﬁ J‘J‘)ﬁ GJ}E V) dj-b'

1794 ‘uﬂ ;_)/.«—J‘/A_;)jwdlw



e o = (s s e

etelel 68555 55 0L Sl ool 5l (g5 Sl Jlslb mis & ol

Slsbs 53 sl as Jlslp | (Aos) e Slslp | (Aoys) ez Il 2
. YY AR AR
NECS Vo 0% ov/Y
oKus ¥ AY v/ AV/Y
s ¥l i Y VYA Yoo
o Yov Yoo
N . .
5 o Yov Yos

L;'.:a;‘-rlﬁl By 5 5 Ul—l)fc-"l-l Sleb gy oSOl Sl S Jsd

(Ol 55) dal e Slsls | (Meos) o Sl | (Aoyn) Lmezss Il 2
Olegs Yorennn 3 YV V+/0 \+/0
Olag VOrsvar—granaas MY £0/0 01
Olegigrrrrrs VL Wy £t Voo
o Yov Voo
N . .
IS er Yov Yoo

Wf)éwrul ag:))j] oslaiul :Uj>r5 uJ\j‘Jﬁ @)j; a1 d).,\>

TXYAN

~

a il Yy AY/A AY/A
4 Ok X3 7 Voo
@}. YoV Yoo
2Ll s | , '
JS gl YoV Yoo
L Ol pls el e Lk Ol
o (s &S
Oldea=Y 5l .
0 AR

el o855 53 Ol ples of o U Ole (s Ao &iF v

1794 ‘& ;Jw‘[‘j)j‘;\#d[—d



olSDg 5 e s § g ] slalandir o5 (6l s A

ol bl U e bl s ool o835 3 53 0L S ol i s S5l 3 w35 V U

AL ols e ddats Sl Slslp | (ho)) oo SGlol | (A ys) e G115
(adzs S350 Ol Y A A
) dilee Y4 VY AR
Y dike V4 3 YV
Y e Y VIA Yo/t
§ st A A YAo
0 ik Y o\ LY
1 Lk ! \Ax £0/4
YV ik Y ~IA VY
Y\ ik \ ot £V/\
VY ik Y A £v/4
Wik | i $A/Y
VE ddks \ i3 LA
V1 Ak \ ot £4
YY) A | ot £4/¢
3L Ol sladkiw e q /o oY/A
La el K £YIA qo/v
0355 3 ol e 0L ) 1 A Yoo
I~ Yov Voo
RN . .
J & Yov Voo

(S

U’:"a-’}«' u-i\J" e.,\.:.rw_)f)lso\_n LS‘A.L;;-J..;; C,.:;-}j du\ﬂ)t}'l‘d f.Jg.&

5 oeddeslinad Gle ki n Simes S $5lwde
SO e mlS s OLY 53 5 baesls bzl S Je bl (B 6 bl ed o0l

o aalsl 53 5 el atls o ediian § 84 (glalaxdis

TP G ot s 5 oo Sl 3 Do rlige 4l



3 e = (s i ols, e

b ie Koo J 55
DBl da g L ine n (Soed sz Sl
I Saes Gl & pla ane B> 5 Spss
Sols & L eslial (G3ladde 55 _olasite (s s
dISlsy Jhe 3 db Jed BB Saees
b ol s slapize & bgrje (Somer o 2i
AEL e = /0VY e 4 S VE-Y0 sy S

@L‘S 9 6JL~JJA BE sdeslaiwl 6\.&};&«
hY Q)},‘.ad..o 9 (f.) J‘i‘;‘ )l:;-Lw l; JJw 45.)&45‘)\ J.Jw
J}Jo.- BE Jde BE o eslaiul L;Lh]:a.la ML& iy

lodel (A)

sS4, Jda Lo

s g Sl labazrdor o 5 (5wd e 6l

WL bl 1 aplel o855 3 4 fun) s s
Cslols el

ool oo edian § 4 e ) sl (8) S

S das o Ol Ji.ﬂ ol s e QLIS L, A

o855 a0 Wil o calises 5t Vs olgn O 3L

slsp Ol plee 2550 Ll 5 0 S e Sastell

a5 (03 SS0L) it (oSU Sl 5 e

(ot KT Ol (glaosls) duS oslil (Odesly)

50565 ¥ edily Ol LIB 53 fass opl s Ll

el S 553 58 (S heen 5 sl e e

erﬁ‘ a@:;} “ LSTA) s e ‘S‘AL»;-J..;; ‘:"ﬁ"}j JJ.A BE) sleslaial L;th:alo A JJJ.}

L PR 23 e b
e SIS SS S 5 r s Ja
(Dummy) > 3 5% 5 colosae A
(Dummy) 5 5 55 5 Ot G s 3l Yoo 3l Yo 5l 2eS) ansd8 Jle 0 b s lon du sliss DD-TRIP
(Ordinal) s 5 &5 5 il Jl 0 b Madlow olsn hu sliss O-KTRIP
Oummy) 33555 | (VoSG 5 05 sl Jald ogas ¢ 103 SS,L 5 Oddosly Jold pased) D-ACCES
(Dummy) 5 5 555 (o) 53 5) ) QLo V80 oy S D-AGE1
(Dummy) s 5 53, (O 05 e 13 0) Sapmim GENDER
(Dummy) s 5 &5 5 (Ot fabie o 3 ,20) Job coans D-MARRY
(Ordinal) > 3 555 JLA YL esl gl slasl sl 0-UpP
(Dummy) > 3 55 5 (Vg ¥ 31 i o g ¥ 31 eS) el g5 sl DD-VEH
(Dummy) 3 55 5 Cogonl 8 55 5V ) Gassm 5 il s G5 D D-DEG2
(Dummy) s 5 53 (v iympl b 03 5) ) Ologs Oaabie 1/0 3l 2eS el s D-SA1
(Dummy) 3 3 55 5 (i sonl b 53 5\ ) Ol Osabs £ VL el D-SA3
(Dummy) > 5 &5 5 OVt 25 oy o s aily) o858 5l ool & 5 D-exp
(Dummy) > 5 55 (Vi s Olam ¥ o Ol V5 wslS) il ol e 5L Ol DD-CA
(Dummy) 3,5 &5 5 O s 5 8) bt o0 (s ,e0) b o) i Tbse D-CITY
(Ratio) e s 55 (a235) jaw Ol R-TIME

fj}}dwr.‘% 4ij‘:‘“

1794 4u<~‘ ;Jué’ﬁj)j‘fﬂg/[mf




...4KJ_}JJ Ll g pwd ;j:»J ubn&/d/d.z;—.l.e- W"ﬁjJ&JLJ_,Le

'

s Ol w2y a3 ¥ Ol i 5 Y Ol
ﬂMJwT)JcJAT)JVJ{)@cP QJAV:.{JKJ
(s o B3 e a3 @258 i 38
Sl ore p eS glyls aS ola e Bl U e o
ere VO g:,_ikg_ljbcjfi: Sla e 03 S Lol 5 Ls g
w3 S S g Jae 53 do 5580 (VL (ol ma b
Cewlodd GH(A) sl 53 sl Jde g 2 LU

e A e Ve 31 i N logit )\}A\U'
il gladae js s ane (g5ls sae g S o
Sla e Jals e Vo cpl s S 515 eslinal 5 40
ol Slles &S b paie (6 eSS 5 L Lo

e Oloy Y O\)Sé\.laz-)")g.ﬂ‘w);r\qddﬂdj)ﬂ

gontolal o855 5 4 e g s b gt ORIl ldher iy S S e s 2 4 Jsd

e o 3,51kl Gl ol Sols e PIZ[>Z] Jlez
ONE1 +/YVA 0/¢7Y .
ONE2 YAty _v/ot eaed
ONE3 o/tod ALY «/VIAL
ONE4 CEYY /0 +/0907
ONE5 */AYY Y/a0v ey
DD-TRIP3 +/0\4 Y/ A EEAK
DD-TRIP4 LVARAYS Y/0\Y /Y
O-KTRIP3 +/TA =Y/o7) VERRFA
D-ACCES1 ALK Y/04¢ d/aaeeY
D-ACCES2 +/Vat AVARR o/e07
D-ACCES3 F/EYA Y/VVY Jeeey
D-ACCES4 VAN LVAYE3 .
D-AGE11 Vin% —¥/e Y9 AR
D-AGE14 —v /0¥ s ARR! —\/VYY «/+AO
GENDER1 — /s +/YY —\V/4A0 f/EVY
D-MARRY5 — /08 % +/YVA —\/4¢0 Y oNA
O-UP4 EALSE S +/+8A -1/4Y0 /0Ly
DD-VEH1 —+/Vis VLYY —\/VYY AAYE
D-DEG25 DZNAE: AR Y/NY raag
D-SAll r/t0Y V/VYY +/+AON
D-SA15 */EA V/AAY EEA%)
D-SA31 —/0\V VY EA —Y/+AY N u'as
D-exp3 AL E +/E4Y VYV /YAVY
D-exp4 CIAYO s i Y/LYY /100
DD-CA4 +/VY V/YYA Y/ AA /ey
D-CITY3 —V/0 Qs +/8)4 -Y/081 YERY3
D-CITY4 —/EY 0% (VAR 22 —Y/VAY v/aVEo
R-TIME5 /oY A /e —Y/ 1 A

