785 310l (1308 (wkigen &g uli

FYF B FIAY Slxio AF e Jlo Ve oylaid OF 0,93 S yusl lyos cwiiges il
DOI: 10.22060/ceej.2020.18138.6778

axlos ey 39 b 0o (g 3lwpglite 48 )b S s Jlo (b 5Lidy (A lo3T (a5
o S Woilg (Slosm o jouols

foplls e lelio 400

Ul)"‘ cuL...o.w ‘uL.o..n olKisls

1609le s b
VWAANY/YA il
VYRR 5 F s S5k
VYRR 55 5l

YYR4/- 118 oS |

0230, Jlgaie 00s ool (gloojls (s 3lupglia dol aie yoe (21381 5 5 laojls (510055 5 Lai> jglate 4y :a0DlS
pas 500 g jlg Aty ojlu )8, 5 )b @es 5o IS 23U LA (suulS lojle sas (lsre 4 (s slals cad
Gipgi ol 55 a5l Al elpes 4] 6 23 ol Slles Wit s sla S 2 o)ls slaces] 3lo ik
allgh Slages S el iz Sl a3 lo G Sl )s SaS b ad )b S s o2 la s silopslin (2Rt
Sk slagys b hn oed )b (I Gl O (sl sl e el 00l gl I (S aml s L

(gols wlls
o o5y e gy o SO PT3535 ke 4l o 5 e 5 il 4005
i ool S5 )9 (sieS ad b pgd o5 10050 )5 g (Sl ialles Sloras o jealS s (Sl wlastin g LD
e olplie s ol a8 10050 )8 s Jlo 4 Jlast 5l L3 c\jlf\..\? sob 4 (B seilys Slaws o jgelS Al iy
L sl e o ppnelS as ol uLw s a8 3 18 LDy )8, cw)p inlesl S (g g (oS D0 4 00l (ilupsglie mhane
HPFRCC Oinlejl alausly 4y (65, i g (s (S (o8l ¢ a8 g el JIo (ol 052 g (oD (g5 Lupslie

S jeeals Al iy §3y9 b ot (Silupslie a8)b S lals (sl (izres el ol ladiged (L5 U8 (o)
YO 3550 glas )l ay 5 ailes Cond a5 (559 45 06 Jloel Jlo 4y 35 paito )b aS S50 50 ( S iailes  glewws
ok s s Sl ae sl oas (g3lupslie ahaiie o o8yl alidl ol Sl zelaw o B S il S

Sy sal (b pi>

i 51 plSi j0 45 oo¥gh slagys bz 5 (FRP) douio-)

Fo Blax 4y 5ls a5 o slasTy sleslatnl b ouds i jlo
3 oz gy cpl 5 D0 Wls s ibe e des Voo I
» @9 el plezls iz slacwnd glupsglie aiw;
Silopslie (ng sl by, ahex 5l ailosges aill 525 5L el
S Y Ky 5l eolinul 4 oy plezsle aliss glacoans
S g,y 08 o)lal aSle i Oyse a4 S 4 mle
Silwpslio Lol mlas lgie 4 HPCT) aialys o 51 ool

1Fiber Reinforced polymer
2High Performance Concrete

Y 4 bylesle il 5 ilopslie Coonl o3 5l

0035 ] (sloo3ls 2525 0L 5 yae Jsb b slaojles 2525 alox
i y9 Bblie ;o (ogas 4 e Llyd (S50 adly asle
hb s Ll salose )0 35290 Slocans @lae Gl ol
s 9 39250 Slaojle 8 Slae (il (rizmen g lag Lozl
Ll oads 55 5 iz (b slbasl ol s Sl 4
ol o b sgamma b g 039 rmilin (slodsy 3 it (slo_bs,
Sl 4 ool s s oy L (g5lupglas Jlo olgie 4 ol

kheyroddin@semnan.ac.ir :oLslse jlsoage oaimsss ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie () .ol 00 00ld 108 ol ol8ils ol )Ll s 126 3si> g B oian g5 0 (uilio (358>
Auileyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode .ol 5l uilucd cpl bz gl sl 48,5 )18 Loy o 2,0 BY NG

