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ABSTRACT: A lot of civil engineering projects must be constructed on weak or problematic soils. In
some cases, road subgrades or building foundations often consist of soft clays or windblown sands that
necessitate soil improvement for usability. Lime has served as a conventional stabilizer, with combined
lime-fly ash applications further enhancing soil cohesion. These traditional materials are widely used in
desert and arid environments to mitigate foundation settlement and strengthen road subgrades. Recently,
scrap tires have gained traction in soil stabilization due to their reduced environmental impact. However,

the synergistic effects of rubber components (crumb rubber powder and rubber fibers) with traditional Keywords:
stabilizers remain unexplored, primarily because rubber incorporation weakens lime mortar strength. W o L
This study examines the influence of combined crumb rubber powder (0-30% at 4% increments) and Rubber Fibers
rubber fibers (0-2%: 0%, 1%, 1.5%, 2%) on the mechanical properties of lime-treated and lime-fly ash- Fly Ash

stabilized soils. Results indicate that crumb rubber powder slightly reduces the compressive strength
of stabilized soil, whereas rubber fibers significantly improve compressive strength, ductility, failure ~Lime
strain, elastic modulus, bulk modulus, resilience modulus, and shear strength across all curing periods. ~ Weak Soils
Furthermore, the optimal combination is achieved with 12% crumb rubber and 1% rubber fibers added

to lime-fly ash mixtures.

1- Introduction

In many civil engineering activities, it is often necessary
to use locally available weak and problematic soils. Clayey
soils and wind-blown sands in desert and arid regions are
among the problematic soils in road construction and building
projects. As a result, geotechnical engineers seek practical
and cost-effective techniques to address these challenges.
Stabilizing such soils using various additives is a common
practice, as replacing foundation materials with high-quality
soils is often expensive. The most widely used additives for
stabilizing clayey soils and enhancing their properties, from
the past to recent years, have been lime and cement, due to
their proven effectiveness in clayey soil improvement. [1, 2].

Growing environmental concerns have recently shifted
research focus toward sustainable alternatives, particularly
recycled waste materials like tire derivatives. While studies
have examined crumb rubber’s effects on mechanical
properties[3, 4], significant knowledge gaps remain regarding
hybrid systems combining traditional stabilizers with recycled
components.

The current literature reveals two critical limitations:
firstly, insufficient investigation of mechanical performance
in lime-fly ash systems incorporating both crumb rubber
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and rubber fibers, and secondly, the practical barriers to tire
waste implementation due to strength reduction concerns
in lime-stabilized soils [5, 6]. These studies address these
gaps through an extensive experimental program evaluating
includes Multiscale mechanical behavior of lime-treated and
lime-fly ash composites, Synergistic effects of crumb rubber,
rubber fibers, and Curing time dependencies.

2- Materials and methods
2- 1- Materials

The soil used in the lime stabilization mixture was
obtained from the sand and gravel mine in Kerman city, with
geographical coordinates 57.380 and 30.289. Based on the
ASTM classification standards, the soil is classified as low-
plasticity clay (CL) and has 2.47 specific gravity and 33%
liquid limit. The lime used in this study is hydrated lime with
a high percentage of hydrated elements (C25-19, 2019). The
fly ash was obtained from the Zarand factory in Kerman. The
fly ash classified as SW-SM, based as ASTM 2487-11 (2011),
which had 0.1 Effective size (D, ) and a 27% liquid limit.

The rubber particles used were purchased directly from
the Baraz Tire Factory in Kerman, with diameters ranging
between 0.2 to 2 mm. Additionally, the rubber fibers had a
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diameter of 0.2 mm, a length of 2 to 25 mm, a tensile strength
of 180 MPa, and a melting point of 220°C. In accordance with 350 1 M3days W7days W28days ®90 days

previous research recommendations, tap water was used for 300 §
molding the specimens, while distilled water was employed 250 §
for property testing [7, §]. 200 §
150 9

2- 2- Research methods 100
Unconfined compressive strength (UCS) tests were 5(; E

conducted on all specimens. ASTM DS5102 provides limet Limet Limet Limet Limet Limet Limet
guidelines for performing uniaxial tests on stabilized soils a% 8% 12% 16% 20% 25%  30%
bb bb bb bb bber rubb bb
(ASTM, 1996). The bulk modulus (K) and the shear modulus FUDEr  TUBDEr TUbber TUDDEr | TUDDEr rubber - rubbsr
X o . . powder powder powder powder powder powder powder
(G) were used to evaluate the lime-stabilized soil’s resistance

to deformation using equations (1) and (2)[9].