)r"Y/\ 4& ;_)/.«—J‘/A_;AJL{WJL.«

(s Olpas peige &



3 e = (s i ols, e

C,.w\o_)s.h:i L;)‘JJJD- Lhﬂ.*.':ﬁ U'.'.l LS"LGJ JS\jJ:_..:S

Lesls e ylael

Yo aaliin,y YOV 51 laesls  aeaslael ) shaea
s bzl 5 bl (1 0) st

503 YO (sln ke Sl ¢ izl olal ol
calu sl sdalawsa s sllas b s s bl
(S oz Bl s e Sl pel akes sl Joe
"G 3 (03 SS0L) et s (ST
daly bow gy RO AP P (Oddesly) R
03 edkdiapule Lo pllae Sla b Hlids 001> 513 5 (V)
o ol sty alones o Ol Jlea| lids O
53 dde bl lirsas ol dcwles Jlai= oy 5855
Ao (V) Jods b Culgns s S
il i Lzl

z_ LL(®) _
P =1-1 g ="/\0rY

2 _ W@ _
p = 1—r(0)—'/\-\\'0

Ao ol ghile Jlxl U (,.:{JKJ e
LL (0)= —AV/ A
b s el slsla ez &b p-":’)@ Sl
LL(C)= —WA/ASA
o338l sl o sl Jlax| B CUPIRES
LL(B)= —0Vo/0YA
Sl e (annal) JES emen 5 2l6
eslods 03,51 (Vo) st 53 58 eddgsled e
e (S3lme Sla prie Gl &S g pSpe nl 4 e S
Lite ol 2le e 5 Sl e (S
S50l by 33 8 avalme (03 ot b il

L;'\:A}fblogbj‘)}«.gw)'wjiubzf:.ﬁ:guzﬂdukgﬁ}jdbéuﬂﬂjd\@;|—\' J).,\?

(4i33) jaw Oley | 23S 5 2l S e
—V/YAYS P PR
DALYR S (03 SSLL)

s plal o855 5 4 g g i bl Ol Bl S ) Jde (laesls e lael VY Jd

o S & g 4 ga bl Lo s Jde Sl ds s Joe b & 50l Ol Gk ds s
5 AL /4 I
s Al 2 2
(S Ao JAK Al 2
St An! /AT AR
(03 550 i 530357 an oY I
(Dkusly) rasd (5335 It / /
B 1€

2 O ol & o

’r"?/\ 4u<~‘ ;_)Loﬁﬁvﬁj)jw‘,/[«/



aKJ_}JJ‘UWJL{—:fL«J ;j:»J ubn&/d/d.z;—.l.e- QA:;-}J&JLJJA

\Y

Aledis o us Jde o aS ol
S Jde 3 eddoslaial la e 31 (6 ate i ¥
i dader s ld L e 78y VL (6ol pme sl

ol 55158

s li s 5 Comrs) Jde 3 Jls sme sla e VY Jsu

a.l..i'ad‘a'-hjg: Jde @w o} ."} Cou
2 2
pc= '/\OYYJP='/\-\TO st‘.} ol Cf}bﬁ d.)w A

RIS

e e u:{;taﬂ skasolic s Jue 5y colbsue Y

. PO Sldde § g Oy S e
P - . .
Sl sxa Sl sxa oot 3 L Ji....»v.a» L u‘<;“"’(*h sk ls sxe
» Sl eslanal &
53R T wddS Lo b s Gl ils 744 YVA | s | A ~ sl e
22083y 2
S biled claxsls s 5lyn mie el
. i awsis
Lls mSB 5 (S hmen Sl s3lizal & /40 /0Ny &St A Sl
eed
Ol e Ml slasls s Lol b
y S s oSl sl e
Slestazal 4 Olakles casdS Jle o s 740 -Y/0Y\ (S Ao
YA Y Sl
Al SR (e
Ji}&bﬁbdbjés\s&\faw [GwwES
_ 744 Y/04t 55 JERERS ; _
fulalfajjé@(mﬁjl}d}gwswdﬂw ) dely3 055 5
. ) /4 VAN s e
S ULLJ |30 (Liloka! Oabes €31 o Y
744 AZACA N PSSO T
9 (9 ] 3 oslanwl 4 Ole 45
I SIS J d Ol
s Josde 744 ¢ St VARNY
.Ujlzkidl:}é,é.wrm‘wﬁ}_?i VAR
SeS Lled (Jle VE=Y0 ey S Lol . .
& 744 S¥/aTe sy Sy e
Lyl gz sleslinal & JAL 5 okes G L;'-“U;
S Llad (Il VE-Y0 oy S L oLl il Jl Yoot
ke S s 74 A | st /0Ny N
Ll ST 5l eslial & VARE
) ) J‘” ej_)f
Sl eslial 4 (5 S e bagils _ ]
/40 -1/4A0 55 Jleyo-\¢ i
£Lls S5
VYT YO
Poslizal 45 (528 lolad s Jaleo et Ao
Sheslalul 4 (6 & s Les - .
JAY -\/4¢0 55 Jle Yo-\¢ Jab conss
Lls 5 % .
—/0\Y
JLA VL slael slaas il L Job consss i 0o slas! slaas
oslizl 4 o3 (O 3l 15l /4. ~\/AYo Sk JUL VA YL
Y \% YA
Ll e Sl sl Sl
Yl e Sl Olislaesl gt s a5 1 sl .
ol cnsy S Ol
Sheslanal 4 (6 28 Jiled Al e 5,555 AT —\/VYY 55 v oy s Sl
Lyls 5%
sl GV elys |5l eslizul 4z SNz
b (odos B8 O eams L sl 3l
S o s O 5 2 32 ¢ .
(-s.b 53 o845 5 (o5 53
Shestinal & (g i Lled (g5 744 Y/NY J Ol 55 O ket -
Q:ﬁ) FENNLY ot
£l (;}:JS;S)Q) Pty
—v /2 QA YY) S35 3

)r"Y/\ 4& ;_)/.«—J‘/A_;AJL{WJL.«

(s Olpas peige &



3 e = (s i ols, e

Olo g5 Osabes 1/0 31 2aS el L Ol sl i )
AT VVYY FE2 Lely3 038 Aely3 058
Jd)lsjju;last\gdj;i.ﬁL}iuj
L S Ol 5l S
- 5 s
Olo g5 O sdes 1/0 51 xS el 3 L Ol 3l Obe g5 O sdst o/enY O 5ale) /0
/40 V/AAY (-s.L
Ll pased Sl eslanad 4y g i il ) —+/YOA Obegs
825)
J:!J:.ASJ.»T): _
B . delys 08
Obo g Osahen £ 31 iy el s sl 3l ) O skl /0 S 1 ee
/40 —Y/«AY IR £l i
Lls g e 5l eslizal 4 g S Ll Ol g o/re)
—+/YOA
Sheslil & a0 42338 55 &S Sl 3l
@ e Jeles clanils 1, CL" sy AT \AAR! S e
. . 5 eslinul & 2
s 5 er JEUI YW R JE
BE) el§>))é
Sleslizal L o axs8 55 a5 il ilee YYY VRN B
e bl cilails 1 €Lﬂ‘ By 740 Y/EYY St
Ll ST
ol oy Qe ¥ 31 i oS G e . Sk Ol
Jab canss A Ol
Sleslatal 4 (g riey led cisls 744 Y70 AA St ol o
oy Y
Lyl St Ol il
B (gl 0ol 2) g s |
/40 -Y/¢01 S At . .
Lls S A Sheslaal 4 (g S JrvRR WS Job cnss B
rRW:
Ll (s Sl Okl 22) s 0 O 3l JYYV o/enY
74 SV VAT S
Lol STl eslinad 4 (5 S
JERRNER
(03 SSHL) e b i Oboy il L P .
) sl Job conss
(03 SSHL) e 5l eslazal & Jiles /40 =Y/ -SHL) S Ole}
PN .
L S (03,8
+/Yo

JS 7018 k) L Jalie 5 apils &S das e 0L
ol il g e S ekl 4 6268 Ll (O Bl
s a5 a8 Ol plus 1oy S cpl &S s e OLLS 4
S Sl Lles S5 slazel 5 2o 40 il o Silu]
= i LA (YL sliael sl glislaesl il s
gl el o fals STl eslinal 4 OLALLS o gl
905 oSl Jlaz| iy VU Cleas Wlg o 4
S g 42208 Sldlas 3l a8 sbolen e AL
JLM L Q‘)KAA 39 }bl..w c\qvq dL«J DL Q\JKAA 39
M\J@.«N‘Y..A JL«)J O\)K\*‘h}&b)—“ cY"V
JL\.»:)J erAU gY'\Y Ju)b)xﬁl.bm'\\ JL»:)J
5S> by e skl [8, 18, 23, 24, 26] Y. Y

