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Fiber Properties Compressive Splitting Flexural
Authors Year Concrete Type Tvpe Length Fiber Volume Strer? th(%) Tensile Strength
P (mm) Fraction (%) Y ° Strength(%) (%)
Ghasemi etal. [7] 2019 Se'f(':f)%”c’rﬁ‘gt'”g Steel fiber 30 03,0.5 191, 26, 171,9] 271,5)
Rooholamini etal. Roller compacted B
(8] 2018 concrete Polyethylene 38 0.25,0.5,0.75 8(,12(,14| 71, 41,6
Fallah and high-strength
Nematzadeh[9] 2016 concrete Polypropylene 39 0.25,0.75,1.25 81,317,417 81,971,271
Hesami etal. [10] 2016 Se”:;%’;‘;?g“”g Polypropylene 60 0.1,0.12 21,51 191,271 261,331
0,
Steel fibres 50 4% by cement 21 981
- Volume)
Saidani et al. [11] 2016 Normal concrete 2% (by cement
Polypropylene 50 Volume) 50 651
Rosler et al. [12] 2005 Two- lift concrete synthetic fiber 40 0.78 50 231 6]

Table 1. The effect of different types of fibers on the mechanical properties of concrete(Increaset, Decrease])
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Physical Properties Chemical

properties
Specefic Weight 3.19 Al203 4.99

3

(gricm’) MgO 58

Setting Initial 155 Fe203 5.29
time (min) _
Final 210 Cao 60.85
Compressive 290 SO; 1.94
strength at 7 days

Autoclave test 14 SiO2 21.36
Blain (cm?/gr) 2800 others 2.77

Table 2. Physical and Chemical properties of Cement type Il
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Standard limitati Coarse Aggregate
andard limitation :
Properties Standard (fine aggregate/ FineAggregate RCC PCC
coarse Aggrgate)
Maximum nominal size ASTM C125 2119 5.6 19 12
(mm)
. ASTM C127& 2580 2680 2710
3 -/ -
Density (kg/m?3) ASTMC 128 /
Water saturated surface ASTM Z/- 3 1.3 1.5
dry absorption (%) C127&ASTM C128
Passing sieve No. 200(%) ASTM C33 3/1 2.44 870 0.15
Los Angeles abrasion ASTM C131 -/ 40 - 21 18
loss(%)
Fineness modulus ASTM C 125 2.3-3.1/- 28 ) )
Sand equivalent(%) ASTM D2419 Minimum?75 /- 3 ) )

11

Table 3.The physical properties of fine and coarse aggregates
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Fig. 1. Grading of coarse and fine aggregate for producing of ordinary concrete and roller compacted concrete
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Fig. 2. The Twisted bundle polypropylene fibers used in this research
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Fibre Material Cross Section  Length (mm)  Specific Density Tensile Capacity Modulus of
(MPa) Elasticity (GPa)
Macro Synthetic Polyethylene Circular 3.6 0.91 610 9.5

(twisted bundle)

Table 4. Specifications of polypropylene fibers

(RCC)dizl:— J"q K] (FPCC) L;L:H u;: ‘(PCC)J}&.&A u:.: Ls‘f oslaiul S0 6LAJ¢)LZ>' CJL .0 d"A’.'

Water Cement Fine Coarse Fiber Super plastizer
Agrregate Agrregate (kg) (kg) (Liter)
(kg)
PCC 164 377 807 860 0 1
FPCC 164 377 807 860 3.6 1
RCC 140 288 1029 748 0 0

Table 5. Mix designs of ordinary concrete(PCC), fibrous Concrete(FPCC) and Roller compacted concrete(RCC)
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ANOVA statistical analysis.

