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ABSTRACT: Considering the effect of post-cracking strength and the cost of pavement construction in
designing the thickness of jointed concrete pavements lead to more effective and economical pavement
design. Therefore, this study evaluates the effect of the addition of macro-synthetic fibers on the thickness ~ Revised: 11/27/2020

and construction cost of jointed concrete pavements, considering the impact of post-cracking flexural — Accepted: 12/30/2020
strength. The effect of polypropylene macro fibers in the amounts of 0, 1, 2, and 3 kg/m® on changes of ~ Available Online: 1/6/2021
thickness and construction cost index of jointed concrete pavements was studied considering the modulus

of rupture and equivalent flexural strength ratio of each mix design in pavement thickness design. It was
observed that the addition of macro fibers reduced the thickness of jointed concrete pavement up to
25%. The highest pavement thickness reduction occurred in fiber consumption from 0 to 1 kg/m®. With
the addition of more fibers, no more significant decrease in thickness occurred. The addition of fibers
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increased the cost index of pavement construction up to 57%. Using macro-synthetic fibers up to 1 Pavement thickness

kg/m? caused the lowest pavement cost index’s growth rate compared to other consumption contents. ~ Construction cost index
It was concluded that the optimal amount of macro-synthetic fibers could be determined for economic  Post-cracking flexural strength

reduction of the pavement thickness by considering the growth rate of the pavement cost index, which

in this study was obtained at the content of 1 kg/m>.

1. INTRODUCTION

Jointed plain concrete pavement (JPCP) is one of the
most common types of concrete pavements used in roads
and airfields surface. The non-use of reinforcing rebars is
one of the significant advantages of this pavement over other
conventional concrete pavements, such as jointed reinforced
concrete pavement (JRCP) and continuously reinforced
concrete pavement (CRCP), which reduces construction
costs and time. However, the use of transverse joints to reduce
cracks due to temperature and humidity change and dowel
bars to transfer load efficiently between the slabs increases
construction cost in this type of pavement. One practical
approach that can make the construction of these pavements
more economical is to reduce the concrete pavement
thickness. Reducing the thickness of the concrete slab while
maintaining the load-bearing capacity and durability of the
structure reduces the consumption of various materials and
the cost of operations, leading to a reduction in pavement
construction’s total cost. Pavement thickness depends mainly
on the rupture modulus of concrete [1]. As a result, increasing
rupture modulus can reduce the thickness of the pavement.

Among the various approaches to increase the flexural
strength of concrete, the addition of different fibers can be an
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effective approach. Polypropylene synthetic fibers are among
the most widely used fibers in concrete pavements due to
their low price and wide range of fiber properties, including
fiber strength and modulus [2]. The use of synthetic macro
fibers is used to increase the strength properties of concrete.
The addition of fibers, in addition to improving the strength
properties of concrete, also increases its post-cracking strength
[3]. However, in conventional pavement design methods,
only the effect of resistance before flexural fracture cracking
is considered in determining the pavement thickness. To
consider the effect of flexural strength after concrete rupture,
in designing the thickness of pavement slab, Altubat et al. [4]
presented an effective flexural strength method. The results of
their work showed the effectiveness of the proposed method
in the design of concrete pavement. Thus, considering post-
cracking flexural strength may help reduce the thickness and
construction cost of jointed concrete pavement.

According to the research background, synthetic macro
fibers’ effect in different contents on the thickness and
cost index of jointed concrete pavement considering post-
cracking flexural strength has been less studied. Therefore,
the present study investigates macro synthetic fibers’ effect on
the thickness and cost index of jointed concrete pavements,
considering the effect of flexural strength after cracking.
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Fig. 1. The thickness of jointed concrete pavement fabricated with
reference and fiber-reinforced concrete

