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thawing is a factor that reduces soil strength and increases deformations. In this study, several laboratory
measurements are presented to investigate the effects of freeze-thaw cycles on the behavior of cylindrical
sand-cement-fiber specimens. Fine-grained sand has been chosen to investigate the effects of freeze-
thaw. At the same time, chemical stabilization methods of soil by mixing with cement with amounts of
2,4, and 6% by weight of dry soil and mechanical reinforcement by adding 0, 0.5, and 1% by weight of  Keywords:
recycled nylon fibers have been used. This study shows that the presence of fibers next to cement causes

Fine sand

obvious changes in the stiffness, strength, and durability characteristics of the samples under the effect . L
. . . . . chemical stabilization
of freeze-thaw cycles. From the findings of this study, it can be concluded that in samples without fibers,

distinct and wide cracks are observed. While, in samples armed with fibers, the cracks are smaller and fiber reinforcement

distributed in a wider width. The results related to the behavior of the samples during loading showed ~ freeze-thaw
that in the samples reinforced with fibers, failure occurred due to the pull-out of the fibers. In 7-day dry  strength-durability
samples (without the freezing-thawing cycle effect), the compressive strength of the samples increases
with the addition of fibers. In the 28-day samples, with an increase of only 0.5% of fibers with a length
of 0.5cm, the unconfined compressive strength increased , and its decrease was observed after that. In
all 7d and 28d dry samples, with the increase of fiber size from 0.5cm to 1 and 1.5cm, the compressive
strength of the samples has a decreasing trend. Also, by adding the percentage of fibers from 0.5 to 1%,

the trend of decreasing strength of the specimens can be seen.

1- Introduction of the strength behavior of soil-cement [1]. Liu and Peng

Fine-grained sandy soils show various weaknesses in
front of the environmental conditions. One of the important
weaknesses of such soils is the occurrence of large volume
changes in their internal structure at temperatures below
zero degrees Celsius, due to freezing. If such soils are
chosen as a base for the construction of structures or for
the implementation of road bodies, after enduring several
time cycles of freezing and thawing, they will suffer a
significant reduction in strength and stiffness. There are
various solutions to improve and strengthen soils, against
the effects of changing temperature conditions. Two of the
most important solutions include chemical stabilization and
mechanical reinforcement of the soil by some types of fibers.
A review of past researches shows that the studies conducted
on stabilizers such as cement and reinforcements such as
fibers are more focused on their separate effects than their
combined effect.

Some researchers found that the use of individual fibers
greatly increases the toughness and leads to the improvement

*Corresponding author’s email: y.shamsmaleki@kut.ac.ir

[2] reported that after reinforcing the soil with separate
polypropylene fibers, there is a significant increase in shear
strength, toughness, and ductility of cohesive soils. Extensive
research has been done on the recognition and evaluation of
the mechanical behavior of fiber-reinforced soil as well as its
use (Lee and Adams [3], Gray and Owahshi [4] and Freitag
[S]). The results of research in this field show the effect of
improving compressive strength, shear strength, and CBR and
increasing soil ductility; Therefore, the random distribution of
fibers in the soil can be considered as a reinforcing material
that improves the engineering properties of the soil.

Even today, many studies have been conducted on the
effect of different types of fibers and their use in reinforcing
all types of soils, Most of these studies are on sandy soils
and the fibers used are more synthetic [6], The study of the
shear strength of sand reinforced with polypropylene fibers
with the help of direct shear test by Yatim Oqlo and Salbas
[7], Evaluating the bearing capacity of a sand embankment
armed with separate polymer fibers with random distribution
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Fig. 1. The dimensions of the cylindrical specimens,
the failure of the specimens, and the fibers with three
lengths.

Table 1. Mechanical and physical characteristics of
recycled fibers and sandy soil.

Strength characteristics of re'cycled fibers

The
Speci  Elasti foi;e; at
Fiber fic c . . %
diam Weig modu ultimat strain at water
e ultimate
eter ht lus absor
strengt % strength .
mm gr/3cm N/12n h ption
m
N
0.54 091 103'9 284 27.99 13.97

Physical characteristics of SP fine-grained sandy soil
(granulation and Atterberg limits)