UCS (kPa)

Fig. 1. Effects of adding the rubber powder on the maxi-
mum compressive strength of lime concrete samples

o o E
K MPa == — S
( ) ﬂ gxx +€yy + gzz 3(1_21/) (1)
A%
m3days m7 m28days = 90days
6 (Mpa) — L= :@:%% @)

Weak clay soil was mixed with different proportions of fly I| | | II| I| || II ||
ash, rubber fibers, and waste tire rubber, and the mechanical
characteristics of each composite were evaluated. Table 1 Limet 0.5% Limeo+ 1% Limet+ 1.5% Limet 2%
shows the mix design for additive materials with the studied

soil.

UCS (kPa)
- 88888 8

Fig. 2. Effects of rubber fibers on the maximum com-
pressive strength of lime concrete at curing times

Table 1. The amount of mix materials for studies pro-

gram (kg/m3).
3- Discussion

Lime This study has been carried out to evaluate the influence
Mix additive Sand Clay polymer of rubber povyder and rubber ﬁber contents on the mephamcal
design  amount T§St behavior of lime-treated and lime-fly ash-treated soils under
series different curing periods. It can be concluded that lime-treated
[CYI)) specimens demonstrate enhanced mechanical properties
NQ 0 1000 230 85 170 85 due to pozzolanic reactions and cementation phenomena
additive during the curing period. The UCS analysis reveals an
960 230 85 170 85 inverse relationship between rubber powder content and
8 920 230 85 170 85 strength development in lime-stabilized soil across all curing
12 220 230 85 170 25 durat10n§. Figures 1 and 2 show the behavior of .stabl'hzed
Rubber weak soils after adding the rubber components. While higher
powder 16 840 230 85 170 85 rubber percentages consistently yield lower strength than
20 800 230 85 170 85 the control, all mixtures exhibit curing-dependent strength
25 750 230 85 170 85 enhancement. The 4% rubber addition demonstrates the
30 700 230 85 170 85 least strength reduction, suggesting this proportion offers the

best compromise between waste utilization and mechanical
performance. The effectof differentrubber powder percentages
on the failure strain of lime-stabilized soil at various curing
times was investigated. The results demonstrate that, across
all curing periods, mixtures containing rubber powder exhibit

0.5 995 230 85 170 &5

Rubber 1 990 230 &5 170 85
fibers 1.5 985 230 85 170 85
2 980 230 85 170 85
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higher failure strain compared to the pure lime-stabilized
soil (control). This indicates enhanced ductility in rubber-
modified samples. On the other hand, the incorporation
of rubber fibers yields a significant increase in maximum
compressive strength compared to both lime-stabilized soil
and rubber powder-modified specimens. Optimal strength
improvement was observed at 0.5-1% fiber content under
identical curing conditions, with strength reduction occurring
at higher fiber dosages. This behavior stems are due to the
elastic nature of rubber fibers, enabling effective energy
absorption and dissipation of external stresses, formation
of stress-transfer chains within the matrix, and improved
stress distribution throughout the composite system. In
addition, the fiber caused failure strain characteristics.
Therefore, rubber fiber-reinforced specimens exhibited
superior failure strain compared to control mixtures,
indicating reduced material brittleness, enhanced ductility,
and improved strain accommodation capacity. On the other
hand, chemically, rubber powder exhibits inert characteristics,
precluding participation in either pozzolanic reactions or lime
hydration processes. The material’s inherent softness and
flexibility reduce composite stiffness, with progressive rubber
addition diminishing lime-soil adhesion and degrading elastic
properties (including various moduli).

