i QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

o) S (SS9 (S 39 69y 2 (ELHL Sy Jeil S wlyd ol

*

T
Smd 4395 9 $ XL cx>

Syl oy e sl Sl3T olKisls 3 a3 amly )l pos (qwdige 09,5 =Y 5 )
* rouzbeh_dabiri @iaut.ac.ir: Jgtuwe sdiug s

AYNYNY i gpds AV el s

oSy
S slros 5 s sl canslin s 51 ool diojls SeiSig55 la Sy S 5l loals (S Cusi 5 ojlue
SMano 5| (o 039w 3 laSiinl @85 039yl S0 9 |09 Tilae pegas cal )3 W ooty 4 S Yy Wl oo
)3 Lskia b slyan IS oy S 5l U5 S50t (gm0 52l 315 55 18 A8l o e shams ;15 (gl Sl 5
Jol,S ald el oo asls y alliolej] lagyge;] polul 5 ((Jasmecons ) sloan¥T Lials Gaal) sogw b slaciwy wl;
By sy St s bsle s S L Yoy VIO ¢ b VIO sloao,s b s 05 Yo ) bkl s bl SawY
285 ool ladisad (555 » 69 5 ks S 6970 SS (5,Lid Cuaglia o515 slagygejl oad ol ) S (SiSig)
Voplp e 4 ey, S o gl jlade ¢ Sy Jgil 5 SIS oslal age ol wlo las pole gudsg 5l ol caway b
A el 000,50l ol o, S 0 JBlas 5 o 4z g BB ialS cel polie cpl il oo 2oy VIO g e e
i3 sl 5 slal salad 3 (UL S¥ J5ilS Sl g3l s 55 5l adlise sl o515 sl il SRl

005 S pdy3e8 Oliee Gl s ) S 0

(S5 Sl s s ety St Ll S S IS sy S el slaoly

Q‘)"A cax)lao Q)5A 005;).7:.0 ‘:L\B‘Jx} 9 S
oole Jlglp cldas ainje (ol 5l Ban (g I35 L
9 S slp abbige o] ans auie g eaS o
Joalls SoSl (SSig5 Shosas (sl
ool (ilize pleard 5 (Sl slobs; 5l 054!
S0 LgLGbumbe): r:L?u‘ 9 ULQ) )Af L: w‘ IR W)
al el el ol w8 asie ol bl g ol
Codd lp 600 Olge 0 )8 sy p 4 uiie U
ol ol SO Sy Glls a5 w8 ks S
Ll 5l ooguw,d slacsiawy 1 solaiwl ol o)lge
e a4 plee wiige slaojen ;0 hamelun
o aie 5 Wb )l e M (s Fuike S IS
O Olgce s owiige 5o el diedgw o]
Gl oY oo )5 aie) jo 48§ O yan Dlalllas
Silwesl> y8 a5 S gilupdas ly 0058
oo gilwylaul (VAN () SKen 5 jiing) lawgs
)..:‘;L> 6‘).: u_i.u..v CJL»AA ‘(\'ﬁ& COMR9 9 09.:) huy
909 ‘\‘H\‘ul)liw 9 Ws)) Ja.wj.a le.’> )|9.1O w

doddo -
Gﬁi” )"’"" e Qﬁ}é| 39y Ay (lure u*’)“*S s
Cudgaze « 8yl Sl Cng jlae l cblas 9 8 pas
e 0oLl a5 ouls crge S0 (Sgm 3l (855 g Olga
Q‘ﬁ‘ )5....5 I 01.5 )l)§ Sxo éol? TR i
50 Xl5 olge saze solaiwl logase g il b s o
O30 (WA iz el gl cusl a3 3 13 )15 jgwo
ol dl dl; 80 STa o odgwd slSawy
Sgazme ally 30 ST glad |5 e iy Sl
Al S ol 23, Glp S oo ol 1 LS}WUi‘j
ddas ol 0 vges cidlsb 1) Sluls Sy
S e cdlil slagty, oes solaidl
Adbced uly 00 uS Ojge 4 Sluls oSy
oole go5 olxil 8 gaw 5l (VYA iax 50 g1
S5 sl TRy Gl Sax euilS ol
Lylys S ogg Jd 5l gouxin Jelge al (S



vy A Glwo) 9 51l FF 0 lads Y 0593 ¢(63 2,8 (wlidipmn (198 sloaidly

Lol ool i8I a5 jo alide LSS 0 9 555
St JglS O3 sl oid as e oyl o
Loy oad Sl jlade O L) 5y ol b (BL5L
I oy S L Vg VIO 0 VIO il (slavos
S35 3 S JlF D3 (539381 15U 5 00l Lol
RSy LS e ey SBoald xS el
5 an Sy Sl JHES Cond Olss ol

DS 5 b))

él}e -y
Ol ol Gadsw I Bae wuo S o lal lixes
oSy 9y » Sy JglS D3 80 o n
allas gl ool SIS Ly S oy, 5 Sl
o 5 SIZMK2 (gl ol b gl sy S

WS Al W b (o3 0 lpl ez S
9 03l 43‘)‘ (\) Jim o oslazul Sy ) Sl J.l}.ga.i
M) Jsaz Geb ol ol 5 olerd Sloogas
Sy Bk Sy JglS s pgal bl
sanlin gice (z 5 o il -V) JSS b oslia