PL Ydmax(kN/ m ®opt
LL, Cu (') Ce (') GS(') 3) (%)
- 2.50 0.94 2.66 1.70 10

placed on a layer of soft clay, has been studied using the
CBR test by Yatim Oglu et al. [8]. Also, conducting tests
on the behavior of fine-grained sand armed with curly
polypropylene fibers (Ebraim and Furment9] ]). Among other

researches is investigating the mechanical characteristics of
silty sand reinforced with waste tire yarn, with the help of

uniaxial, CBR, and direct shear tests by Asadi [10]. Also,
valuable research on the effects of freezing-thawing periods
on the strength and stiffness characteristics of sandy soils11-]
13], river silt [14], and silty clay [15] has been presented.
However, according to comprehensive investigations, the
simultaneous effect of chemical stabilization of sandy soil
with cement and its reinforcement with fibers under the
simultaneous effect of curing periods and freeze-thaw cycle
has been addressed to a lesser extent. These cases have been
investigated as innovations in the present study.
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Fig. 2. Comparison of maximum UCS of samples with
different cement-fiber percentages.

2- Methodology

In this study, cylindrical samples of sand, improved with
cement and recycled fibers, were subjected to freeze-thaw
cycles and UCS (unconfined uniaxial compressive strength)
tests. The dimensions of the samples are H=8cm in length
and D=3.6cm in diameter (i.e., H/D ratio=2.22). Poorly-
graded fine sand (SP) has been used to make the samples. The
number of 0, 1, 2, and 3 freeze-thaw cycles has been applied
on three sand-cement combinations containing 2%, 4% and
6% by weight of cement. In addition, 0%, 0.50% and 1%
by weight of recycled tire yarn fibers have also been added
to these samples. Each of these three percentages of fibers
has been used in three different lengths including 0.5, 1 and
1.5cm in the produced samples (Fig. 1, Table 1).

3- Discussion and Results

In Figure 2, the general results of the effects of freeze-
thaw periods on the unconfined compressive strength (UCS)
behavior of cement- treated sand samples stabilized with
different percentages of cement and reinforced with different
lengths and percentages of recycled fibers are drawn.
According to this figure, increasing the curing days from 7
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to 28 days in all samples and all freeze-thaw cycles increases
the strength of the samples. Also, increasing the number of
cycles decreases the strength of the samples. On the other
hand, increasing the length of fibers also causes a decrease in
strength in many cases.

4- Conclusion

This paper investigates the cylindrical laboratory
specimens under the effect of freeze-thaw periods that are
reinforced with recycled fibers and stabilized with cement.
The results of this study can be described as follows:

The addition of fibers reduces the strength of samples
against freezing and thawing.

Fibers along with cement increase the ductility of samples.

Fibers affect the durability of samples against freeze-thaw
cycles.
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Fig. 1. Molding of cylindrical test pieces to perform freeze-thaw process and compressive strength test.
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Fig. 2. An example of the introduction of the dimensions of the cylindrical specimens, the failure of the
specimens and the dispersion of the fibers with three lengths.
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Fig. 3. Granulation curve of poor-graded fine sand soil for making samples.
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Fig. 4. Fibers used to reinforce sandy soil.
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Table 3. Mechanical and physical characteristics of recycled fibers and sandy soil and strength characteristics of
type 2 cement used in this study.

9L 3 BLIN eglie ilaseive

SLJI ks Pyare 3y el e U BLRe G Caglie 0 yS Qo dyd
mm gr/em® N/mm? N ol coglin TS |
I +/]) \+f/44 YAY Yv/aa \Y/ay
(S pyT 0900 g (G 4ld) SP wild sy (6l awlo S S jud lasino
s e, S .
; ; £ e °39 - At Casb,
LL Jlgy g PL (g ypos Sgu> N .o
Cu ‘s.\.‘>|9"sJ C. (_) G(9) A Oopt (%)
©) Yamax(KN/ m3)
- Y/be +/a¥ \lidd VY. Yoloo
Y =) J.»Ja):’ uLo.w OMLW > ‘5»3 Olasine
alesl 51 2l oS yle G " L i L i
. ? . ? . & ? ¢ ’ S 951 ol
(""CL"“) &9 Q)"‘ b O}j)r 6)“ O)’)Y‘ 6)“ oj”‘/ G}j) YA (%)
N/mm? N/mm? N/mm? N/mm?
4 - \e Wb YV e +[A