2. MATERIALS & METHODOLOGY

Materials used in this research to make concrete
mixture were fine aggregates (0-5 mm), coarse aggregates
(5-12 mm) and (12-19 mm), portland cement type 2 with a
density of 3130 kg/m’, superplasticizer based on polycarbonate
ether and water. The fineness modulus, relative density, and
absorption of fine aggregates according to ASTM C33 and
ASTM C128 standards were 2.8, 2.6, and 2.9%, respectively.
Relative density and absorption of coarse aggregates (5-12
mm) were 2.5 and 2.5%, respectively, and coarse aggregates
(12-19 mm) were 2.6 and 2.0%, respectively, according to
ASTM C127 standard. The fibers used in this study were
macro synthetic fibers based on polypropylene with the
commercial name of FORTA™, conforming to ASTM C1116
and ASTM D7508 standards. The fibers’ properties are as
follows: length: 54 mm, diameter: 0.4 mm, tensile strength of
693 MPa, and elastic modulus of 6.4 GPa. The proportions
for concrete pavement mixtures were selected according
to Iranian concrete pavement regulations, manual No.731.
These criteria included a minimum compressive strength
(28-day cylindrical specimens) of 30 MPa, a slump of 10-
70 mm, and a maximum water-to-cement ratio of 0.53.
Concrete pavement mixtures proportions for the fabrication
of 1 m?® concrete in saturated-surface dry conditions were
as follows: cement: 350 kg/m’, fine aggregates (0-5 mm):
1057 kg/m?, coarse aggregates (5-12 mm): 564 kg/m?, coarse
aggregates (12-19 mm): 141 kg/m?, water: 175 kg/m’. Fibers
were added at the content of 1, 2, and 3 kg/m®. The amount of
superplasticizer was added to reach a target slump of 60+20
mm in all concrete mixtures. Therefore, one reference (R) and
four fiber-reinforced concrete mixtures (FR1, FR2, and FR3)
were considered.

Rupture modulus and equivalent flexural strength ratio of
each mixture were determined according to ASTM C78 and
ASTM C1609 standard test methods, using beam specimens
with a dimension of 500*150%150* and the effective length
of 450 mm at the age of 28 days. The minimum required
thickness of jointed concrete pavement (h design) fabricated
with reference and fiber-reinforced concrete mixtures, used
in major arterials, were designed according to PCA design
method using concrete pavement design program, Streetpave
12. The cost index of each concrete pavement was determined
according to equation (1):
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Fig. 2. The cost index of jointed concrete pavement fabricated with
reference and fiber-reinforced concrete

C *h

concrete design
= (1)

1000

Where C is cost index (IRR/m?), C___ is materials cost
for 1 m* of concrete pavement (IRR/m?), and h design is the

minimum required thickness (mm).

3. RESULT & DISCUSSION

Fig. 1 shows the thickness of jointed concrete pavements
fabricated with reference and fiber-reinforced concrete
mixtures. It can be seen that the addition of fibers reduces the
thickness of fiber-reinforced concrete pavement compared to
reference one. It is due to the increase in rupture modulus
and consideration of the effect of post-cracking flexural
strength of fiber-reinforced concrete mixtures in the design
of pavement. By adding fibers at the content of 1, 2, and 3 kg/
m?, the pavement thickness is reduced by 19, 23, and 25%,
respectively. These results show that by adding fibers at the
content of 1 kg/m? there is a significant reduction in the
thickness of the pavement slab, but after adding fibers at the
content of 2 and 3 kg/m’, the reduction in pavement thickness
is not more. In other words, by adding more fibers than 1 kg
/ m? there is no significant reduction in the thickness of the
pavement.

Fig. 2 shows the cost index of jointed concrete pavement
fabricated with reference and fiber-reinforced concrete
mixtures. It can be seen that the addition of fibers increases
the cost of construction of one square meter of fiber-
reinforced concrete pavements. Adding fibers at the content
of 1, 2, and 3 kg/m’ increases the cost index by 10, 33, and
57%, respectively. It is seen that the positive effect of fibers
up to 1 kg/m® on reducing the pavement thickness can
control the growth rate of the cost index. With the addition
of more fibers, its positive effect on reducing the thickness
of the pavement is reduced. On the other hand, the cost of
making 1 m® of concrete is continuously increasing. As a
result, pavement construction’s cost index grows by adding
fibers more than 1 kg/m’. Therefore, by considering the cost
index, which takes into account the effect of reducing the
thickness and the cost of pavement construction, it is possible
to determine the optimal content of macro synthetic fibers to
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reduce the thickness of the pavement, which was obtained at
the content of 1 kg/m? in this study.

4. CONCLUSION

The most important results obtained from this research
are as follows:

-Adding fibers to a specific content (1 kg/m®) reduced
the concrete pavement thickness significantly. Nevertheless,
by adding more fibers, no more significant reduction in
pavement thickness was observed.