IS Jle 8 5 88l Sle das e OLES ol

St bl ilaals A5 s 5la s <o s sl Yo
)'\jﬁ.&bﬁlb;ﬁ,l:éﬁrﬁjwﬂSj\umlg
il Ol ples) a3d8 Jle 0 53 Ol iy
- oAl S S Shestazal 4 oLkl (Ml
R S gme s ol n Seee S (S L
oo LS Gl pls e o OLE 45 ASL g o 4
Bl Todoe local plal oS35 5 40 3 g g0 o sus |5
- Ayl sl 53 1, s B e sleslazal &
33 ol 68 das e 0L JL VE-Y0 o3 S (5l
JSTAYLY) Lol St 3 55 Shestaal a4 Ll
O iles ol Cns 5 i (Sl3ne (O iles

de;jé‘j/jopw.u.@o 4;/.:.4

’r"?/\ 4u<~f ;_)Leﬁﬁvﬁ_})jw‘,/[«/



...4KJ_}JJ @ijfld} ;j:»J u/}gb/&/ﬂm.{q— ;,.:;-‘}./C;JLAJJ.A

Ak

~esl, gladle s ) Jde ol 53l o
L;Lajw J‘M}QM ‘wﬁ‘d?jﬁw‘))a.k&

Ales g Jde s )U.fﬁlj sl zalb J= s

N g
Sl s plea Ol [l oo Jags opl e
(eSS A Bl e JB s Ja 8t TN
s St 5 (03 SSLL) pasd (0
Mellom o835 4 (el (o s 51 (Dt2esly)
sk b 4 lan S I3 e e ool
633,55 Seslodd a3 S Sa glaberdir S Joke
oddoleil Glslo 505V 51 Jool el 1 Jde oyl
535S de slatley das e LSS O TAY Ol s
23 Sopar hlas e odd0l O, G
Slaaliins 3l Ll § il et alal oS53
—o3ls i lzel i 5 ol 308 YOV QJ.:L;,)T@?
sk o B e O S il AT s
el Golgne Al gl pite GOl ine
2y e Jsder LS Gl das e 0L
S esliad & bl Todoms Lol plal oS35
sbOles imaa Lsls el 53 1y e ses s fom
Sl Kl 5 elys L8655 by e sl &S
SlAle das o 0L oS 5 5 g Sls gas 55055
JSTAVIA) 55355 Y 51 i Sle Ol laesl gl s &S
OB s Sl eslial 4 OLakled il e (O3l
Olog Ogen 1/051 28 Mals b Ol sl 5 WL 0
5 sy ol 4 g rin bl (O3l JS 71 4/0)
S Ol o ey OB (03 SSLL) sl (555055
Rl 68 s 5 edelandl ash g gl S o S
Wrb‘ogﬁ_}}o‘)étanwj‘é‘)ww)b45&)@)&!
Oeea 170 VL el s 0l slas 740 550) el ys S
JAY s5a) (5050 Sl 5 (L)l ele 5o Dby
2L (Wl Olaesl gl s 55355V Plas Ol sl

ol Sl sdelinn don (6,8 L s Uy Ljla 55

2l s Laes Sl pae g0 oSOl Bl Aol ys
S Sl Olzglaesl il 3 45 Gl sles das e OLES
£ DLl il s(Ol 3les JSTVY/A) 5355 Y 5
oS L3 b Ol 5 AL o SEalS 5 e 5l eslizud
G Joles (Ol slas JS 71 4/0) Ola s O saks 1,0 5
Al (03 SSHL) pad S0 5 e SRSl
Mz Losldl 4 sl Ol O e
TR SR LU B P W PR WETE PO JRFCE S P
LEVY) Lls (03 SS,L) a5, 55 5l eslinul
(s ol B e ine Ses (Ol S
(Ol 3les IS TAY/Q)azs IS 55 0855 5 5 eslinul &y 2
dzad Sa o b aS Sl das e OLAS &S AL e
ol s (s hnr 5 S Sl eslial 4 (6 2t bl
A3l STl eslinal & o ey oa Ll e aed
FeS g 53 S L (g e alll Sl s
S g 22358 Sldllas dSlen 50 O sl 5L L
e 55 0L 5 ol NAVA Jle s 0K
5L [2,18,26] Yo Jle s ! dae VAAT
2l il e Ol Ssl 53 IS 3L gla e
a0 Jles sl SL SRIBI L oS as e 0L L]
3 hbe Il el (5055 5 (WSSl eslind
S e 48 Pl AL s e 0L 5 s cnl s
(Ol plns JS LYNA) Lls 355 ol joras Olde Y
i ol Ll STl eslial 4 g i bl
st plo b anlie 55 ST il L ad g Sden
S Aas o OLES i s e 3L o 55 Jom (sla
(O, Slil IS TEV/Y da Sl Ol 12) s o g0
P L T S I L o T e g o
bl o Jome Aol §ub50 cnl Jol e
gl o ke (SU LS Rl a5 Ol
Slagys s Gl p cmlie SESHL 4 3L Ol ks o5 8
OLas aw Ol (gl pme ol Kyl Oliasd
RS (605 e Ol ulpl LA das
G i b cpl 3 eslizad 4 bl (05 SS5L)

1794 ‘uﬂ ;_)/.«—J‘/A_;)jwdlw



3 e = (s i ols, e

Slosar Ghls sl Ol gles aSepl 4 4 5L)
33 8 oo sl AS Slejcwds (Wil o Soliw
Pleo g Spslme 53 Ollex o sate slaad
b Lol asdes 4 a5k O3l U 558 o305 513
DL, Sbls mmran tiled oslizul 52 31 ol
03,8 Ko fpawd &S 55 o3ly 13 Ol sl Sl s
Agled eslinal angs 555 35 5l o Gl cela
Lilgr st Sk Cad o peme (RS S0 sleiy
Chal 5l oLzl & e g sere 80 gl oS sl S
AL S 50 WSU el S5y b ke A e
Go 35 5 S n s 2 S Dy pots oS S ples b
Sare o8l 5l pizmen ipd s e Sl eslind
Db e b5 bl Sl eslinad sl Il b olSs 53

.Jﬂ;\?{o)}«ﬁ}fﬁgj.i)h:)lﬁv\?.'&:))y@ Q‘J,‘?Lw.n

b s
1- coorpoling
2- multinomial logit model
3- stated preference
4- validation
5- Airport Express (AE)
6- elderly
7- Mixed Multinomial Logit Model
8- Cross Nested Logit

Dol L il s e Sl eslind 4 Shled oS Ol il
ORI ) s JE e slawypa 5 Sh O
PV Sl A3 s Rl L3 5 (SSSDL Aua
S 5 s puslazel Gl g 08 Al ) e
Jeloze 1) atolal o855 3 Ol ilcs 015 o (s Ol
2,5 5 ol esliial &
Sl gl ) 2l 1 Slallas ks
S
w8y 3 Olha,lS swe e s (55, andllas )
PR
Gladie wsle o Ko i iy sladae 5l eslial Y
Mixed Multinomial Logit) lLlse <.
Cross Nested ) sblize gllil oo ) 5 (Model
.(Logit
e (YU 4 Jle 10) wdle O sl [l dsllas X
A3 e Slaeg S L aglie )3 S placys s
s Jmoly Bl 5 oMKk lulis 5 s
Ol oS 550
sy Ll Gl s Dosons 25 300
Db
Sass pl ekl Gy bt 4 sl
e Llos 3l ool & (ol Ll Ol 3les
Soie kot 35 8 e slgiy 1 (Wlesls OLES s
Ol s 5500 SUGI L osline SUISGI L o855 8

s

jwr‘.ﬂ. M‘w olfsj)_é LT dalas Zagbjjé@wj ‘}_.N):_mb).)%lﬁuc_wj ul;::.ul L;jl_dd.,\ﬁ}d.:bd)) Al g)ﬁJAUa A

OTAY) sl ol )8 LUOLL co g Ol g Ay o oDl 13T oS0 oLl e o855 3

2. Budd, T., Ryley, T. and Ison, S., "Airport Ground Access and Private Car use: A Segmentation

Analysis", Journal of transport Geography, 36, Pp. 106-115, (2014).

3. Chebli, H., Mahmassani, H. S., "Air Travelers’ Stated Preferences towards New Airport Landside

Access Mode Services", Annual Meeting of Transportation Research Board. Washington DC, (2003).

4. Choo, S, Kim, I and You, S., "Exploring Characteristics of Airport Access Mode Choice in Korea. In

86th Annual Meeting of Transportation Research Board", Washington DC, USA. (No. 07-2582),

fdj;jé‘j/jopf.ugx 45/,..:.4

’r"?/\ ‘u<~‘ ;_)Loﬁﬁvﬁj)jw‘,/[«/



oKJjﬂ@ng{dfh};ﬁdu/};&/J/@M;,‘:.;-‘}./L;_}L..:JJ.A 1

(2007).

5. Choo, S, You, S. and Lee, H., "Exploring Characteristics of Airport Access Mode Choice: A Case
Study of Korea. Transportation Planning and Technology”, 36(4), Pp. 335-351, (2013).

6. Donorfio, L. K. M., D'Ambrosio, L. A., Coughlin, J. F., Mohyde, M., "To Drive or Not to Drive, that
Is Not the Question - the Meaning of Self-regulation Among Older Drivers", Journal of Safety Research
40, Pp. 221-226, (2009).

7. Gokasar, I. and Gunay, G., "Mode Choice Behavior Modeling of Ground Access to Airports: A Case
Study in Istanbul”, Turkey, Journal of Air Transport Management, 59, Pp. 1-7, (2017).

8. Gulsah Akar, A., "Ground Access to Airports, Case Study: Port Columbus International Airport",
Journal of Air Transport Management, 275 West Woodruff Av., Columbus, OH 43210, Pp. 25-31,
(2013).

