¥ 2 V1142 ((0FQA Hl) ) ojleds (FA ule e ) duxo g ol o (g 9 2l

SRS

asdlan 1 g 59l Joe il oyl o i’ (60Y 99 BLII Gol> oy (Gl o Cuoglio

Syl Sl g (A Lo

\ R Y. . - \E3 . w AR w
w)..aL:La)Wj Cewgddo oy ¢ 69M9Awbw‘wmwm

ke (65 azme andle olKils ¢yl pae wiige o)l ol )15
OB S olendS oRiils ¢ pwiign 0aSiils (ol jas  cwdige 05,5 v
LS olBiils (28 0uSiils oyl jas i 05,5 SLoiils ¥

QFIFID )T 15 QFIFIF 5 AOMIY - il )

ol o 23135 (550 o cilis Laylpd 4o o¥sd LIl ool oy (s Caoglin (g Lol Jalo g calKitgle] sy 4 dnlllas oyl 5o

00,8 solatl JSLI i cole jo Ghd 4y Jobo cos 98 50) jlozge BLII iomen 5 lodE SLII Jolis (so¥g8 BLIl £43 90 3l jolate ol sl
S5 Oadgl sl am Dbyt ook aizmes g CnSih Canglie oS 5 lgl Canglia o3g; YA Gy ladigal (58S g (5)La3 (slauglia axia  opdle
3ls i s ool e sl PIF el 5 e il V0SB bl b (i Sas P (g5, 1 ebsle ik g o 4l bsis (95T el
e ol (55,5 5,3y a8l 01 5l et £33 51 85y 3 sl 3 5T s b (slacagtie Jial3l el (533 Gy oS
53,5 oo 5t oS 5 5 ol gl 5elon i 1Sl 5 5 e e by i3 K53 Lagoun 3 odigad 50485 151
Ot e cnl bl (mizme 398 o0 yie |y b (SO |n ()le 4 g 00905 L 5 1) el Zeaglibe 9 S 5 (gl Cenglia (6 3y s 4y
Olsiss SIS ErSamis S Glsie 4 00,5 oo (55l des L 50 pn 50 S5 sl 5l amy Dbps slaws ol S5 el SBLII e oS ol
Blazol oy gl Cnglie Liall 3 5SS b ay Jb o b i oz Vo8 GLII L s 1o 1, oMl go¥ss LI 5 50 o Shes

..)9.44

33l s Ll glasy s englie sisa¥5h SLIL LI (52 ao3lgunds

5 @S wile) ormb olgs 5l aslyg o A5 jsb 4 a3l
Sl o LAl glyl (le 51.(1290 Neville) ol ool
Sl 00y Bolare (0Yg8 BLI 5l oolainl &5 (glodas azgi ¢y
o Al g0 (60Ye8 BLI jga> aS wes ol Dlalllas
Cwizes g (Y )+ Afroughsabet 4 Nili «V- -4 .El-Dieb)
345 (Y+ 1Y Afroughsabet g Nili) o Gix> ole ials
booad mhae 2 50 oy )50 e slo el 51 (S
R Jemily & az g b sl o] (gl o Cunglin (3l SLI
(oo sbaas wile glodee jo colatul s SUI

PPRE-PE

St ot (Lol oole (59 )8 Sl (2 059 el
O] )‘| solatwl &S S8 & .>)L> &y é“?‘? u.ej.m.\.: O (s
@ ye ails slaleiSle da s wile Sl slaosle el po
)‘ D;‘ R ﬁ..\Jl.:uL...}‘ ‘_glm Lng"lfﬁj"" 9 W
5 Alavinia) oSl Lo5-o.: ople 4 e oo i OIS
Lty cnl 5o 0ged o)Ll ol o2iS Canglin g (YN Y o)) S0
(S0 Glow oS 5 51a5 (o plsie 4 (SU 2 pogie
Sl °‘)':'.‘>)§ 43‘)‘ sbj..&u’az J.&M..l =\.-49.A.$L: du‘ 9 FHRLSIW sggi
(ACI 544.1R-96)

SN AD :ules o )lacd ¢ Jgtuns odiam g ¥

r.madandoust@yah00.com «((ggwge (S - ) Y-MOUSAVI@GU.AC.IT (‘yure puikizs o) ramilinmohtasham@gmail.com : feos| yw,0]

(32 0L .y .z) h_nasersaeed@hotmail.com (cevgioe .))



IV (0FAA L) ) oylods FA ule e ) duxo g oyl joe (oo 4 386 [ ]y 02 g o puiiixo .0 1.

