eyl = (ole A
et Oy (i
VY Jlo oF ol FF 0,93
AT BV Sl

b W T b (i g — i (21 OYLaT slo ) o (5 Hlua
FRCM ¢ HPFRCC gdlao 31 00l

Y ..

JM.CJ’?“"M ‘\66'“ \.3.‘9.1

Ol elas o oDhal 15T ol K235 Ol il g 03l pos owiligs 03,5 cosles Lyl wlid IS =)

Ol eOlamse ool 51T o851 (tlias A1y (Ol joe oodiga 055 SLslesl =Y
Email: Mh.saghafi@semnaniau.ac.ir

DETYNYAAT 00 b V£ Y/ VY 0] bl s

Sy 51 a5 esle s 5 S8 g5l Qs 8 VLl o3y slos ) Old e cule, (.\PQL&A.:ASQM\ ol 5l S aslS sbd s o)
sy (SonenS s O g 5 il (SonenS s Slenle 2558 o b ad Sl 6 e o L]
S ediseml e o Ot 5 ol SVl (gles ) (3l 5 Ll ol mls S5l cpl s LSl 20 L Jlasl
astls ,y dgly co ‘J-l’\-.ﬂ:“j cVLasl Sy (gloy ) iyl gl Ly Bl 4 Gudos ol 5 et OV Riass ol gla 2
Sl b 8 415 il anl b gl m il OIS0 cos Vo lids L O 5 ool Ll Yokl pl s ol el
Sl BB Ko xS Was s ek i) Sl @l $e K 8 ol a5l ol 05l 58 gas 55 Juld eds bl
sl w3 15 ad conl Cou il &S el gloy ) Sl A3 S sadi sl wile el (ilag wsed ol 05 slo )
L ooddnml 2 o sSoler oS das e Ol ialesl = Sl 02 FRCM 5 HPFRCC wllas b Jlasl (53l 5 Ll 4 plB1 e
35 03 e Sl faide (5,8 IS 5 Jlasl wts 05w 4 Sy Juade olralr o FRCM il oslizd 5 HPFRCC llas
S5 5 Sk SE o Sl L Sile Grimmes el ot Jsb 5l0T 5 n n (Stesn s s Ll s ol ps
Gloy ) Sl by J a8 Bsed w0 s OVL 5 WL OV C 5w oKl 5 ol (ol 5 sl @gad gl ol Slgins

RESU e P W P SV U PR W T

Sty Jraie plralr w3l SV O gt 5 dlail (gl xSl (Vlal gl (Sl O 39

4


mailto:Mh.saghafi@semnaniau.ac.ir

&wwwujgd\liﬁ

e b Ot = 8 ol SVl gl I (ol

SVl 5 e Caaglie Rl A8l glacyse lls
e sl e GRIBIL S S b Sl s Al s 655
S s il pe s ol @ sl slag s Rl &
23 Cgapdee bl sty pn s V8 el Ole
R I L O U IS COP TN N E [ o
5 b oVlall b ey w0 oV S e Ko
035 5 $lp oy Gl gbas S 5 2y Sha 5L«
S SLESTS 4 e a5 oV By o glab
s [20, 24-26, 32-38] ol of jon (5 ik IS L
Ol 5 YL caglin O3 S dile sLlse JJs 4 FRP
Rl Sope w i b et SusB Gl eslind
350 o oVl gleg 3 BU 6,801 5 sl el
s nl ) eslinal [39-64] Wlas § 5l 5wy eslid
aslie Bl e sn VLl Gl o) ol o
Lo Sl odd 6y JS3 5 (6551 SVl (e
Sy Joaie oo 035 553 UGl plas 51 esliza
38 es (25 3 eslinal ST s s e slml O Sl 53
Al ceslis 5 G5 St sbul aieg s b
Jed 5 ISas sl sl )ls FRP e Loyl
Coglis (o s (UV) e 15k gl Al oo oS Caslie
5 4t SUIELFRP 53 o5y 4 oU3 Glake 3 oS
2 Gy Al oA s Caslie ol ires
Sly [65] dibise sy cusby 5 VL gles L glakes
el St wdd S O S Sl S s
Sl Ll Jole &5 FRP 51 8020 Ol 5 it
S eslimad copl syl 5,8 S5 eslinad sy4e Klg e
il e OIS bl Sl 4l 258 Slaptanes
e« FRP St o pas ol 53 [0 2 555
Ol sy 515 sla s s 4 ot 8 ol o
Glaie 3l esliad Loyl 1y OU glaad, s 348
ol ilulr Gl O 3 S FRPlaasll | slax ol
Olge Gl ol S5 Lyl 3 S ol |y Lsw Ols5 oo L
3o FRCM) "W b o ally slse b oy