LIAY



FYF B FVAY axbo Yoo JL» N O)LM OY 0y9d ;)....s)fol u‘)a..c L;.u,\...@(c :b).u_v

S wwilgh (Glogw S jepels WIS 25k ) Jgur
Table 1. HPFRCC mix designs
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Table 2. Physical and mechanical characteristics of Hooked steel fiber
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Fig. 1. Hooked steel fiber
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Fig. 2. The details of test setup (a) splitting tensile test; (b) compressive strength test
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Fig. 3. The manufacturing process of laminates specimens
a)laminate’s rebar installation (b) laminate’s wet curing (c)laminate’s slotting)
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43,5 SoS wib oo S sl sl a5 [Yo] YR-ACI 0¥
Jolis giloww 0lge 5 (S plaac latl caS & g0 cpl 4 Conl 00l
VO s el 00l S 5 R0 b i ySis 5051 5 o
law Wigh wgb e Il U eo,S aslol bglse a1y o 5l ooy
SLBL o 5 Ol 500 00,0 YO w0aisS g, 598 aids SO
JFad (Sen belre o olfim 5 oud ailsl Lylse 4 oo¥sh
0aiiS g, 398 (0938l 5l v kB ¥ IO o] Goe a,m5 g,
2l gsail 058 gals 1) (S bslie Glgi e~ S
Jade 5 el oais pll [Y#] ASTM CYFY aeliyol ol
oas oolel boglses .ol oo 3,155 yia e Vo lawgie Conits
Sezge slgp ol ) e SeST L g Ay, B o )

odd 5 B 5l 5, STl e badiged 09b e )5 5 ol 0

AT



FY-F B FVAY aan Mo JL» N o)lo.aﬁ QY 0)9° ‘)c.f),..ol u])A.C @“W Ai)afu

w5l it 9 20 69V 58 (508 Koo Y F S
Fig. 4. Anchoring of steel rebar’s in HPFRCC laminate
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Fig. 5. Laminate’s test setup
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Fig. 6. Load-deflection curve of laminate
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Fig. 7. Laminate’s failure pattern
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Table 3. Properties of tested slab specimens
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Fig. 8. Reinforcement details of the specimens (a) reference; (b) strengthened slabs
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Table 4. Mixture proportions of concrete
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Fig. 9. Slab’s support sheets
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Fig. 10. The manufacturing process of slabs specimens

(a)slab’s rebar installation (b) slab’s concrete placement (c) slab’s slotting
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Fig. 11. Drilling steps HPFRCC laminate using steel bars and weak slabs
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Fig. 12. Cleaning the holes from dust
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Fig. 14. How to apply a laminate using bars on the slabs
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Fig. 15. Bonding application for HPFRCC laminate
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Fig. 16. Mechanical anchorages on laminate locate
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Fig. 17. shear strengthening of slabs specimens
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Fig. 19. Test setup and instrumentation of specimens (examination of shear behavior)
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Fig. 25. The failure mode of the WS-L1-Steel-Shear
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Table 6. General comparison of loads and displacement of strengthened specimens with reference slab
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Table 7. Comparison of loads and displacements of strengthened specimens with each other
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Fig. 26. Strength and strength growth compared to the reference specimen

& o Biged 4y Coad 0 (S jlupglia sladiged coled ;o Coaglin
cel lals by cogts ey CFRP 5,5 00538 .l oo
oges el oads oy LSl Canglie § Cooglie S i Joo
9 VP USS 50 2 o diged dy S Cunglie 0y g Coaglite (Jgiw
I 50 @2 pe Aged @ S Gl ) g CanSd b g jloged

ool oanlis LB YV

55 2dz Ol gy p -O-Y
Ol 4 Agas oSt alisd b IS0 jiie )b e ) pelaw

Cad,b aid A Jgo mllae a5 cnl (6551 Gds e el

£144

oy So jtd g o)l IS aslae-V-Y
Jsoz 59 ool silapslin slals slap eyt g bk alS

Wiged g3 ¥V Joaz 0 pizmad el 00l auslie a0 digai L F
Gilwpslie B U conl ouls auslan [0S0 L onds (g3lwpslie

20,8 jastie

D9 oo Jor diged Jawgs 45T (6,5l (2 P e 90 4 ciaglie



FYF B FVAY axbo Yoo JL» N O)LA..:'J OY 0y9d ;)....s)fol ul)a..c L;.u,\...@(c :b).uu

