R T e Al
e Ll yee pkige
YYAA Jlo o) o las A5 093

S &1 o i 4903 0 I sl (o8 925 Jiko &1
ST 05 ) S g 55 Lo

e il gl A desea

uﬂ).lﬂk:»:{_):am‘bWJMJQ‘NwWaM\Jdﬁ‘)JJe\)dﬁJ A

w).h(;.ﬁjialiii\:cﬁﬂ.«sj@m}d\lwa&yaMbw@C@}éml Y

“Hassani@modares.ac.ir

WINY iy g

VIV dls

o>

*

Caslie (o228 Caglie (g pdy IS5 L8, o 4 SU D58l sl saeSa ok, Slal dLa.ﬂ S 5l S Olse 4 o

Sl gl AT ass ke ees 4 208 ol on Kos SO Slasiia o s 4,0 Caeslie czeezaV e (e

J:'”’;;‘:‘\o. }\..

‘/\~MQWMLJLL;LM;;LJ;o—bb%;ﬁbu@\m&&&vﬁpﬂ&fédm

S Gl gl Calis (HI1BIL S ol Ol s s )l ( M8 -cwls) H-N 5 (180 - i ) SN sladute 5 0 ol

Slp ly Gged Calbs oo Glatisel 4 GBUI 03500 0l pmman b o b5l iest Soest s o byl 4 OUL 0038 L

26 55 A S e sl 5 T 0780-YY/N0 Ol 4 olg 5 VA S e sl L AYESY/E0 Olje sl BS Y RS e

AL e SRS LV NASTY/A0 Ol 4

5 a4 g 031 gl i = Koot jee = S & a3 1GOOIl

(ot G s sl SR (o e
O S Sl S as 0% e dob s plss SRS
gls s Jgxs oS aglis)
Goe LSS S Sl S s on Sl et
53 Saddsh Al (S5 skl S ey gl Sl

33 (gadxe 6“&-‘“)2 [ZJQL"J_}“ 5] ;Ls sy J’u"

s

Lauwa)j O’l‘JuﬁJ" e wjf rl;_u'l L>;ol.J\ O A

169

Ao -
(S ok aded U ASle cl o ell 5 SE SUT
silizee GUI 31y eas S 5 BUI L aS [1] 558 5 0 S
U S Gl o i elil b e Gl
<Ll oalital Sxtaws Sbe (5 ey

slas 80 s

B 6;:.,\.3. Mﬂ ‘LSJ'.’.J‘i J‘i“:' u:..,l)_e\ o 9 o)U B


mailto:Hassani@modares.ac.ir
mailto:Hassani@modares.ac.ir

P w\ﬁ‘ JU.J\J Joo

Md«Q‘Ja:J‘L’jM o)\.b‘J:JU &J?J Jde 45‘)\

Glol 5 ol SIS 50 Saady S mexr p % o
Lo Soglis (e S3b o en 1) Ol 4 038
e el JIIE 36 el o Kot Caaglie
S5 Sl e Caslie gl 1y Jales it G slie
«Hop 9] L35 o, Seslhl 1) il sladisad ol
el adlas O @y mhoe o 655 Y08 dbe s e
S 5 a3V SU s cpl s DLl sl
S L3S GlS s esls JI3 e aose b VS e
c ot Solegy Cubs Fals Coge SUI I el
Lo b5 gl e g5, TOY Jl s K s (107 54
R I I U A T
A SN Aoy SRl Las sl SLS 5 e S alllas
Wlas Jsb ol LB pramen b o R CnSS
LTl 2ol 55 S 6,80 o Sbe i Gos
2 sl o3l b O 5 S5 VA Jle s
S Lsls Ol 5 058 s p S n S clS
[12] ol daly 503 03101 4 o €50 Sawst es
5 SOl Slasie oy TV Jl s O es 5
5 S alllae (grady S 4 sl 1 2o 58 S 550
Ll Kg/M® Avma o G e 85 65 Lsls ol
Sl B IYA e e o b oaslie s S e
Solsy (St Caaslie Yool e s e, [13] b e
53 Sy oaldl s dls Sast (lesl 58 ey 1)
S e 2 Jls (Saez jas oS 5l 0L o825
(IS Calbes s anda 4l Jn xS
S b cpmen 3l (S @30 BE 5 n las
wr s gl Wged Sl i ol Y0 VY s e
s YO Jl s O0Les 5 S [14] el o
Sl s 5 Jseme o515 05 o b 8 (Saex
sms @iy slayebly Al by oS wsn 1) 50
b 5 dpene (ST o G (S see sl 0L
osb w8 SUNw mhes 5 e o 5l g5 SU
5 K3 [15] wjls s x5 Sas Lok o,ms  Jsens
adlas n e Ko ool 6 gy, 0L