395 JpuS cod ) wiged )8, 5 oad S 30l s 5l e SUI
ol 0391y
Oy SO &S ded o sdalide sdddl) (slaldges a4 g b
O ylged e ) 4y lagms plipe GRIBIL cpasetio 6ol Jas
ladiges elo)] Jgda g (e (Rl Sy o8 bboo (RI381 (158
£y Ot S g ALl (pasude gyl ab ] e 3 g ol
inl o oz 5,5 ] 3 &35 S 55
6 el ] 5 s by ) & 3,55 oo milinr 4 Iniges cy SIS
4ol gyl o ploj 48 (o b 2 By (s pdybllan 4 ladiges
S 5eS 555 33 oo (ooled 3 0[O BUI e b badiges aimd o
G yudy ol Conglie w9 My 395 gl Ceglie &
Olie b diges a5 cuwl oy cpl cliad o cuwd 11y 253 Canglio
Cuoglie )35 & 5 (ool sl Coglio 4y (olitiod I g ety SUI
SBUI e b andiges a8 cnl o Silo ,bd) ol aimd o cowd 11 365
a8 25 oo 0430 o]yl slaldges jd B by 5y Hlows HlBy eSS

Sl s BLI Jlds b sladiged jd (Wlow) oile Bl Cuoglis Hlade

V1.4

S 0)gd oyme 3 &S oladiged )8 — 5 o doie —) —) ¥
Sl )18 095 &
Olows 2% 5 1F T2 1y sladiges i3S — s Jlages & JS3
oSl VO 5 Y /b slaojlil )5« BUI Lo yd N g /D & s
& sl 0y (oyme > &) oy YA 5V pgles laple; cou
SBUI 938] S pallas dimd o oylis wilass S5 )5 s Ol g o5
b o3yl b L wiges (edos g ddsl i LialS L Liulsél o (S 4
Wl il (St 15,8 diw (j9 A0 b BU oy il
glas sudoda (5l e Byae a5 (5515 Jlaged ) gdaw
b opomed b o iol38) cCanl dges cilb lon b Siswnd I L8
P Cuglie 4 () Iy Ceeglie SOl £ B Gl ]38
Cad Bl 20 rbuve (sladiges 53 Sp i ) 51 (LS oS e inlS
B i ol B ity Coaglio b bl )3 3> BN gy ges 4,
ddin Canglio il 38l Coge LI 0jlldy dius 0jgy ¥V (sladiges ;3
1D M GBI ol Lial3El L g YA sladiges 15 Jg 95,5 0

L5 eibgo 2olS Canglio oy o 31 g thiboo Lial33l Cuogliio 4V &



VEYE BV oo VYV o A ojloud DO 09 ¢ yuuS yuol (ylpas wdine &y il

1200 — e O%F
0,

1000 | (@) 6%C-7d-0Cycle  OsE-0s
cm

——=05%F-1
cm

----- 0.5%F -1.5
cm

—%—1%F-05
cm

—& -1%F-1cm

800 -

UCS (kPa)

0 1 2 3 4--+-'1%F-1.5
Axial strain (%) cm

1200
—&— 0%F
1000
——05%F-
‘= 800 0.5 cm
v ol ——=05%F-1
= 600 - Tt cm
I /o IERE R 0.5%F -
= 400 - 1.5 cm
/ —*— 1% F-0.5
200 | " cm
(b) 6%C-28¢-0Cycle | —& - 1%F-1
0 T T T cm
0 i 5 3 g+ 1%F-15
cm

Axial strain (%)

239y YA () 239, ¥ (1) 15 91dos loj coxi BLII o s )3 g yloww /5 b gddiged (4,5 — i (sioxie .0 JSud

Fig. 5. Stress-strain curve of samples with 6% cement and different percentages of fibers under curing
time: (a) 7 days, (b) 28 days.
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Fig. 6. Stress-strain curves of samples with 6% cement and different percentages of fibers under cur-
ing time: (a) 7 days and (b) 28 days after applying a period of freezing and thawing.
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Fig. 7. Stress-strain curves of samples with 6% cement and different percentages of fibers under cur-
ing time: (a) 7 days and (b) 28 days after applying two periods of freezing and thawing.
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Fig. 8. Stress-strain curve of samples with 6% cement and different percentages of fibers under curing
time of (a) 7 days and (b) 28 days after applying three periods of freezing and thawing.
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Fig. 9. Stress-strain curves of samples with 6% cement and different percentages of fibers under cur-
ing time: (a) 7 days and (b) 28 days after applying two periods of freezing and thawing.
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Fig. 10. Comparison of the maximum unconfined compressive strength of samples containing (a) 6%,
(b) 4% and (c) 2% cement and fibers in different sizes under curing time of 7 and 28 days after apply-
ing two freeze-thaw periods.