<
>4

T
OKN ol 6B 7 b )b w)

oY

<

(KN) o glin

—
i >4

|
e

—
>4
|

(1) coglio wiy,

L

2
|

WS

WS-L1-Steel

T =

WS-L1-Steel-shear

Waiges o

&5 30 Aol 4y S oSl )l ady 9SSl )L TV S
Fig. 27. Failure load and failure load growth compared to the reference specimen
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Table 8. Energy absorption of specimens
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Fig. 28. The shear crack pattern of WS-L1-steel
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Fig. 29. The shear crack pattern of WS-L1-steel-Shear

G5 Az —F
b ol ilopslie 5 oaponanl gladls Jb8, ou)n oz
O I8 s (S sl (Sl slacojonels aSle i G
Sialyl eizeen 5 alaie s ool Bl 5l caline hoxd los
byl Sz g wSle Ragn (nl )0 (o250 5 Job las Sl
b5 8 Gralesl oy5e ilupslie 5l Gy 0 5 (sheS b
$55 2 o o5l sy ohp ilupglio b ol o el
abvly 4 655 iz g (e (aSD GS (pieS Sud)b
oS Cel i) 18 anlllan 5 50 doaiged (S5 )3, (o) Galos]

e ) T A Gibg Cpl 5l edel s 4 @ls

atle iy B9 b ool ilupsglie a8,k S sl ]ls sl
Sygb @ 058 Jloel Jls 4 35 000 90 4 L ,STHPFRCC
O FOmb BB YL alold) Sge el )l ay (b ailas cos oS
Slp Sl gobaw o ST Gl 2eS YIB Gl (caiS s Khee
IS St s el ol (g3lupslio alae oy b b il
HPFRCC asblo iy 35 b oo s3lupslio slaJls ,oe

gyl I s & sl oSk (ol aSle A 59 S

IARD

S Cp i g StEEl-WS-LY wiges ol s (S
Olse cplply cuwn Steel-Shear-WS-LY s & by

ool oo adgl cow iuli8l cel bdiges b g5lupglie S

S 2,575 5 s8] analie V-
e glojls 0 Slae o5 o JJo 4y (53,555 5 (550! an i
RUVW SLVON A it v A K S R PR Ly EX SO
dn 5l 9)0 Sliesd (e 5 S S (A0S (KSs (uiznen
S0 S 5 Gl A ye (nl o S (e i | OS]
50 el 0dd )y 2l CenSs a8 rdiges 31 SG e
alas @ 1 glalais b cov Jgeno 48,k o slals g boys
Ot A Cond o5 G50 50 5 wBl ghaie F5e i)l d g oy
So lyE s G g 4y Laie S sl VIO B )
sl 00y 3 0 (5 lupalie (sbals yo alius ol [VA]
Sl s VIFY a2 o diges sl JIo Fhe glis)f (5 ailos cond
el asal s 4 so¥s8 o Koo L ond (g3lupglie sladiges
Alpald cons ol asl (ialEIVV 0 @ VIF Gl a4 sdaie S5e
Gilwpglan b B,b 5lcasl ool &) (o8 CeaSCl sl 00l VIYY
Fooaraz,dYY 5l hp S5 ey Y5 YA la S Gl (o2



FYF B FVAY axbo Yoo JL» N O)LA..:'J OY 0y9d ;)....s)fol ul)a..c L;.u,\...@(c :b).uu

[4] F. du béton, Retrofitting of Concrete Structures by
Externally Bonded FRPs, With Emphasis on Seismic
Applications: Technical Report, International Federation
for Structural Concrete, 2006.

[5] F. du béton, LF.S. Concrete, Seismic Assessment and
Retrofit of Reinforced Concrete Buildings: State-of-the-
art report, International Federation for Structural Concrete
(fib), 2003.

[6] Y. Chen,J. Yu, CK.Y. Leung, Use of high strength Strain-
Hardening Cementitious Composites for flexural repair
of concrete structures with significant steel corrosion,
Construction and Building Materials, 167 (2018) 325-337.

[7] A. Hemmati, A. Kheyroddin, M. Sharbatdar, PROPOSED
EQUATIONS FOR ESTIMATING THE FLEXURAL
CHARACTERISTICS OF REINFORCED HPFRCC
BEAMS, Iranian Journal of Science and Technology
Transactions of Civil Engineering, 38(C2) (2014) 395-407.

[8] A. Hemmati, A. Kheyroddin, M.K. Sharbatdar, Plastic
Hinge Rotation Capacity of Reinforced HPFRCC Beams,
Journal of Structural Engineering, 141(2) (2015) 04014111.

