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Fig. 10. Axial strain of LB sand-rubber mixtures at deviatoric
stresses (DS) of 50kPa, 100kPa and 150kPa under (a) 50kPa; (b)
100kPa and (c) 200kPa confining pressures

Sl ol (g i S Mae p3 eled (S s WY SKS
JEC SV vy ilbrann 2 ot SaaY 5 anle

0
-0.05
—_
=)
=
E -0l
=
.
“ ——hrRI00T0 \\
—— DLBO0RS : \
20,15 F[——Dbrpieorio .
T DLBIOOR20
—— DLBIDOR3D
—— DLBIOORSD
---- DLBIOOR 100
-0.2
0 0.1 0.2 0.3
€ (m/m)

Fig. 11. Radial Strain-Axial Strain for LB and Sand-Rubber
mixtures under 100kPa confining pressures



YA JL.u/f. A)ijz/v.hé)'j}e)jé

ot Olyes pulige (pip 95— sale dls

gt il 45 Sl i IS SN e 5 00 alraas
slaail (gl 0 50l aibraes A5 e 4 L5
Ll 55 o i S Ao =V Dl (gl il Sl
e 3l

5 2l i Sl b bl Sasl 4513 (10) K2
Sl SN Ol 2l Mo 53 1y (6 soma 2 S Aoy Y
Slde 5l ks o oS il ys ULy e S ) el s e e
S Oy il b Sl sl Sl slrans 25
sl Sl (010) IS 5 S S S 0kes b o 28
JEl s 1S 00 aibraan 20 Col gladi sl gl y Sl
e 3 el 3l o3 Yo gV 0 SN b s s
Slaas s gl s il SWlasl 4l izmen AL o a8
aole @geld 4 Cd Az yd Vo5 V0 0 S bl el b
Gl 0 158 30 ISl kS e dilraan 55 (ol 5 s
S 3 g S o Yo L blae SIasl 4l Ll
oS o5 5 Ol Rl L ISl ShS Ve adlracn
5 03 ol S35l ailine 5B, AL e 2alS ol sen (glails
o mu:.a”‘*"—”:"z1 L [12] o) ,SKan

Dsand

Yo (O S e slis (i) s Sl asl; , SanN b0 K

é)fuui.'s;.lw):
60

35
<50
xd45
B 40 “g—_p_ﬂ_\
g 35 T —
3 TTT—
2 30 4
=R
o 25
e
@ 20
2 .
2o 15
é 10 —6— B30 kPa
5 —4—LBI00 kPa
—E—LB200kPa
0

0 10 20 30 40 50 60 70 80 90 100
Rubber Fraclimlsz (%)

PO ) o
Angle of Friction, ¢ 0% )

10 —6—1n30kPa
5 —&—LB100 kPa|
—&—LB200 kPa

0 10 20 30 40 50 60 70 80 90 100
Rubber Fraclionsz (%)

Fig. 15. Effect of Rubber fraction on angle of friction for LB Sand-
rubber mixtures at (a) peak strength; (b) 20% axial strain

91

D5 S dopa Yo Uoles e s sl i Sanl s b Y S

Sop~
800
—E&—T1.RB50 kPa
[—— LBI100 kP
700 I
\3,5\\ LB200 ki
600 LN
= 500 \\.\_\_
2 00es L
& 300 e ™
200 o
100

0
0 10 20 30 40 50 60 70 80 90 100
Rubber Percentages,F R (%)

Fig. 13. Effect of Rubber fraction on compressive deviatoric stress
for LB Sand-rubber mixtures at 20% axial strain

S a5 () 53 il iS5 S e b e s

Gopu S ho =10 (&)
-200

AA60F e
—
@)
5’ -120
"":
E 4
S 80
-0 —6—LBs0kPa
518100 kPa
—=—1.B200 kPa

0
0 10 20 30 40 50 60 70 80 90 100
Rubber Percentages,F R (%)

-200 e S
—&—LB50 kPa
—&—LB100 kPa
-160 S —=-LB200 kPa
~—
—_ [
é’ -120 \(b)\
o -80\
b—
-40

0
0 10 20 30 40 50 60 70 80 90 100
Rubber Percentages,F R (0

Fig. 14. Effect of Rubber fraction on extensive deviatoric stress for
LB Sand-rubber mixtures at (2) maximum point; (b) -10% axial
strain

oS e g el sl o sy (V) IS

Q‘J_:A &\H‘JJL&O))‘)&)}M &;M)J—\' J.) L}A‘J:’D‘
ilrden gla L5 jy LIS (6 et L;l.auiiuj 0 Sy
Ay o QLA At ) gt KL GhS Y Ve 00
du@yoafu\ﬂ &\ﬁ\LJﬂJOMm‘\SM‘;OM
e ol 5 a0l o falS a iy il A Slde (glals
la i Sl s S Yo aibraan s s Jals