Fo 0)9d 93 CuilS s b digejl diuin Caoglie dunlie =V =Y —F
oM 9303
ol Suid sladiges Cuoglin ySls wlpss Vo USG5 )0
2 b Gl badoy boodd s 5 ologw AY 9 AF L5 L
99 b3S 3l am o) YA 9V (g gl Jas sloplo; o g cilizeo (slaojlsl
alan Mo cons &) (gloyloges 4y a5 b .l o &3l ogd— 35 Zu 090
Sy 4 Cuglio o) VALV 1 gyl os loj cuddS | a5 205 0
Olej b (g ymw b dS Canl oyl iol38l pl e b oyl dwge
sian 290 JolS o Jgbo 13 plaps liesd (STs <6yl Jes
GBUI dopd ilBl L oojgy YA oV sladiged ;5 dS 29 0 oamlive
Vo cma, /o em I BLojlul yiol38l L 50 g fl o ialS caoglio

Yy

sl 039y V| S gmine 055y YA ($pslJas 0)93 53 Sl aop3 )
pas 5 SIS digal dy Cund 0 V (sladiged Cuoglie il 4 g b
V) 5obsS slooygd )3 CuiS lgie 0jg) VA (sladiges Cuoglio ]33l
b Sl 0)93 53 5 B)ly Cueglie RI3EN > gyt B SBUI (o5,
2 plows (Vsis s iiSly Cdpin o Clo 2550 F S g
s3bj Ceaglio Gl el JraSS b & sl paily (50 Jos sl 093
P9 s Glogw & Capmd BUI (385 (28l s 9 8300 £ brdiges )
5590 VA 9 ¥ ygl s slaglej o plows /8 L (slajlages aulio b
sladiges lajbgel b ogd-glin & (4 2) 0)9> o Jlesl ) 2
15 | slodiges oS 34 g0 alisMo lops Loy> ¥ g ¥ L sdicus
5 B 4 )l 1) (65Lib Cunglio st spgl Jos 0)93 53 loges

] I PUVRITV] WWESIVPES ul).s|



1000 1000
900 N 7 Davs 900 S
200 i ys 500 N 7 Days
= 700 = 28 Days é: 700 = 28 Days
£ 600 2 600
@ 500 = w500
O 400 = O 400 = —
= = S| 8 E E g B -
200 200 = = = £ = = =
= = = E = = =
100 I3 & B & B B
0%F 0.5%F 0.5%F 0.5%F 1%F 1%Flcm 1%F 0%F 0.5%F 0.5%F 0.5%F 1%F 1%Flcm 1%F
0.5cm lem 1.5cm 0.5cm 1.5em 0.5cm lcm 1.5cm 0.5cm 1.5cm
(a) 3cycles, 6%C Fiber (%, cm) (b) 3cycles, 4%C Fiber (%, cm)
1000
900 N 7 Days
800
< 700 = 28 Days
& 600
T 500
@© 400
= 300
200 = —
0 [ & = E .o
N I
0%F 0.5%F 0.5%F 0.5%F 1%F 1%Flcm 1%F
0.5cm lecm 1.5cm 0.5cm 1.5cm
(c) 3cycles, 2%C Fiber (%, cm)

Aliseo (s Il 45 BWI g yloww /Y (&) g loww ZF (&) colowns 78 (1) 159l (gLadigos Caoglio piSTus dunlio N JSui
293 =035 12093 ww Jlosl 51wy 059, YA 9 V (559ldes ol o

Fig. 11. Comparison of the maximum strength of the samples containing: (a) 6% cement, (b) 4% ce-
ment and (¢) 2% cement and fibers of different sizes under the curing time of 7 and 28 days after three

freeze-thaw periods.
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Fig. 12. Comparison of maximum unconfined compressive strength of samples containing 4, 2 and 6%
cement under 7 and 28 days curing time after applying zero, one, two and three periods of freezing and
thawing.
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(a) 1 Cycle of FT (b) 2 Cycles of FT
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Fig. 13. Comparison of maximum uniaxial compressive strength of samples with different cement-fiber
mixing percentages.
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Fig. 14. Maximum unconfined compressive strength of samples containing 6% cement and fibers of
different sizes under curing time: (a) 7 days, (b) 28 days versus the number of freeze-thaw cycles.
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Fig. 15. Maximum unconfined compressive strength of samples containing 2% and 4% of cement and
fibers in different sizes, under curing times of 7 and 28 days against the number of freeze-thaw cycles.
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Fig. 16. Changes in the durability index of the sa

mples under the influence of different freeze-thaw

cycles at the curing ages of 7 and 28 days.
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Fig. 17. A sample comparison of failure and crack incidence in 28-day samples of 4% cement: (a and c)
without fibers, (b) 0.5% fibers, 1cm.
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