9. Gupta, S., Vovsha, P., Donnelly, R., "Air Passenger Preferences for Choice of Airport and Ground
Access Mode in the New York City Metropolitan Region", Transportation Research Record: Journal
of the Transportation Research Board 2042, 3e11, (2008).

10. Harvey, Greig., "Study of Airport Access Mode Choice™, Journal of Transportation Engineering 112
(5), Pp. 525-545, (1986).

11. Jou, R., Hensher, D., Hsu, T., "Airport Ground Access Mode Choice Behavior after the Introduction
of a New Mode: A Case Study of Taoyuan International Airport in Taiwan", Transportation Research
Part E 47, Pp. 371-381, (2011).

12. Koster, P., Kroes, E., Verhoef, E., "Travel Time Variability and Airport Accessibility", Tinbergen
Institute Discussion Paper.Tinbergen Institute Amsterdam, 061/3, (2010).

13. Louviere, J. J., Hensher, D. A., Swait, J. D., "Stated Choice Methods. Analysis and Applications",
Cambridge University Press, UK, (2000).

14. Mei-Ling Tam, William H. K. Lam, Hing-Po Lo., "The Impact of Travel Time Reliability and
Perceived Service Quality on Airport Ground Access Mode Choice", Journal of Choice Modelling, Pp.
49-69, (2011).

15. Oort, O., "The Evaluation of Traveling Time", Journal of Transport Economics and Policy 3, Pp.
279-286, (1969).

16. Pels, E., Nijkamp, P., Rietveld, P., "Access to and Competition between Airports: A Case Study for
the San Fransisco Bay Area", Regional Studies 35 (1), Pp. 1-9, (2003).

17. Psaraki, V., Abacoumkin, A., "Access Mode Choice for Relocated Airports: The New Athens
International Airport", Journal of Air Transport Management 8 (2), Pp. 89-98, (2002).

18. Saad N. Alhussein., "Analysis of Ground Access Modes Choice King Khaled International Airport,
Riyadh, Saudi Arabia", Journal of Transport Geography, No 19, Pp. 1361-1367, (2001).

)fQA‘uﬂijw‘fj)iju fj)ﬂuwfwwéf:./



3 e = (s i ols, e

19.

20.

21.

22.

23.

24,

25.
26.

217.

28.

Sangho, C., Ikki, K., SoYoung, Y., "Exploring Characteristics of Airport Access Mode Choice in
Korea" ,Transportation Research Board 86th Annual Meeting. Paper #07-2582. Transportation
Research Board. Washington, DC, USA, (2007).

Sobieniak, J., Westin, R., Rosapep, T., and Shin, T., "Choice of Access Mode to Intercity Terminal",
Transportation Research Record, 728, Pp. 47-53, (1979).

Steer Davies and Gleave Ltd., "Some Stated Preference Case Studies", Journal of Transport Economics
and Policy 22, PP. 80-84, (1988).

Surabhi Gupta, Peter Vovsha, Robert Donnelly., "Air Passenger Preferences for Airport and Ground
Access Modein the New York Region", TRB 2008 Annual Meeting, (2007).

Tam, M., Lam, W., Lo, H., "Modeling Air Passenger Travel Behavior on Airport Ground Access Mode
Choices", Transportmetrica 4 (2), Pp.135-153, (2008).

Tam, ML, Lam, WH and Lo, HP, "The Impact of Travel Time Reliability and Perceived Service Quality
on Airport Ground Access Mode Choice", journal of Choice Modelling, 4(2), Pp. 49-69, (2011).
Train, K.E., "Discrete Choice Methods With Simulation", Cambridge University Press, UK., (2003).
Tsamboulas, D., Evamorfopoulos, A. P., Moraiti, P., "Modeling Airport Employee Commuting Mode
Choice" , Journal of Air Transport Management, No 18, Pp. 74-77, (2012).

Yu-Chun, Chang., "Factors Affecting Airport Access Mode Choice for Elderly Air Passengers",
Transportation Research Part E 57, No. 2, Pei-Ning Rd., Keelung 202-24, Pp. 105-112, (2013).
Yazici, M. A., Kamga, C. and Singhal, A., "Modeling Taxi Drivers’ Decisions for Improving Airport
Ground Access: John F. Kennedy Airport Case. Transportation Research Part A: Policy and Practice,

91, Pp. 48-60, (2016).

fj}ﬂub‘“‘;rwiﬁ/‘:"’ )r"?/\“_{;@/“ifj)jw‘,/b



ol 5 e s 6t et (gladar i S g (sl e VA

1794 4;{: ;Ju‘fj)jWJL‘ WJ)HUWWW‘;j‘“



TP T Sl s 5 e L DOI: 10.22067/civil.v32i1.72202 38 Olase plign & s

F o BB ST eiS 5y 695y oS Wb wyy

O, e,
BT D)

() .
S 4050
B psba iClodd oy o 5 s J&éf’j-‘ﬁ;ﬂj&é&ﬂ?‘djjj/égg}ji oIS Qbiﬁ’ﬁ'u@jjwb: Ou\.ﬁfq
2 Cacloclsn S b sl | dslar oy prts il (6 part ol gzt [ S5 ST 0 a0 Ut oy pmte 5 T s (slacdn o o ST
,b/wjfj/jj (é/.wi/j &:})W J‘L‘J[’:"’G‘;‘(j:‘*:’éb;'/ L‘)L;j:'-“’ﬁ)j“‘ 4L5iju<f ‘p_{/}"ghwgbj/rd,‘;u" oliatl L;Lmuj..uuu/)/
(Em.n)uﬁ/kkbu”wwmﬁw )J/,fa.’j/;ﬁ'/‘uﬂkd 340 6[&44)44444)/5[}/ T‘JJL.U 4MJJU@&JQDJ[J/JJ[>@[&
b es b, MJL«Z«J;V,;O}/,@/I_J;JJ;M/,A a0 [ TE Olpos YU (6 et Co ol L 4TS ST 05 o

iy e st o e el s ST

(S35 (S sl o SEST 85 5 IS (s St (ST (S0 g

Effects of Sawdust on Geotechnical Properties of Clayey Soils

R. Tadayyon R. Dabiri

Abstract In this research, effects of pine tree sawdust on geotechnical properties of two types of kaolinite
clayey soil was evaluated. So that, sawdust in 3, 6 and 9 percent (by weight) in dry condition randomly
mixed with two kaolinite clayey soil with different plasticity index. Compaction, uniaxial, permeability
(falling head) and consolidation tests were performed on specimen. Results showed while 3% sawdust
mixed to samples, 24% minimum void ratio (emin) decreased in kaolinite clay with high plasticity index.
Also, in this condition, increasing of bearing capacity and strength, ductility and decreasing in water
absorbing have been happened.

Key Words Clayey soil, Sawdust, Geotechnical behavior, Shear strength, Consolidation, Permeability.
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The Effect of Combined Nanosilica and Lime on the Improvement of the Marl Soil
Engineering Properties

M. Amiri A. Asakereh A.H. Farokhdel

Abstract Marls are problematic soils, which easily erode if they are exposed to water flow and problems
in the stability of the bedding of construction projects can be occurred. One of the methods for soil
chemical modification is the use of additives such as lime, cement and nanoparticles. The effect of adding
nano-SiO; on the lime performance on the enhancement of the improvement process of the marl soil
engineering properties and the formation of new compounds due to the stabilization process has been
investigated in the present study. In this regard, after determining the geotechnical properties of Marl
soil, improvement of engineering properties of samples stabilized with various percentages of lime and
nano-SiO, after the end of the curing period was analyzed by performing large-scale experiments
(Atterberg limits, aggregation, deposition and unconstrained compressive strength (UCS), and
microstructure ((pH) and X-ray diffraction (XRD)). According to the results of this study, the presence of
nano-SiO; in the marl-lime soils system has led to increased pozzolanic activities and growth of calcium
silicate hydrate (C-S-H) and calcium aluminate hydrate (C-A-H) nanostructures and uniform distribution
of these nanostructures. The compressive strength of the modified samples with the combination of nano-
silica and lime proportional to the increased nano-silica additive has a quite ascending trend. Based on
the results of the present study, the development rate of improvement of marl soil engineering properties
in a modified specimen with 6% lime and 1% nano-SiO; increased the compressive strength in the first 7
days by 18.45 kg/cm? and the compressive strength increased by 18 times compared to the reference
specimen.

