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Abstract:

This study investigates the bond behavior of braided ropes made from recycled polyethylene terephthalate (PET) as
a potential alternative to conventional steel reinforcement in fiber-reinforced cementitious composites (FRCC).
Pull-out tests were conducted according to RILEM RC? standards on FRCC specimens containing different volume
fractions of steel fibers, using steel rebars and PET ropes with equal diameters () ¢ mm). The experimental results
revealed that the maximum pull-out force was approximately Y+ kN for steel bars and V.7 kN for PET ropes,
indicating a V°7. reduction in bond strength for PET compared to steel. However, the displacement corresponding to
the peak load was about YY,® mm for PET ropes and only *,% mm for steel bars, representing a ¢ +-fold increase in
ductility for PET.

In all experiments, PET ropes failed internally without being pulled out from the matrix, while steel bars exhibited
bond-slip failure.

The inclusion of steel fibers in the matrix significantly enhanced the bond performance, especially in terms of
energy absorption and post-peak ductility.

For instance, in specimens containing )7 steel fibers, the maximum pull-out load of the PET ropes reached V1 KN
at a displacement of 9,¥ mm, showing a clear improvement over fiberless samples.

The experimental observations were further analyzed by comparing the bond—slip responses of PET and steel
reinforcements, which demonstrated that PET exhibits a gradual softening after peak load instead of a brittle bond
loss. This characteristic suggests a more stable and energy-dissipating interfacial mechanism. In addition, the use of
recycled PET not only provides a sustainable and eco-friendly reinforcement option but also contributes to reducing
construction waste and CO: emissions. Such properties make PET ropes particularly suitable for structures
requiring high ductility and seismic resilience. The findings of this study can serve as a reference for future
modeling of PET—concrete interface behavior and for developing design guidelines for sustainable fiber-reinforced
composites.

Keywords:
Recycled PET rope; Fiber-reinforced cementitious composites (FRCC); Pull-out test; Bond behavior; Steel fiber;
Ductility; Sustainable reinforcement



alises glgil 51 ooliiul arwgs «loes sy ot j5elS (5591555
5 FRCCY S g colos ol yo [V e gd]iaul )T 5o LI
GrS o8 plan o (gl Lidel 18, ;0 1, (gadS i o5l
24z il g,0nlil S (oo Wil (Seslis 5 (Sbl syl Sl o
oobed 53 slad Moo (Faimaz JB8; ogas )0 Sledlbl sgeS
Wt 13555 5 63k 5 Sl 58590 (ul (o) SBU sl b
4 Cuaglio o6y S « glon—w o jgpalS jo SLII 5l ooli il
Al 5o Ol el 5 (it Canglin o tias Cunglin ot
VY ) ams e il 1) o (St o g Seoliys slo Ly
im) S Sl Bl il glyil 51 eslital o] ogdle
S 5Lzl 5l g eols LmalS |y o youd dtwgaiig slacaw] g
IS (0 (55 gl

S8, ) A o0 slaiaghy el slo v jo
o e s FRP sl (53l ol ae S
SrdedS—b 5 (Keyizr ((SuilSo 615,0 d9pp L L wilazzlo
Jls 59 oyl 5 5Ll anlllas ;o .aims 5,11, o5l oles
1 (AFRP) (6,0l (5 oo—ia3l slos S 5l [V ] Y VY
8, 5 0 osliiwl PVA GLJI L sa_siiasis FRCC il
Gl aiS ol ) 50 CajeelS RN ISD ) (Kwgn
oy a8l b as sls lis G (pl gl 0e—d (5,50l
i s AFRP & ,Slea iy Simgns Censlia « PVA S| x>
3 oS syl e I e LS s
PVA QLI 3l oolaissl ooyl by 048 oo Jaiie 5 dy S 4l
SLIl (SSlSe 62555 Sgety sl o(Sasizr Rl 2 odle
b 5l i sline o5 S e (51 5 5 oy ol
5,51 e ol 3 PET b syman 2Lk allas b sls FRCC
S8l gy Sy @l LYY Jw o [IY] ol 5 (oslo
5550 Gl asTaisls GLii ((on)S sles Shee 6l agaa
6511, St ogmy englie T+ + 5 o b il sela o SeilSe
sz 3|, PET laclib mhis _>]b canl ol ol ano oo
sl wlgs oo <3L 581 (gl 45 SlaigSan 1S
S ]y Ceaglie 2l g (w395 (SiFnS

b eleolo 4 5Ls (53509555 5 ple (938055, dngi b o el
0 ougdy «dlide layly ply jo SYL Caaglie § i o,Sles
3 eolail o Swliss sla b b al3l s asile wyads (6,135 ,L Loyl
Hel, SGplgeds jlugcle Cais ;0 b iy (0 jeelS Olge
sleskaial (las cnl yo ol 48,5 13 amgi 990 50
S92 Jodo 4 (FRCC) GUIIL ooy s slogas (slog j5.lS
ol (50,555 5 S g @ S=d Gl o Sl )L,
[\'5\].4.314;;5[.{ 3T)