Sges

Cpw g 9 J.n)‘ 1444 sd‘)&o@ 9 kSJ AREYA ‘09 5
Lo g Glolpmgl Vo8 ()l Sen g cpi> 12QF
als (i18e; wlae (Y17 o)) Kan g plsl, ¥+ 1)
o)l9) 5 (Voo ¥ bl bwg sblags slagdoe )0
R ‘5‘).3 O o .b}.oj o)Li’;\ (Y"? s)lf‘»b}w 9
5 S 00,3 (SeSSesy b Shy o
g S o b g Sy 00,5 —anle sl bgle
..)9.4;.3 o)L.i;\ (Y‘ -f ‘jélfﬁ 9 6‘5% 9 YooY ‘Q‘)m 9
3 lesletwl b ), S (gilage 5 Comid a5
43S Syge Olllle 4 glg e Sy S8L5L
(Slale g ooljasl Ve of () Ken 5 i) lawes
5 Gpys S5 AYAF ) )Ken 5 ol Sl VYA
g ,38%, YN0 K g goly VA ) Kan
9 s.iu.w 9 Y\Y ‘Q‘)M 9 ‘_,,59\19.“ Ye\P ‘uL.’.‘)"L‘a
3 ol Baa ol a3 T pbul (YVV lgtsw
SeY JglS S Gl 586 (o) pRl> GeioS
SL (S5 b8, agme o gl olal 5 (28L5L
WS Oyge Sl (ow)p b wdbioe BB )
Gy ol b dlog, S degas o F oonline
sl YL slaas o b Sy 8LsL old ¢ YL

axlllas 3590 JPlS oy S JSb

Foho 8- odee ¥ -0 o o ) -l randllan 990 (SBL b SGwY Jgil S OIyS g ¥ S



Ty QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

ok i Lsle s o3y S i e 1Y
Jsaz b 5 00l (5,503l ASTM D854 o il
Gy Sove 4 Az gl b oged odmliv olgi oo (V)
alllas 590 IS () S wie (5,180 piarw 5

o ulnl Bl alllas oy50 plae sanails g
Geb 5 00l (s ASTM D422 5 ASTM D421
S 6o Sluvgas .l caslin JB (V) S
ASTM D4318-95a s,luibisl 3ol asllas 550 (s,

(o) Pz @beo) adlllae 9,50 ZMK2 () S (olonds Sloogas ) Jgo
o yd S ey o i gl polie | (ZMK2) Jgils jo S39 oy
X Coidgls L.O.I 2
oY 5l SiO, V¥
Y CodS Al,O4 VO
¥ ;-,{LMJ FCQO3 A
T102 /' \c
CaO Vo
MgO AY
Na,O AN
KQO '/Yl
SO, -
100
90
80
2
i‘ 70
60
3‘; 50
,;D 40 —e— clay
53 30 Tire Granule-D=1mm
20 —+—Tire granule-D=3mm
10 =dr—Tire granule-D=Smm
0 y oy
0.001 0.01 0.1 1 10

mim) sl yd o 3lusl
SEES}

S35k S Jgil 5 ly3 g axlllas )90 () S gaisdils S ¥ D

adlllan 3,90 bolso @l ofpg (JKz polie ¥ Joux

iS558 Dlogas Gs
Sy Jgil S o5l
(o sheo) ) (e Y (eske) 0
allas
K WCHRURWIRS 7/, S YV Y/FA Yiss
SetsY o yd B o, YIsY YisoF viov
SatsY o yd Vo \ia Yis-A /009
St doyd Vo Y/04 Yiov Y/oY

St sladigas (051 sy gz 005 b5l (o)
b 9 R0 L S g addllas 350 llas
oo Sedl Byl 58 dalsl jo aileads bglse ol
Ll jo 5 oocd 6l el YT Goe 4 atis
B e BRI FEERTSS ]

o o1 el gy -
Jols whd b gl ) S ol Gades o
s Ve s VIO D VIO Si5 slode,o b g8L5L Sy
b el 000,85 bslie so o B 5 ¥ o) slooglasl b
S SeSg 5 Sl Sleogas sg O



Yf

AN Glino) 9 3l FF 0 Lol AT 0,90 (60 315 wllommo) (98 (gLaidl

P US8) <85 plnl ards e /0 sy
S S5 S olise 5 sl
adlas 5)50 ow; S R385 55, 2 BLL
ASTM o, Jaitias] 3o peicio £lis 1 b (o g5 iglas]
wly (g -F US) ced a3 slbol D5084
dalllas 3,50 sladises 59, p 45 Ojg0 (AL
oS ol S5y o3 el sanlia LB (F) Jgaz gilla
Slass & ladiged (59, 48k plnl sl iales] ggome 4

el 0 05938l 1S5 g YO

bl Gk (aliglesl o515 (g5l bl (pslate
s ybiies e 5 plbxl ASTM D698
15 o Cols IS ) S SSiel; gla el
b eSS )lid Cuglie (ge3] sl al> e
(o -¥ JS5) &b pdy & y50 ASTM D2166 o it
bl b meiiee Gip ool psd dpe
Vo XVe olal b (glaaiges sl ASTM D3080-11
slal Sl cod (A5 J5S Ojpa e fegile
oY 28 alul JSal sl Ve 5 Voo B o
b anlllas 050 glatiges (638 L Sliles wiunl S

09031 —T (51970 S (39031 0 pailiane by (9031

il anlliae 5590 gllae (g9 1 48,5 @90 Seyeei] 3l s pgmai P UK

o gL, b (g 9 dyd ok

Folo Gz 50 anlllac )90 sadiges G9) » 4k 5 O 90 Gge3l aly Y Jguo

Sl bk Sy Jylf ol Sl
Sadydel | el A | 5)5eSS oSy oy S Faka 8 | pedee V| eV | S Gl wged pl B3,