Sum of Squares Df Mean Square F Sig.
Between Groups 133.77 2 66.88 12.27 0.0038
Compressive i hin Groups 24.67 6 411
Strength
Total 158.43 8
Between Groups 0.2758 4 0.0689 1.88 0.252
Fl | —
exura Within Groups 0.1835 5 0.0367
strength
Total 0.4592 9
Between Groups 289491 4 72373 48.55 0.000
Fracture Within Groups 7454 5 1491
energy
Total 296945 9
Pairwise Tukey statistical analysis
RCC pPCC FPCC RCC-PCC RCC-FPCC
RCC - S S
Compressive PCC i N
Strength
FPCC -
RCC - N N N
PCC - N N
Flexural FPCC i X N
strength
RCC-PCC - N
RCC-FPCC -
RCC - N S S
PCC - S S
Fracture energy FPCC - S
RCC-PCC - S
RCC-FPCC -

Table 6. ANOVA and Tukey Pairwise statistical analysis on the results of compressive strength, flexural strength and fracture energy

14



Q‘)K@ B 6.)\4;;-‘ e

oV 5V S glagslos, oo 5 (S ol oo

ol o 555 YA Sl oy L3 Canslie ol sl s ¥ S5

42.3 44.4
3(5) 411 403 393
34.4 35.2
. E 35 315 33.6
'g S 30
5 ?o 25
§ § 20
O s 15
10
RCC PCC FPCC
Fig. 3. Results of compressive strength after 28 days curing
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Fig. 4. Three-point bending test on single edge notched beam
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Fig. 5. Flexural strength of beam shaped samples in single and two- lifts

ol e 4 b SIus L Sl e (FPCC, RCC-FPCC)
BB O N O S =TI - SRP RS e
03 &S el Ol il slatass mli b i
lite S5 sl Celin S mhes i gladsal
S5 S5 e WS OU 5 g L3S Caglie L ol
L plae [23] dms 225 cla i e 4 6

15

el =L Sl (ol Sl U8 B QD) e b Gl
e o b b Do @ Y 0 LAY SO slad s
(RCC, PCC, RCCPCC) mhus s (sladisoi il UL
Sl ey bl &S (oshay els 0L s 5l ediSs s,
SEL s Sl 5 L s G Lol aiy e

S s slad ga 3 Lol s o OLL & SlasT 5



Q‘)K‘uﬁ B 6.)@9-‘ e

oV 5V S glagslos, oo 5 (S ol oo

S e clie Szl Cod 0z 50 UL S5
© S5 S S e ed 4 e Oless e
3 S e alS el OLL s S s e SIBL
0 pamen [28] spie on e 5 SeSIES mss
&Y 3 BU o ol bl Sose 3 e s sladi el
o (S o+ B ) ¥ el S (6550 VL
Sl (ST ) Y S5 gm0 4 S (5 R0r Ol e
et Sl ml b ollie il b e e s G

.[26,25] 5,0 Sslen

oo Goblae Ol s Ceglie O s (V) Jsde
Meow wlalyy ((P=0.00) 5 13 555 badsed S (655

(RCC, PCC) s b slaiipas St (53,51 Tukey
03 Coslae Leid Gl oo 4 U Os 380 Ll L) LSS
T rd Sladised 4 S SU Glakipos Cn S
Ladd sad oS (6551 Dol id Jlaged (V) S 55 555 e
bogllas ol ol ols L g anslie 5 o skt 4
e e el 53 OUI 035331 Y ST ladisad o IS5 )
2 s 4 Cond G 5 s BB SR .

Cilsee glacdl 53 4¥s 5 4Y SO Glad yed LS O ga3T S5 Hilas Sl -5l s A YK

i P
12000 12000 ¥
|:| ——PCC(1)
10000 -
IlScm—RCC(l) 10000 - | ====PCC(2)
8000 | ====RCC(2) 8000
z z
k-] 0 - £
g S0 ® 6000 |
S 3
4000 |
4000 |
2000 -
2000
. ‘ ‘ =
0 05 1 15 0 ‘ ‘ ‘ ‘
0 05 1 15 2
CMOD(mm) CMOD(mm)
12000 - 12000 -
10000 - FPCC(1) 10000 RCC-PCC (1)
————FPCC(2) ———-RCC-PCC (2)
8000 8000 -
= Z
5 6000 | 5 6000 -
E 2
]
4000 - 4000 -
2000 | N o~ emmmcc et e e e ————— e e 2000
o] T 0 - -
(0] 1 2 3 4 1.5
cMoD(mm) CMOD(mm)
12000 P
¥
—" === ——RCC-FPCC (1)
l 1 Aﬂ ~ = RCC-FPCC(2)
8000 CMOD
FPCC
Z 6000 ] Rec
k]
2
4000
2000
0
0 1 3 4 5
CMOD(mm)

Fig. 6. Load - CMODT beam samples in single and two lifts in Fracture test



gb&w B LS"\“"‘ e

¥ 5 N S glagiles, oS 5 SO ol o

iz gl 53 AV 5 AV SOl gl ConSE (951 Ol st Hls sl VO SS

Single Lift

800
700
600
500
400
300
200
100

Flexural Strength (J/m?)