Ot $Nwgy (o 2 ity (253 e S I (S
1o el 5 45l ot o il 5 0035 g5 illne
sloolb 5l eolawlbiwly ol jo [Y]o,ls ojlw S5 5,8kee ;o
olseany (PET) VL5 (L3l by asle (8L s eely
Oszed 2blie Jdo 4 (s (s¥8 las Sl sl (ol
o S50 8Lk CebB 5 (59,55l 50 Ceglie (o5 (9
5 SIS g )18, Gds co bt (Jepll ol s 518
Sl Syl o Lol fpl (Kide—uS lop ;S
[05FT b o 5t Sl asafls s

arg 990 3 slo b o (Slow—w 4l slocyjenls
STl 5 DL e g lobols wlass 5 15 slos s
cilonu o yile 4 BLIL 1404381 a5 wisls Lis mal> j90 S
S 5 i aglin 5] S ol S5t 5 ol
Do Vb plss 5 (59,555 5 S (Seydr Gl el
one (395381 Slgn plaras S 5 a2k [Flogd oo o5l
(V) yd £9 5 (Crkmg S L 3L S Jo0)
2 Caisels ole 3 ,Shes wlgioe (025 b cdblh colugn b
)l 6 ot jobo @ Seolas g u,Sv-‘l-*—“‘ GISL Ll
sl oy jeuelS o i

Sl—oy—as il b Sl
e 3 5T 55 e 33z s il 355 3 0y pni
el el B (3 5 ool 3 5l (5 )k 53 390 5L
5o oolaul 8,90 duol Alas 51 G lgieas oole ] b sl o
2 Bty et 3l (S [AgV] il pleslw caio

" Fiber reinforced cement composite (FRCC)



oy anlllas jo 0508 anlllae | Slor 2y o joalS 5 g0V
5 Ladsbo b PVA 5 o¥5 GLJI 51 IS sy en S
@ i 45 sas oo lis o] aslllas ls cal Gz slolad
Ay g ey Sl Jolds Sl Calizes glgsl o BLIL e
S, VALY - VA) 5L 5 8815 0g—i oo ol Ladiges jo0 S
Sl aiailes g oS gl boads ools idigy 0 Ko  Saicns
908 Slagiorie GueS jolateds 1) (Lot Jow g 3,5 (o) 0 )
Iano 2 b3 Khes oy Sty i3, 50,8 &) lrale -
OHlSer g aw S o wg SLJ aile 598 o g
Sloolawl b oy Tl 48,5 1,8 aalllas 0,90 [V Jo(Y YY)

slrh @loaals - 9 slagone ((SoariS g m Sl
slo ol b 55l aslas 4y g 08,5 2l 5ol Gilises lodiges
S (SS9 S99y 2 Al
1y o2 s (HDPE) (il (Ko bl slos Slas
Jowe ophad el slogot S Ldle jgan (S ezl
13 Lt s S syt 3,8hen 555 5% oglone s 53
8L5L sl Koo 4 a5 e 0,5es oz slos Ko as
SE8, oS cul ouds o, Lil axlllas ol joaiyle  (SaniS gy 0
lp ool 3o ol 8Lk (Sewdly o Koo Soeaidy a5 S
Dgh a8 5l o slugcsle o o8l slaasly
Ol g win S aalllas | wielles 398 o 5o Sk oS SU)
Lr‘:’)'? wel.odo d—o 0 YO+-\O+ B oo ).J5f..s du‘ FLERRIKY
23l sl a4 W55 S B & S (5 5Vl (50l
S oo A |y (Swgy S9up 53

5, Skos [B](Y-YE) o) 5 6L I (6,500 aalllas yo
99 4O ‘) PET FRP lJ o..\...uwa,(u s.)ﬁ.nl} O RC ‘_glsb).u LS“")"
ooliial a5 wisls HLas 5 9is,S vy S5 U 5 g SIS 2l
) b s g (b p Ced )b Wl s odezmy pled (g
IRERS W TR o ANPUAR A i VI

Srges 8, [FLUY - Y0) ), 5 55 > o0l 2 odle

LIVE]Y-YF Jw o o) Ken g 3 5051 (6 anfllas yo
5 Shen it Sy 5, 2 e sl el s ) £ dse
958 M el e Slas s slocajondlS 5 Jog] (0¥
oaly lid vgame ladl (g5l Jow g (SS9 Cd g,
Iy CujemelS b o, Sloe S L8, (60Ysd BLII 10453l o
SYCIRSRVE USSR CE SN g [P ¥ PIP-N VI C IR
V53 Sl o 5 3 b % siplpde b b g Sosiz
Ay ply yo pglie sbdoslw jo a5 wlieo Jlidl o sy 90 b
b g onl 5l edelcassds guls el Cenl il Loy
Hy 5 olge goiy waim glayial )l o0V 58 LI a5 Ll

5 SLeS by i casi e LI Sl esliul ol 5k
2 o Sl i il aidl oS sas e i b
b adaiie g5l ai el 5004 ¥he (0 0aliS Coshl zo—wie
Cowl ool SLO.))‘ /A‘ G |) c)Lw S8 6...59.:‘

ogesl 3l ealii ol L VEJUY-Ye) (il S g by % =
Iy % g 0,8 bes (s (Siwgus Canglie g0V 8 Bl soze> ao )0
Oldae e (om0 ;0 4880 ¥ s aS b slediged (o
ol=is adllas oyl ol s )5 aslllas |, wisd 3 )18 —wobliss
F) baiged dan gl (St g Cad 5l il caSl aS ol
d..\.‘]ayfo 6[&4.\9@.: ‘éi»_wj.u wsLﬁA ‘U"‘ » as)‘LC sl 03l
Oldae Jlael o Ly addllas pl jo .l a8l uliél oo )s
VY 5l G o (6 lad Caglie i3l el 03B 0 (camarbline
Uy ar (o ladiged (sied g (o2S Cunglile g 00 wuo o