Key Words Marl, Lime, Nano-SiO,, UCS, C-S-H, XRD.
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Si0, | Al,O; | Fe,0; | CaO | MgO | KO | Na,O | TALK | SO; | LOI | SrO | MnO
Product ty]
Hydrated Lime 171 | 07 020 | 724 | 083 | 01 01 | - 01 | 2366 | 01 | 0.1
pokeos 51U (S5 520 laaarie ¥ i
Color Purity Special surface area (m%g) | Particle Sice (nm) Density (kg/m®)
white > 98, 193 20-30 170
RSO L TN B g PRES
SloZ CaO Alz 03 Fe, 03 502 TIOz Na, O Ky (6] L.O.l
98.95 0.042 0.16 0.075 0.041 <0.01 0.07 0.01 0.42
3 Oole ey B g0 el s SUSS 55 5 (S5 55 Sl 5l F o | ol
Physical properties of South Marl (Qeshm Island) Quantity measured References
Diameter less than 0.075 mm (%) 95 ASTM D422, [22]
Clay (%) 40 ASTM, D422-63 [22]
Silt (%) 55 ASTM, D422-63 [22]
Sand (%) 5 ASTM, D422-63 [22]
Liquid Limit (%) 58.6 ASTM, D4318 [22]
Plastic Limit (%) 28.0 ASTM, D4318 [22]
Plasticity Index (%) 30.6 ASTM, D4318 [22]
pH (1:10 ; soil : water) 6.93
Surface area (m? kg*103) 44.2+3 Elthantaway & Arnold, 1973, [23]
Carbonate content (%) 33 [24]
Color Brown
Classification CH ASTM, D3282 [22]
Maximum dry density. yd (gr/cm?) 1.67 ASTM D698 [22]
Optimum water content (%) 19.5 ASTM D698 [22]
. . Palygorskite, Sepiolite,
Mineral composition ygorst P ASTM, D2216 [22]
Calcite, Quartz
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Experimental and Numerical Investigation on Stability of Reinforced Sandy Slope using
Reinforced Stone Column with Horizontally Laminated Geotextile Disks

M. Hajiazizi M. Nasiri

Abstract The aim of this research is to experimentally investigation of ordinary stone column and
reinforced stone column using horizontally laminated geotextile disks in stabilizing sandy slopes. The sand
slope model saturated through precipitation and reinforced by installing ordinary stone column and
horizontal layers of geotextile within the stone column, and then slope crest undergo loading. Accuracy of
experimental results confirmed using 3-D finite difference method (FLAC®P). Both experimental and
numerical results show that geotextile reinforced stone column in the middle of sandy slope have an
impressive impact on increasing stability of reinforced slope. In such way that reinforced stone column,
increase shear strength of sandy slope up to 1.5 times more than ordinary stone column.

Key Words Sandy Slope, Stabilization, Stone Column, Laminated Geotextile Disks.
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Introducing Two Effective Modifications for Pastor-Zienkiewicz Model for Improvement
of Dynamic Simulation Capability of Granular Soils

A. Irgji

Abstract Two effective modifications were introduced for Pastor-Zienkiewicz (PZ) model to improve the
prediction of dynamic behavior of granular soils. The first modification was implementation of degradation
effect for dense granular soils under cyclic loading, and the second was improvement of ratcheting effect
for granular soils under cyclic loading. Three cyclic triaxial tests and three cyclic plane strain test were
used to validate the introduced modifications. Predictions of stress versus strain for both of modifications
were satisfactory. However, predictions of volumetric strain for the second modification were better than
those of the first modification.

Key Words Generalized plasticity theory; Modification of constitutive law; Dense granular soils;
Simulation of cyclicloading; Degradation; Ratcheting
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Magnetic Aggreagates and Steel Fibre Combination Effect on Improving of Mechanical
Characteristics of High Weight Concrete

M. Mehrbod M. K. Sharbatdar

Abstract In this paper, the mechanical properties of special concrete with magnetic heavy weight
aggregates and steel fibres, from 24 different mixed designs with 0, 50, 100% of heavy weight aggregates
replacing with regular aggregates, 0.52 and 0.4 water-cement ratios and 0, 1, 1.5 and 2% of steel fibers,
totally 300 specimens including cubic, cylindrical, and beam was investigated. The results showed that
the compressive, tensile and shear strenghts were improved with using special aggreagate and fibres
particularly with 50% high weight aggreagate and 2% steel fibres.

Key Words Special Concrete, Steel Fibers, Heavy Aggregates, Shear, Compressive, Tensile.
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Sensitivity Analysis of Fuzzy Structural Reliability Using Adaptive Stability
Transformation Method

B. Keshtegar M. Bagheri

Abstract In this paper epistemic uncertainty of random variables in the reliability analysis of Adjusted
Stability Transformation Method has been modeled and fuzzy structural reliability index has been
determined using GA. In the reliability analysis process, a dynamic adaptive approach based on stability
transformation method has been applied which the control coefficient is self-adapted at each iteration.
Moreover in order to investigate the importance of epistemic uncertainty in the fuzzy structural reliability
index, sensitivity analysis using Entropy-Shannon has been done. Survey results of three structural
examples indicate that the proposed reliability method provides stable results with suitable computational
efficiency. The sensitivity of failure probability to epistemic uncertainty has shown a considerable effect on
the structural reliability in some problems.

Key Words Fuzzy Reliability Analysis, Entropy-Shannon Sensitivity Analysis, Adaptive Stability
Transformation Method.
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Evaluation of Distinct Factor Affecting the Bearing Capacity in Ground
Improvement with Stone Column Group
S. Ghaffarpour Jahromi S. Ghorban Beygi M. Yaaghoobi

Abstract Increasing construction industry and the need to build structures on lands that do not have
sufficient load-bearing capacity resulted in the development of soil improvement techniques to enhance site
capability. The use of stone columns for the ground improvement for reasons such as environmental
compatibility, cost effective, minimizing the liquefaction potential of the ground, settlement reduction,
increase of the load-bearing capacity and significant reduction in the period of consolidation is considered
as one of the most effective soft soil reinforcement methods. Stone columns can be designed to bear on the
hard stratum or as a floating system where the toe is embedded in the soft layer. What in recent years were
as the basis for designing of groups of stone columns were based on the theories developed for single stone
columns ignoring the group interaction. Most of the existing design methods for stone columns adopt unit
cell idealization which is not applicable to spread footing. To assess the influence of various parameters
on the performance of a group of stone columns, in this paper which is based on the finite element method,
the effect of hardness and resistance parameters affecting the load bearing capacity was discussed. More
than 140 analyses of different parameters of soil and stone columns were carried out and were discussed
in the form of graphs to compare the effects of these parameters. Results showed that using stone columns
had a significant impact on increasing the bearing capacity of the soft grounds. The rate of growing
enhances with increase of replacement ratio of stone columns into the soft soil due to group interaction.
Increase of elasticity and internal friction angle of column materials as well as soil Poisson's ratio have a
significant impact on increasing load-bearing capacity on the other hand when Poisson's ratio of stone
columns increases any substantial change isn’t see. In addition of bearing capacity increase, growth of
replacement ratio enhances the impact of strength and stiffness parameters of soil and columns on bearing
capacity increase which shows the influence of the group interaction. End bearing columns were observed
as a factor influencing the increase of bearing capacity and intensifying the effect of stiffness and strength
parameters on column bearing capacity.

Keywords Stone Columns, Bearing Capacity, Finite Element Method, Ground Improvement, Group Effect.
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Numerical Study on the Effects of the Floodplains Angles on Interaction between the Main
Channel and Floodplains in Skewed Compound Channels

M. M. Seif B. Rezaei

Abstract In this research an attempt has been made to model flow field in compound channel with skewed
floodplains for two skew angles of 5.1° and 9.2° and relative depths of 0.15, 0.24, 0.41 and 0.50. For
numerical modelling the k-¢ turbulence model and the ANSYS-CFX software were used. The results of
numerical modelling of the velocity and boundary shear stress distributions at two selected sections were
then compared to the Flood Channel Facility Experimental Data. The study shows that more or less there
are good between the experimental data and the results of numerical modelling. Using the momentum
equations for the control volumes on the floodplains, the interaction between flow in the main channel and
on the floodplains for different skew angles and relative depths has been investigated. The study indicates
that in general by increasing the skew angle and water depth due to mass exchange between the subsections,
the apparent shear forces at the vertical interface between the main channel and floodplains increases.

Key Words Numerical modeling, Skewed compound channels, k—¢ turbulence model, Apparent shear
force.
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B. Keshtegar, M. Bagheri

3. Adaptive stability transformation reliability method
In order to calculate fuzzy reliability index, an efficient
and robust reliability method that could calculate the
reliability index (B) for different statistical properties of
random variables according to the following equation,
must be applied.

P = j...jfx (Xgyei X )Xy X, ~ D(=B) (1)

g(X)=<0

Where, g(X ) is the limit state function and fy is joint
the probability density function of random variables X
and @ is the cumulative normal standard probability
density function. Generally, most probable point (MPP)
could be determined using the largest decent in the form
of following nonlinear mapping:

VIgUUk -9y

flU)=
©) Vg )oy

)

In which, o is the normalized steepest descent vector
at U, the point. The stability transformation method

could be applied as a suitable method to control the
instability of the first-order reliability method, in the form
of the following nonlinear discrete mapping:

U =Up + 4 [F(U) - U] €))

Where, A, is the stable control coefficient in the

iteration k-th, which is determined according to an
adaptive control function according to Eq. (4).

fC(k):”f(Uk)_Uk" 4)
Similarly, it could be concluded that
fo(k-1)=[U, -U,4|. Control function f (k) may
result in a successful iteration for stability transformation
whilef. (k) < fo(k—1) (that's mean: kIi_)rgfc(k) ~0 ). So

it can be concluded that U, , ~U, . It can be conducted

that the new formulation of the FORM for fuzzy reliability
analysis can be provided stable results to achieve the
stabilization of the reliability index at each iteration.