Two Lift
684.9
4308 4143
R
Selhen ol
Selhen ol
B B
2154 gy s
. R
139.5 SELTe AT g
i Syl
IRIEIEIE: b i A
i N o
S ST e
) D N »
S| (R A
& éf‘Q
< < S

Fig. 7. Fracture energy of sample in single and two lift

b
AU b Jpeme 0 5l Y s slad e
53 S 4 od it ped S0 G5 RS e
WY 53 U e 5l aslinad Ll 3l Y S5
s oo Bl e s BB Ol L eSS (555 e
WS Cils ASE OlyS e S (6 S e S Olge w -
Sl g 53 S o b S s e o Rl
cw&i)d:w}ujuoﬂﬁj&te&u];kq\!p
Sl 53,0 Y SO cll- 5y S pn ol e gel
L s e b bael S35 OLLS 3 (Sale 5l a0

el dy OS]

&ip-Y
[1]. Mannaul 354. 2008 Guidance for Design and
Implementation of Roller Concrete pavement of Road in
Iran, Planning and Budget Organization (In Persian).

[2]. Composite Pavement Systems -HMA/PCC
Composite Pavement. 2013 vol. 1, Transportation
Research Board (TRB),Washington, DC,

[3]. Rith M., KimY. K., HongS. J. &LeeS. W. 2017
Effect of horizontal loading on RCC-base composite
pavement performance at heavy duty area,
denitrification and phosphorus removal.Construction
and Building Materials, 131, 741-745.

[4]. Tetsya S., Kim Y. K, Lee S. W., CHON B. J., Park
J. Y., Han S. H. 2019 Early Age Behavior of Crack
Movement in RCC base of HMA-RCC Composite
Pavement, Proceedings of the 8th CECAR, Tokyo, 352

1/

Sy domds 1

03 i A sl S5y SO ey ans ol oo
oSl il lac - s Y 5 VSO S
Il s .es S 5 mlasl sy e SUI n s Jsene
S b U s Jpee o Sl 5T 4V
5 IS i e S Ol 4 g S B e
:w\&scﬁ@@u sdes AL oy g

ol 0l 43S a3 Olegw a4y O j2aS ol s 4 -
033381 e Lol (SHE (5l it (e 2 0L
Coslie Sl S2alS Gl Jgame 4 Hhus o b SUI
Bahe R oS

oslial 5 Sake o b alie Jyane o st Cueslie —
B et Caglie Sy (6,80 ks o Ul )
o Sl 4 53 3 edld (g0 sleage 3 -
AL S o L e Ble 0 Olee 4 U 02 5 pene
oY SO c b e e Caslie 1A
Sleslanal ¥ SO lads sod alin fpiomen sl S
lad pod st Canslie 5 Sl 56 SB g aY s G
3,0

O s S S (5 Y ST gl ged -
b O 035530 Lol i sdalie (g bsbe OMesl ] sane

Lauwg,_v&djf\w\ﬁ|cﬁcb L}J}w&c\.}&lﬁjﬁ



Qbm B 6.&;}‘ e

[17]. Fang X., Jing Z., Shao-Qin R., Ming-Kai Z.,
Jian-Ping C., 2013 Mechanical Analysis of RCC-PCC
Journal of Geotechnical Engineering, volume 18, 3351 -
3363

[18]. Yoo D.Y., Banthia N. 2016 Mechanical properties
of ultra-high -performance fiber-reinforced concrete: A
review, Cement and Concrete Composites. 17, 267-280.

[19]. Ollivier J.P., Maso J.C., Bourdette B.
1995Interfacial transition zone in concrete. Advanced
cement based materials,2,30-8.

[20]. Kunieda M., Ueda N., Nakamura H. 2014 Ability
of recycling on fiber reinforced concrete, Constr. Build.
Mater. 67 , 315-320

[21]. Signorini C., Sola A., Malchiodi B., Nobili A,
Gatto A. 2020 Failure mechanism of silica coated
polypropylene fibres for Fibre Reinforced Concrete
(FRC) , Constr. Build. Mater. 236 (2020) .

