Amirkabir Journal of Civil Engineering

Amirkabir J. Civil Eng., 55(3) (2023) 141-144
DOI: 10.22060/cej.2023.21181.7641

Experimental study of shear retrofit of RC beam-column joints using external post-
tensioned bolts

E. Tavasoli®, O. Rezaifar, A. Kheyroddin

Faculty of Civil Engineering, Semnan University, Semnan, Iran.

ABSTRACT: RC beam-column joints play a crucial role in transferring gravity and lateral loads from  Review History:

beam to column. By examining damaged buildings in recent earthquakes, RC beam-column joints  Received: Mar. 03, 2022

are among the most vulnerable members of RC moment frames. Joint failure can pose a threat to the = Revised: Jan. 13, 2023
structure, ending up destroying the structure. The main type of failure of RC joints is shear failure due to  Accepted: Feb. 06, 2023

the lack of transverse reinforcement and confinement in this area. The laboratory program of the current ~ Available Online: Feb. 17, 2023
study suggests external post-tensioned bolts to retrofit RC joints. External post-tensioned bolts increase
the confinement and enlargement of the joint panel zone and subsequently eliminate the deficient shear  Keywords:
joints. Regarding the forces applied to the joint panel zone are implemented diagonally, the external
post-tensioned bolts were used in two horizontal-vertical (HV) and diagonal (Di) patterns around the Retrofitting
joint. The horizontal-vertical pattern was chosen owing to placing the resultants of the retrofit bolts
forces in the direction of the applied forces. Furthermore, the diagonal pattern was adopted due to the
placement of the retrofit bolts in the direction of the applied forces. The testing program includes four ~ Confinement
RC beam-column joint specimens with half-scale. One specimen was constructed as a standard criterion  Shear retrofit.
with all seismic requirements, and three specimens were made at the joint without implementing

transverse reinforcement. One deficient specimen was used as a control specimen, and two specimens

were subjected to cyclic loading after retrofitting by the proposed patterns. In order to investigate the

effect of the proposed method, parameters such as; the force-displacement hysteresis response, energy

absorption and damping value of the specimens were considered. The test results confirm the significant

effect of the retrofit system against seismic loading. Accordingly, the failure was exited from the joint

panel zone and transferred to the beam in retrofitted specimens. The final capacity of the retrofitted

specimens increased by nearly 50% and their energy absorption by about 200%. In addition, the damping

values and the ductility factors increased by about 100% and 32% in retrofitted specimens, respectively.

RC beam-column joint

Rehabilitation

1- Introduction performance on the joint, the use of external post-tensioned

Correct functioning of joints in RC moment frames is
necessary to maintain the structure’s stability during severe
earthquakes. In the past four decades, several researches have
been conducted to evaluate the seismic performance of beam-
column joints in RC structures designed according to the
criteria of different countries [1-4]. Moment frames designed
according to the pre-1970 codes generally lack ductile joints,
and therefore joint shear failure due to an earthquake is quite
possible; consequently, the ductility and energy dissipation
of the structure is reduced, which will lead to the collapse
of the entire structure. The lack of transverse reinforcement,
non-observance of the development length of the positive
longitudinal reinforcement of the beam due to not taking into
account cyclic load effects and the strong beam-weak column
phenomenon are among the major weaknesses of concrete
structures joints. In this research, based on the forces applied
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bolts Horizontally-Vertically (HV) and Diagonally (Di) as
methods to improve the RC beam-column joints performance
against seismic loads are introduced (Figure 1).

2- Methodology

In order to investigate the proposed method, four
RC beam-column joints were tested. One of them was
the standard specimen (St) that meets all the seismic
requirements according to ACI 318M-19 code [5], while the
rest were designed non-seismically so that all of them lacked
transverse reinforcement at the joint panel zone. One of the
weak specimens was selected as a control specimen (C) in
order to compare with the retrofitted specimens and the rest
were retrofitted. The nomenclature for the specimens are
shown in Table 2. The details of the retrofitting parts can be
seen in Figure 2.
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Fig. 1. RC beam-column joints retrofitting system a) Horizontal-vertical pattern (HV); b) Diagonal pattern (Di).