4. Example: Nonlinear dynamic system

Here a nonlinear mass-spring system under the
rectangular pulse is considered. The limit state function is
defined according to Eq. (5)

g =3r- 2':2 sin(WZtl)
m W (5)
w2_%17C9
m

Implementation of the proposed method yields the
membership function of fuzzy reliability index according
to Figure 3. In the analysis process, the gradient function

has been estimated for 48,868 times including 635,284
limit state call function during the 2,903 seconds CPU-run
time. Sensitivity analysis of fuzzy reliability index due to
epistemic uncertainty using Shannon-entropy measure
results for H,(B) = 0.807k, which proves that the
reliability index is more sensitive to epistemic
uncertainty. Also, in order to examine the sensitivity of
fuzzy reliability index to the uncertainty interval of mean
and standard deviation of random variables, results for
different values of interval is shown in Figure 4.
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Fig. 3. Fuzzy reliability index
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Fig. 4. Shannon-Entropy measure vs. uncertainty interval

5. Conclusion

The implication of fuzzy reliability analysis based on
stability transformation method entails to the definition of
uncertainty bounds for reliability index which yields more
reasonable results compared to the classic methods of
structural safety analysis methods. Moreover, sensitivity
of fuzzy reliability index has been evaluated regarding to
the different values of reliability interval. Results
indicated that the epistemic uncertainty is more crucial in
some engineering problems.
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Sensitivity Analysis of Fuzzy Structural Reliability
Using Adaptive Stability Transformation Method

B. Keshtegar* M. Bagheri?

1. Introduction

A typical structural reliability analysis deals with
mathematical models which describe the structural
geometry, loads, and material properties. These models
relate the resistance and a load of structural components.
The function namely the Limit State Function or
performance function is a combination of random
variables. In the limit state function, there are parameters
which do not possess constant values and usually are of
random and vague identity in nature. Hence, there is
usually a sort of uncertainty in the safety assessment of
structures.

The nature of uncertainties and the modeling methods
in the reliability analysis of structures have been of
researchers’ interest for many years. Recently various
approaches have been proposed to handle epistemic
uncertainty of random variables in the probabilistic
models using fuzzy sets. From among optimization
approaches are more popular due to their applicability in
most engineering problems. Moreover, the determination
of fuzzy reliability index requires a robust reliability
method. In this paper, modeling of epistemic uncertainty
of random variables in the reliability analysis process has
been done based on two elitist genetic optimization
approach and first-order reliability method based on
adaptive stability transformation method (ASTM) aiming
to determine fuzzy reliability index. Survey results

p(xy) u(xz)

wy

indicate that the proposed method more robust to
determine the fuzzy reliability index and is able to
perform sensitivity analysis regarding the epistemic
uncertainty.

2. Proposed fuzzy reliability analysis procedure

In the proposed method, after determining the same alpha
cuts ay, of fuzzy random variables, a hyperspace namely
crisp subspace X,, is constructed. If the fuzzy reliability
problem consists of two, three or n fuzzy random
variables, the crisp subspace is in the form of a rectangle,
cube, or an n-dimensional hyper cubic, respectively.

Kig,

. " 2 1
Xz, ; oo v i
3 . - -

Xq"‘
Fig. 1. Crisp subspace X,, and B, interval

As shown in Figure 1, points inside the crisp subspace are
used as inputs of analysis algorithm to determine the
relative interval of fuzzy reliability index B,.
Assembling these alpha cuts, yields the membership
function of fuzzy reliability index. However, there are two
optimums to in the crisp subspace which result in the
corner of B, set.

So determination of minimum and maximum fuzzy
reliability index interval entails to the search for two
optimums in the crisp subspace. The schematic flowchart
of the proposed method is depicted in Figure 2.

1(x3)

O -

0

Fig. 2. Schematic flowchart of the proposed method
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Both fiber and magnetite aggreagate percentages
were effective on amount of tensile splitting strengths,
shown in Figure 5. The tensile strenghts were increased
up to 65, 120, 181 and 223% in specimens with 0, 1, 1.5
and 2% fibers.
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Fig. 5. Tensile strength in term of the kind of aggregate and fiber
per centage

Moreover, the test results indicated that more
increasing equal 8% in shear strength happened in
specimen with half magnetite aggregate and 1.5% fiber
and wi/c egqual 0.52. The specimen without fiber had 18%
increasing and specimens with 1 and 2% fiber had 38 and
70% increasing. Specimens with 100% magnetite had the
same results in increasing tensile strengths from 52 up to
80%.
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Effect of Combination M agnetic Aggregates
and Steel Fiber on Improving of Mechanical
Characteristics of High weight Concr ete

M. Mehrbod! M. Kazem Sharbatdar?
1-Introduction

The specia concretes are those materials with un-normal
characteristics and production process. Steel fibers used
in concrete can prevent the crack progressing, and the
concrete strengths can be increased, and the fracture
mechanism will be positively changed. The steel fiber is
effective in increasing flexural and tensile strength with
different length to diameter ratio. Many aggregates such
as barite, hematite, magnetite, and steel particles or SBR
industrial recycles particles are used for the production of
heavy concrete.

2-Experimental Program

In this paper, the effects of combination and application
of sted fibers and heavyweight magnetite aggregates with
two different water to cement ratios on fresh and hardened
concrete properties were experimentally investigated.
Three different amount were considered for replacing
magnetite (FesO4) with regular aggregate: 0%, 50%, and
100% and 0.52 and 0.4 water-cement ratios. Also, three
different steel fiber ratios (in term of concrete volume)
equal 1, 1.5, and 2 % from Italian DUROCEM Company
(shown in Figure 1) were added to fresh concrete. Totally
24 concrete design mix with 300 specimens including
cubic, cylindrical, and beam for compressive, tensile,
flexural, and shear strengths, shown in Figure 2, were
used. Therefore mechanical properties of specia concrete
with magnetic heavyweight aggregates and steel fibers
aggregates were investigated.

Fig. 1. Steel fiber used in thisresearch

Test Setup and | nstrumentation. Loading of compressive
specimens was done according to BS1881 and ASTM-
C39 Standards. Also, the tensile strength of split
specimens was measured based on ASTM-C496 Standard
with ¢ _ %Pmax . The shear strength tests are done with
n.D.L

specimens with dimensions 400x 150x38 mm according
to set-up shown in Figure 3.

=
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Fig. 3. Shear strength test set-up

3- Conclusions

The test results indicated that density and special weight
of hardened concrete were not sensitive to wi/c ratio, but
the stedl fiber ratio particularly containing 2% fiber was
more effective to increase these amounts up to 44.87%.
Theresultsgiven in Figure 4 showed that the compressive
strengths of specimens with 0.52 and 0.4 w/c ratios and
fibers volume more than 1.5% were increased up to 78
and 147%, respectively.
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Fig. 2. Comparison between the results of the dynamic triaxial test
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deviatoric stress- axial strain curve a) experiment, b) simulation by
the PZ model, and c) simulation by the modified PZ model

H,. is introduced here to employ the effect of ratcheting.
This parameter is multiplied by H, and H, during re-
loading and unloading, respectively.

Hy = B, exp(—B3E) +1.0 (4)

B, and B; are new model constants. & is the accumulated
plastic deviatoric strain. Figure 2 shows the results for a
dynamic triaxial test and the PZ model and the modified
PZ model. The results showed that the predicted behavior
by the modified PZ model is better than the behavior
predicted by the PZ model.

2- Conclusion

Two effective modifications were introduced to predict
degradation in dynamic behavior of dense sand and
predict progressive plastic strains during dynamic loading
(ratcheting). The first modification was validated using
two dynamic triaxial tests on dense sand. A dynamic plane
strain test and a dynamic triaxial test were used to validate
the second modification. The modified PZ model can be
used to simulate geotechnical structures under dynamic
loading with granular materials and high relative
densities. The modified model is also appropriate when
the duration of the dynamic loading is relatively long and
significant accumulated plastic strains are observed.
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Introducing Two Effective Modifications for
Pastor-Zienkiewicz (PZ) Model for
Improving the Dynamic Simulation

Capability of Granular Soils

A. Irajit

1- Introduction

Analysis and design of geotechnical structures under
dynamic and seismic loads have been among the
challenges of engineers and researchers in recent decades.
It has been shown that numerical methods are appropriate
for dynamic simulation. Dynamic constitutive models that
are embedded in numerical codes have a primary effect on
problem results.

Dense sands show stiffness decrease or degradation
during reloading stages of cyclic loading. The PZ model
is unable to predict such behavior; so it is necessary to
modify the PZ model to predict this behavior properly.
The predicted deformations by the PZ model during cyclic
loadings, especially with low loading cycles, are greater
than the deformations observed in experiments. In other
words, the PZ model cannot simulate ratcheting
phenomenon properly; so it needs another modification.

First modification: Degradation effect. Hpy, is used in
the PZ model to apply the effect of stress history during
cyclic loading. To apply the effect of dense sand
degradation, the Hp,y, value should be in the range: 0.0 <
Hpm < 1.0. Hpy in the PZ model is defined as follows:

e .
-1/a 2
‘ZP-(l‘lf_aﬁ) ?