1/0

SeS AL s sk o3V U el b U
S YW dle 3 0her 5 50T ol ol oLl Ll
SH s ol G SU S5 L SIS s SU o
5 oelsl b OS5 6 Wsls Ja1S 5 s S anlllas
CS (Kajin 5 et ey 5 6V 5 Shes (g5l
Ghetoz [3] 5503 (SO g0 a0 SUI S eslinad 4 s
Sheslizal U aaly 3 aslie 5a,0 YOIV b s OLKan
S W35 SIS oLyl sl plal x> S e Sl
S s Sk 0 Sl S il gl (S 5
5, 80es Y010 Jlo 53 (olpml [A] 5505 ol e 4 o (6550
AT s b S S g s e
2 sk s e SUL Gl lie S5 e S
sl s GUI o gladised ples 5 Shes 5 aslie
5550 Sl eyl BUI 05 gl sl oS sls 5158 5815 Sl 3
Jlo 53 BT i o s snr Jyons o o 2 L 25
T 2 st Sl 5 Caslie el p S TN
5 ks ok OW Sl S5 sl slados L e
S I S R R SV PYA RN S WP ISR P
25 hesn Gk A0 5 5 BUIIVE LS5 S sl
et 3l 5 et Cuslie (golid Cwslie s (g g
oo OLan 5 Olel, Yo E Jle 5o [B] das o 4 |
T 2 Sl b sl o e S
5 LSS n e glapdll Lo i il
Olal sl cey 1 SVl gladis sla el b
SUITLY 5 o v/0 glads 55 b U o slad sal
sl 3 e S bl cou 1y o b
S e 4y BUI o) ke L5 aS ws S 518
G YO Il 3z gely 5 S 7] l33l e o &g
Slllae s b OUIL U o canglie Slasiia
Loon Ceslie Slasle lags cpl s disls el
el (11/0) aug Aoy 5 Ao anlllas Caliie slads o
5 bl L8] 5 Ol busys ple 4 ol L e
SUl g S5 das s il gu, Yot Jl s O Kes
Sh 4 Freae DU S Wlal e Sn s Ll s
TN Olpn s 5,Sn SN 03,5 3Ll 3l plal Siliios



\YaA dl.w/\ a)l.w.f:/v.b.))'j;e)}.)

oot Ol jes wdige g — oo doee

ACI 360 Loy ois sl Sazews Sl GUI G as
53 ol eslizal S s Sle SUI[18] il s Sl
3 ks Slasiin (V) dsd s 5 (V) UKo 0 s
sl o3l OLES iash cpl o3 eslizal 35 SU S

1197 o

GJ:IJ r.,&)} uL_Jl A JS.:

Fig. 1. Twisted fiber
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Resistance in . Modulus .
o Melting  Flash Tensile . .
. acidic and Water . . of Diameter Length  Density
Material Shape . . point point . strength Color
alkaline absorption elasticity MP Mm Mm Gr/cm3
°C a
environments GPa
Macro a single
) strand of fine does not 570- 0.91-
polyolefin . o Excellent >590 >4.2 >0.3 38 gray
string sticking have 660 0.96
together

Table.1. Physical and geometrical properties of fibers
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Compressive
Oxide S0,  ALO;  Fe,O; CaO MgO SO; NaO KO TiO; MnO  LOI days strength
(MPa)
(%) 19.98 3.50 411 6473 207 379 015 063 027 020 035 3 223
7 25.6
28 35.1
a. The chemical composition b. the physical composition
Table. 4. The chemical and physical composition of Type I Portland cement
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Nominal maximum aggregate size( mm) 19
Bulk specific gravity, g/lcm®( ASTM C127) 2.59
Absorption fine aggregate/% (ASTM C127) 2.4
Absorption coarse aggregate/% (ASTM C127) 1.2
Los Angeles abrasion loss/% (ASTM C131) 11.3
Two fractured faces/% (ASTM D5821) 93
Soundness (ASTM C88) 1.7
Sand equivalent (ASTM D2419) 70
Table .3. physical, durability and mechanical Aggregate Properties of fine and coarse aggregate
s sl e bt lea RAFIPRCS
Materials Coarse aggregate  Fine aggregate Cement  Water Supe_r Fiber
plasticizer
Weight per unit volume 880 789 442 199 2.2 3.6
(kg/m°)
Table.4. Concrete mix design
)o.l.\i PLEA W gu‘jéw&dbjbsbjgﬂ.bu ﬁ}aislétw—"—"
Slasiie A el i s (555 e o Sialasl ACIH 2115 ikt Glus 5 oo s ses blses > b
o3l 0L (0) s 53 il ladsel s )b () dpdr 3 e pod el oy LY - b oS A plon]
YA 6ol Jes s cole S (M) K ol el sl 0 6315 OLES
Aas e 0L 1) Ol a3 o slad gl o555 s g aised Il S0 DLl B - bl e