4- Conclusion

Based on the experimental investigations conducted on
lime-stabilized and lime-fly ash-stabilized soil samples with
various additives, the following conclusions can be drawn:

e The results indicate that the addition of 0.5% and 1%
rubber fibers yielded the maximum enhancement in
compressive strength, while higher fiber contents led to
strength reduction.

e The inclusion of rubber fibers increased the failure
strain and ductility of the soil, potentially improving its
flexibility against sudden deformations.

* Rubber fibers reduced sample brittleness and stabilized
soil behavior through their elastic properties and uniform
stress distribution characteristics.

* Among all investigated mixtures, the lime-fly ash stabilized
samples containing rubber fibers exhibited the highest
failure strain across all percentages and curing periods,
indicating their enhanced ductile behavior.
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bl dby0 3l 390 Cuoglie (ol yaud> Sl on 03908 St
9 29 (93 Sl gele b Bud cpl Bl il oljen 4 on
S 4t g Sol wiad (SGlSo olis glsil g9 1) Sezw¥ S

S o i)l Sal - ool

Lialojl (g, 9 190 =Y
s )

loyS bl kst awle g oy yame 1 Kol 4t ) oolil )90 S

bl clase b plo)S o 5> @ly (sl adlaie jlailsj) (o) SB-
SB by (b s (e YUY Glesl I YAR/Y 5 OV.YAS
plol slatolo]] ol 3,5 bl S5 (55, » adgl slapyiolejl o
o bl oa 4 1) Jaie 5 (1) S5 5 bSls s 1 a3
Loy €95 5l 15 5,90 SB AASTM el oyl (saiod; (slayline 4
o b alham (Sal (s ool 3 Bpae Sal g o ausod
slp okl 3)90 (3L S [¥Y]uil e &l)um polie I YL
4 olo)S 85 GBI 5 Sal-(ol usb wid ladige sy
Ol ol oads ool L (V) Jgia 0 gdlae (opl Clastin .l oads

S Jos 5l @3 s a4 (S sllall & cul g95se
cel dils dan Jlis Gilsl ol (gl odgize U Sy sladiged 5o
Cuoglio asls don jLid LRI L o 5l an g 290 Cuoglio ]38l
265 ol e 5 3l oy [PV ub oo (20 (o8
o 5 St 035 b o (sjluge sloSls 3, 5 Sy 55,
s jloslatul ©ygps p cldllas () .l oads powl o b g i
P [P Pl aST ) base gyl 5 L gl 8Lk
2 e Oladllas 4 51 a8 o o lis atsdS Gldles & Jlo!
ks Jg el 005 plogl ol ati 5 Sl b ods conts S 2,
S 5 b odd (il SB (SSa lsd bl sl s39900e sl
ol dgse (BLL Slse o cngS Slaplisl 3 e St dlas
2 815 lacSawY l eolatal Sl 4y LS laise )l deg bl
35 tpogs o] aes sy it Sl nlS (el Jpane i
ol (6 5lupy SB Cuoglio ials s a4y St 21,8 5959 opl b ]
g b ul aB,S5 1,8 oolital 3y90 Jae 53 03,08 jobo 4y Sal L
ly o 4 Sal ool St wid 5 Sal il 2,8 Sl g
13 b s il S 5 s 2o &1 s3in VL gl 4 (s

A



Table 1. Mechanical properties of the studied soils
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Fig. 2. Used materials (a) fly ash (b) rubber powder (c) rubber fibers
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Fig. 3. Results of chemical analysis of lime used in this study
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Table 3. Mixing plan for lime concrete samples with and without addetive mateials
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Table 4. Mixing plan for lim- concreate and fly ash samples with and without addetive mateials
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Table 5. Geotechnical parameters of lime-concreate samples with different percentages of rubber powder
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Table 6. Geotechnical parameters of lime-concreate samples with different percentages of rubber fiber
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Fig. 4. Mechanical parameters of lime concrete samples at the different curing times
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Fig. 5. Effects of the rubber powder on the maximum compressive strength of lime concrete samples
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Fig. 6. Effects of the rubber powder on the failure strain of lime concrete samples at the curing times
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Fig. 7. Effects of the rubber powder on the secant modulus of lime concrete samples at the curing times
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Fig. 8. Effects of the rubber powder on the resilient modulus of lime concrete samples at the curing times