S iS g 8, [IV] YV s o o) K 5 K
BLIL sod Cuets  Slow—w w1l Cujemls 5| BFRP gloals
obias oyl adllas ol 0658,5 cwyp (9226 S0 4 |y Il
JOPIR g PR 1 SO N I FOURPVCSURUR Y UUN A T SV
3,8 oSl (B33 g (S Suglie



@ g cund =Y
oolaiul 0540 lgo g LMWS| 7 4b (Adlas laxin )Y
Slge Slasiie i o2 9 FRCC clis 056 o idu (ol jo
‘Sal.o.a_u.v d.vL' w)ﬁ.uols -‘0)'{.._'>| C)Ja .)5_..4‘50 UL"' ooLa.._..u‘ 0)5.0
S [Y\]‘(Y‘ ‘?) O‘)&o"bﬁ 95[} PP (129 59 oud osld A.v_..ug.'
Lol 428 57518 oolitul )50 o Koo (S00ES g U8, (o) 2
esmase s Coluw LT g8 ails yy logs 51 Y| >
)| Oy o~ Cwloa i eolai_wl [a)f): feD g J.AA‘S\)L_M YEVY
9 S o p e, SekS VYA JB> LF S (ool p S
Aulo wnSe o oSS VY JB L e Ko < /0 )3
©6oVes BLJ g Ol ¢ oM uSe S b auly p Structuro¥ee
Olowms 4y Copd S| = )b onims S sl J3g (gbcans
s dslo sl Ve e igol S (gl /Y el o
Sl V7 g 00t 398 ln e ¥ dinsg S sl pnn Y
9 03 é)‘3 L’>->)L> é)LuO )IF u,u)ls C;‘Ol) J.._...SL> Ll 009y s_l]
iz sy sl 8 5108 solai ol 5,50 BB iolej] Slidms o
sloo )8 0wy oo oo V559 wiile (lo Kl Ll s
D9 (o (Shos
Jolss Sis mllas ol ( SLI Slews S jaelS el (6l
W3S p 93 A Sy )8 el e 9 o0k S (Lo
J> o o YeausS lg s 398 ol 0o bglsee aids ¥ slp g
90 Ve Gyl 10 g w05 ABlsl bole 4w g 00
6355 BLII dles o ools LS| aids Vo S 4y g diido
Al bolde 4d 8o F o 4y adBs o y90 VY 0 g 00l adlsl

Sladiges 53, » B! gy glor—w CujaalS (g 28 Cuoglio

Conglio gyl a5 wols (Lt g 90,8 s (e 4l 5]
A8 plp as W Job o JSbRe V7 5l 2 By (s
Cooglie Wilgs oo Prlaw Loy i o2 Swl B o il
axdllas cpl jo o ol J b £V 51 s |y g
1)l sl sblye SeiwMyse s GFRP slaales w6l
il ST ot Ul g 2Bl ol Ll (o yiogn 457 aim0 oo
il oo (ol oy g Lo S co
Jolse 51 So i Slor 5l 5 (SuoB dlas (b (Sg
el el i sloail s e 3 e i 3 s
b 4 o 5o 69V slas Rhea (St [y LB, a5 >0
5 o594 PET slaclib o))s s )5 )18 axlllas 5 )90 000
elem 50 Dol 518 925 (gogae iils FRCC sla izl
Ol pebed A5 b (6 Sl abox 5l iosle 5o Gl (Sl
Gog—b oo o PET Clib o Sl 21 oy ils pac g
b o] (SKiag b 5 S slooge ¢ty Jlamil slop 5l
e o 5l ol alls go¥gd slas Ko b bl glay s
9 (S Mo 98 es edlns duslio ) (lagh eSS
S 50 60Y58 5 Sl s PET Clib  So iS5 g, Cuglie
(Jdo fred 4y cnl ailo gy AU s Sles sloc jg00lS
@l Jelos s PET Clb (Sou a5 09,0 )58, 355 () »
ol BTy e S50 & s (2 slagiles] 5l ol
320l st 8 3 I8 L wdiie) g 03,8 S5 (gl
28,5 Slyee loogy

Aiglajl () 2 4 csale S5 ol 4 Gy 58 e
5 Y58 3,8 s PET Ll (SauiS 09 e )18, (slamlie
|y o] St 515, s so¥ss S 51 g axsls,, FRCC
Gy Gtz ) o o elwlipl g cwlools 1)8 aslllas 550 5
5 6o¥e8 0 8o sl 3Kl Glgeas PET CLL (Ll
JJs 4 PET Glb o wl s 5,18 )5 0,50 FRCC 0
S Cuaglio 5 Vb g pdpdllasil oz (—ols Slo Shs
b Sz )0 (Folitte 18, (g0¥s8 o ,So b anlie )0 el
Sl oole lid

¥ superplasticizer



Ol Sy e sl 00,8 I e Sl (gl a8
Q23 o ojl>l baojle 4y a5 casl ol (g pdy S ]33l ol
785 SenSl g |y (6 e S et (it sla b oS
VE S hé olls allas ol jo eoliiwl 8,90 PET Clib oS
¥ Jyte SIS PO+ 550 228 gl
S a5 g S e eSS VAL JBs (JElSY
olbs 5l slaiges (V) Ui o [Fliowl aoyo Ve e S
(V) IS 5o el oaosloylas @Wld 5 L3l 51 eatazsly
oo besl i SV 5 Ll Ly 5l eas axdly Glibs I (gliges