L (Y- V\Y)Wang asdllas ;o 008 )5 dases Canllls 9 S5 gl
Oeilee S iy gaV¥sd BLIL 5l as e VD oK
Ly plp MO 5 ¥ caliy 4 caSs 5 S5 Gyl conglie
Sl 5 S 5 gl Caaglie (g0Y 98 BLI gas 0 ¥V 03K
oK ¢ Mastali ¢ puzon ol a8l uli8l ol VYW g Ve
S5l 5 yacly S gl o515 555 o5 alllan b (T4 19)
Oel Gl Ao Caglin flee (s LU as wisls las as
adlas mls Koo gladlhae jo o)l 0929 ol S5 9 Sy
Cwglae o sl | sasms lis (Y+1#) Dalvand ¢ lxie
st S 25331 b 15055 e (SilSe ol 5 sl

aslign S 83k (5 pmcly 0

L PRY P IV o
&P rao gdlae -)-¥

gl Clw 10 ¥V ol oy losw 3l adlllae cpl jo
g WY ol Cdz Laby, glgie 4 b awle .053,5 soliul
A s A Sl iz b o5 rizmen 5 Y140 (a5 Joo
Ganaly Jloges ol a8 S 5 4 e Lo VYO el ails
Sl 00l ools ioled (V) UKo 0 solatwl 5,50 (sboailo K
SLI 5 oD goVsd BLI Julis (so¥sd BUI 45 g0
(V) JSi) 930 )5 ool VY F - MPa Cuoglie U jlozge (s0Ygd
039 b eSSy b ooliial 9550 0aiiS0ly; 390
Qb ge VY[ 0 gr/em’ ogase

100
“ T A T
a L P Ty
x &
R i
3 < 3
) VA NG
G S Al
TN 2 177
3 40 3" v Q—.‘L—:_‘A
—_ % T 2 T
&3 Wil J} il
3 N LAl M
2 t
Rzl
o1 1 10 100
(0 slae) Sl (gl daiics

ald 3y g Aol o gasuails —) ST

soliciwl 390 GLALII Y JSCi

2. Barely

Sgro bl ply 5o pslie slaesle 5 (g, slaojle
oo (bles yides (gl o slasl ol yo (SLIN o LS anlllas
aS 5 Gl Cuglie bl Wglite sloogid oyl 5ol
Orposle sl ool slgaing «(VAAA) ACT OFF eSS lawgs

@l yo Cuoglie ¢ o9y (nl o dlioe jg Lodus (ygajl dlag)]
S 5 S5 gl sy S oY Slpd sl el o
23,8 oo b))l

el o Feal Ll by ool Canb asile (ilse
YU SaSTy Wle a5 bgaw se)] guli a5 cunl oays
2555L55 Slalllas 14J (Y VY ), Sen s Rahmani) asl, 4zl
b S o sl caglie pR0LGT 5 )Ll om0 &
by adllas ol plosl 51 Gos aslas s,y ACTOYY 5l oolainl
S sl o s Cwslie g psldes iz Ll
R bglie 25 0 g5 Gl 5l adlion Jlozse 5 Sl (5Ys
Sosldes Lulpd 90 o (65518 5l Gy g 0 a3l U
sl aizb S 18 aijs b (y9e5] Cod o Sis g sboye
S LD sl el il Wlgy GeiinS cnl s o 00
o 45351 ool 3 Gl syl ol 5o (ST i 5 Shee
2 ol Cute wlg 5l gatesgu g (S 0 05 5 xS
23,5 (g glite slaosy

5 6lel oy 2 2 (955655 Slalllae i )l &5 455 len

ACI OFF 31 oolicl L U1 o2y (gl pd Conglie alSiulos]
S San g Nikoui aallis &) ol o alox o] 51 wilazslo
S g5l (5 50 Sl 9 S 5 gl Cenglie (9, 2 (V210)
2 (V0 0) o Sen gSong anlllas «pizeon 5 weilgu il Ly
2 6V SU ol i Sl g S sl Caeglie s,
oyl Hlogn b g o¥sd BLII oS5 sl b b anlis
Al lid (Ve 2 0) o )Ken g Song dyxe glasllas ;5 0505
gl slacuagli ;3 Jla s 55 (shlo Ly Cnglin o o oS
Sl ol Cunslio 2 oS > j0 wbbioe 2l 9 S5
s Rahmani pioxes ail od sy iz sl)ls oY
P 5 S Canglie 4 Woges LT (YY) ol San
odle 4y sl Jlog g5 sl Tt 4 Jeme 5 40
S sl o CenSh Cuoglio 45 ans o i T gl
ol ol o5 Jo s el Jlog i8S shls Loy s3lob
Fakharifar . 3,b 5l .cus golo Glosp b SUIL o sl
Sfles b Gl Lo jseelS (o) ;0 (V) Gl
Cuaglio aba> o 1) o1 Jloy @558 el iy SL s> YL