[9] A. Hemmati, A. Kheyroddin, M.K. Sharbatdar, Increasing
the flexural capacity of RC beams using partially HPFRCC
layers, Computers and Concrete, 16 (2015) 545-568.

[10] M. Sabbaghian, A. Kheyroddin,

Investigation of the effect of fiber on mechanical properties

Experimental

and the age of high-performance fiber reinforced cement
composites, Concrete Research Magazine, 12(4) (2019)
53-68. (in persian)

[11] M. Sabbaghian, A. Kheyroddin, Effect of grading and
superplasticizer content on mechanical properties of
high-performance fiber reinforced cement composites
(HPFRCC), in: 11th National Congress on Civil
Engineering, Shiraz University, Shiraz, 2019.

[12] T.H.-K. Kang, W. Kim, L.M. Massone, T.A. Galleguillos,
Shear-flexure coupling behavior of steel fiber-reinforced
concrete beams, ACI Structural Journal, 109(4) (2012)
435-444.

[13] D. Fanella, A. Naaman, Stress-Strain Properties of Fiber
Reinforced Mortar in Compression, Materials Science, 82

(1985) 475-483.

bor Rl (S8 cenSs Lot S5e

zobws ;5 CFRP (slays b oy ooyl (iali8l o j0 o
LHPFRCC w5l s G5 L oo (g5lupglio slals sl
O JIo 4 S JIs cnl )3 (B S F gl (b CanSh ae
G392 Bn SF g Sl oad lp Vil gslaw silupslie
el 00,5 oy delol 0wzl i

Sond | aSle iy o)y (St jl T olr cuz
Jlasl ol o SlSe bl 51 oolital ol o s
99,0 ol b yiid g2 4 axgi b B,k 5l el oals sl
@ CFRP la)lg 5l oolawl cslo i slag,g of3] sl
Ll 00 7 yhae 5 JS-U &0

Sl v el dals (Sl o9y (SAp silupslie -
s 5y oy Giolesl dlansly 4 (65 5] Dl (B Sl
Bges 351 P g (P S 4 a5 59k 4 Sl ool ladiges
Dges 4 o o yd O+ 9 VYA LCFRP 5,5 L ooy (55lupslio
ol 00 o, "Steel-WS-LY " _il> o525 (sjlwpslin (90

£55|'>)"\§ 9 ’SM )
Sloolfinle)] slacl 4 1, 055 wlares Si5 S oiuy

S oo SRl Gl el Sae ok 5o

&y

[1] L. Stratov, C.J. Dale, S.J. Kent, Phenotypic and kinetic
analysis of effective simian—human immunodeficiency
virus-specific T cell responses in DNA- and fowlpox
virus-vaccinated macaques, Virology, 337(2) (2005) 222-
234.

[2] O. Buyukozturk, B. Hearing, Failure Behavior of
Precracked Concrete Beams Retrofitted with FRP, Journal
of Composites for Construction, 2(3) (1998) 138-144.

[3] F. du béton, Externally Bonded FRP Reinforcement for
RC Structures: Technical Report on the Design and Use
of Externally Bonded Fibre Reinforced Polymer (FRP)
Reinforcement for Reinforced Concrete (RC) Structures,

International Federation for Structural Concrete, 2001.

£Y.y



FYF B FIAY axio NFe o Jl.w N Q)Lmﬁ QY 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

Civil Engineering Journal, 11 (2017) 650—663.

[24] A. International, ASTM C494 / C494M-04, Standard
Specification for Chemical Admixtures for Concrete, in,
West Conshohocken,, PA, 2004.

[25] A.C. Institute, ACI Committe 544: State of the Art Report
on fiber reinforced concrete Reported (ACI 544.1R-96
Reapproved 2002), in, ACI Structural Journal, 2002.

[26] A. International, ASTM C143, Standard test method
for slump of hydraulic-cement concrete, in, West
Conshohocken,, PA, 2003.

[27] A. International, ASTM C31 / C31M-00el, Standard
Practice for Making and Curing Concrete Test Specimens
in the Field, in, West Conshohocken,, PA, 2000.

[28] B.S. Institute, BS 1881-108:1983-Testing hardened
concrete. Making and curing specimens for strength tests,
in, 1983.

[29] A. International, ASTM C496 / C496M-17, Standard
Test Method for Splitting Tensile Strength of Cylindrical
Concrete Specimen, in, West Conshohocken,, PA, 2017.