- The increase in the cost index of fiber-reinforced jointed
concrete pavement in the fiber content of 1 kg/m? occurred
at a lower rate than other content. It shows that the positive
effect of this content on reducing the pavement thickness can
control the increase in the pavement construction cost.

- By considering the effect of adding macro synthetic
fibers on changes in cost index, which considers the effect
of thickness changes and the cost of pavement construction

simultaneously, the optimal amount of fiber consumption can
be determined.

REFERENCES

[1] D.K. Merritt, Feasibility of Using Precast Concrete Panels
to Expedite Highway Pavement Construction, Center for
Transportation Research, University of Texas at Austin, 2000.

L. Ottosen, G. Fischer,

characteristics on plastic shrinkage cracking in cement-based

materials: A review, Construction and Building Materials, 230

(2020) 116769.

B. Ali, L.A. Qureshi, R. Kurda, Environmental and economic

benefits of steel, glass, and polypropylene fiber reinforced cement

composite application in jointed plain concrete pavement,

Composites Communications, (2020) 100437.

S.A. Altoubat, J.R. Roesler, D.A. Lange, K.-A. Rieder, Simplified

method for concrete pavement design with discrete structural

fibers, Construction and Building Materials, 22(3) (2008) 384-

393.

[2 Influence of fibre

1. Bertelsen,

[3

[4

HOW TO CITE THIS ARTICLE

DOI: 10.22060/ceej.2021.19050.7048

A. Hassani, S.J. Vaziri Kang Olyaei, M.R. Hajizadeh, Evaluation of the Effect of Macro-
Synthetic Fibers on Thickness and Cost Index of Jointed Concrete Pavements Considering
the Impact of Post-Cracking Flexural Strength, Amirkabir J. Civil Eng., 53(2) (2021) 177-180.

179






75 g0l (1308 (wikigen g uli

YAY b YSY Gloxiis N+ e Jlo oF 0,loud OF 093 6 pusS pual (o (wrdites dy yu
DOI: 10.22060/ceej.2021.19050.7048

ol G iwgy clu a1 Ll g Cwls p Sutbamwg )l S| Wil b5,
< O8> J;‘jlwwwglﬁaﬂ oS Hai o b yleg,0

ool (ol Lo,y dwemme I Jlde S (559 9lgz a2l

U‘)"‘ ‘ul){; ‘u,o).xow).i oKl ‘W)MSL)‘)""C (e oM\o‘df\fgol) 05;\
U‘))‘ ‘Q‘)’ef gu\flew.l.:oli...;b‘ulp.cww ouSiials ‘6]‘3‘)35°‘) os)fr
Q‘ﬁl Ol (s Msb);J)M‘ L) oKisls oy Laors g ol oe e sascisls ™

16090e azxs U

AR R YRR 7R Rt TR
VYA Y s Sisl
WA /ey
VAR VY T

(euadls wlols
Glayys s slesiles,
wle ganie Ll

S5 S 55l e (e Caglia

Sy, Culs (b o (glug, cls ganie 9 (0,05 5l ey Cueglie ST 85 s o tasMS
SLI 9381 3l (bl @ Buiod (nl Sz oy 995 (o0 (3l Ssslatdl g 5 ige (b oo losy0 (S
o e Sueglie ST 38,5 S0 10 L ol (s sy, Sl sanie g Culs n Sty S
Sl g S yte e S olS ¥ g Vi) o0 ol 53 (g b iz 3l 9,She S Sl oo 5 (59,955 5
(e Cunglie Lo 5 SiPennS Joao 5385 5lai 1o bl 0 oy slasjlug) Cole g jp (el § Culs
IS el 5o LI (0938 45 i salice 08,5 oy 53y i b 5 LS b o Jolas
Sl Byan jlade o (gilug; Culs 2alS 755 (im0 )5 900 YO Glie U 10550 (s (g5lug; Culies
Eely BLI 409381 0l &) (g iy et Culses ialS (BL iy 09331 b g woldl slasl o SelS Y I -
o S elS ) jlade U Siitiws ,She BLIN OB pan b s 0 QY e U (g3lwsy ol gdi 2 alis sl
S 5oL as al a0 )5 500 B ran polie 4y Cod (gilug, ase (el ol 7 5 a8 ol sl caSo
bl fals Cuzr 1) St Slo Sl (st B pan Jlaie (5 oo i3y (a8 (a Ll ol Buld (38,5