1. Polyphenylene sulfide



"M ITI-1+ L(0FAA L) ) o,lods FA wle o ) duxo g ol joe (oo 380 [ ]y 02 g (o ez .0

I8 Kiged (919, haw 35 50 ;0 45 o oo FYTO plad 4y (oY
Cagy MBS sl slog, el aS Sbys slass ool a8
oS o )0 00,5 o0 Cd S gl Cueglie plgie 4y Wigd e
3 g da el (sl 3LS 0590 b pd Slaw 4y Gl Caoglae
9 oe BT (£ Send bawgs a0 olSws 5318 2o e
5 S P (555 p 035, VA (o o bglse j2 50 (5651
L (S basee 10 S VY 5 gb o bases 0 S YY)
Slediges 51 as e Sile I Cwlbs 5 o gile VO Llad

2 ploel wiloads oay 1 VOXY - cm (glaslgin!

Vg8 595

&0 ¢ ) rofey

| | ek 00 —>| |
Foades O oados

W6 ol oliwd j3 (St digad (6 a5 51,8 Jomo - ¥ S

b isloT Julxi 3 s -F
& ylind Conglio —V-F

6)51)45 .}a;‘),w 9o o 6L®449.o) [333) YA LS)L“IB wal.o.n
ools il (F) o )0 gulis a5 0y0 )5 s St g sb e
6 Lad Canglio (50 00,5 oo alaxDo a5 4565 lad .l 0l
i JWLKs 09/F L YO/F oogasme ;o ladiges  soles
(539l e g9 5 a3 B ro sl aseine (F) S 5l oib oo

Wb wbhuxo WSS buxo

NC

SFH3  SFC2  SFC5  HST
b bl

[e]
o

)]
o

(MPa) s ,Lié cwglin
8 &

o

9] Jos cilizeo byl s 0 b glio (6 5Lind cunglio —F JSUis

bbalxo sy Y-V

Lyl o 0 ggann ;5 asllan (ol Slasl & (s sl
Fee kg/em? los jle g+ /F Sl Glows 4 Ol s b o3
Vs bolre S ol bbgle cpl i aisle 5 2k
bsloe G g lime Oj90 4 s0¥g8 SLII (g5l> (2 bgloe
anls o bgliee sl ol so g0¥sd a8l oS 5 (ol
oad oolaiwl (S 4568 oo ‘_ﬂ <ol o aS ol 6L (NC)
39 G sile ¥ oloodE BLII 51 (SFH3) pgo bglses jo .l
5 el 2l il ead colaill AL cole
GLII g5l o3 4 (SFC5) o Loz 5 (SFC2) poms slaboslins
bole )3 Coles yo aidbior el 0 5 ¥ logse oY
3 Srastlo ¥ ozye s3¥s SN (a5 51 HST) pony
Ol el 00y oolatwl (5 e Sl T lodB g0V ed LI
kg/cm3 i 4 (S o labgloee colas jo (go¥gs LI
Gl p sl 3l el el 0al a8 I Las 0 YYY
Sl adgl (aBaslosl slag sl raizeen 5 4235 Slalllas
el 00

5 o Jols balaSw ol (o sbhaise cSle sl p
3935 1O Ly X bogle 4l Vo Do 4y pdey 4o awle
L3 Jos a5 S 10 050,5 adlo] bl 4 3 a0 ol caa
ey ol ‘_’,A.ol) yolae 4 ey dalol oo aido Ve 4
odls Corl il bglre 4 addo V daihh S ol iz Cye
oSl s g onile (b ol olren & Glaves 0T 5l g 9 05
W ey Sz 500 kB VU LS Jee s S il
5 Sl 3 4 a3 gl by sl LS oSS, g sRen
TN & Ll ren 5l olizl jshane ay ¢ LI (2 sladiges
Obgs b 5o (S bglse 4y (so¥58 LSl fuws &j90 4 g