2 Fiber-Reinforced Cementitious Matrix

doAdo— |

O gt 5 Vsl (s OB asy] n gbaolaxsle s
b SVl il Ay Cod ol Sl sliS el e
53 Wyt 5 b, o s JUS) 5 SVl w0l
Jolee LSS o o3l Szl b S8 b
S ol g ndy S OAE Jols 5 b s Sl
Gl onls OLiS axslS lad s a o 55l e 35 sl
-5 OVl b s eile syl sl ig &S
s W w Bk 5l [13] el S e O
oY Laulss VAVe gladle 51 3 slaadbogsl feally g
ar g g odis sl O 0 OVl > b o gt s
Lulss Kos g 3l ol ol g pl Sl 4 WS
Sk S 5 Caglie b sl [4, 5] L glaaabi s
B e sl es) ole) e SVLal
33 o sl Jols alS s s oVlasl wus
gaosr ) el odd Ot 5 5 Sadly ol 5
2 s SVl 8 s Lslel WL e oS5 el
el 0E g onl 53 G o s st bl O
ol dlail s U s o el ks s 4
s sl asdS badily oo 1y psls s Slee 50 SV
Cule, Gl ) Glacossdon ok 4 Ll el 0L
Sl e Sl pde e e b gleasliogl Llss
sbolale gl p OVl aien axU 53 055 4 Llys
o 2xbr Y5 e 00 Wl 05 kol 5
Sy sl 5 ol 05 O 5 OVl Sy
Gt 5l K ey el Ot 5 SVl (g,
el 43,5515 0 R S

=5 VSl gl o3 (sl o sat 55 ol el Slalllas
 (FRP) GUI L ods ehs oy 5 eslizal Juls g 052
[6-16] SUI slasw slacy 58 5 o slaoldl 5l eslanad
slodl= 5 [8,9, 13, 17-31] (¢oV s slaolal 51 eslazal

L§>yjﬁ B Lf':" L;LMLJ\ )( sslazul _LJ:L' s Cj&.& 9 alsee

1 Fiber Reinforced Polymer



\i~Y’ JL.«:/V D)Lo.jl/Yi 092

oot Ol e wdige Ak — ele Ao

bl s 53 (2 Sl eSS 5 50 h 5 S5 05 2
el ol s 5y et

SVl iy 6 pdy ol 5 a8 (SAd ) same x5
53 anddS gbad s cou sl Vel 4 ol o
Lol Ot 5 ol Jlal asad T S sbay el
S5 0LLE ol e Wl LT sy glas o slall
G ) 5 IS Gsas ¥ ol ond andlas gladyas o
Gyed S Jolo J 18 lad gl ool sl (g5l 5 sl
BB s Sed S5 Gamame) oy los) Sl L
Wy Sy Sl Il Ggamn 28 o2 Slos ) Sl
BB IS by el ediseenl los) Sli LU
o L ol i 4 Oy B 1 ey (slos ) Sl s
sdsn] SLah e el W3S 15 gl bl
HPFRCC llas L slos) Slipr L6 JiS &l
05U (G5lgr gt iy i o 3 5 el 0l Sl
O350 533 5 layd Lhas b b sse ¢l FRCM Ll
Sy Jrade U

(Sl o gla pove CiL, NGSUMY NS VR V-0V B OOV | R
Gilir 300 Slp G55 Sl 5 Sa,58 5 oS
sl 0l aglie ) 28 glad ad Lol

DG LT 4ol g -

Tl (Sl S S 39 omd-T-)

SL g 5, | HPFRCC pllas ¢ lies sl
Dllllas 51 odys ol G 2 Sl Dlge 4 RIS S
Lol = b go ol el ealinad [71] LSes 5 a8
(V) Jpdor 53 eslitel 3550 Jsans o 5 HPFRCC llas
Flae catle oo wlinal 5y plas ol sad &)
s ils (o 5 Ko 0l Ol By Joli HPFRCC
Ve Olpe a0 OB Lzl 5o 6oV 58 S el s 4 Olaws
Olas G35 NV 5l ze oS sl slite & Ol oz
ol 0 o3lizul 5SS L al oS

AR

sl gl s, 5 e ool 5l eslizal 5,8 e ol eslizal
(ol @, Carse n OVl gl il o
b poan Sl ol 6y IS 5 (55 Dl (e
Sty e Joe 03,5 553 Ol llas sl 51 eslin