SYLS 5 Ll sleas aidl ol 3l lasges Y IS

S5l g Lasges g jlwoskel (baiges lasinl-Y

oo Sl Sl & sl 3255 ol
S g Gilejl ila— il s 0 Moo o 518
OO TE Jobd (SaiS g Snd et 00l o 5 655 e
5 Byl (SS9 Sy Il e i B 10 S
s S S opll 8e ;00 Skl ) s el

L oolib b e Lo V0o x1 8- gloccaSe ol ladigas
LYt Jolis (g 5lmoolsl aiins 55 0 40 o 138 sl o Koo
5 o515 6l oms B o (SLI Slors CujgalS (30 e
S il ax 0 Ve Lo ) o lasbs] oyl jo 039, YA (5,50 s
+ BLas o bl baiges 6,138 p0 cul (ao )0 A0 Cush,
ol ) Ojped 2oy VL

FRCC-Pullout-+, *

FRCC-Pullout-+,°
FRCC-Pullout-),

2lroiey YA G )3 g azg 2 50 yierde 10+ Slal b (oo
Sl ol s 4y JKWLIK YY

aS o0y yiondo VF Job g eidis +f Hhad ol ks g0¥es LI
atS Camglie (slyls BLII el oals ools Hlzs (V) S8 s
Joswe il g JBb e TV ol s g JBb e Y- .
5 JE—llGS VoA il i & SU gl Cod 5 S
RETRI )\

oRlS g 4y Gl Sl 2 as gaYgE SUT o934
500 Vgl pln o coaglan S5 o095 o] s,
igds (balling) e 3 JSas b Fantion ;s 4 ke Sl (o
Slade auli BLI s s olidl Ly slhe ol )8 Laa> ol
OB SRS g (Sl Ul (Rl e eanS 55308

D9d Ol

ooliol g0 50¥gh LI 5 Sno 1) S
(PET) o¥lé 5 il Ly ol Y-Y
sleptlly 5 (S (Sl sloally) ogar allyy Cupoe
03 S By —an sl 50l Sl )3 (amec—n; S5
Sleadasle Jods sl lay des 5l Sodly OY guaxe
oy il o gz gl wow (PET) o3 5 oLl L
OLSaRss b ;3 Slge (nl Dae SYsb a5 ol (Seadl
sl oazme ooliul 5 55Lwsl sl (g slo) ol o 4,
&5 54 5 <8bL da)Sal, (ol 5 (S il 00,8 ol Lo
el Sy sloojgy 4o Slae ol Saxe
PET (sl & Kbl slos oy s Ll o
s (5 sloojls o (60¥58 sloo Koo sl usulr (lgieas



oud il diged 5 (TS (g Wiged (pwiin Slasie ¥ S

e i G o 328 sl ol sl
Fagkee oV plradr £ (FeighS Vo (59,0 Sl codjl
3 iliad all s el 25 ol sl o oliol aiBs
PET wlib asle )35, &5 4 ol olge sl RILEM
o ol (6o 3lasl (gl el 0 bl FRCC
o) 8ol LVDT jgaiss 5l e S90S 0950 il T y(slip)
skl  LVDT (loass cpl jo el oal 423 )5 0 0 o oo
oulas B 6,5 S 5l eolanl b g el Jaie olids b o 5w ol
O cl oo S8 S Sols a4 o0 o S 8 4
oo eais i LVDT dasgs caisced cmd slo olaal>
el g olib b o Sl oy

als o el o 45 (F) S0 iwlay] WS oo
Jolis a5 0l plonil sadaislas digad VO (55, p (0228 sloias
(o 3V s dD N b e)lla oy mhw 2 6l ISV
loassad @l (35l = 5 glagimie Laosls (nl I og
el Caws 4 BN Galise slaas,s L FRCC

FRCC-Pullout-),®
FRCC-Pullout-Y,*

S oy Sl 30 Kbeo (FonliS (g9 5 Gl lo3T gy P-Y
olalesl caz Y laaises calw Sl ks )0
RILEM-RC™ & Juilial olasl 5 o522 51 Kk SudS g
Gk 5 dlio Sl gz 4 [YYTO AAY) sl azd 3 alovl
049y e 3l 5 Sy ol sladigel gt 125 (6l ool
b 45 6 yanly il (ys8e Utk 5 Cnsl oo oolitiasl iglo;]
sl ol 5 Sllllas (Wbl p sl 438,518 (S dges (Sls
5> 3ly bl 8 o slian g o )09) (KienS Sl (6 55 sl
S0 s eadge )Lt S (0 S B> 5 5 50 0 Shee
(1) S5 @l ladiges ol 5 Vb 53 (o592 SO 9 5l ous
slul ¢ Ig =0d s axb Jsb [YY ]l oo oolax ol
ol lp £ Y0 Job 5 V0 mmx\ mm ply 5 diged

il s ek ¥ L1, PVC alg) Jobo a5 ou

—Steel bar

75
-
-

150
T

75

—PVC whe

ot
\—Bond length



Force (kN)

40 | I I I

30

20p

10

soliil 3G Lo logas ol ol oacs &Sl (1Y 5010 &) 0B o#)
Ol 1y i b 0,8 (St Jl8, 5 (g0Vsd SLIT g S
3 gaie Sledbl lei o Lo loges 1l 5l eola —wl Lazes o
(S Sop Sl alax | walites slo el )b 3l 0
(SNmgry G5 gl o Ssg $550 Sl b blie 15
2yl Cewd & Sayiz b (555 i e g

a0 80 Sz dguge el 08 Bl ws o sl
&5 9 O A Cagll b SUl 5 w0g—boe i e Sle
Ol B i b g S Csglin o i Se eSS
S 5 oodle ozl soVgs slas Sl jo oiad o
9 R O SHe Smmgida ( SBal 5 )lwk 5 oler
ol s Lozl 550 Bo)b 5145 (i (St 5l
) Sy, 5 e S (e Jie |y 58 o] e (0
Aled o ol