LA aslsl

ool plmil ogy —Y-¥
G dB 5,0 50 ladigas wedll (talojl plail 51
2 B ) btiges el YE 5l Ly i dishy dbogy o
A 0550 gsldee oo 5o ialel res 4 (s B 5 00
by 5 i (55l Jas Lazme 5 adlllas pl po i S )8
5o sladiged 59,y O (§)LAS Cueglie ol aid 5 ke o
lalgiul gladiges 515 épdy plxl e Hle 1O
O 0 O (C8lLY) panS Cwglas (b, g VOXY e cm
455 b (39031 ol 150 (y3051 00,5 eoliiusl o3, YA
il (1) S5 0 45 @555 e 12,5 plowl ACI OFF aiaS
Sz Sa il ] el JSiite yge3] ol el o0 00l
OF $9) 2 Sreske YOV gl 5l p Sk FIOY (59 4



IV (0FAA L) ) oylods FA ule e ) duxo g oyl joe (oo 4 386 [ ]y 02 g o puiiixo .0 "y

Sl g a0 g sl oals ooy i S g gl e
Slass 55 Gl g el Caaglie oS 5 opulsl Cunglie (L]
o905] Jelis o5 Lol 0guis 93 (INPB) "S5 ool 5l oy by
NS el ~ s )5 9051 5 T bgi el 39,55 5alsS
il By sl — 85,55 50055 (505l Lawgs aiads a8 S
0303) Ol 3 sdie sy Shaalie 0355 b osr Sy
Juy aroy oad o) e a4 o[-0 5| SesS PT s
99 dumlio ;3 udly = JBlug S 5031 0,87 Bk 5l ol
b eomdly = Jg,8 cyg03T 50 il o Wools 5l e yiion b og,8
Gl sme Dglds el <[+ 0 3l i Pjlade oS ol le

(YY) Ke2 g Rahmani) ol 5429 ey S yleo

S35 gl Cooglio —V-Y-F
O3 S P sl esaline sl p3¥ Ol slas (Sl
wyd PP ogu 0 wsbye bume )3 0ad g psles (Jsens
HST 4 SFC5 SFC2 SFH3 slabgle jo ol ol ol o
ol el o0 dlne 43,5 AF N FF A0 YA 3 4
olaws plail b ay o o0y goYed B jaa> L
e oo ol cnliad anlys S5 Gl 590 coz oY Ol
Sz s )0 (O b sl (63Y58 BLII 5o oS o
el asS oo SeS gl 1o (655 LA 0 Sipd a aS o 5 o
550ng) 33l Gagad 4 |y S5 sl Gala Lules Wl oo el
Ceoglie j0 (goV¥ed LIl Cgllae o ,Slee (V2 +0 o),
ol 55 (Y1 +) Afroughsabet ¢ Nili lawgs ooy (slas o
] 00
45305 o0 4z (1) Jgir 55 35290 DMl 5l (izren
slass (Kle (5 Hlo B Jlogge oVgd SUI ol 2
Sl (R & S (5 i S 5 gl oaslin gl Y s
oaid LS Wilgi o a5 0l (6 e il ¥ lozge sV LI
Cuaglio (il o YL jl8 4y Jsb o b SLJI cote 536
Sl JSs a5 285w (lgion Bk 5l adl o sl e
B aS 6956 4wl oo I 3T 0 (sl o Canglie o
@ S (5 10 Caaglie Bl 50 (6 e 0 Shes o B
4 gy )0 JSomb skl 4 Jsb Cuid b (g logee SUI
osalive ogbye Lazme )3 (go¥gd SUI 3 Shoe L LS| o
bapzme 1385 ol o Sl )85 5 S dagsme p3 s S
PS5 sl esalie gl a3 Slys slass Sl S2S

SFC2 SFH3 (slaloglne 1o 45wl oo 41,5 TV Jgone oo
oo a3l 4,5 FA g AV Ve O+ 4 HST 4 SFCS

6. P-value

~ege LI 3l aalial a5 ol oLts anlllas ol s 3, )
xS |y S o)Le8 Caglie VL Hlad 4y Job s bl
Coglie gbye bazme )0 adiged (5,0 Guizren a2 o0
SiS hze o beaiged (oIS 4 Cad ) YL (g ,led
alp oSS pas & g oo |y 9090 (al e sl 0l Az
Lewils lagye St Lo ;o (genlil e

S Canglio —Y-F

Srdigel 039, YA L2iS Cunglin cins jisles (B0) S5
S g ogbie ygldes llyd g0 ey o alise
Wged sl (SBAS Suaglie lime (oS be (nl Bl oo
B, o2t Caoglin 50¥sd BLII 50958l 45 Canl o0 asets
e o2l el 00l L3l (s po Laas ,9) JISwlyKa F/YA
il s GLIL (0538 a5 el Cogadly ol soims Lt
SL5 (0) S5 i ik 51 b sl oy S Canglie
S englie (6 e il ¥ lodE 6oV 8 AL AT was oo
Cote il ams e am LOL Koo 4 o 1y 5V
IS8 0 Sas e b duslie 10 Cgb e Loz 50 (555l Jes
abb oo bl (B)

g 5
N
3 4
v 3
1
2 I
a
S 0
- NC  SFH3 SFC2 SFC5  HST
o bylse
il Loy s 35 Bbglie siuisS Caaglio 0 JS
So9l e