el Cewdty oS e g Sok S e (3ot (pl 345 3,5 s (5ilug, Cualies

Sl 4255 390 5 00 ke ¢y Bllasl (g5lug, JLS 3 w55l 0
slasilog, I¥] 005 588 (giluol; canro (e 5 lsie
slasslos, Jshize glgl 51 (o 'JPCP) eyt jlojy0
pae [¥cd Glsp mobiw 5 osls el ,o solitul 8,50
(3l Gl e SLlie 5l (S oS rhane slos Shee 5l oslil
2 slaileg, w8l (Jsliie (o slagilag, S0 4 Cod
ol &S 035 J(CRCP) atwgy zlue 3 {JRCP) ;0 s
7 golail y calo ploj (ol 2l sladise Sials el g5550

2obsl slajys obml b laileg, cpl ;o 00,5 oo ilwg,y (o

1 Jointed Plain Concrete Pavement
2 Jointed Reinforced Concrete Pavement
3 Continuously Reinforced Concrete Pavement

doddo —)
sslog, 5l 5 plao Lo bloww 2 5l oads asle slas3lug,
de.o .Q)‘J Ls)‘o& 9 )...o.u uL..Lo.C L LSJMS )L».v 9 009.3 kS‘JLa'MJT
Slasil slagilug, 4 Cond 20 slasilug, o5 g anYl
Rl S (g o8 Gla Sl s el aS ooy yin pdy
o sladle jo V] 888 e es)ly sla )l S cou Lagsjlus,
SIauT g5log, soadaled Coasd Ll 3l Caely a5 118 Cood i3l
Feian 5L 9,98 50 Gleww olile adgi g ik SO 5l gl e
b oo el K50 By 3l s l0aSs g pans o i (slags jlug,

Tobw g bosl> cole cya s slaslug, 5l eolatnl gai ;S

hassani@modares.ac.ir ;oL Jlsonge sorwns ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie oyl .ol 00 0010 1S ol ol8ils ol )Ll ay 126 B g S ot g5 4y el (358>
Auileyd s hittps:/www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilucd cpl bz gl sl 48,5 )8 Loy o 2 10 BY NG

vy


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

YAY U5 Y5V daxbwo NF- - JL.J &y D)LM OY 0y9d ;).:..5).:.9] U‘)A'c L;»A...Q(c Ai).uu

Sl cplplo N aals ()] ceglie Gliogas b pudions
Sasilug, culbrs Gall 4 e (sileg, (KenS Jooe
D35 oo phens £ 10550 (S
Silwsy 4 ale LI o938l b (SLIE lsye sslas,
oliie ! sl b o L] sgs o aisle wole Jloj,e 2
Sl Sleogas 5 ilidee SUI 03938 ST o) 4 (5l
$ilg oo BLIN 0938l NANY] sizsls 3L o slasjlos,
Pl (S iS Cuoglie o i ile (P peSatr Gl csly
& Ohsnd erae SUIDVAT 0ot 4ol o Caeglis
g Swoglie Jold SBUl Sloogas gy heb 5 b Saed o
Ive] aibos st slagsslog,y 5o 9,5 5 LI BUI Jgoe
03,5 95 0 Sl Sliogar 5 sl bl I SUT Gl
58 SLILINT 0,5 oo slo 551 S 5 5 ,Se LI Juls
SR Slasilug, 5o plam 055 sla 59,55 5 7S e L
@ S YL polie ;o cslojl 5,5t BUINIVY] 59 o soliciu
o SO (Sl Sleogad Bl Ce 4 g 9 See SUI
Sl 539381995 oo oslatnl (i slagsilug) 5o s34l 3
) o e 0 ,Sdee Wil oo oG slacs sl 5o (sl ojle 5 SLe
S galasd o 2o Glagileg) Caeglie 5 oniS e
Conglite il 3l 4y yomie a0 o [YYLYY] ams il 1) e
ool el wilgi oo S Gl 39381 cplplis 005 o (caes
B bl 98l B Lol 5 Ske 33,5 (s5kwg, JIs culs
oS S5 sl oS ooy G o glabslre 0 TS
Slom o bolsee (ched Cuoglie s )3 il (59,655 5
"S53 S 5 3l e eaglie IVF] sbce Gl ( S8, 5
oS5 pln o Caglio Gl Cuzr @ 55 (o slagsleg) 5
@Y Sl 5l (g3l plss Gralidl 5 e 510y eaal sgzg 4y
Slasilug, Culs (b Ly, g by, 5o abbos 1,65
(S Jgoo) (S galamd )0 (o Conglie J1 e ¢ o
)5l eS polie jo BLI pl G ran &yge 4o g [V]eas Ll
ol 85 0351 65 (2 (SiFenS U9 2 O] U i sem deo o
09 Sacsilug) 9 (Bl (55lug) Calied 09 oo el 9040
Ivol T casay oLy Ul