~0—0- FRCC-Pullout-2.0
a FRCC-Pullout-1.0
\,\ —=—u— FRCC-Pullout-0.5 4
) -0—+ FRCC-Pullout-0.0

Slip (mm)
5l ool Cews & iy m e p 6358 SBLI ez S 5l 0 S
Foken VLB L ozl (go¥s8 0 Shoo (595 5 (S90dS (39051

el oaloslolas Oglate CanSll g4 90 (F) S o
(O S g (oo S b BT g0 sladiged - @) S5
S e b S 555 003 ) (slls slocisai - by JSb
Gl BN gy S5 S oaio ylis a5 odes CAISE 90y

Tl gecins 650518 0970 9 3,%hee (St 09 Gulesl ¥ S5
ol Y

5 SYES 5 L3Il 5l eas asl Db (SuiS e s
Sl (g5l —alojl gei 10 (55, 2 3V5h 0 Kl iz o0
5 ooct a3l VF i b o Sl gl <l 10 5 VE b 4y g
Obeobl lp <l o 6l SIS L) 8l plaxiloge, YA (o
(o3 Ve 5l eSSl o p8 15 23,155

ST O yg0ds 0l 4 fais aibly lawg (bl s
Sl sy S 5l SLedbl 5 900 S e 053 - 550
99,5k 2l plaale GSlas 5 L bl pleals
5 09— 50 et oniladly (g9, Laeial ) aSUT L Sl (g9,
s olKws Lawgd digei o slp Lialejl 4 bg pe ledlbl L
IRV P WA Y

bl 5l eaeloe sy (LS s - 5L Lo loges
FRCC (2 sloaigad sy Jlogl o¥s8 o Shoo (St g
) JS—o ;5 5o¥s8 SLJ 5 S (11 FRCC (2 5 ST 500
G| ooy aliseo pyolie o jia oo VE b b olos Sho ol



e Olgen |y @lalemg s (Govie ((Gomie (oages JSba

oS sl oo Yo beus 5w b g s &gty Jol 4l
Tl o @ O 5 S e3gamme pgd 4l ot oo 6t
G b e Slpss &jg—ods g Jol al>yo 5l g a5 02l oo
o 3w borye po 4l o ls aalsl gl (59 a2 (e,
oalS g5 ke (olraslz il Lol s af aalie S
2k e

03 d.dl.’ g_JL.Ja BFRCC U'“" O ‘_gi»_wj.u )LJ) wr
aS Cwl oud oanlie ol VF Jlad 4y VLS 5 LS| L 5l
o sl A (6,550 Job LeVlis 5 Lsl L 5leas 4l Gl
JHo 5l (SS9 slodiges 5l Sy 0 FRCC 0 L
50 Sl ool S5 o Glbs 8)lge dan g ouid gz, i
all il Bl 5 plrale AL Gl L sgzge aiged oz
Slraraz s o g 0e—o YL 5 Ll L 5l oo assle Ol
Sely gy SRl oiSe adged SB35l Sl g, g (35
Sl oals VLS 5 sl 5l eads il Ol | Kiowd

85 sV o Ko sl Nl G Gl PET CLb
4 S Jomb (S Saeglie 9 it s iyl s
G @95 Stz @ NL adsh e o g3V o She
s SYL S ,L ole s el oS slaml i Sl
olb S Cwglae o 4 laalin pl ol Jay p SuS
slo)ls Joxi jo ollgs pae g0k slo Su—iS plp o PET
el (50Y 58 5 Thio b aslin jo 5L

Plb (S iS55 palejl (LS i - L Jlogal
Sb Sl aS aes e lias (V) USC BLIE fygas o 51 (Seaedly
YY/O squz LS ,utd ;0 (YgighS #IV L ply so b Jass
Rl e st b gl bl Gl sy 1 e el e e
SoeS Vo ay S s e e Vo dga j0 g a8l
s ol Sbalasl 5 Soies cansls saumolid a5 a0

@)

®)
O3 (Slor Cajgald el sl (p ot wBS 9 S5 e (@) F SO
IS Slase ajarels Higmi sl TSy 5 5] S () L

SL G5 oo

P9 sy PET Qb (S00u5 (9,18 aslol 5o

Sy oz @ 9 Ol aeiimg s sla e Vo LY oS
Ve e B L oad ool 50 g (Jsere 50 Gln i i ]y 2>
b (S0 gy o 2000 o0 Hloid (60Yg8 BLIl oo y0 Y
az g Lo wlazdly daslol o Sl o Lo DO 350z oloauls



Load (kN)

