Vo0 2l

BO-FO « idgiy dlio (1Fee oylinno)) F oylods D) ol s ) brammo g 3] yos  swkitpo 4y i

R

Cojopols sy (559L8 b s gl (i 5 i (2 bojT (5 5Lwpglio

HPFRCC wwilys gebino S Sloww

T plonl (sageies 1ty 8 LIS e

Ol oBails oyl yas  cwadige 0aSiils olwl

Ol olBails oyl yas  cwaige 0aSiils 4;>'5.o'lui.3|o g 0jlw Al UAL;;L)UV

QUMY 36T 85 QAUATY 2ol QYN 2cdl jo)

oS>

"

3,Slas LHPFRCC sailys prhane BLIN Slos <o j50alS mllias i oolain] ol g1l g (>lhb ;0 99290 slocans ¢ coyad slaojlu 05>

s ool b 0abiinsi glos i o5 iy Slojlo 0 Slat 1 llan cal o3l lie cal 5o ol o @Bly 42530 90 wsilupslio iz 5o VL
5 5 cllas £55 55 b s ndy SLILHPFRCC S5k Y S5 L oads (ilupglio 1o Jlez 5 a2 d S0 00 S (quy p al8ilej] &0
bdiges (6 pdu IS ,0 HPFRCC b (5 5lupslio 3G a8 ols ol @l e85 13 als jies slabdsles Giolesl cou (glite glyz ogus
3900,V 5 FF ol (silaplie 5| o8 (cied bl 5 50y ISE (upd o Gl S g 0g L e S b o 8 3 5l e
S5 Wiged (i 58 (55 i olime el F3ggte 0aBgsE (sladiges (e e~ Jloged 5 LI (35 Jy 5l B (Sishess s
hlos sl Jge,8 5l oaslawsay polie 5l G o ,0 VY g0 b alBaslesl ulis 5 cdly jiulidl ao po diged 4y Cond 2o )0 40 U wllas ol b

O

HPFRCC (5 5y JS o citias b, allinlej] o)y g 5lupglie :ojlgunds

Silwpolan (Jas sla)l5" )0 oolaul bl g adl dxwgs o4
BEilojT 5 6,k Slalllas 4 5L by 5l (B0 50 5 0392
Jdoay 'FRP e (B sl pady 5l oolasiul Lol (5 iy
6|)>| g‘;$)5.’.> ).a‘].: L wgl.a.n Oy Q)ﬁ“—i‘""‘ All; ’9‘50
el Casis sl o5 (39 Jdoar ol Jaig Jo dadd g ooles
Bai) el oo solaul by Jls 5 by aule ooy slaglel
Olyeds o mhae (0 lo 5 0 FRP slacy joals (Y - ¥
oaiS sl slaaY (ls—e 4 o8 5 5ile)l sl 0Nl
oddbdrns slaale) NSM b 359 &yt (ohuod 5 (b
O ,Slos g (slyr g 43,5 513 oolatuls,ge (phaw 4 Syo3
9 w)f )l).9 obu.:.»:‘b)yo ‘5.?:.» wsl.‘bo UA..:‘JBl B ).u uLoJ‘
3 nSslr sl 60)ls0 10 5 Sl 00g: el unibso wi jlon
Sgi 0 oslaiwl JolS" 40,8z 50 IFRP slaas¥ Sablos

Y+ +# Liu)

Slog s Cov pgasa i slacl gl oo o ST

2. Near Surface Mounted
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1. Fiber Reinforced Polymer
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5. High Performanced Concrete
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3. Fibered Reinforced Concrete
4. High Performanced Fiber Reinforced Cementitious
Composite
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1. Introduction

The old existing structures and design and construction deficiency are the main to concentrated on using
high-performance fiber composite HPFRCC for strengthening, Nowadays. Because of increasing demands in the
construction industry, it is required to use new materials of high quality in this regard. Therefore based on
necessities in our country for having high-performance composite materials such as HPFRCC, these materials
are spreadly used as strengthening materials. The main research issues in this regard are composite
ingredients and design mixes, stress-strain curves, and material behavior. Even though some structural
applications are conducted on HPFRCC material (Alwan, 1994; Naaman, 2005), it is required to perform new
experimental and analytical researches on material mixes with different fibers, and percentages and flexural
behavior of reinforced concrete specimens strengthened with this material and their durable performance
(Hemmati, 2016; Ehsani, 2019). The effect of structural performance and different arrangements of new
material layers of this advanced material on five strengthened reinforced concrete beams was experimentally
investigated in this paper, and their results were compared to each others.

2. Experimental study

The beams consisted of one Reference un-strengthened RC beam, and four others strengthened with PP
fiber HPFRCC layers with two different materials and two different methods installed in-cast on the bottom
face of the RC beam. Two different concrete mixes with 0.5 and 0.6 water to cement ratios were used for
retrofitting deficient beams. Propylene fibers PP with 1 percentage volume ratio were added to the mix. The
total length, width, and height of beams were 2100, 200, and 250 millimeter with two 8 mm bars at the top and
three 10 mm bars at the bottom with a reinforcement ratio of 0.007, which was almost 31.5% of the maximum
reinforcement ratio. Therefore flexural failure rather than brittle failure was expected in all beams. The total
stirrup used at the end of beams close to supports was higher than the minimum stirrup required based on
design code in order to provide flexural dominated failure rather than shear dominated failure. All five
specimens were loaded with four point load system under pure bending at the same method in order to
investigate flexural capacity. Load cell, LVDT were applied to measure applied load and increasing deflections,
and also different strain gauges were instrumented on steel bars to measure strains during applied load and
show the yielding point of steel bars. The details of steel bar reinforcement and also general set-up view of
experimental tests were shown in Fig. 1.
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Fig. 1. Test details: a) Steel bar arrangement, b) The general test set-up view

3. Results and discussion

Different qualities and quantities results were obtained in this research. The results indicated that HPFRCC
layers had a higher effect on ductility than that of flexural capacity and ductility and energy absorption, and
other parameters. The maximum increase of yielding and ultimate load capacity of specimens were up to 17
and 31%, respectively, happened at RCHS II specimen with initial grooves and formwork. The cracking load at
that specimen was increased up to two times. The maximum increase of ductility of specimens was up to 64 %
at the same specimen RCHS II., and also the hardening of this material was observed at the load-displacement
curves of strengthened specimens. The maximum experimental to theoretical moment capacity of specimens
was 1.14. The increasing ductility of specimens with grooves was more than that of the un-grooved specimen.
The test load-displacement curves of some beams are shown in Fig. 2 and all test results are given in Table 1.

Table 1. Test Results

Beam PC" PV Pu Pcr PV Pu
(kN)  (kN) (kN)  PR.(RC) R(RC) P,(RC)
RC 15 49 70 1.00 1.00 1.00
RCH I 23 55.3 71.33 1.53 1.13 1.02
RCH I 27 57.5 80.7 1.80 1.17 1.15
RCHS II 31 56 91.3 2.07 1.14 1.30
RCHS I 28 48.8 81 1.87 1.00 1.16
8 = s 7 RCHS Il
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Fig. 2. Load-displacement curves of tested beams

4., Conclusions

The effect of structural performance and different arrangements of new material layers of this advanced
material on five strengthened reinforced concrete beams was experimentally investigated in this paper and
their results were compared to each others. The test results showed that this proposed method could be used
and applicable for strengthening the deficient or damaged reinforced concrete beams.
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