(b)
Fig. 2. Retrofitting system details a) Horizontal-vertical pattern (HV);b) Diagonal pattern (Di);
¢) Retrofitting parts detail.

3- Results and Discussion

In order to investigate the proposed method and its
effect on the seismic performance of the joints, the force-
displacement envelope curve of the specimens was compared
with each other (see Figure 3). By comparing the envelope
curves, the significant effect of the proposed method on
increasing the shear capacity and ductility of the retrofitted
specimens compared to the control specimen is determined.

In order to investigate the seismic performance of the
tested specimens, energy dissipation and equivalent hysteresis
damping ratio for each specimen were calculated and reported
in Figures. 4 and 5. The ductility factor was also investigated
as another representative parameter of the structure’s seismic
behavior. The ductility factor is obtained from the ratio of
the final displacement (3)) to the yield displacement (8y).
The ductility factor values of the specimens were reported
in Table 2.
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4- Conclusions

The results obtained from the experiments confirmed
the use of steel angles and externally post-tensioned bolts
for shear retrofit of RC beam-column joints as a completely
effective method. The key findings of this experimental
program are;

1- The maximum load capacity in the HV and Di
retrofitted specimens increased by 55% and 64% in the pull
direction and 38% and 46% in the push direction compared to
the C specimen, respectively.

2- The proposed method significantly reduced the
pinching of the hysteresis curves and increased the energy
dissipation capacity by 190% and 198% for the HV and Di
retrofitted specimens compared to the C specimen.

3- The equivalent hysteresis damping ratio value in
retrofitted specimens compared to the control specimen
shows an average increase of 97%.
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Table 2. Yielding displacement, ultimate displacement,

Table 1. Specimen’s nomenclature. and ductility factor for all specimens.

Specimen Specimen conditions and retrofit patterns Yielding Ultimate .
Specimen  displacement displacement Ductility
St Standard specimen according to ACI 318-19 code P P P factor
(mm) (mm)
C Control specimen according to pre-1970 code St 20.95 90.31 432
HV Retrofitted specimen by horizontal-vertical bolts C 20.19 71.52 3.52
. . . HV 24.52 109.32 4.46
Di Retrofitted specimen by diagonal bolts Di 23.87 116.07 486
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Fig. 5. Comparison of equivalent hysteresis damping ratio.
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Fig. 1. RC beam-column joints retrofitting system a) Horizontal-vertical pattern (HV); b) Diagonal pattern (Di).
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Fig. 3. Retrofitted specimen’s details a) Horizontal-vertical pattern (HV); b) Diagonal pattern (Di).
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Table 2. Mechanical properties of reinforcement bars.

Gl 15wk 55 Gl Selie eles cglie 2l
(%) (%) (MPa) (MPa)  oySlo
YA <\A - Yo (O
VY AR £0- A D14

ACT asbigraal (opdy gloajlome (ol 2 GialesT 3590 sloaisas
o IVFl ce 5 050 JiuS glraly ©jpe 45 Y T-TVETR
aodu s S5l el gladigal b (gl sladiges anslie cp>
LIS 6,18 b slaasse )b o sslinul by 6 8L cgz o
Gl Gl (1 aidlbioe ()BS3L 0920 oS (rni Sy 90
Ay LS5 sl (Vo )08 )L mhaw 2 0 olral>