Wl ool (S)b o dalld aiges jo Ol aSyl aas gl
Oyg—ods 25 390 0l job dn 5 K0 sledigel jo nlplh
b ) nt (ol 55 25 @l 45 0 als b SinS
Shls diges ;o a5 050 o cualie (A) S8 asa il aiS o
el 5o el S F jlade B g, so¥ed Bl as s - /0
Tsazee 5 aile o Culi (6390 i e 5 Liul38l e Loo V¥
9 Plb Sl pub 0S4 b e adsl 2alS il oo Gl H
O S Jedoay oy 1l 5 005 aae gl ol S8
Sk Hab Ch g S| (S 023 9 00, 3 )l 5,
bt aigai cnl GralesT ol 5l Gy 2 Ll (sl 0Bl
LS a5 sas Tl oo digas gy ad 54 Sl ol saias
Oz w9 o b olib b conlie (SKiwgn S JoSis oains
Job (I8 b Sl (s atloe 5 SUT ol (Saier
b IRl o 4 diged (S Oliee (S Sl

S—T—TT—T T T T T T
——— FRCC-Pullout-0.5

6 - -

4 -

2 -

ob— 1 1 101y

10 15 20 25 30 35 40 45 50 55
Displacement (mm)

0 3

@

FuS il aS o ls (S oF Gllugs jloges caslsl jo
O s 50 ol 4o 5 el Ol onilendl sloai s, oo,
oadas i as wly oo yialS i o 4 L e e B0 S0
ol Qb (S s S cnsls

@ olb 4l Collae (S Caglis | (S mls o
S 0330555 gl 5l b e RIS Ll 5
iles el A5 5l @

7 T T T T T T T 1
FRCC-Pullout-0.0 4

Load (kN)

10 15 20 25 30 35 40 45 50 55
Displacement (mm)

@)

0 5

(L))

S S g e gl el (0) 5 plrals - 5 e @)Y S
FRCC-Pullout-*»* aiges oy 5l coWls 5 oLl Ly 5l e aidl olib



Load (kN)

| I | |
¢ —— FRCC-Pullout-1.0
4 H -
2 ]
0 | | | 1
0 10 20 30 40 50

Displacement (mm)

@)

b)
SES ey Slp Al e B) 5 Glals - gy e @) A IS8
FRCC-Pullout-Y;* ages w\luyu 5 okl 5l eads sl Ll

R

®

SIS g gl p5ilSe 0) 5 alrale - 5 e @A JSa
5 oV 5 il L 5l ead 4l i
" FRCC-Pullout-+,® w0

SNBSS Ll 5 oot il i S5 e ol
olid o 1,1 (1) S ,o a5 FRCC-Pullout-) )+ a5ges 0
30 OeskS FIV il gy Slas cdls ol ;0 45 aas oo
2 ZAE Rl 05 Sl ey aBlise yle e AUV ozl
o)l..g. )| UL.M., as é?“"u’" ol i cT:L;.Ia Ja...:g.? 0l L«.?u” SS9y
Wb oo ol glaaily oo ,a5 ok
2 A5 digad (pl (S iS Gy oI5 e 4T jsbjlen
O ygmods ul.Jo ‘;)La as AR 0 QL“"“' St OJAT (b—‘\) JS_«»

el ALl jaail ¢ oy



Sl [0 oSl (595w oylime Sl ylis odalcwoas gl
Saae Lol caily oo (60Y98 0,80 5l aS ol ¥ ogas cg
PRI SCRWN N S35 PESAOIPENC N ESVE
el 5 9 ion s pdy Sl Zo SU Gz o8 o
oS A—lio bog 9ils o0¥g8 slos S ay s (5505
Slag sl 51 ol iy 55 Ll S oaelamsey Sy
J—ols ams ol e Sl g (goVgd 0 Sho b oo asl_
8l rels g g jo o yiad AT 8ed oo
& aomis - ¥
3 8e sl sladiged o (S iS0gpm Som fSlas )
hlo sloaises 13 5 (ignishS Ve sgom (2Sles jobas 0¥
U als Sy aS 09 oysishS V/F sga> PETOLL
G PETOUL  Saiix Caglan 0 (LVD 050>) slalax>de
IR PPPRPI PURSN IS
yobas PETOLL jo Sy (69,0 L bl gleals lade -Y
V5 aS sVh 58hn 5 5 ek VY 31 s Sil
e IS 55 a5 LB ali8 KL 85 o 51 e s
.l PETOLL
S Sz L8, a5 0l LS plrailr—g 1 sla gl (suy p =Y
(b adgl gHw) et i sl aw )l JSice PET UL
Wl (S8l G g Sl g S B (as d 2l
3 (Siwgy 8l g 258 L Base o g0¥58 slas Slo B
il A5 5 So jo PETL;ngL&m.\_.: Iz s yilo
1S S 5ty S S 5 20 5 e
s g S5 oduas i oauay opl ol ) Gl cdl g LI
Do o 5 o Slaki8) (o e SISl 5 Sl
V. g
Loaiges o, Sl dgutp ;o (s0¥g8 BLI a0 (g9 5| -F
Sl ses o iuli8l og vgade Mol PET L cl> )0 o394
—9x e S)lamly g Sen St GlBl cemge (s0Vg
992y | Gls iged 100 Soy 5l e 42l )3 plal
3 Ohgeigl S VF lads 4y PETOLDL S (69,0 L
Ol 331 BLIN g0y diges dy Comnd A5 By pendos AT Sl
Ao oo slid 1) CanSs (gl 5 cwglas o

Load (kN)

VY

8 I 1 I I
FRCC-Pullout-2.0

6k -

=~
|

0 1 I l L
0 10 20 30 40

50

Displacement (mm)
@)

Sl G p3ilse 0) 5 lrale - 50 e @) )+ U
o3I Pet o axdl CLb (St g
FRCC-Pullout-Y, + aiges

