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2 Fiber-Reinforced Cementitious Matrix

b O = 5 ool Sl e (sl

doAdo—

O gt 5 Wl (e OB asy] n gbaolaxsle s
b SVl sl Ay Co ol Sl eliS ad e
53 Wyt 5 b, o bas s JUS) 5 oVlas! wes Ol
Jolte IS5 o o3l Szl b S8 Jsb
Sl g ndy S80S Jol 5 b s Sl
Gl onls OLiS axslS lad s a o 55l e 35 sl
— 5 OVl 4l s sl sl sl i oS
s W ow gk 5l [13] el S e O
oY Laulss VAVe gladle 51 3 slaadbosl feally g
ar g g odis sl O 0 OVl > b o gt s
Lulss Kos ggw 3l ol ol g ol Sl 4 WS
Sk S 5 Caglie b sl [4, 5] L glaaab s
B e sl es) ole) e SVLal
33 o sl Jol alS s s cVlasl was
goos ) el odd D5t 5 5 Sadly ol 5
2 s NVl 8 s Lslel WL e oS5 el
el 0E s opl 53 G o s st bl O
ol il s U s o el iS4«
sl asdS gbadsly oo 1y pslks s Slee 50 SV
oles Glp 2l slacussdee sk 4 Ll el OLL
Sl e Slal pde e e b gleasliogl Llss
sbolale gl p OVl aien axU 53 055 4 Llys
o 2xber S5 e 00 Wl 05 el 5
Sy sl 5 ol 05 O 5 OVl Sy
Gt 5l K els el Ot 5 VLl (g,
el 43,5515 0 R S

=5 VLl gl o3 (il o st 55 ol el Slalllas
 (FRP) GUI L ods ehs oy 5 eslizal Juls 2 052
[6-16] SUI slasw o585 o slaoldl 5l eslanad
slaodl= 5 [8, 9,13, 17-31] (¢oV s slaolal 51 eslazal

6)&)& B Lf':" L;LMLJ\ )( salazul _LJ:L' s Cj&.& 9 alsee

1 Fiber Reinforced Polymer
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3. High - Performance Fiber - Reinforced Cementitious
Composites
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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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Fig. 3. Dimensions and reinforcement details of control specimens (dimensions in millimeters): a) Control specimen with special
seismic details; b) Control specimen without special seismic details
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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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