[30] A.C. Institute, ACI 318-14. Building code requirements
for structural concrete and commentary, in, ACI Structural
Journal, 2014.

[31] A.C. Institute, ACI Committee 355. Guide for design of
anchorage to concrete: Examples using ACI 318 appendix
D, in, ACI Structural Journal, 2014.

[32] 1. 527, Plastics -Determination of tensile properties -Part
1: General principles tensile test methods for plastics, in,
MTS Systems Corporation 2012.

[33] DIN, DIN EN 196-1: Methods of testing cement - Part
1: Determination of strength, in, German Institute for
Standardization, 2016.

[34] A.C. Institute, ACI 440-2R: Guide for the design and
construction of externally bonded FRP systems for
strengthening concrete structures, in, ACI Structural
Journal, 2008.

[35] H.M. Tanarslan, N. Alver, R. Jahangiri, C. Yal¢inkaya,
H. Yazici, Flexural strengthening of RC beams using
UHPFRC laminates: Bonding techniques and rebar
addition, Construction and Building Materials, 155
(2017) 45-55.

£Y.y

[14] A.S. Ezeldin, P.N. Balaguru, Normal and High Strength
Fiber Reinforced Concrete under Compression, Journal of
Materials in Civil Engineering, 4(4) (1992) 415-429.

[15] D.J. Kim, S.H. Kang, T.-H. Ahn, Mechanical
Characterization of High-Performance Steel-Fiber
Reinforced Cement Composites with Self-Healing Effect,
Materials (Basel), 7(1) (2014) 508-526.

[16] G. Martinola, A. Meda, G.A. Plizzari, Z. Rinaldi,
Strengthening and repair of RC beams with fiber reinforced
concrete, Cement and Concrete Composites, 32(9) (2010)
731-739.

[17] S. Mostosi, R. Paolo, S. Maringoni, M. Alberto, Shear
strengthening of RC beams with high performance jacket,
in: fib Symposium: Concrete engineering for excellence
and efficiency, Prague, 2011.

[18] H.M. Tanarslan, Flexural strengthening of RC beams
with prefabricated ultra high performance fibre reinforced
concrete laminates, Engineering Structures, 151 (2017)
337-348.

[19] M. Sabbaghian, A. Kheyroddin, Flexural strengthening of
RC one way slabs with high-performance fiber-reinforced
cementitious composite laminates using steel and GFRP
bar, Engineering Structures, 221 (2020) 111106.

[20] K. Daneshvar, M.J. Moradi, M. Amooie, S. Chen,
G. Mahdavi, M.A. Hariri-Ardebili, Response of low-
percentage FRC slabs under impact loading: Experimental,
numerical, and soft computing methods, Structures, 27
(2020) 975-988.

[21] M. Sabbaghian, Experimental strengthening of weak
one-way RC slabs with precast high performance fiber
reinforced cement composite laminates with GFRP bars,
Semnan University, Semnan, 2019.

[22] A. Nouri, M.H. Saghafi, A. Golafshar, Evaluation of
beam-column joints made of HPFRCC composites to
reduce transverse reinforcements, Engineering Structures,
201 (2019) 109826.

[23] M. Ali Abbaszadeh Mashhad, M.K. Sharbatdar, A.
kheyroddin, Performance of Two-way RC slabs Retrofitted
by Different Configurations of High Performance Fibre

Reinforced Cementitous Composite Strips, The Open



FYF B FVAY axbo Yoo JL» N O)LM OY 0y9d ;)....s)fol u‘)a..c L;.u,\...@(c :b).u_v

third-point loading), in, West Conshohocken,, PA, 2002. [36] DIN, DIN 53 455: Testing of plastics; Tensile test, in,

[38] D. Mostofinejad, Reinforced Concrete Structures, 2 ed.,
Arkan Danesh, Isfahan, 2013.

German Institute for Standardization, 1981.
[37] A. International, ASTM, C 78-02. Standard test method

for flexural strength of concrete (Using simple beam with

a2 gl Ao ol & digSy
Sabbaghian M., Kheyroddin A., Experimental investigation of shear behavior of
one-way reinforced slabs with high-performance fiber-reinforced cementitious
composite laminates, Amirkabir J. Civil Eng., 53(10) (2022) 4183-4204.
DOI: 10.22060/ceej.2020.18138.6778

IA RS