* B3 B3 * B3 . . . S ) C \
% # - - A Ao e, C-2.5-1 Y
* # - - o S ) C-5-1 Al
* * - IO B C-7.5-1 f
# # - Ve S ) C-10-1 8
% s s % s - Y/ - R C-2.5-3 7
% s s #* #* - I - P ) C-5-3 M
% % % % % - N - S ) C-7.5-3 A
# # - ). - R C-10-3 A
* # A - R C-2.5-5

# # o - S ) C-5-5

# % % # % Yio - S ) C-7.5-5

# # \- - SIS ) C-10-5




Yo QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

5 a5 jshiles el YV 5 L YIYE O VAY
Sl pax W Gl (o -0) UK slajlises
e ¢ S92 yd VIB (liee dr (BL5L Sy Joil 5
slojlul & azg L) o515 plnl Cuz ae Cugb,
VY Gl 4 i 4 G o B 5 YV V) Jgl,S
e Gl b 51 sms e ualS T SIE 5 L VY
o515 pll Cax aipy Cusb, Hlade (S wil)d
S L ol laicon b 1y YL & 5, s,
eyasa (g gl olail g Sy Jgil 8 ol)d s
S Mo Sl digy s 5 alS Sl KiS
ol 5 o803l Lansgs 425,500 lalllas b alice
5 Spys a5 g VAP Slale ¢ of; 3,0 YA

el (VFAF L Kan

172
1.7
168
— L.66
b
5 Le4
H1e2
=1 —&—D=1mm
£ 16
= D=3 mm
=158
—a—D=5mm
1.56
154 all
152

0 1 2 3 4 5 6 7 § 9 10

percent of Tire chips (%)

e op g -f
sldise 5y 2 o515 Glalejl 5l el Cessy mls
S8 Gl (8L Sy g S Lot cos
(G -0) S & 4395 b .ol 0 ) (0 g il -0)
Bk Sy JgilS oS (0933l ek oe cnalive
039 Ot o o) SS9 00,0 VIO (s 4
SrdpSly GRIBl s Gama) Sl Sis opase
Sld 51,8 5 0 b Y Ll olpee el o
Y S a e B9 Y laoslal b gl 5
i oy LialiEl bz ST sl Y g 7 VA
PyaFe Uiy o S Sy Jgls ol
Gazg b rels ke .l ouds atuls gSlas Sis
15 Giokee B 5 ¥ ) Sty JslS @ld ojludl
e eaiS a Sl sk 4y adllae 5 )50 slavs)o

[
=]

=
o

ot
-]

—g— D=1 mm
D=3 mm

Optimum water content (%a)

17 —&— D=5mm
16

=
15

0 1 2 3 4 5 6 7 8 9 10
percent of Tire chips (%)

ASTas SiS paare ()9 Ol i — il o815 bl 51 Jols gl g 18l 3L Sy Jgil S Ohd Sl o g AL JSB

S TLVID 3] o 33l S oS oS 038

Sl oy DS o JB slad
Sladised )3 (5,505 5 Lad 2 DS (liee =Y
Lo olsl S JgilS old b odd Conti o,
b)) GameSS g)lid Cuglin (a5l I eslatal
oo &l (z 9 @ @l -Y) UKo o bl a5 e F
SEd, 0,8 cdalin g oo bjloges 4 azgi b .ol
o3lail 4y Sz ool 8 3 b oo conls Ly S
Sojsh 9 Al Sgne VIO (G55 wepd b e e )
Glid Conglin y 28l5l Seaw¥ gl S Sld jphn
RPN QPPN WIS S ESIE CESU gL L PSP ¢

Aoty gy Ol i — o

3 Bl JH3S Cond Oliss @ 4z b Ll 0l
Olgiss (F) JS& slalaged 3ol ool Conts sladiges
Jol,S lyd 058 oo oanliv a5 jshiles 5505 i
VIO Gy by sashea N oojluil 4 (S8L3L Sy
Blas Jolss cod o 1) ol 0o St (Sis wep
Fotm oled 0aiaS pla Luld el conl 00ge ol
oMl S5 g RaSs 4 S 5 ey Sl
Shd g pdilasl caols 4 axg b 500 4 oyl
9 ey plas o aalel ol 8L Jgl,S
Jol,S alyd slal 38, YL L 0o )8 oo cdnlic aliv
GRIB ey by e B slas bl Sy
Ao Gleiee bjloged ala>de L el o ol e



vs QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

0.65

~—&— D=1mm
0.64

—— D=3mm
0.63 ~k— D=5mm

Minimum void ratio (emin)

percent of tire chips (%0)

adlln 0590 )y S JBlos Sl Commd Ol pdi g (8L 30 o Jgil )5 wlyd 306 8 Sl

400 Ll 400
350 350
300 = 300

£ I
= =2
= 250 Z 250
=) ‘-_’ *
= 200 1 % 200 *
= H 15
5 150
g 150 ——Clay < — Clay
100 Clay+2. 5%tire chips 100 Clay+2.5%tire chips
—+— Clay+5%tire chips s Clay+5% tire chips
50 4 D=1mm et Clay+7.5%btire chips 50 - D=3MM g Clay+7.5%tire chips
Clay+10%btire chips ot s Clay+10% ire chips
0 # Bt
0 2 4 6 8 10 12
0 2 4 6 8 10 12