aye



AVA B VY doio VFF Jlo & ojlads Y (oS ol (lyos (awdins 4 puis

(MPa)w).: Js.\a
N w

[EEY
I

1F +Sal A+ Sal VY Sl

0 ] I|| Il‘ Il‘ II| II| II| II|

N+ Sal

W, Y M,V Mg, YA WA

LY e+ Sal Y0 +Sal LY + Sal

Ga9l Jos s lo; 45 S atind gLadiges (o Joto 3 Sl j5g1 Wide o ,d (43938 ,il A JSUS

Fig. 9. Effects of the rubber powder on the shear modulus of lime concrete at the curing times
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Fig. 10. Effects of the rubber powder on the bulk modulus of lime concrete samples at the curing times
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Fig. 11. Effects of tire fibres on the maximum compressive strength of lime concrete samples at the curing times
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Fig. 13. Effects of the tire fiber on the secant modulus of lime concrete samples at the curing times
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Fig. 14. Effects of the tire fibres on the resilient modulus of lime concrete samples at the curing times
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Fig. 16. Effects of rubber fibre on the bulk modulus of lime concrete samples at the curing times

Al ge il Tl e g aaly Gil38l Ky Sl jags ZVY 58
S Bl wid 4 A I gty Sa¥ g o938l Jo ool b
—Sal wid gladigel b aulio ) ()Lt Cunglis (il cage (3
sl Joe oloj al8l iz o sl (339381 03l (190 (o3l yuSE
S5 i b 3y o 3 el 3 a5 il
clagle; g bas s plas 5 (ool juSB-Kal aid lbdiges Cansls
S 39 g (@l S Sal wid g I i )9l Jes
< Caol
P SHS y Caol by pidlasl ol S plgis 4 S 3y
dgio 1yl slodeoyd 5 S o Jae (63 dule (gl ST Jblio
dgdice SB B 3 (IS @i dgne 9 JHIST alS el oole (]
o 9 (4 0Y) Ome 2> b ()lid Cunglio (I3l el aom o
09 My D oo (iiSlg e dlgo b Hldle w3l iy elil s 4 ials
bl Sl > (abend gty (loj Job ) 4l Jds
D)5 42 ST SetY 39y 095 o0 JOMISS g S lBLe g b o0
S o) e iy b Lol cme inlsEl 4yl Uslie 5 1y s
2 Olej G b S (155 IS ey o )3 g 290 s

ary

e (NVgjg ol & SalbcuS 5 50 & canl piy Sl g oy lyd
Lo & yoie as AAJS‘JA A.J93 (_g’l‘o"'“’ LSL“°'393 LQU“SB L)’l g oo
otin 5 3 el b o) sy 3ge S5 S o issh
P e CwSd (555 GRS w3 dade i ke
Gub 5l oyl o ]y Sal ais 4 cuws (b puSB-Sal aws
s gl 0)3‘94.)) d.)‘.: )...wf‘o 9 Sal O @"w Lgl.mumfb
elS ) iplin S5 LS5 4 e (55l 515 53 Lng
el Ol 5 ol eb e (Slan el pands 5 lyan Sl
135 50 Spgldas loj Jsb o Iadigas (5 )Ltb Cuoglio 5 s 2l
Cuoglie (pizmed 9 (03 9 (oD (S e xS )

Dgd ooy (63l )MB—&] a0l slbdige (5)lid

Osh 9 b ool Sk -Sal was -y -y -
Sy

P Syl (9958

).) 9 L_Obbo LSLQM).) ).) 'de.:}w W d)‘wﬁﬁ W?L&A d.w..)‘LSA ).)

b ladiges 5)Lid Canglin 45" 9.5 0 odalia 09y A+ (opgl Jos oo



AFA B AV doxio VFF Jlo & oyl OV (S yual yos swdigs il

(298! Se¥ 351 9t 9 b (93U S B —Sal Wik (SlSe (gla il Y Jgo

Table 7. Geotechnical parameters of mixture of lime and fly- ash samples with different percentages of rubber
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Table 8. Geotechnical parameters of mixture of lime and fly- ash samples with different percentages of rubber fibers
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