2 Bridging
3 Post-cracking strength

Ol 5l A6 Gl 0,55 S 5 Glgiee atin Jolsd jo
Joee o b JUsl cuz 0,8 JiS ) sleg, 5o Casb, g Lo
Sgu oo o0laiwl Jslo glos Koo 5 (slailaSis cay g Jad 5l oy 0
& dagsilug, cnl y obj Jolgd L 550 slowl il o3,k 1 [¥]
ol g ladoallgins (0 g 005 o 50,958 5y J5uS Cu
oldil glajye Jolsd mSlas ol p oST as e slaasl
a4 e olil slay,e Jolys Lmals [0] aib oo wad s
S rae Gl Grizmen 55,0 sbml Jols (ol slaas s )38
ol JS (a3 T3l el a5 45 o Jgls (sls Shos
205 (o0 S3leg)
Od igolaidl cel Wil oo a5 (5350 sl Sl 51 SO
iy o calis a8 0sd bagiles, cnl sl
plss 5 Gk Cehll Lix L gilag, I culis 2als ool
wlas lops wiile il plae Bpae 2alS el wjle
oxd @bzl Sllee loanse Griman g« S3958l Slge (Ko
20,5 o0 Gilwyy Sl JS gab e el 4 e Colgs 0 &S
R Gizren 5 pler oy @ pllas Sras a5 s 4
R B L e
s 5 e Cemy Sl Sl Gileg, Culs 2alS s,
Q@ odd d)lg 9, wanST g0 Gl a5 1>l g0l sblye
o 5 (i yeS Spas 4 azgi b [Pl wl e palS SIbI Loe
Dygo S e Dab b Fad ger wiile (ploodsy j9p ¢ Slowms
Ll 4 (o slagslug) o5 Sl (69)l90 952 890 (nl &5 a8 )5
y slo > 585 S oIS Ceely il iy oo g5, Yl ol
Caales LA Y] g8 o g5lug, 50 bodsa cnl 5l 256 ool 592
widls wSe L)l slag; o (sies Caglie b 5lag; Sl
Sy JIs s oty (Ko Jaie Gl L S (5 5k
sile ilusy Js cabies (Slb slagh, e Sl
Jelse 51t 6 il Jgdo 5 (ohas Cunglio il g,
omimen [A] aiil o s3lug, s cubrs (Slb s 38 56
S| Jydo 5 (Si5nS Jyoo LVe] 0l en 5 2oy
Silosy JIs Sulies ok IS 36 5 ol Jele 50 1, o

bl oy Gt Jaoo a5 I o1 51l 00,5 3155

YA

1 Merrit et al.



YAY b VSV doio ¥+ o o o)l DY 0593 S yual lyos cwigen & il

SOl g (S slabglie o cslio 5, Sles LIS 409 Sbo (5 pecdy
Slger (olugnh dlae IS8 5ot L) SUI cnl el o
e 050 g lagilug) (e 0 Shee (ol ISE
o 5 il 308 53,555 5 5| o 5 S IS0 e
w392 (Silwgy Sole srelen )3 e Slo e I (Soania S
SLilog, Cuald s o SLIL ul o938l S o) oS
Srmaly 5,50 GLII 33330 516 ol S 5 358 S 055 025
gl 4 yomie Wlgion E9090 () 305 () b oLl i ]
Sl g SUI pl sl eoliital Cyzr 5 conlin 9 540 265 peensd
aip g Sunld i plys S 8,5 I 50 b gy Bras polie
3290 ol (owin &5 Selioe o 035 b slagsileg, o
Ol GBS polite oy Sl 05 )5 Cdr 093 4] (66T Az
5 Caolies s cilises ppolie s Seitiwg,Sle GUI 51 sy &
05 S 5o b B s log 0 (i lacsileg, sanie