6).\)5' oo g Jéuf.'b.}) Olades

S g anle bgle SO U8, a2 L1 aslllas

6La‘la}lmjbbj>}4;§.§wyr>¢-ﬁl3¢a£&@5&]&pl
Yool i SN bl glac s ¢l SanY 5 aske

g:,.w‘ .,Lp)b

EWSTEARIPAL GLAQL.}JS)J;M}SL%\Q)U Y Jad>

Failure envelope at 20% axial strain for compression

Fr(%) O 5 10 20 30 50 100

4’ () 39.3 359 362 34.2 310 28.8 201

¢ 0 20 19 243 30 20.2 30

(kPa)

Failure envelope at -10% axial strain for extension
$' ) 459 - 36.2 - - - 14
((:kPa) 0 - 59 - - - 14

Table 2. Angle of friction and cohesion intercept at 20% and -10%
axial strain for LB sand-rubber mixtures
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Failure envelope at peak points for compression

Fr(%) 0 5 10 20 30 50 100

¢'() 411 353 359 350 328 323 259

¢ 0 258 232 222 258 223 330

(kPa)
Failure envelope at peak points for extension
$' () 495 - 36.2 - - - a7
c
(kPa) 0 - 6.4 - - - 139

Table 3. Angle of friction and cohesion intercept at peak points for
LB sand-rubber mixtures
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Fig. 20. Volumetric Strain-Axial Strain for LB Sand-Rubber
mixtures under 100kPa confining pressure.
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Critical State Line values for drained triaxial tests

Fe(%) 0 5 10 20 30 50 100

Acst 00198 0.039 0064 008 0097 013 0.16

Test 18662 1947 2039 2046 2066 213 2139

Table 4. Summary of Critical State Lines values for LB drained
triaxial tests
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The number of scrap tires is increasing rapidly in both developed and developing countries due to the steady rise
in the number of vehicles. Scrap tires accumulation in the environment causes several social, economical and
environmental issues all around the world. Recent studies showed that this material can be considered as an
alternative for some conventional materials in construction industries. Scrap tires are used as a whole or in processed
pieces in geotechnical engineering to help reducing the disposal effects and improve mechanical characteristics of
soils. It is becoming quite common to mix soils and processed rubber particles in different civil and geotechnical
constructions like lightweight backfill, road subbase, embankment fills, slopes, asphalt construction, sound barriers,
rail construction and foundation reinforcement. However, the employment of these mixtures in real scale projects
requires a better understanding of the mechanical performance of the mixtures.

The mechanical response of sand-rubber mixtures, initial fabric skeleton and interaction mechanism between
constituents depend on several factors such as volume proportions of the mixtures, confinement stress and size ratio
between constituent’s grains. The idea of mixing sand and rubber particles with the same particle size distribution
was employed in this study to minimize size contrast effect between the grains. Therefore, the mechanical behavior
of the mixtures is only based on the volume proportions of the mixtures and internal mechanism between sand and
rubber particles. To do so, drained triaxial compression and extension tests were conducted in conventional triaxial
apparatus on sand-rubber mixtures. The triaxial samples were made using moist tamping method in three successive
layers to avoid high segregation between rubber and sand particles.

The effect of rubber particles was significant on drained mechanical response of sand-rubber mixtures. Peak
strength reduction followed by axial strain increase corresponding to the peak strength were observed by increasing
the rubber fractions of the mixtures. Consequently the initial elastic modulus of sand-rubber mixtures reduces by
increasing the rubber proportions of the mixtures. The contribution of volume proportions of the rubber particles
inside the mixtures was found to be significant on the deformation behavior of the mixtures. The volumetric
response of sand-rubber mixtures shows that increasing the rubber proportions of the mixtures increases the
compressibility tendency of the mixtures which reduces the dilatancy of the mixtures. The angle of friction and
intercept cohesion reduces and increases by increasing the rubber fractions of sand-rubber mixtures which are
consistent with what have been observed by the previous investigations in the literature. The critical state line
parameters of the mixtures were highly dependent on rubber proportions of the mixtures as the slope of critical state
line increases by increasing the rubber fraction of the mixtures. The radial strain of the mixtures decreases by
increasing the rubber proportions of the mixtures which could be the effect of replacing sand particles by rubber
particles in force chains. In general, the mechanical response of sand-rubber mixtures was mostly controlled by sand
particles where FR <20% and by rubber particles where FR > 30%.

Keywords: tire recycling, Sand-rubber mixtures, triaxial test, shear strength properties, deformation behavior of the
mixtures
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