I
Axial strain (%) Axial strain (%)

450
400

350

&
=1

200

Axial stress (kPa)

=——t— Clay

100 e Clay+2.5%tire chips
e Clay+5%0 tire chips
50 D=5mm e Clay+7. 500t ire chips
o Clay+10%6tire chips
0 ke
0 2 4 6 8 10

Axial strain (%)

S Slyd — il o G o) GBS (6970 (g LIk Caoglie Sl pani g 8l b Sl Joil S @l LY Ui
ook & 8 by (18l 3l St S5 g e piogolee ¥ 8 b G35l S Sy 0 e aoheo | B b L3l

Sile; 55 g 5 el 00 LYY 57 A e L3 a5l e se oy (Gl -A) USS 4 azgs b

S Sl ek 0y Ki¥ ol L Dl 0 saska T g ) (slo s a0 iibil Koo
S5 g,lid Ceeglie o Fig olyd pled o alh cdalin G ey a6yl obly Jali8l cel VIO gig de e

odds &l LONVPIF Gl 4 Sl ek (69200 P pli8lax Sl el sl LTI o L AT laie
oo cel jefde slaylad o Sy Ol S ey

S 4 Sle jshy )b oUlE Gle Srals



18% QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

35 deys VIO Jake @ fiadee ) S L Sz
Gial3 TS e 4y ¥l e 95 s 03933
5 Sy Sl ol oz, YU b oandl el asdly
=] Gy 69, 2 R U ol iy slase s
G e 05 ¥ N O3 slaeslasl gl g atils
5 L VAN YOS e 4 peSiles sk i g
L alie sael Cowds gl ool sols zals 7 YAV
YN0 o Kos 5 goly) bawgs 48,5 & g0 Slalllas
STV (San 5 SVa ¥ VF (ol slo 5,05,

2l (VoY Jlgibgn 5 S

450
400
350
300
F 250
=
= 200
150 =—t—D=1 mm
100 D=3 mm
30 ——D=5mm ol
0
0 2 4 6 8 10
percent of Tire chips (%)
8000
7000
F 6000
2
E 5000
=
T 4000
23000
= 2000
&
1000 =
0
0 2 4

9705 (5)lid Caaglie Gialojl b & azg b
Olee 55 2 Bk Sy Joil 5 lyd s (g o
by bt e oad S o) S (gl S
ol b Sty Jgil 5 ol (o -A) S slaloges
Mie 4 i 4 ke sk e de B TN
Cals gladigad (g pds SIS T FIFO o L NVVIY TNVEID
30 e sl el el molidl 1y gy eald
P (SeSTe 8 Sleogas 5 Cawds e Sb5)
I @ az g bl aaci] Jaoo el )b oS>
il g Wiy oo SwY Jgil,5 I3 oz -A)

12

10

Axial strain at failure (%)
=%

—e¢— D=1 mm

2 D=3 mm -
—i— D=5mm
0
0 2 4 6 8 10 12
percent of Tire chips (%)
—8—D=1 mm
D=3mm
—a—D=5Smm
8 10 12

percent fo Tire chips (%)

Caglin ~ il 5 30055 (548 gl (g0 31 entl oty SSiSI55 610 sially (B3 Skl il Sy 1 A JSLS
MYUBA‘:—C aMM)O S50 uié;—g 6M M}é ‘S)L:Aé

O 8Ll Sy Gl ogd e cuslin (Al -9)
Slade Wlgoo VIO (S35 dey0 by yin o Vool
ol ds s PV lade a4 1y ey S Seee
e S S (Gig ey Gl by e
oiols as s YV Jlade 4 Sl jolay  Soins

Sl 0l

$s 2 Sk Sy Jdils wls b -y
O3l 3l eolaial b o) S (25 Cueglite sla el
Ol Slyesd 28,5 18 2b5)) 95590 mekines (i
SE slawigas L5l Sl 4l 5 i
Je o Sy JgilF ald 1 cov adllas o440
U sl fsged 4 a3 b sl o a1 (g il -9)



YA aA uL».m.o) 9 ).HL; % o louds Y 0,90 ‘Géﬁ)b’ sul.».wu.a.o) LY ‘_gl.bwb
35 40
30
35
= 25 PR
= &
Z 20 E30
ERE =
z £125
? 10 —e—D=1mm :; p=tmm
5 D=3 mm Ll 20 sz mm
=—i— D=Smm —a— D=5mm -
0 is
0 1 2 3 4 s 6 7 8 9 10 =

0 1 2 3 4 5 6 7 8 9

percent of Tire chips (%)

10
percent of Tire chips (%)

s G 59051 3 ol o ol 0y S (SiST5T5 g tolly 1 (g3l Sias ST S b A S5
515 S sl gl -0 ¢ S din

Sl Slasl agly 5 (Sacws oliae b Sj Sy
sl @il rals

Caglie Olie (53, » S Jgil, 5 ol)d 36 -F
S50 S ladiges jo SenS abd jo by
el -V IS8 G o bt g oad bl asillas
ool sanlie LB (z 5

agly ol ssalin (¢ -) U0 b Lyld en o
S o, YO L ool Sl diged (s SKlasl
PV IRV IRV | §TA N RV-PRP PR SYPN VO RS K S
aoly S @l Gl jehs ol b s STl
aoye VP lade 4 Sle el b Sl
U,J)f JJaJ L l) ‘)iié Sow )| ol o0l awlS
5 S 3 ol Gial8l L s g oo ol SLo