s o bl O 5l S
LU SNVl (g5lagy im0l planil Dlalllas (5550
o plonil Dl iy das e W e sles ) Sl
ol 36 LSl (5, s 5% O 5 oVl g,
33does Sl S ool U OVl ) 5 Sl 035
ebmil Sliios 3 (iomes [13, 66-69] ol oi e
Glein slais, sk ool OVl gy, e
Sl 3 sl el a8 O K sy (5lp slis
Sl oy ol (gbaesla 53 558 VL] (glo ) ol
Sosb 313 (Ko ol Ol & S| (3l s
Sl Gy 3l OlS e 3sdme slacanl b oVlasl s &S
SO b odys ol 03 S el 5 LSS s s
el b oVl Sl s 555 eslizad Conslie p Slese
¢”J&Ju)ﬁuﬂgm~zu§%~;ﬁ Sy o sl s 4w us
Ll 5 pllze oy ol 2 055 S0l Ly JUas
L mllas ol 8l 05V (ol ot oz Sl LS
5 by o (Saesy slml 5 s JEl (S5
g ol gl ey S 51 SO ol slos ) sle S8 oxs
Tl B Slar slacaselS 51 eslizad Gaa ol
G HPFRCC il o O 55w 4 o oYLl s (HPFRCC)
Codle oS ke SU Sl slacy 5508 51 ol &
S Gl 5 S Shsicse iy Lol aasis
cislas le S5 elen w4 OF RIS GE S-S e
ol 1S S same sbwl 5 SUI Sa3 b Sl 3L
Sl i Sl 4 ol G 53 ey [70] ol s
5o s 4 sy ol SVl (Sl 5 oL
glas b dlal asbosis ol o 058 LKl
sla,b il s FRCM L gl (g5legs e s HPFRCC

3. High - Performance Fiber - Reinforced Cementitious
Composites



&ﬁwM}d@JHﬁ_ﬁ wadjlw—ﬁ'f)b-@\(u‘&‘o))d)w

adllae s eslitulsyse slacyj5alS Lt ija}.:bﬁ Sl Jgae

Uniaxial compressive test

Material Additives Micro Coarse
type f. (MPa) (‘super plasticizer) Cement silica Water  Sand aggregate
HPFRCC 55 0.0016 1 0.1 0.28 1 -
NC 30 - 1 - 045 172  1.72

Table 1. Details of materials and mixture design used in the study
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Displacement at

Max Load (kN) Average Displacement at 20% drop of peak Ductility factor
ID Max Load ~Yield point (mm) load (mm)
kN
Push (+) Pull (-) () Push (+) Pull ()  Push (+) Pull (-) Push (+) Pull (-)
NSJ 35.95 47.29 41.62 18.85 20.08 56.25 62.50 2.98 3.11
SJ 41.00 51.22 46.11 19.21 20.63 110.00 110.00 5.72 5.33
DNSJ-FRCM 47.13 60.10 53.61 15.05 17.80 110.00 110.00 6.64 6.17

Table 2. Maximum test load and deformability in positive and negative directions.
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Abstract:

The reconstruction and modernization of impaired external beam-column connections in reinforced concrete
constructions is presently a significant predicament for scholars and experts in the field. This predicament
necessitates comprehensive research in order to formulate viable solutions and methodologies for the seismic
restoration and retrofitting of these connections. Consequently, the main focus of this research lies in
proposing a solution to improve the seismic performance of impaired connections under earthquake-induced
loading. Within this specific context, it is of utmost importance to consider a comprehensive analysis of a
total of three beam-column connections that were strategically positioned externally and scaled down to half
their original size. These connections were then subjected to a series of cyclic lateral loading, which can be
characterized by its repetitive nature and a distinct feature of an increasing amplitude. The objective of this
experimental study was to evaluate the response and behavior of these connections under such loading
conditions. Additionally, in order to establish a reliable basis for comparison, two control specimens were
included in the testing program. These control specimens, which were meticulously preserved and remained
undamaged, served as benchmarks against which the subjected specimens were compared and evaluated.
One of these control samples possessed seismic details that were of a unique and distinctive nature, while the
other control specimen lacked the presence of such special seismic details. It is of utmost importance to note
that the purpose of conducting these tests was to evaluate and assess the efficacy and effectiveness of the
seismic details in their ability to withstand and resist lateral loading under cyclic conditions. Furthermore, in
addition to the aforementioned control specimens, one supplementary specimen was also included in the
testing process. This additional specimen experienced a preliminary stage during which it was exposed to
significant harm, following which it was subsequently exposed to the restoration of connections. This
process of restoration involved the application and execution of materials known as High-Performance Fiber
Reinforced Cementitious Composite (HPFRCC) and alongside the retrofitting of the specimens with Fiber
Reinforced Cementitious Matrix (FRCM) and. The results and findings that were derived from the
examination and analysis of the data obtained from these tests demonstrate and illustrate that the replacement
and substitution of deteriorated concrete with HPFRCC substances leads to the transfer of the plastic hinge
from the core of the connection, thereby establishing a flexural plastic hinge within the beam. The utilization
of this methodology does not yield any unfavorable outcomes on the underlying connections, all the while
enhancing the bond between the concrete and longitudinal reinforcement. As a result, the incorporation of
these particular materials introduces a practical and feasible approach for amplifying the capacity of load-
bearing, flexibility, energy dissipation, and stiffness of the individual components. Additionally, the average
maximum load, ductility factor and energy dissipation for the rehabilitated specimen increased by an average
of 16%, 17% and 56%, respectively, compared to the undamaged control specimen with special seismic
detailing. This particular method exhibits a significant potential for enhancing the overall structural
soundness and stability of constructions.

Keywords: Restored joints, Cyclic behavior, Beam-column connection, Damaged connections, Plastic hinge
relocation.
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