&l o Coglio -Y-F

f’)y Qb).«o slass ¢(&«2~5J4:?m)0 S YY Buﬁ.lo)ﬁjaw

0905l bl CanSS izmen 5 S gl eaalie ol
Ol (V) 9 (V) Jolam 1o a5 w0 )8 awloe aijy bgaw
G)B]J"" NEYESN 99 LS‘)? P iz L;)Lo] L;L»m

3. Increase in the number of post-first crack blows
4. Kolmogorov-Smirnov test
5. Kruskal-Wallis test
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1. Introduction

The utilization of steel fiber reinforcement concrete (SFRC) in practical applications is gained considerable
attention owing to its acceptable strength (Nili & Afroughsabet, 2010; El-Dieb, 2009) and durability. Taking to
account, SFRC in constructions may inevitably subjected to short duration dynamic loading, the impact
resistance of SFRC which cured under different curing conditions must be well documented. To evaluate the
resistance of SFRC under impact loadings, a variety of test procedures have been suggested (ACI Committee
544, 1996) . In this study, the drop-weight test as recommended by ACI committee 544 (ACI Committee 544,
1996) were utilized.

2. Experimental plan

The materials used in this study were (1) Type Il Portland cement, (2) river sand with water absorption of
1.3%, (3) crushed gravel with maximum size of 12.5 mm, (4) Polycarboxylic based superplasticizer and (5)
steel fibers with different geometry (hooked-end and crimped fibers).

To assess the scope of this study, five concrete mixtures including reference concrete (NC) and four fiber
reinforcement concrete namely, SFH3 (containing hooked-end steel fibers with a length of 3cm), SFC2
(containing crimped steel fibers with a length of 2cm), SFC5 (containing crimped steel fibers with a length of
5cm) and HST (containing combined use of hooked-end and crimped steel fibers) were produced. After casting,
they were exposed to different curing conditions of water and room curing conditions. The impact resistance
of each mixes was determined on the 64 concrete discs cut from 15x30 cm cylindrical specimens. Moreover,
the influence of different curing conditions on the compressive and splitting tensile strengths of SFRC was also
evaluated.

3. Results and discussion

Results of this study showed that compressive and splitting tensile strengths of SFRC is enhanced by the
incorporation of steel fibers. The highest compressive strength was achieved for concrete mixture containing
crimped steel fibers with a length of 5 cm and hooked-end steel fiber in concrete resulted in the highest splitting
tensile strength. Irrespective of steel fiber geometric, the strength of concrete mixtures cured under continuous
water curing was larger than those obtained for room curing condition.

The mean number of blows required to observe the first visible crack for specimens cured under continuous
water curing was determined to be 66 blows which increased to 339, 95, 146 and 96 blows for SFH3, SFC2,

* Corresponding Author
E-mail addresses: ramiiinmohtasham@gmail.com (Mohammad Mohtasham Moein), y.mousavi@gu.ac.ir (S. Yasin Mousavi),
r.madandousr@yahoo.com (Rahmat Madandoust), h_nasersaeed@hotmail.com (Hamidreza Naser Saeida).
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SFC5 and HST, respectively. Furthermore, failure strength of NC is increased by the introduction of hooked-end

steel fibers. Similar trend was also obtained for the specimens cured under room curing condition.

The frequency histogram and fitted normal curve of concrete mixtures (Figs. 1-8) and the corresponding
Kolmogorov-Smirnov p-values results revealed that the first-crack of SFC2 and HST under water curing
condition and NC and SFC2 under room curing is approximately normally distributed. This can also be seen for
the failure strength of SFC2, SFC5 and HST under water curing condition and for SFC2 concrete mixtures under

room curing conditions.
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4. Conclusions

By using steel fibers, compressive strength, splitting tensile strength and impact resistance of concrete will
be increased, irrespective of curing conditions. In comparison with water cured specimens, curing concrete
specimens under room condition not only reduces the impact resistance of SFRC, but also widens the first crack
and failure strengths variability. As a result of this study, hook-end steel fibers are more effective than crimped
steel fibers in increasing the impact resistance of SFRC, even with a lower aspect ratio.
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