80 120
70 Al <
_ = _ 100
2 60 H
2 ]
o = 80
E E
.:“;" :_i 60
z =
z z
= z
.E 30 =
= —¢—D=1mm c 40 —e—D=1mm
,E 20 - i D=3 mm
= ov=50 kPa D=3 mm Z ov=100kPa )
10 —&—D=5mm —+—D=5mm
0 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 3 92 10

percent fo Tire chips (%)

160

=
£
(=]

=
[¥]
=

=
(=1
=]

o0
(=}

60

Shear stress at failure (kPa)

6=150 kPa

0 1 2 3 4 5 6 7

percent of Tire chips (%)

percent of Tire chips (%)

—8— D=1 mm

D=3 mm

20 —i— D=5mm

8§ 9 10

G5~ oSSl S B @B i - il S i) 3 S i Cngli (333l Sk S S Sy G N S

Il s 18 @6 i g oSSy g Voo o1



v QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

b logei 4y azgil el oo &l (7 9 @ &l -VY)
L S Olpd (@3B s polie solad jo ol osnline
5olS oo J G VIO S39 Sy b e Lo Y o3l
s plod )0 ool ool uy S 0 (SB iS)S
Al ey Sl a4 e LYNE Sk sk
ol b alin S weye lea jo el 0ap F
TP Ogben 000 o e 8 ¢ V4 Sy &l )3 ojladl
9 PN 2l (Sl Sjgan i 4 @3B (A5S
Ol yeas Gl b oas Sl asl sliel VA
08,5 co odnlive axlllas 5y50 slddiges ;o S

ERSCPCINERI N [OUNIE JCOR ICH ISP RC GOt |

ol a8b
13
12 all
11
£10
i
§ 8
t 7 —e—D=1mm
= D=3 mm
6
ov=350 kPa =—— D=5 mm
=]
4
0 2 4 6 8 10 12

percent of Tire chips (%)

Vertical strain (%)

0 2 4

lyS ged 6 S am Olg oo )loged I aS 4isSilen
JNE 00 Ko alasd jo by Ceeglie 5 Sy
30 5 oo odnlive (@l -V+) US4y ax g b aiil o
S N0 5 Ve B o gl in el o
L oashon VgV slaoslasl o S @l (JISuly
Iy (Sited alad 0 Lhy Cwglae VIO S5 do )
Slagis (ooled )0 Al Glie Gl Aimd oo 2ol38
LXE[0 o7 TRV L plp sy @ ke ohay oS8

RVIHP
e (59, » (S8L3L Sy Jgil 5 ol 36 -0
) ol os a5 oy S latiges o6 S

IS 50 ol bt 5 000 )5 5yl pedies (30 (905

——D=1mm

Vertical strain (%)

D=3 mm

=—d— D=5 mm

7 ov=100 kPa

0 2 4 6 8 10 12

percent of Tire chips (%)

——D=1mm
D=3 mm

—i—D=5mm

8 10 12

percent of Tire chips (%)

Voo @ilE Gidd — 0 (IRl slS B B 25—l casdllae 390 saiges W idyS olime g S Jgil,F Sy b N UK

S ©lyd glaoslail oled Yol cays g oo Hloges
VIO L o) SL (s pdudsds alS Sz aslllas 8590
U5 48 gl ol Lyl cslin 539 oy
GalS o 1) 8l n S e e ) o3l b S
S DS sbojlasl soles ;o LSl ol (63 dy348

ISl gl 10 S i — g (JSwly oS

oy g ojlasl LU gy jekaie 4 Lol i o -F
ool LSl g9y = (8L 5L Sy ol )3 @l )3
Oby L s pdndsis (ye)l () SIS iSe) Lyl
Uy b cewl son LI OY) UKo Gub ol s



o QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

56 o g oy S samals Sl 4 sl
J.M:L)Go oA S ) Sk J.BLD

1.00E-06
9.00E-07
8.00E-07
7.00E-07
6.00E-07
5.00E-07
4.00E-07
3.00E-07

Permeability (cm/sec)

2.00E-07
1.00E-07

0.00E+00
0 2

—dr—D=5mm

—e— D=1 mm

D=3mm

4

5 rdedeis oy SB 0 lagl jeam g 28, YL L
3Pl 5 bl ol sl oo Gl LiSe ) cools

6 8 10 12

percent fo Tire chips (%)

axdloo 8590 GAIgos (5 dudedi ol jwo p SswY Jgil )5 Oy J30 Y JSCh

sleals o ol cad lgie cod 6 al )b >
OlFise »j alal) sl oslasnl b aS 05 (Byne BB 5,
0. = — M)
T e
fc
alop, sleasly o Jodss s e (3gd alal, o
3 35250 ladilogy, a5 g0 0 Jb 0l oo 0dusl
0aiiS p lgre 4 aST p ogdle wiil ) iz 5l S
S Sz sl L Wlgi o S g0 Joe S 2B o
Gazg b plply sl jas LSS JI o8l S a
&b Gliee pol> Gz 0 a8 S O jso dallls
.09.03 4.§|)| l) €f 9 Cmin ).)OLAA (f) Jﬁ‘b

U8 sla sy 50 a8 sael Cawas mls (18,5 Sl o b
oxd adlal o5 flo leee el oals o)Ll ol &
slas,s 0wy a4 28L5L S gl 5 @l
5 Sy Jgil,S alyd balsee o yle ,L8, 5 calisee
S Jgil ol oS LK asl HIAE S0 e,
L oohd pl s S e 00538l Ly S a4 8Lk
abge ygo 4 0 Ohle 4 g il uled [0S0
L asilys i g w)lo )18 ey SB35, slaals lee 5
8IS whd s o) bslde msle )b yo K0S
JBsl flaie @y Las asdy cansl asls s Sy
Jose lings Glbl 5, sleasls oy 9,0 cdums
J5 e Sy alyd N Lyls cpl o S o