Ol Moot 4l Qb FaiS gy L8, aslia b
S pdyBlas] oy BLINAS oo oo las goV¥ed o Koo b YLs
A5l 6oV 98 (slao Koo 4y S (650 el 1T g ey
5l ol s b sswlcasoas Soias 55 auslio b i o2
Al opl o Sl g (goYgd O, 8be boa b aslw LSL‘”C)J@
o 4 a8 wizdly rals g diged ) b s oS 05 o Jol>

bl se 5 63V g8 0 hoo 4 s gy Sl 2eS (69,0



—
-

'Y

Construction Materials, 20, e+ YYVY.
https://doi.org/) +>) +YV/j.cscm.Y« YE. e YYVY,

. Zeng, J.-J., Sun, H.-Q., Xia, J.-R., Zhao, S., Feng, Z.,

Zhao, B. and Zhou, J.-K., Y * Y. Bond behavior between
concrete and thermoplastic GFRP bars with novel
surface features. Engineering Structures, 343, YY)\ 1),
https://doi.org/) +,) * YV/j.engstruct.Y + Yo, YV Y1)

. Makul, N., Y+ Y\, Principles of cement and concrete

composites. Springer Nature, Cham, Switzerland.

. Gencel, O., Karadag, O., Oren, O. H. and Bilir, T.,

Y+ Y)Y, Steel slag and its applications in cement and
concrete technology: A review. Construction and
Building Materials, 283, pp.Y¢-°71.

https://doi.org/) +,) + Y 1/j.conbuildmat. ¥+ ¥,  YYVAY,

. Yuan, Z. and Jia, Y., Y+ Y). Mechanical properties and

microstructure of glass fiber and polypropylene fiber
reinforced concrete: an experimental study.

Construction and Building Materials, 266, pp.)Y-Y°.
https://doi.org/Y +,) + Y 1/j.conbuildmat. Y« Y+, YV « €A

.Takasago, S., Kanakubo, T., Kobayashi, H. and Sasaki,

H., Y+ YY. Bond and cracking characteristics of PVA-
fiber-reinforced cementitious composite reinforced with
braided AFRP bars. Fibers, 11()Y), pp.) V.
https://doi.org/) +,¥Y 3+ /fib IV Y

.Ashrafian, A., Berenjian, J. and Asghari Tilaki, F.,

Y+ Y. Optimization of mixture proportions of self-
compacted fiber reinforced concrete incorporating
polypropylene using genetic and crow search
algorithms. Modares Civil Engineering Journal, 20(Y),

pp.)-'Y [In Persian].
https://Y +5) « V)L YEVAAVAY, VA9, Y Y, 00 )0

. Gholhaki, M., Pachideh, G. and Rezayfar, O., Y+)V. An

experimental study on mechanical properties of concrete
containing steel and polypropylene fibers at high
temperatures. Journal of Structural and Construction
Engineering, 4(Y), pp.) V=)V [In Persian].
https://doi.org/ +,Y Y4 19/jsce. Y+ ) V,YYVAY,) « VY

.Esmaeili, J., Sharifi, I., Andalibi, K. and Kasaei, J.,

Y+ VvV, Effect of different matrix compositions and micro
steel fibers on tensile behavior of textile reinforced
concrete. /OP Conference Series: Materials Science and
Engineering, 246, + YY),

doi:) +, ) cAANVOV ARAX/YET/) /0N Y oY)

. Akbarifar, R., Mortezaei, A. and Babaei, A., Y+ V¢,

Meso-scale study of bond behavior between ribbed steel
rebar and fiber-reinforced cementitious composite
considering rebar rib geometry. Periodica Polytechnica:

VY

el Caglio ax 51 as ol l_is aosls ol Jodow -0
Sl i il Lol el (goY g8 0 S 5 1S PET Lk

SB35 (518 9 Vb 6 A S (Kejiz) ten
45058 o plaejls (6l celio slan S 4 ) o wilg e
ool alox 5l o)ls comal 5,5 iz g 6 pdBlas! b

e Ss o Shes b slojlu s (i b W pln 50 polie
slolb jleslaulas ols (L_ii gags pl i gamme yo
6‘)‘° Gg;b-w&.a\_ua.’) tSL“)“’ » 09){{: FRCC Oy o s"aL‘)L‘
4255 S e g gn 5 o 536 (SHS Jo ity
ey 0y SR hise e Ela >k o Sl L JeSe
5 oS e 0 097 el las (g lwdigy pguad o i

g e (pgh gllas (pl (Jee 018

&bw

V. daSilva Neto, J. T., Soares Junior, P. R. R., Reis, E. D.,
Maciel, P. S. S., Gomes, P. C. C., Gouveia, A. M. C. and
Bezerra, A. C. S., Y+ Y°, Fiber-reinforced cementitious
composites: recent advances and future perspectives on
key properties for high-performance design. Discover
Civil Engineering, 2(), pp.\-Y+.
https://doi.org/Y «,) + +V/g€£¥Y4+ -4 Yo 4 V.49

Y. Ahmed, S. and Ali, M., Y+ Yo, Investigation on pullout
and shear behavior of recycled plastic rebar-concrete
connection for mortar-free housing. Journal of Building
Engineering, 114, VYY1,
https://doi.org/Y +,) + Y 1/j.jobe. Y+ YO,V Y €Y1,

Y. Overhage, V., Heins, K., Kimm, M., Ryu, G., You, Y.
J., Kim, H.-Y. and Gries, T., Y+ Y £, Investigation of pull-
out and mechanical performance of fibre reinforced
concrete with recycled carbon fibres. Materials and
Structures, 57, V¢ .
https://doi.org/) +,Y1VV/sVVoVV_ . YE_YEoV._ ¢,