23l pis8 (5 (59,855 jl o (e Canglia

o9y 9 las Y
slobgle 4 Stiiowg Slo Sl g8l Sl (gadizs ol 5o
cle gange 5 Culrs p okt polie o giles, R
o e Cuaglie S 188 Gl o b Glogye iy slags e,
lae (Byme 5l G pshite (s b oo oy (SO, S
SOl Gllae (f (53l o B laces (sl
B ras polie )0 Sextiws ,Ste BUIY] V¥ salals o ous
Silegy O BT 25k 4 S e @ SokSTY 5 V)
s slobglie 65lid Cuglie y caadlul Gline 09dsa 0343
& lid Caglie 5 ool Sl Cole ) a3l o 9 00D (s
Joleo (cied Cuoglie S g (S oo gilug,
G 3l 00lainl b 00,8 o futd (o) Oy90 OIS glaz )b
Ceoglie Sl egmy 990 LIS Slag b Jolee (sind Cuoglie
3 el Jod ay 3B (F0)03 S5 5l G &S (SAeS
M5y S slagsluy, Culs webge a8 S A o (b
Sl SL Gz olie sgl> LS slag,b b ons asle
Sl crezl gy 5l eolawl b ol S5 g o, ol o oolaul

Ja.my IR 43‘;‘ ‘5,...\.: L.S)L“’ﬁ) (5>‘JJ¢ Lgd.al))) 9 (PCA) J..\.LJ)

A%

SIS | G (e Cuoglie Sl (585 IS s sl 4
Aol "o en 5 Sbgdl (silug, Jlo culs Shb s oon
wﬁ)la L}Mﬁ) (_}"‘ o oals 45‘)1 s‘) ).:941 W WBLM L}""j)
ol Bl Jobe ctas Ceoglin cod l oolainl b alade  Jies
w5 ikl Lobde ;o mls 0,5 solituwl b Ly,
95 SegaY 09 () (nl o slel I S5 Sy whide po
S5l (S % slas Lo, (SilSe Slogas (V7] 7o) S
Ol QBT @l 05 (gm0 1y Soiimss Sl 5 (558 S|
Lol oaisd oy (sdas Cenglin yiol3dl cely (LI o938l aS ols
223 g0 Gl 6 St psbas |y 0T (59,555 5 il am coaglie
Sl ol 2l 1 basslos, ol Calid Gl s o Silé slacy
bl 590 5 Jols BUI 51 solitl oy s LYV] TS
odalive g a0y (b slaoly jo Hhogn dy S8 (e SUI
2 TS5 e Sl Sl GBS Sl o b oS wis s
Gl e Le VYO e B g5lesy, JIs coslies o LI slacyy
SlSe Slasgas [YAl Ko idos o o) Sen 5 o5 il
JSU Uyl polie ;0 (pmrbew s0393 sl slag
edz Jold oad pwyp (Sl Clogas oS b))
I calis a5 558,5 samline oLl 09 (5w sloailis 5 55 5]
SLl ol yom 4 (g (0090 (Sate e 5l S g5l
o YAl e 5 e il 2ol e Lo VY jlade b o LS5
9,50 5t (5318 B Jaiome o) g golal (sblse (o)
Slosslug, 5o oolitul 3 50 (S Glogs Sladad )5 Glos b
5 Sl 5l oolaiwl b aS a8 asmil g aislo ool Jlojye o
Ssslug) Ol oo ( Sl (Slogw Dladad 13 cnlin S pas jlade
2,5 Slosl s e b 5 LB 5l 9 5 (g0l
099581 b aS 098 o 000 woads plol Gl g, 4 axgi b
(RS0 S Sl e (steS Cuglie (85 51 )0 9 SUI
sl u_e)Jo )‘ als u...a:lf |) = slosleg, Cwls u‘ﬁ-’«;‘

Altoubat et al.
LaHucik et al.
Khan et al.
Ali et al.

eSS I S



YAY U5 Y5V daxbwo NF- - JL-J & b)‘..o.u: HY 0)9d ‘):.45).:.0] ul)@& (ewdigee 4 plS

Gt ol 50 eoliiwl 090 (slouw (2 Lol lasie N Jgo
Table 1. Chemical specification of cement used in this study

Kzo NaZO 503 MgO CaO Fe203 A1203 SiOz M'
-.OY VA VYO Y., FY.N YOV .07 YV AY (1) oyloos
- - > | o> - > 5> | >Ye | (FAY) ol s Jaitil oLyl

.