Ol 03 dgdee wBS 50 jho plp diged (slad

(€f) Gla1d y Jordond S g (€in) JBloo Jodoni' Caond (59 }>T L&A a0 Wil F Jgus

At €min €
Olyd ds s D=1mm D=3mm D=5mm D=1mm D=3mm D=5mm
Sy
N3 - - \ - -
Yo 109 <[OAA <IfeA 44 <IPNY <IEYY
o - /6AY 4 il 1PV ¥ <[P < IFFY
A Ri4 AT a1 <IFEA ied™ <PV
\e. < I1#Y /7Y Qs < IFAA A AN

Sy 3lyd bawg O ol G g el ceols

Gl S (6 pdaSy ams )0 oS dlugy £589 4
aS el a8l 39 boglie S (5,0,L oUlgy g a8l
o)LMJ ;/_..a.sb U‘—ﬂ‘ a a:8b rn[z._)‘ GL“u*".’.L")] CJL.:

O3 509538l eadlyo e o 398 Jguz oaalin
Slade 4 e Lo Y ojlail 4y 8L 5L Sy gl 5
Iy oS gam JB slad oy S ay G55 de )0 YO

g bl gl owle) Gliee o 5 Blas 4



) QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

ol s sl o 1) sl (St & adlb
D591 0951 Ailgs cod bogle S sladiges

Yoo ) sleykad 4 (bl SanY s o3l Y
Saoglie (il Sl YIB (J5g woy0 Gliee & fo e
59 o,y il 8l el el 0050 T (6,920 ST (g L8
o alS el jsThe layks s S old
SeiY JoilS 5N o 5l ol sk @UlE Ol
Sl el aoys YD Jake & jiadea ) B L
Old (IS e jo g ead wy S oY) Jede
ool 5o el O 9 Ve ) olol L Sy gl S
o (o) Sodises 6 N JSS (all cons laao )
Yo 5 St s ol Ll ax ST sl oad
G s ey SB s JglF DS jpas (28,
alie a5 055 o0 () 50 Eah S 5 Gk Ul
OySen 5 oly) by 48 F Syse olillas
OhSad 5 SVgw TVF (blplo 5 ,iSa, 410
il (VY (lgigus 5 S g Y+ IV

33,5 osalie it Sy 0903 @l gy b -F
Yoo ) laojlsl 4 il Sy JglS ol
wslhy Jlde Wlge VIO (S5 woys by el
ol &5 4y oy S Sz L SKhel
Shele ol |y (Kseend abasd o0 by Caegline
Sz L3 o3Il (il b S el s R0 sam
o Stasl 4yl (( Farez Glie la iy woyo 5
Ol oSl llpd ol il pals 60k Ul
58 Y s (Bl S, 01y o3l S
o g Sal 02005 00l ol (o) S (S (e
o 23 Fote gl s O Qiz os ol
il Oy o ol (Saims el Sy
sl 0 Lglea

doys b yradee ) oslail b Szl gl S ol -0
ooy S50 @ S GRelS o S VIO (S5
az Sl sl ongo § Lalls cdl 4 s ool oS
5 bapT s ojlail 5 oY 3 eam il L
Ol Bl S s g G e 0 o0line adiges
6ty e 8 el ] 00iS ey Lyl ol .l
Sy olyd oplasl 4 s ol S slbaiges
Syl (S oyl as 0 g 850

ol L alin (i weys plea ;o il anled oo
Jss s (53l Sei¥ (slo 5,5 55 ol
R s 00 S Ly a8 el il il53 3l
ol el S gl Ul mals 5 S sl
@ S SEY S 3 (o S o Ll
5 S piySllasl Gall bolyes g () SI ) laails
0 5 Seime¥ O3  ceslie (St (Bl pas
Jodzr am 4z b 00 (Sl Cesl dngn £685 4
Jsl S 15 o5lasl iglsdl 03, o sonliio (F)
o 1 YID 5l i Loyl gt 0oy g S
o I slad bl s e Sl slmy) s i3
Ol i o5 oyl 4l 4 ous bylie S &l)d
(i ] 00l Ce 0y e Sy )3 lavgs
Sl ol 00 o s slils o BB s oo
Sialidl Gl oy S s i ald g5l a5

FOW PRV JES U SN PN I

-0

Sygar Glgca |y pols adllae 3l sonl Cunss =l
1S g o)L.'L| J‘{b TN Ao

IS S Gosl ol ol w15 se3] s )
Aoy VIO Gl 4 baojlasl sles jo 8L 5L Sy
SiS ppate Uiy S e ) S & S
30 ax ST el eads dige Cogb, el 5 2Slas
Oygo Oldlas b aslie « Sl Ol)3 YU glbas o
g ol Sl OV Y) glals 5 ooljanl lawg a8 S
OYAY (e g om0 sel,l9) 5 (VYAY) Ko
9(M)U5L»~S%Ql;'q‘w5°wuw5$ﬁéjj)
wlo.).uu»)gjb-)bgjy