[22]. Santos A.G., Rincén J.M., Romero M.,. Talero R,
2005,Characterization of a polypropylene fibered
cement composite using ESEM, FESEM and
mechanical testing, Constr. Build. Mater. 19 (5),396—
403.

[24]. Qin Y., Zhang X., Chai J., Xu Z., Li Sh., 2019
Experimental study of compressive behavior of
polypropylene-fiber reinforced and polypropylene-fiber-
fabric-reinforced concrete, Constr. Build. Mater. 194 ,
216-225.

[23] Castoldi R. d. S.,. Souza L. M. S. d, SilvaF. A,
2019, Comparative study on the mechanical behavior
and durability of polypropylene and sisal fiber
reinforced concretes, Constr. Build. Mater. 211 , 617
628.

[25]. Park K., Paulino G. H., Roesler J., 2010 Cohesive
fracture model for functionally graded fiber reinforced
concrete. Cement and Concrete Research, 40(6), 956-
965.

[26]. Brand, A. S., Amirkhanian, A. N., &Roesler, J. R.
2014 Flexural Capacity of Full-Depth and Two-Lift
Concrete  Slabs  with Recycled  Aggregates.
Transportation Research Record, 2456(1), 64—72

18

¥ 5 N S glagiles, oS 5 SO ol o

[5]. Composite  Pavement  Systems, Volume 2:
PCC/PCC 2013 Composite Pavements. Washington,
DC: The National Academies Press.

[6]. Ahmadi M., Hassani A., Soleimani M. R., Yusefi H.
2015 Performance of environmentally friendly fiber
concrete in concrete pavement.,OmranModares
Journall6 (1), 179-188.

[7]. Ghasemi M., Ghasemi M. R. 2019 Studying the
fracture parameters and size effect of steel fiber-
reinforced self-compacting concrete. Construction and
Building Materials. 201, 447-460

[8]. Rooholamini H., Hassani A., Aliha M.R.M. 2018
Evaluating the effect of macro-synthetic fibre on the
mechanical properties of roller compacted concrete
pavement using response surface
methodologyConstruction and Building Materials. 159,
517-529

[9]. FallahS., Nematzadeh M. 2017 Mechanical
properties and durability of high-strength concrete
containing macro-polymeric and polypropylene fibers
with nano-silica and silica fume, Construction and
Building Materials. 132 170-187.

[10]. Hesami S., Hikouei I. S., Emadi, S. A. A., 2016
Mechanical behavior of self-compacting concrete
pavements incorporating recycled tire rubber crumb and
reinforced with polypropylene fiber, Journal ofCleaner
Production. 133, 228-234

[11]. Saidani M., Saraireh D., Gerges M. 2016
Behaviour of different types of fibre reinforced concrete
without admixture, Engineering Structure. 113, 328-334

[12]. Roesler, J. R., A. Bordelon, C. Gaedicke, K. Park,
and G. H. Paulino. 2006Fracture Behavior of Properties
of Functionally Graded Fiber-Reinforced Concrete.
Proc., Multiscale and Functionally Graded Materials
Conference,KoOlina, Hawaii, American Institute of
Physics, Melville,N.Y..,

[13]. Aliha M.R.M, Razmi A., Mousavi A. 2018
Fracture study of concrete composites with synthetic
fibers additive under modes | and IlIl using ENDB
specimen, Constr. Build. Mater. 190, 612-622.

[14]. Rooholamini H., Hassani A.,. Aliha M.R.M, 2018
Evaluating the effect of macro synthetic fibre on the
mechanical properties of roller-compacted concrete
pavement using response surface methodology, Constr.
Build. Mater. 159 517-529.