S

=
v_-l.e—* .

r

1 N
15y A
- s
”‘ ~' 7 ..
%=

N

N

N

-,
N

Gudiod ol 50 ooliiwl 0 g0 Seoiiomwg yWlo BLIILY STl
Fig. 1. Macro synthetic fibers used in this study

b e ASTM C127 s luibiwsl L
035 b Ol Y e Slors (3o (nl 5o ool 550 lags
ot Slasine adl oo e o 0SS TV ogans
o yo 4r )] 505 yloss 155 olKis Lo | gy ooy a8l,| ylosas (o]
aslond 03,51 | Jgaz 55 FAR go,las ol o skl bl

O,lg g9 0aiS mier 5l A5 Gudod cpl yo eolatll 8,50 LI
g nbloilslh sl 95l SLI was aws ol eans
FORTA 5,5 odgs gl aSifosli oo 4o sladii, & g0
25k oo ASTM C7508 3 ASTM C1116 o lastewl b ssllas
Ol 8 Slastine 0gd co 00y ) IS j0 BLII -l (5 0l IS
Oialosl 8590 1S el s olKisls  >lud aSizils [0 BUI g4
2,5 BT Jgaz o ol mls 5 28,5 )8

ol (s bale slaz,b cole ey colaiul 9,90 ol
g ediiS lg, 398 5l el oRilesl S W) i (Souelin]

1  www.drimco.com

Yy

LMzl b o sl (ACPA) 1,61 i slas;logy (rozs!
ool b eg3lug, ool samin obj)l Ciored 09l g0y

DS o Ll (55 3losy @y e oSS Lo sanse 3L

SR Silegy R LIS 25k g wllas V-
W5y, i e uios o2l 40 o0litte 3,50 St e
o sk =0 soslail L ails 5y S Alas Jolss aS 004 (4l
b Koo llas Lol golayl 09,5 5 5o alls cudsys (Koo gl
Sarkeo 1710 gojlail b St sl 5 yio s B-)Y (o3l
B oy Jsoo il ASTM C33 s laibiwl b gillas
o lailinl b Gillas ails 3, Siw plas O Cdz 5 oo
YR 5 YIE YA e a0 oo 5 & ASTM C128  ASTM C33
als ey (Sw las ol Giz g (oo S8z Al 90y
S a5 LYID 5 VIO liee & iy 4 yia hes OV

Gl 1Y/ g YIF lie a0 o 5 4y o e VAV il s o



YAY b VSV doio ¥+ o o o)l DY 0593 S yual lyos cwigen & il

Gz ol 50 ooliiwl 0590 BN S8 Wlasin Y Jous

Table 2. Technical properties of fibers used in this study
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Table 3. Criteria for selecting proportions for concrete pavement mixture conforming to manual No. 731
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Fig. 3. Concrete mixtures fabrication and evaluation of slump according to ASTM C143 standard
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Table 4. Proportions of concrete pavement mixtures examined in this study
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Fig. 5. Determining the flexural strength of concrete beams according to ASTM C78 standard
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Fig. 6. Load-net deflection diagram of the concrete beam according to ASTM C1609 standard test method
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Table 5. Details of input data of jointed concrete pavement design in the concrete pavement design program
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Table 6. Details of rupture modulus and equivalent flexural strength ration of concrete mixtures examined in this study for
pavement design
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Table 7. Cost of 1 m3 of jointed concrete pavement fabricated with concrete mixtures examined in this study
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Fig. 9. The thickness of jointed concrete pavement fabricated with reference and fiber-reinforced concrete mixtures
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Fig. 10. Changes of thickness relative to rupture modulus of jointed concrete pavement fabricated with reference and fiber-
reinforced concrete mixtures
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Fig. 11. Changes of thickness relative to equivalent flexural strength ratio of jointed concrete pavement fabricated with
reference and fiber-reinforced concrete mixtures
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Fig. 12. Construction cost index of jointed concrete pavement fabricated with reference and fiber-reinforced concrete
mixtures
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