Where y is a model constant that has to be calibrated
to provide the best prediction of loading-reloading
experiments. ¢ is a mobilized stress function. a is a model
parameter and n is the stress ratio. M is a model constant.

y isreplaced with y' in the modified PZ model. So, the
Equation (1) is modified and re-defined as follows:

Hyy = (iné)

Pradhan et al. test’s simulation. Figure 1 shows the stress
ratio — shear strain curve for a dense sand dynamic test
and the predicted curves by the PZ and modified PZ
model. It can be seen that the modified PZ model can
predict the experiment better than the PZ model.
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Fig. 1. Comparison between the results of the dynamic triaxial test
and predicted results by PZ model and modified PZ model, stress
ratio- shear strain curve a) experiment, b) simulation

Second modification: ratcheting effect. Earthquake
acceleration amplitudes are usually low at the early stages
of earthquakes. It can be concluded that geotechnical
structures show lower deformation at the beginning of
earthquakes. However, the PZ model shows high values
for accumulated plastic strain and significant
deformations during early stages of seismic loads which
are usually greater than the observed deformations in the
experiments.
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Fig. 3. Finite element model

3. Conclusion

Both experimental and numerical results showed that
geotextile reinforced stone column in sandy slope has an
impressive impact on increasing the stability of the
reinforced slope. The numericd and experimental
analysis also showed that the optima location for the
stone column is in the middle of the slope, since the
maximum displacements occurred in the middle of the
unreinforced slope. Reinforced stone columns enhanced
slope stability up to and 50 percent, compared to ordinary
stone columns.
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Experimental and Numerical I nvestigation
on Stability of Sandy Slope Reinfor ced by
Using Geotextile Reinforced Stone Column

M. Hgjiazizi* M. Nasiri?

1. Introduction

Slope stabilization is one of the most common issues in
geotechnical engineering. Using conventional methods of
slopes stabilization is extremely versatile according to
environmental conditions, the importance of the desired
area, and its degree of instability, consumption costs of
existing materials, facilities, and other things. Using stone
columns is one of the suitable and environmentally
friendly methods to reinforce soil slopes. Using stone
columns, besides its simplicity and comfort
implementation, is aso very economical. Slope stability
can beincreased by various methods such as changing the
geometry of the slope surface, using soil reinforcement or
installing reinforcing structures such as stone columns.
Some of the reasons that make stone columns suitable for
stabilizing soil slopes are as follows. Increasing load
carrying capacity, reducing settlement, increasing shear
strength (in silty and clay soils), controlling liquefaction,
and drainage (due to high permeability). Stone columns
act as resistant members, which are normally exposed to
lateral forces. The efficiency of bearing capacity of the
stone column depends on laterd stress. In some soils, itis
necessary to provide additional confining, and different
techniques have been proposed in order to improve stone
columns behavior. Horizontal geotextile encasing
increases confining pressure in addition to resistance to
horizontal displacement. Due to additional lateral
confining pressure of geotextile, the lateral bulging of
geotextile reinforced stone column is less than the
ordinary stone column. This research aims to better, and
further understanding of mechanism and behavior of
geotextile reinforced stone column as laminated disks in
sandy slopes. In this investigation, the object is slope
failure and plastic deformation occurrence; small strains
or elastic deformations in slope are not considered. The
aim of this research is experimental investigation of
ordinary stone column and stone column reinforced with
horizontal geotextile laminated disks in the stabilization
of sandy slopes. The results of this experimental study,
besides its originality, are aso thought-provoking and
have the potential to give valuable information about the
effects of geotextile layers on the stability of reinforced
earth slopes.

2. Experimental and Numerical Program
The models built in the test box with glass sides, as shown

in Fig. 1. These glass sides were built sufficiently rigid to
maintain plane strain condition for the prevention of
lateral displacements, and they alowed the sample to be
seen during model preparation, precipitation, and loading.
These sides also allow observation of final deformation
and dip surface after failure, as shown in Fig. 2. The
models saturated through precipitation and reinforced by
installing ordinary stone column and horizontal layers of
geotextile within the stone column. Also, the
experimental models are modeled using the finite element
method (Fig. 3) that is one of a numerica method.
Experimental and numerical results confirmed each other.

Fig. 2. Failure surfacein sandy slope
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Fig. 1. Changesin pH of samples modified with lime and
nanosilica after 72 hours

Investigation of geotechnical parameters in the
stabilization process. Fig. 2 shows the hydrometric curve
of samples modified with different percentages of lime
after 7 days of curing. Based on the results presented in
Fig. 2, the flocculation process is carried out with the
increase of lime due to chemical reactions and the
formation of bonding between particles. As observed,
with a 2% increase in lime, the percentage of particles
smaller than 5 microns decreased from 60% to 38%.
However, this amount decreased by about 12%, 4% and
3% by increasing 6%, 8% and 10% of lime. The diameter
of the particles increases due to the cohesion of silt and
clay particles to each other by cementitious compounds
as a result of pozzolanic reactions of lime and soil.
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Fig. 2. Hydrometric curve of samples modified with different
percentages of lime after 7 days of curing.

It is worth noting that the soil particle flocculation
occurs immediately after the fixation of lime and causes
a sharp decrease in surface area and an increase in
particle size. In fact, the presence of the electrolyte
facilitates the clay colloid particles tolerance which
causes them to accumulate and thus reduce the surface
area. According to Van Elfen (1987), the thickness of the
dual layer between particles decreases with increasing
electrolyte concentration.

4. Conclusion

Based on the experimental studies performed in this
study, the following results can be obtained:

1) In samples containing nanosilica the initial pH of the
reaction medium increased compared to the nanosilica-
free sample in the first 10 days. However, after 10 days,
the pH of the reaction medium is lower than that of
nanosilica-free samples. In fact, it can be stated that
nanosilica in the short term increases the pH of the
reaction medium, or in other words, nanosilica in the
short term (less than 14 days) has intensified the
pozzolanic reactions.
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The Effect of Combined Nanosilicaand Lime
on ImprovingMar| Soil Engineering
Properties

M. Amiri’  A. Asakereh? A.H. Farokhdel®

1. Introduction
Marls are soils with highly complex behavior which have
been observed in many parts of the world, such as Italy,
Spain, the United States, Britain, Canada, France, the
Gulf states, and Iran (from north and northwest to
southeast). In Iran, Marl soils can be abundantly observed
in the marginal regions of the Persian Gulf, East
Azarbaijan Province, Hormozgan and Qeshm Island.

Marl profile is a function of the carbonate content and
the type and amount of minerals in the clay section.
Generally, the marl clay part consists of Palygorskite and
Sepiolite that controls marl performance. Unlike other
clay minerals, these two minerals have chain structure
and are commonly associated with other non-silicate
minerals, such as carbonates and sulfates. Marls exhibit
collapsible, divergence and swelling behaviors in the
presence of water. In the Persian Gulf and Qeshm Island,
widespread ruptures, including erosion, rupture of
foundations and slopes, tensile cracks, extensive
instability in natural and artificial slopes, and finally soil
washing have been observed. In many hot areas of the
world, cement and lime are used to stabilize and
overcome the problems of marl.

due to its effective and economical nature, soil
modification with lime is a common method for
improving soil resistance properties. Studies have shown
that lime-soil stabilization changes soil structure, soil
plastic properties, liquidity, dispersion, swelling and
contraction, settlement behavior and permeability and
improves the geotechnical properties of the soil; on the
other hand, the formation of swelling compounds such as
etringite and tomosite in the lime-soil stabilization
process in the marl soils has failed the stabilization
process. Also, the effect of nanosilica on the effectiveness
of the stabilization process has not been evaluated
comprehensively. Accordingly, the objectives of this
study were to determine the effect of nanosilica on the
intensity of the marl stabilization process in the
stabilization process and determining the lime and
nanosilica contents needed for the cation exchange
process (short-term reaction) and the growth rate of
pozzolanic reactions (long-term reaction) of marl-lime in
the short and long term, from a microstructure
perspective.

2. Materialsand Methods
The soil used in this research is the marl sample of the
western part of Qeshm city. The structure and minerals of

the marl soil can be the main cause of such problems.
Observations in the region indicate that most of the
damage occurred after rainfall or weathering of the marl
soils. Based on the United Soil Classification System
(USCS), the studied marl soil is high plasticity clay soil
(CH) and 95% by weight passed through the sieve No.
200 (less than 75 microns). Some geotechnical and
physical characteristics of the studied samples have been
presented in this study in Table 1. Most of the tests
performed in this study are based on the ASTM standard.

Table 1. Some geotechnical and physical characteristics
of South Marl

Physical properties of South Marl  Quantity

(Qeshm Island) measur ed
Diameter less than 0.075 mm (%) 95
Clay (%) 40
Liquid Limit (%) 58.6
Plasticity Index (%) 30.6
Surface area (m% kg*107%) 44.243
Carbonate content (%) 33
Color Brown
Classification CH
Maximum dry density. yd (gr/cm®) 1.67
Optimum water content (%) 19.5

3. Resultsand discussion

pH changes of the reaction environment in the
stabilization process. Minimum lime content needs to be
added to the soil to have cation exchange (Na* and Ca'™")
and as a result of a massive change in soil properties in
the short time is called the lime fixation point. In this
study, determination of this minimum lime content
according to pH measurements and validation was done
by X-ray diffraction and single-axial compressive
strength tests. pH is an important indicator for the
effectiveness of lime fixation. Based on the results
presented in Fig. 1, the soil pH is 6.93 and by adding only
2% of lime, the soil-lime mixture pH increased after 72
hours to 11.85 and the environment pH reaches 12.34
with 4% of lime. moreover, based on the results of Fig.
1, in samples containing 10% lime, the pH of the
suspension medium increased to 12.68 after 72 hours. As
can be seen from the results, an increase in the lime
content has increased the pH of the soil and in fact, the
cation exchange reaction was carried out in a short time
with the increase of slaked lime (Ca(OH),). Considering
that according to the pH method, the minimum
percentage of lime necessary for soil stabilization is the
lime percentage, which results in environment pH of
12.4, therefore, according to the results, the minimum
percentage of lime used should be about or more than 4
weight percent of the soil.