O as eanlie o515 Lialesl =l 4 g L -V
Ol &g yoishee ) oslail ay (8L 5L S Joil S
Joss cond o 1) GalS 5 i (P ey YO
Fober oled 00 Gl Iulyd Gl oged sl JBlu
Ly 338, okl b Sy Jol 5 olyd ad ssnline
S slad aulidl el 1 YD 5l Liw jeas il
b}:).o (Gog=> G Q] Cde as J.)‘OJ.)O; oY) u‘)o O
S8k Sy ol of Gds al Cuwdls ooy



£Y QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

Sy w9 oslal el IS 5L wlg e lawgie
5 oV pln i S JgilS Ol ange
Cuols 4 azg b polie cpl sl cods 0,4l Y/O
Shd ol Qi 3 omb 5 il 5 el
oz Sle S sbanl e (BLL Sy JglS
5 e Gl L e ey SOl
dose sl 2Uly Glie o5 Conl oud (S
L S5 5ot 5 6 pdudsi jlade 5 (il 81T aciYl
Slasly 5l 00,8 oo olpiion (cmlply .cl ols uals
5 Sloy Olge Cupae ol 4wl 5 SV
(SeSIps sl cole e Shn slad
S Bl ciy S g ol giley, slaay
& Cawd 0ai] H0 aS cnl caslie 0,5 1,8 solaxul
Sleogas Sgun ;0 50 Wl) del> adlas L) adllas

5 edle 3 0,5 caz ledllas oS SiSSs;
Oygo cwlie Olidos S5 slaal 9 ol

S S

&lw

Asadzadeh, M. and Soltani Jigheh, H (2012)
Swelling and Consolidation Properties of
Clayey Soils Reinforced with Tire Chips,
Journal of Civil Engineering, Ferdowsi
University, 23 (2): 91-102. (In Persian)

ASTM D422-63 (1963) Standard Test Method for

article-Size Analysis of Soils, Annual book of
ASTM standards (reapproved 1998).
ASTM D421-85 (1985) Dry Preparation of Soil
Samples for Particle-Size Analysis and
Determination of Soil Constants, Annual book
of ASTM standards, (reapproved 1998).

ASTM D 4318-95a (1995) Standard test method
for liquid limit, plastic limit an plasticity index
for soils, Annual book of ASTM standards.

ASTM-D 854-02 (2002) Standard test method for
specific gravity of soil solids by water
pycnometer, Annual book of ASTM standards.

ASTM-D 698-00 (2000) Standard Test Methods
for Laboratory Compaction Characteristics of
Soil Using Standard Effort (12,400 fe-1bf/ft
(600 kN-m/m’)), Annual book of ASTM
standards.

ASTM D2166-16 (2016) Standard Test Method for
Unconfined Compressive Strength of Cohesive
Soil, Annual book of ASTM standards.

ASTM D3080-11 (2011) Standard Test Method for
Direct Shear Test of Soils under Consolidated
Drained Conditions, Annual book of ASTM
standards.

A yhe b Vooslail 4 S ol 3l 0g580 -F
O JLB b o) S (S5 ey VDl
Az 5o el okl Gl o Bl 1) @l )3
S b @Uls g 4l Gl SB g pdeSTy
=39 9—e)d Glas o asdl coulassl sg bl
Camd S la il 5lad ojlusl (2al3 Ll
s 005 s & sl iy i3l JBlas el
el S el Ul mals 5 S sl el
Ol 5 Sl e JH S oo iz
oy S Sl Sy 09381 4 el ] oS

sl o oy S 8, 0 by ] Gk il ey
55 05 el 6 ndydeil (93] s & azgi L=V
caz dallle )50 SetoY Sl glaojlul soles
cuolin (39 2o, 3 YO L oy S (g pdden ials
Vooslasl b Sm¥ g, S a5 gl ol b e
250 s pdides alS po 1) 36 G Pt Seshes
oy YU b Sty ol sleojladl ales 4o i
CaolB g Gpdudei oy SB 0 lag] jpa> ao)s
Cools Sl Luld nl b Gl (28
SISl 5 3l S Sy Lo ol il iz

Mbso 03U S o) Sk Lgo...;mlo

& S Ao -
Sl A wels ol GlaSE ol 5 (55l
B Sty gleod 2l plo sl (oonlis wllas
O 0 war eolpiiy anF SO lyie 4 Wiy o
& ojopl Sl 4 azg bl grhe pgas
15 o] Blans 5 S5l 51 Sy 03gm 3 gl
Folo Gados 0 W el gohae S jlane cwiige
L Il o) S Gl 2l dee s)n
JlS oS bole olen 4 hwgie 5 pes alo
oy God ¥l fals Banl) o058 lasiiwy
ool alsy (2Bislejl sloyge;l Lulul p ((Jawe
oy SB S 5 il Sox sk cuoy ol
O 9 ¥ ) slaylad b (8Ll Sy Jgil,S oS
Voo VIO &b VIO oo, b g onds oolawl yin Joo
G5 5l odal Cassy s 4 4z gl oS bl
Bk S JglS Bl gl lo Glgies pol>
S el b (gl ) S (SaSSs 518,



(24 AA ol g b Y8 o)kl AY 6,90 w5 ‘swLHd‘_’M) oy sasdl

Shredded Rubber Tube, International Journal
of Theoretical and applied Sciences, 9(1): 1-6.

Solanki, D., Dave M. and Purohit D. G. M (2017)
Stabilization of Clay Soil Mixed with Rubber
Tyre Chips for Design in Road Construction,
International Journal of Engineering Science
Invention, 6(9): 2319-6734.