[15]. Tabatabaeian M., Khaloo A., Joshaghani A.,
Hajibandeh E. Experimental investigation on effects
ofhybrid fibers on rheological, mechanical, and
durability properties of high-strength SCC, Constr.
Build. 368

[16]. Roesler, J., Paulino, G., Gaedicke, C., Bordelon,
A., & Park, K. 2007. Fracture Behavior of Functionally
Graded Concrete Materials for Rigid Pavements.
Transportation Research Record, 2037(1), 40-49


https://www.researchgate.net/scientific-contributions/2090670757_X_Fang
https://www.researchgate.net/scientific-contributions/2090686381_Z_Jing
https://www.researchgate.net/scientific-contributions/2090752939_R_Shao-Qin
https://www.researchgate.net/scientific-contributions/2090761543_Z_Ming-Kai
https://www.researchgate.net/scientific-contributions/2090607496_C_Jian-Ping
https://www.researchgate.net/scientific-contributions/2090607496_C_Jian-Ping
https://www.sciencedirect.com/science/article/abs/pii/S0950061814000944#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061814000944#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061814000944#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819330016#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819330016#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819330016#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819330016#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819330016#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819330016#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061818327077?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061818327077?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061818327077?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061818327077?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061818327077?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819307822#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819307822#!
https://www.sciencedirect.com/science/article/abs/pii/S0950061819307822#!

Modares Civil Engineering Journal (M.C.E.J) Vol.21, No.2, Jun. 2021
Evaluation of mechanichal and fracture properties of single and
two-lifts concrete pavements
M. Ahmadi!,Gh. Shafabakhsh?*, A. Hasani®

1- PhD candidate of Transportation Engineering, Faculty of Civil Eng., Semnan University
2- Professor, Transportation Eng. Dept., Faculty of Civil Eng., Semnan University
3-Professor, Transportation Eng. Dept., Faculty of Civil Eng., TarbiatModares University

*ghshafabakhsh@semnan.ac.ir
Abstract:
Roller compacted concrete (RCC) is a Portland cemented concrete mix with zero slump and dense aggregate dispersed

by conventional machinery in asphalt concrete and compacted by rollers. No need for reinforcement and dowel bars,
easier implementation, relatively less cost, no need for a finisher, and less shrinkage cracking are the main advantages
of this type of pavement over the other rigid pavements. Low skid resistance and uneven surface are the main
limitations of roller-compacted concrete. According to manual 354 (Guidance for Design and Implementation of Roller
Compacted Concrete pavement of Road in Iran), its application is limited to urban streets and parking lots with low
speed. To overcome this limitation and improve the skid resistance of RCC, casting a thin layer of concrete with high
skid resistance immediately after implementation and compaction of RCC has been suggested.

In the present study, this kind of two lift concrete pavement (2LCP) mechanical and fracture properties were evaluated
and compared with typical single lift concrete pavements. Therefore, a thin layer of plain concrete and polypropylene
fiber reinforced concrete with a relative thickness of 30% of total pavement thickness has been cast of RCC pavement
.The main objectives of casting a layer of fiber Reinforced concrete on RCC are providing an even surface with high
skid resistance and improving the flexural and cracking resistance of these composed systems. Compressive strength
and mode | fracture tests were performed on samples after 28 days of curing. In the two-lift concrete pavement system,
to prevent cold joints between the layers, the layers' differential implementation times were limited to 30 minutes.

The results showed that due to the lower water to cement ratio, plain concrete's compressive strength is higher than
roller -concreted concrete. Also, the addition of polypropylene fibers to plain concrete reduces the compressive strength
of concrete slightly. In two-lift concrete specimens, replacement of plain concrete or fiber reinforced concrete by 5 cm
with roller concrete does not decrease flexural strength than a single layer of RCC. Like single-layer specimens, the use
of fibers in the upper layer does not increase the specimens' flexural strength. The fracture energy of the roller
compacted concrete is slightly higher than normal concrete in single layer concrete pavement, but the addition of
polypropylene fibers increases the specimens' fracture energy considerably. Similar to compressive strength, the
bending strength of normal concrete is greater than roller-compacted concrete. In two lifts concrete specimens,
replacement of plain concrete with roller-compacted concrete reduces the fracture energy, but the use of fiber-
reinforced concrete in the upper layer compensates fracture energy reduction.As a general conclusion, it can be stated
that replacement of plain concrete and fiber concrete with roller-compacted concrete in two lifts specimens had no
significant adverse effect on flexural strength and fracture strength of the specimens compared to single-layer roller
compacted. It’s possible to implement roller compacted concrete for the high-speed street and highway with the bottom
layer in two-lift concrete pavements.

Keywords: Roller compacted concrete, Fiber, two- lift concrete pavement
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