@&@ml{ﬁ@ﬁduéﬁgvj@\&ﬁ}
172



WA I/ Y oled 7 (2335 053 oote Olyas pudige (ia g5 — ele alos

s god Dlasein 0 J gl

Specimens No.  Shape of fiber FFIE:(;i\c/)ﬁh(J;: )e Specimens size(mm)
El Twisted 0.4 80*120*450
E2 Twisted 0.4 100*120*450
E3 Twisted 0.4 150*120*450
N1 - 0 80*120*450
N2 - 0 100*120*450
N3 - 0 150*120*450

Table.5. Specification of tested specimens

o el sl s s xle S8 Y IS
b.28 days curing of concret specimens a.constructing concrete specimen

S Sl gad 0355 YA (5551 s o S ge ol
Fig. 3. Constructing and curing specimens concrete

Calis Calins b i sbaaged 8l Jloy s s oSais (63555 Sl N J g
Specimen S P max(Average) P*S Amplitude Bios

0.7 122115 8548.05 2137.01 6411.04

D1 0.8 122115 9769.2 24423 7326.9

0.9 122115 10990.35  2747.59 8242.76

0.7 17527.2 12269.04  3067.26 9201.78

D2 0.8 17527.2 14021.76  3505.44  10516.32
0.9 17527.2 15774.48  3943.62  11830.86
0.7 32420 22694 5673.5 17020.5

D3 0.8 32420 25936 6484 19452
0.9 32420 29178 7294.5 21883.86
0.7 9676.6 6773.62 1693.41 5080.22

N1 0.8 9676.6 7741.28 1935.32 5805.96
0.9 9676.6 8708.94 2177.24 6531.71

0.7 14301.8 10011.26  2502.82 7508.45

N2 0.8 14301.8 11441.44  2860.36 8581.08

0.9 14301.8 12871.62  3217.91 9653.72

0.7 29735.9 20815.13  5203.78 15611.35

N3 0.8 29735.9 23788.72  5947.18  17841.54

0.9 29735.9 26762.31  6690.58  20071.73

Table.6. Input data for concrete samples with different thicknesses
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Fig. 4. Test of fatigue life of concrete samples
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D3 D2 D1
'I\:)L;?i:?—cl)\lf LOG N |:$;T(S;) :12?.:?_?\{ LOGN |::;T(i/i) m:?-?uf LOGN |:$;T:j)
1106515 6.04 0.7 286267.7 5.45 0.7 109969 5.04 0.7
30399.33 4.48 0.8 17579.67 4.24 0.8 12001.33 4.07 0.8
3194.66 3.5 0.9 2222.66 3.34 0.9 1657 3.21 0.9

N3 N2 N1
onding W LGN e LGN ST e LN e
744276 5.87 0.7 179634.3 5.25 0.7 84271.67 4.92 0.7
24410.33 4.38 0.8 15058.33 4.17 0.8 9293 3.96 0.8
2677.66 3.42 0.9 14533.66 3.16 0.9 801 2.9 0.9

Table.7 Number of loading versus stress ratio
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Fig. 6. S-N curve for specimens with D=10cm
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Fig. 7. S-N curve for specimens with D=15cm
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RZ

Fatigue equations specimen
0969 S= 0.1097 Log(N) +1.2511 D1
09527 S= 0.0941 Log(N) +1.2093 D2
09828 S= 0.0774 Log(N) +1.162 D3
0951 S= 0.1062 Log(N) +1.2225 N1
0977 S= 0.0956 Log(N) +1.2013 N2
09849 S= 0.0806 Log(N) +1.1677 N3

Table .8. Fatigue life models of concrete specimens

Fibrous concrete

Q:)J',él A esls olEs (V- 0) L;uJ&;: 35 &S )jlaJLo.as
ORIl e Ao /b Ol 4 g b 4 SUl
Glaslssed 5 35 o 0 ) g gladipel (S e
53 Sty Sle GU 4wl 20 Sladised 4 by e
sladae s 513 Jaens cpn slajls sad 516 5V cla.ﬂ
Ol (A) Jsdr 53 S-N (gla e 5l odal ol o2

RGIUV N W I
roo gladide iS85 Oppe sl fasn L
Sl S slaws = i e Jde 50 4 Nt
Nt e Jde Sl gldr S8 iass cpl g Lledd
BRI N N P At N RFCIICH S CIICTPPI
\e U/\‘_;LQJKZJQJ).\Q-):MULSCJ&AM

el ol eals OLES

o Sle A Culis b gls @ai 61, SN e 0 IS

0.95
0.9

0.85
08
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y=-0.1097x+1.2511
R?=0.969

y=-0.1122x+1.2504
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Fig. 5.5-N curve for specimens with D=8cm
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Fibrous concrete