Vadi, P. K., Ganga, D., Priyadarsini, P. S. and
Naga Bharath, Ch (2015) Experimental
Investigation on California Bearing Ratio for
Mechanically Stabilized Expansive Soil using
Waste Rubber Tyre Chips, International
Journal of Civil Engineering and Technology,
6(11): 97-110.

Warith, M. A., and Sudhakar, M. R (2006)
Predicting the compressibility behaviour of tire
shred samples for landfill applications, Waste
Management, 26: 268-276.

Wu, W. Y., Benda, C. C. and Cauley, R. F (1997)
Triaxial determination of shear strength of tire
chips, Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, 123(5):
479-482.

Yang, S., Lohnes, R. A. and Kjartanson, B. H
(2002) Mechanical properties of shredded tires,
Geotechnical Testing Journal, ASTM, 25(1):
44-52.

Youwai, S. and Bergado, D. T (2004) Numerical
analysis of reinforced wall using rubber tire
chips-sand mixtures as backfill material,
Computers and Geotechnics, 31(2): 103-114.

Zareh Sh., M (2011) Strategic Analysis in Tire
Industry of Iran, Iran Rubber Magazine, 26:6-
15. (In Persian).

ASTM D5084-03 (2003) Standard test method for
measurement of hydraulic conductivity of
saturated porous materials using flexible wall
permeameter, Annual book of ASTM
standards.

Ayothiraman, R. and Meena, A. K (2011)
Improvement of Subgrade Soil with Shredded
Waste Tyre Chips, Proceeding of Indian
Geotechnical Conference, 1-4

Bosscher, P. J., Edil, T. B., and Kuraoka, S (1997)
Design of highway embankments using tire
chips, Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, 123(4):
295-304.

Cetin, H., Fener, M. and Gunaydin, O (2006)
Geotechnical properties of tire-cohesive clayey
soil mixtures as a fill material", Engineering
Geology, 88 (1-2):110-120.

Edil, T. and Bosscher, P (1994) Engineering
properties of tire-chips and soil mixtures,
Geotechnical — Testing  Journal, ASTM,
17(4):453-464.

Edil, T. B., Park, J. K. and Kim, Y. K (2004)
Effectiveness of scrap tire chips as sportive
drainage material, Journal of Environmental
Engineering, ASCE, 130(7): 824-831.

Ersizad, A., Soltani Jigheh, H. and Asadzadeh, M
(2015) Behavior of Clayey soils Mixed with
Tire Chips, Journal of Civil Engineering,
Ferdowsi University, 26(2): 117-130. (In
Persian)

Iran China Clay Industries Company, Marand, East
Azerbaijan, Iran. www.icckaolin.com.

Karamad Tabrizi, M., Abrishami, S. and Seyyedi
Hosseini Nia, E (2015) Effects of Granules
Tire on Clay Dry unit weight, 2" National
conference in Soil Mechanics and Foundation
Engineering, Qom University of Technology,
1-9. (In Persian).

Lee, J. H., Salgado, R., Bernal, A., and Lovell, C.
W (1999) Shredded tires and rubber—sand as
lightweight backfill, Journal of Geotechnical
and Geoenvironmental Engineering, ASCE,
125:132-141.

Poh, P. S. H., and Broms, B. B (1995) Slope
stabilization using oldrubber tires and
geotextiles, Journal of Performance of
Constructed Facilities, ASCE, 9(1): 76-80.

Rahgozar, M. A. and Saberian, M (2016)
Geotechnical Properties of Peat Soil Stabilized
with Shredded Waste Tire Chips, Mires and
Peat, 18: 1-12.

Ratnam, A. V., Prasad, D. S. V., Prasada R., G. V.
R. and Ratna, P. S (2016) Influence of Waste
Tyre Rubber Chips on Strength and
Settlements of Soils, International Journal of
Engineering Innovation and Researches, 5(4):
282-287.

Singh, J. and Sonthwal, K. V (2017) Improvement
of Engineering Properties of Clayey Soil using



FF QA liwo) 9 3l VP oyl AT 0590 (60 30,5 (mlidiipmn ) (99 (SLoAEL

Effects of Waste Tire Granule Particles on Geotechnical Properties of Clay Soil

H. Bagheri' and R. Dabiri*"

1, 2- Dept., of Civil Engineering, Tabriz Branch, Islamic Azad University, Tabriz, Iran
*rouzbeh_dabiri @iaut.ac.ir
Recieved: 2018/8/2  Accepted: 2019/3/3

Abstract

For improvement and stabilization of problematic soils in terms of geotechnical properties, it should
be required to use proper materials. Therefore, tire chips is as new option can be suggested. On the
other side, disposing of waste tire is one of the environmental problems. In present study, improving
bearing capacity of kaolinite clay soil with using granule particle of tire waste (with aim of reducing
environmental pollutants) based on laboratory tests have been investigated. Waste tire Granule
particles in 1, 3 and 5 mm diameters and 2.5, 5, 7.5 and 10 percentage were mixed with clay. For
evaluating geotechnical properties of stabilized clayey soil, compaction, uniaxial, direct shear and
permeability tests were performed. Results of this study showed that, optimum of particle size and
waste tire particle content are respectively 1 mm and 2.5 percentage (by weight). So that, in this values
minimum void ratio significantly decreased in improved specimens. Consequently, bearing capacity
and compressibility were growth. Also, with adding waste tire granule particle by a size larger than 1
mm and more 2.5 % content in improved soil, permeability went up.

Keywords: Kaolinite clay soil, Waste tire granule, Environmental geotechnics, Improvement,
Geotechnical properties.