¢, Jouyandeh, R. T., Hemmati, A. and Mortezaei, A.,

Y+ YY, Using woven recycled plastic fibers in reinforced
concrete beams. Construction and Building Materials,
404, 7YY1Y,

https://doi.org/) +,) + Y1/j.conbuildmat.Y « YY) YYYY,

°. Bai, Y.-L., Tang, Z.-K. and Mei, S.-J., Y+ V£,
Experimental study on shear performance of PET FRP-
strengthened RC beams without stirrups. Case Studies in



https://doi.org/10.1007/s44290-025-00209-9
https://doi.org/10.1016/j.jobe.2025.114266
https://doi.org/10.1617/s11527-024-02453-4
https://doi.org/10.1016/j.conbuildmat.2023.133262
https://doi.org/10.1016/j.cscm.2024.e03272
https://doi.org/10.1016/j.engstruct.2025.121161
https://doi.org/10.1016/j.conbuildmat.2021.122783
https://doi.org/10.1016/j.conbuildmat.2020.121048
https://doi.org/10.3390/fib11120107
https://dor.isc.ac/dor/20.1001.1.24766763.1399.20.3.11.1
https://doi.org/10.22065/jsce.2017.77392.1072
https://iopscience.iop.org/article/10.1088/1757-899X/246/1/012031/pdf
https://iopscience.iop.org/article/10.1088/1757-899X/246/1/012031/pdf

¢

YA

—
.

AR

YY

Yy

Civil Engineering, 68(¢), pp.' Yo YY1,
https://doi.org/) +,YY) Y /PPci. YAYYY

.Kamani, R., Kamali Dolatabadi, M., Asghharian Jeddi,

A. A. and Nasrollahzadeh, K., Y+ 4. Increasing the
efficiency of carbon fiber bundles in reinforcing fine
grained concrete: An experimental study of flexural
bearing capacity. Journal of Science and Technology of
Composites, 6(Y), pp.Y) +-YV A [In Persian].

VXY WA fiste, Y VAL ACTYY Y £ 6

.Hajforoush, M., Kheyroddin, A. and Rezaifar, O., Y+ Y+,

The effect of magnetic field on bond strength between
reinforcing steel bar and steel fiber reinforced concrete
by means of pull-out test. Concrete Research, 13(%),
pp-°-) 1 [In Persian].

https://doi.org/Ve, YY)V Y £/jer. Y « ¥ o, AVVY'E, VE €A,

.Wang, Y., Li, Z., Zhang, C., Wang, X., Li, J., Liang, Y.

and Chu, S., YY), Bond behavior of BFRP bars with
basalt-fiber reinforced cement-based composite
materials. Structural Concrete, 22(V), pp.) ©£-11V.
https://doi.org/) +,) + « Y/suco.Y+ Y3+ 0 £ A

.Lin, A. and Ostertag, C. P., Y+ Y. Interaction between

high performance fiber reinforced cement-based
composites and steel reinforcement. Engineering
Structures, 247, pp VY ¥-VYY.

https://doi.org/) +,) + Y V/j.engstruct. Y+ YV, VI VI VY,

.Zhou, Z. and Qiao, P., Y+ YA, Bond behavior of epoxy-

coated rebar in ultra-high performance concrete.
Construction and Building Materials, 182, pp.&+1-£)V.
https://doi.org/\ +,) + Y V/j.conbuildmat.Y « YA, « TN VY

.Khaksefidi, S., Ghalehnovi, M. and de Brito, J., Y+ Y).

Bond behaviour of high-strength steel rebars in normal
(NSC) and ultra-high performance concrete (UHPC).
Journal of Building Engineering, 33, pp.Y ¢-°V.
https://doi.org/Y +,) +Y1/j.jobe. Y+ ¥+, ) + 108X,

.Chao, S.-H., Naaman, A. E. and Parra-Montesinos, G. J.,

Y+ +7, Bond behavior of strand embedded in fiber
reinforced cementitious composites. Strain, 50(Y),
pp.oT-Y).

https://doi.org/) *, Y V)V /jYEYENY0,Y v A, v 00TV x,

.RILEM-CEB-FIP-RC?, Y4AY, Recommendation RC 1:

Bond test for reinforcement steel. Y. Pull-out test.
Georgi Publishing Company, Paris, France.

.Carvalho, E. P., Ferreira, E. G., Cunha, J. C. d.,

Rodrigues, C. S. and Maia, N. S., Y+ V. Experimental
investigation of steel-concrete bond for thin reinforcing

bars. Latin American Journal of Solids and Structures,
1)), pp.)ATY-V a0y,

https://doi.org/) +, Y09+ /VTYA_YAYe £V 1



https://doi.org/10.3311/PPci.28772
https://doi.org/10.22068/jstc.2018.85673.1441
https://doi.org/10.22068/jstc.2018.85673.1441
https://jcr.guilan.ac.ir/article_4444_4bde9c941b76eb81673912a222872b4d.pdf?lang=en
https://doi.org/10.1002/suco.201900548
https://doi.org/10.1016/j.engstruct.2021.113173
https://doi.org/10.1016/j.conbuildmat.2018.06.113
https://doi.org/10.1016/j.jobe.2020.101592
https://doi.org/10.1111/j.1475-1305.2008.00562.x
https://doi.org/10.1590/1679-78254116