! Corresponding Author, Assistant Professor, University of Hormozgan, Faculty of Engineering, Bandar Abbas, Iran.
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Fig. 3. Effects of sawdust content on the minimum void ratio of
improved clayey soils

2. With adding 3% sawdust in Kaolinite clay (T1), cause
increasing uniaxial strength (by 33%), elastic modulus (by
3.5%), shear strength (by 26.1 % in dry and 12.1% |
saturate conditions). moreover, , with increasing sawdust
up to 1%, bearing capacity of mixed specimens decreased.

3. Sawdust can be effective in the consolidation behavior
of clayey soils. Therefore, with adding sawdust in clayey
soils, the swelling index goes down. Although with
mixing 3% sawdust in clayey soils, compression index
achieve to the minimum value, after that with increasing
sawdust content, consolidation settlement goes up. Also,
sawdust content was effective on permeability values of
improved soil samples. Similar to swelling potential, with
increasing sawdust percentage in specimens, permeability
reduced. (Figure 4).
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Fig.4. Effects of sawdust content on swelling potential of improved
clayey soils

4. Conclusion

According to the results obtained from this research it can
be explained that the behavior of improved clayey soils
with sawdust is affected by minimum void ratio (emin),
water and moisture absorption and sawdust particles size.
In unimproved condition, kaolinite clay T1, because of
high plasticity properties have more minimum void ratio

than kaolinite clay T2, which indicates high void, loose
structure between particles and more flexibility. Also,
presence of sawdust more than 3% in clayey soils causes
increase void among particles and creates |oose structure
inter particles. In this situation, strength and bearing
capacity of improved specimens go down. On the other
hand, water absorption by sawdust can be effected on
stabilized clayey soils. Therefore, with increasing sawdust
particles in specimens, swelling potentiad and
permeability decreases. Finally, with considering result of
this study, it can be explained that sawdust particles with
grain size less than 1.19mm is more effective in kaolinite
clay soil with high plasticity index than clayey soil with
low plasticity properties. For future research it is
suggested that type of sawdust, different size of sawdust
particles and application conditions (dry or ash) be
evaluated.
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Effects of Sawdust on Geotechnical Properties of
Clayey Soils
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1. Introduction

According to the unified soil type category system, when
all of soil particles size that are less than 0.075 mm, these
are located in fine soil part. If these fine soils mixed with
some water and plastic properties can be observed.
Therefore, these soils are included in clay type.
Otherwise, fine soils become silt. Clay is a soil that has
the swelling ability. So that with water content changes,
remarkabl e mass variations can be observed. Swelling and
shrinkage due to moisture and water content variations
can cause serious damage to buildings and constructions.
On the other hand, sawdust is produced from cutting,
sanding or rubbing of wood with a sawing or other tools
which consists of fine particles of wood. Generaly,
sawdust waste is accumulated in metropolis cities can
cause serious environmental problems and health hazards.
Since the production of wood waste and sawdust in
unavoidable in timber factories and wood working
industries and constructions, so much effortismadeto use
these waste products. The main idea of this study,
evaluation of sawdust effect on geotechnical properties of

clayey soils.

2. Materials and experimental program

For this purpose, two types of kaolinite clayey soils with
different plasticity index were considered. In this
research, pinewood sawdust particles with 3, 6 and nine
percentage was mixed to clayey soils. For determining
geotechnical properties of improvement clayey soils
Atterberg limit (ASTM D4318-953a), compaction (ASTM
D698), uniaxia strength (ASTM D2166), direct shear in
dry and saturate conditions (ASTM D3080-11), heading
fal permeability (ASTM D5084) and consolidation
(ASTM D2435) tests according to ASTM standards has
been performed. The clayey soils based on a unified
classification system is in group CL. The grain size
distribution of clayey soil and sawdust can be seen in
Figure 1. Physical and geotechnical properties of
materials have been proposed in Table 1.

3. Results

The results of this research showed that the optimum
value of sawdust for improving clayey soil is equal to 3%
(by weight). The reasons can be explained as follow:

1. When 3% sawdust was added to clayey soil specimens,
minimum void ratio (emin) vaue in kaolinite clayey soil
(T1) 24% decreased. These condition outcome is

compressibility and reduces water absorption. With
increasing sawdust content in clayey soil, the behavior of
improved specimens was changed. So that, maximum dry
density went down, and minimum void ratio and water
absorption increased (Figure 2 and Figure 3).
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Fig. 1. The grain size distribution of materials in this study

Table 1. Physical and geotechnical properties of materials

Kaolinite clay Kaolinite
Parameters (T2) day (T1)
Pl 11 15
Gs
Percent of Kaolinite clay Kaolinite
sawdust (T2) clay (T1)
0 2.65 2.62
3 2.7 2.72
6 2.52 2.65
9 2.58 2.79
1.7
1.6
_ 15
% 1.4
g
<13
e Ka0lin-T 1
1.2
Kaolin-T 2
1.1
0 2 4 6 8 10

Percent of sawdust (%)

Fig. 2. Effects of sawdust content on the maximum dry density of
improved clayey soils
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Fig. 2. The proposed model structure

4. Proposed model structure

The following structure has been used to model the
choice of the access to the Imam Khomeini airport
multinomial logit.

5. Conclusion

In thisresearch, the behavior of air travelersin choosing
between six modes of transport, including subway, bus,
carpooling, taxi, private car (to park), and private car (to
get off) to reach the Imam Khomeini international
airport in Tehran has been investigated by means
ofpolynomia logit model. The input of the model
mentioned above is based on collected datafrom 3 days
of a survey conducted in the summer of 2014. The
corresponding surveys have been conducted in the form
of apre-defined presentation in the form of an interview
at Imam Khomeini Airport. The number of completed
guestionnaires was 257, and the data validation was
34%. One of the most important results of this research
is the significance of the inertia variable, which shows
that passengers who have arrived at Imam Khomeini
international airport with public transportation have
again been reluctant to use public transportation in the
future. Also, as expected, the two factors of income and
per capita ownership of vehicles were meaningful and
their results indicated that the willingness of travelers
who own more than 2 cars (12.8% of the total number
of passengers) in their families to use the subway
decreased and the passengers with less than 15 million
rials (10.5% of the total number of passengers) were
more likely to choose subway and private car (to park).
The large percentage of Imam Khomeini airport
passengers enjoy highincome and car ownership. About
90% of travelers have an income of over 15 millionrials
per month and about 92% of them have at least 1 car in
their family. It is notable that these travelers were
reluctant to use the subway. Therefore, it can be
concluded that by increasing travel time and the cost of
private transport (like increasing the cost of parking)
and providing airport passengers with much higher

Metro services (such as providing luggage load,
reliability, and reduced travel time), they can beinclined
to use the subway.
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An Investigation into the Choice of Ground
Accessto Airport Using Multinomial L ogit
Modelling Case Study: I mam Khomeini
International Airport

A. Rezagi Jafarit A. Edrisi?

1. Introduction

In this study, the behavior of air travelers to reach the
Imam Khomeini international airport in Tehran was
explored. The methodology of study is according to
travelers purpose of trip (business or personal travel) in
choosing between six modes of transport, including
subway, bus, carpooling, taxi, private car — to park and
private car —to get off. Car —to park means parking the
car in the airport parking until the return journey and
private car — to get off means delivering passengers to
the airport by relatives or acquaintances (parking in the
airport parking is not required). The main purpose of
this research is to identify effective and important
factors that influence ar travelers who use Imam
Khomeini airport to choose how to reach there with the
primary aim of planning and servicing.

In this study, firstly, the most important parameters
influencing the selection of air travelers have been

identified, and then a questionnaire which included the
parameters of passenger load, inertia (indicating that the
passengers who have come to the airport with a method
of transportation, the extent to which they would like to
use the same one in the future), and so on has been
designed. Secondly, the passengers have been asked
about the methods of accessing Imam Khomeini airport
according to their purpose of the trip (business or
personal travel), and after collecting related
information, the logit model has been used to analyze.

2. Data collection

According to the organized schedules, about 270
guestionnaires for three days in the summer of 2014
were prepared for questioning passengers while they
were leaving the Imam Khomeini airport in an orderly
and completely randomized method in a face-to-face
interview, using the predefined data.

3. Data analysis

The data collected by the SPSS software was analyzed,
andthe results of the analysis of the variables used in the
final model were reported.

Table 1. Thedistribution of Car ownership passengers (respondents) in Imam Khomeini Airport

Car ownership frequency percent Cumulative percent
0 22 8.6 8.6
lcar 115 447 53.3
2car 87 339 87.2
Morethan2car 33 12.8 100
sum 257 100
valid 0 0
total 257 100
more than bag
2 suitcase
%28.8

2 suitcase

Fig. 1. Thedistribution of baggage passengers (respondents) in Imam Khomeini Airport
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