SIS maw e o ) LSS ad e 90 VY-YVF/YR ACT
e S a4 adgl Gaa sbals [V s e slea
Al asls j13 as SVl eogaste (0 diged Lol aS 00 5 o
OBl A il glaigS @ Cuwlise an Sas b olral>
Oz & aS (g9 4 00,5 Gaze b SO ad alels oo ,a8
Al IS8 si oSl az g ool SaoS iz 45 )
B0 s &) M) o plrale a0 dises (Fad )l b
3 olekl oz @ gl (o plralr plyie 4 Z0V0 i
el w@alol jo g al Ol Syl sogase jo il )3
B g wiad QB Jgl (cond plrale 5 oo o gon oo
ey Sy Sl digad ol olg 5l e 50,8 oy sl 7
Sl 3555 aels (2al33l Glapls s 4 4 (o gl all> ]
gl V) S o iy e glaaly XY 1yl 5wl
WANAIVA SVA VA SV AR\ TNVAY SRV AYL TN NP KC P
o b P SE ah Jlesl badiged 4 oo lrasls ZA 5 4V
ACI Committee _wlul p 1, Liolej] 0,50 sladiges (5,35,
Ive] sas oo las YY-YVY/YR

FM

Sl & A gy ISk 5 15 Jleel gt 4 Bl g
P @Y gdmio e 9 slis b sl can b el
WBad ate ;50085 4 gy das g0 by a5 W8T )8 15 Caew g0
SNk Sloriio 5 Sl )3 Glow cilae das Ll b (gjloded
AT Cygo 4 &S A ate ()51 S w4  2ie S by
Sl 93 > (Bly Ll (Gludnnd Car Gz )5 0 Jos late
B AT sl jslaie a4y . olaiw] 60V 98 Gl g s I 1 ygtw
Cuond 59y 2 V98 oGy g 9 BB 03> HE gt LS
BB Slaal 4 Coglioy sy bwg 5 5as ool )13 SBgd
P G CS e 05 Ade p ogMe w0l 1) e b .S0E <ol
S Jlesl a9 351 T slosl 93 33 35 B g B8l o 9o
OB 5 3 5l xS sl Caa (Y98 axxio dae 93 5 (gt 4 (gy9ve
5 ool gt (glosl g3 50

L a5 5 o8y Sz S huy dged glas xS0
Sy oo BVD: S o aiels b igeish Vo re b b
B eyl b S S0l st 4 e b Jlosl cgz 288
297 Sy JFES Sz g b oolitl (giw el )3 (gmishS
A oolaiwl [ slel jo gy S 51 (Jlasl

Oy & 537 3l Jlos!l ol alRalesT sladiges o 551
Jlesl 5970 b Jlade g 5y (25 0 9 28, L Jlesl
o s 70 Jole) (psniakS YO« badiges (sdod oygiw 4 oo

Sl N5k g b talejl Jsbo 50 a5 05 (gt (5 970



Yoo GFAY dio NF-Y JL» &y Q)Lo.w AT 0,93 4)2..5)“0‘ LJ‘)‘"’C L;u)._\a.@(a 4.1).»&.’

Sy g by S
| Tees
WIRELVDT |
430
F"IRF LVDT2
400
LVDT 3
+
LVDT 4£ yLVDT 6
S 400 I ]
gy
|—180~|
LVDTEN-Z 7
LvoT o 'Y
VDT 10@ TINDT 11
00—
|| ’
L .
f

(AN

(&)

ol o1 53 (6,185 )b potmnnt (2 o Silowd €9 y9u0 dy (6 505151 Cilgd] (61 41,8 Jomo (W Sladiged (6,158, pinw O JSU0

Fig. 5. Loading system detail a) Schematic drawing of test setup; b) Instrumentation details.
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Fig. 9. Comparison of force—displacement envelope curves of the experimental specimens.
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Table 3. Peak test load and capacity increase in test specimens.
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Fig. 10. Energy dissipation, stiffness and equivalent hysteresis damping calculation.
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Fig. 11. Comparison of energy dissipation for experimental specimens;a) Cumulative energy dissipation; b) Energy
per cycle up to 6.0% drift.
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Fig. 12. Comparison of stiffness for experimental specimens; a) Degradation cyclic stiffness; b) Stiffness per cycle up
to 6.0% drift;
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Fig. 13. Comparison of equivalent hysteresis damping ratio up to 6.0% drift.
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Fig. 14. Characteristic points on force—displacement curve [25].
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Table 4. Yielding displacement, ultimate displacement, and ductility factor for all specimens.
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