Fibrous concrete

5s=0.9 s=0.7
N LOG N D N LOG N D N LOGN D
1657 3.22 12001.33 4.08 109969 5.04 8
2222.67 3.35 10 17479.67 4.25 10 286267.67 5.46 10
3194.67 3.5 15 30399.33 4.48 15 1106514.67 6.04 15

normal concrete normal concrete normal concrete

5s=0.9 s=0.7
N LOG N D N LOG N D N LOG N D
1102.33 3.04 9293 3.97 84271.67 4.93 8
1453.67 3.16 10 15058.33 4,18 10 179634.33 5.25 10
2677.67 3.43 15 24475.67 4.39 15 744276 5.87 15

TABLE .9. Number of loading versus thickness
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5209 $=038 $=0.7
OIS Wom) Hom) G Ao Hem T wom) )
-22.95 6.16 8 -22.15 6.23 8 -12.45 7 8
187 8.13 10 -16.58 8.34 10 -11.05 8.9 10
-13.02 13.05 15 -9.16 13.63 15 9.17 13.62 15
-10.18 17.96 20 -5.45 18.91 20 -8.24 18.35 20

Table 11. Equivalent thickness of fibrous and normal concretes for different stress levels
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2 . . Stress .
R Fatigue equations Level Specimen
09794 H= 70828 Log(N) g 655 0.7
_ - Fibrous
0.9806 H= 17598 Log(N) 4,796 0.8 Concrete
09673 H= 248 Log(N) -, 551 0.9
0.9954 H= 74893 Log(N) 4 672 0.7
- Normal
09432 H= 16.651 Log(N) 58.573 0.8 Concrete
09735 H= 25249 Log(N) -71.84 0.9
Table 10. Experimental models of thickness-number of
loading
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Abstract

The unexpected increase in the price of bitumen and production capacity of cement have provided the
tendency to replace Asphalt pavements with concrete. Considering the high cost of material supply and the
implementation of pavement and despite the limitations of construction credits, there must be serious thought
and comprehensive planning to improve the quality and increase the durability of pavement roads, which
will consequently reduce maintenance costs. One of the most important breakdown of concrete pavement is
cracking. Also one of the most widely used building materials, concrete has a brittle behavior. Adding fibers
to concrete affect its tensile strength ductility behavior, flexural strength, elastic modulus, impact resistance
as well as some mechanical properties. Fiber-reinforced concrete is a type of concrete that is mixed with
fiber. Various types of fibers are used to produce fiber-reinforced concrete, which include glass, polymer,
carbon and steel. In the present research, macro-synthetic polymer fibers with twisted shape were used.
According to the past studies Some of the consequences of applying macro-synthetic fibers in concrete
include reduced shrinkage of fresh and hardened concrete, increased ductility, increased strength against
fatigue stresses, increased durability and lifetime of concrete, improved concrete mechanical properties
(tensile strength, flexural strength, etc.), control of secondary/thermal cracks of concrete, preventing the in-
depth propagation of cracks, post-cracking chargeability and reduced permeability against chloride and
sulfate ions. In most of the studies, the concrete sample's thickness is increased along with the increase in the
beam's length; however, in the present work, only thickness of the beam samples with and without fibers was
changed and other dimensions of the samples were kept constant in order to investigate merely the effect of
increased thickness. Accordingly, effect of the size of macro-synthetic fiber-reinforced concrete sample at
different thicknesses was assessed via fatigue life variations. The intertwisted fibers were added to the
concrete mixture by 0.4 vol.%. Then, from each sample, three specimens were made. The obtained results
were averaged and, then, recorded in the relevant tables. The cases considered as the research objectives are
Effect of sample size on fatigue life of concrete samples and Effect of adding macro-synthetic fibers on
fatigue life. In order to evaluate the flexural fatigue life of concrete beams, the concrete mixture was
designed based on ACI 211 Standard .All the concrete samples were made with the same mix design and 0
and 0.4 volume percentages twisted fibers were used for the fibrous mixtures. Hence, an experimental study
was conducted to provide an experimental model of the flexural fatigue life of macro-synthetic fiber-
reinforced concrete by constructing concrete beams with three different thicknesses of 80,100 and 150 cm.
S-N models (Stress level — Number of loading) and H-N (Thickness-Number of loading) models were
presented. The obtained results showed that increasing the thickness of the concrete samples and adding
fibers to the concrete mixture would lead to the increased fatigue life. Also, the addition of fibers to concrete
specimens showed the thickness of the specimen decreased for the stress level of 0.7 , 0.8 and 0.9 by 8.24-
12.45% , 5.5- 22.5% and 10- 22.95% Respectively.

Keyword: Fibrous Concrete —Flexural Fatigue Life -Thickness— Size Effect- Stress level
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