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G)(y GXZ GyZ EZ Ey EX
(MPa)  (MPa)  (MPa) (MPa)  (MPa) (MPa)
12576 12576 7147 18581 18581 240000

o, o, o, o, o, o,
(MPa)  (MPa) (MPa) (MPa) (MPa) (MPa)

80 80 80 3900 53.7 53.7

Table 1 Properties of the CFRP experimental [12]

Y] on olasin () Jsa=

Modulus of . Tensile Compressive
Elasticity Porlztsicc))n s strength strength
(Gpa) Modulus (Mpa) (Mpa)
276 0.15 4 40
Table 2 Properties of concrete [12]

Y] o Sawdl Slasdn (M5l
I - Viscosity
Dilation Eccentricity o/ T, K Parameter
31 0.1 1.16 0.67 0.001
Table 3 Properties of plasticity concrete
(VY] 5Y 5 oleaseio (£)d s
Modulus of ;:ZIS(: Diameter Steel
ini ee
(Gpa) Elasticity Mpay (mm)
200 507 12 Lpngltudlnal
reinforcement
200 382 6.5 Lateral

reinforcement

Table 4 Properties of steel [12]
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Fig. 1. Experimental model [12]


www.sid.ir

\YA-\JL«/Y QJM/VAMA)}J

oot Ol s wdige odgh— ele de

Y/\j\"ﬂc\/\dugj}lﬁc‘))_}awu_i\db_’&;»_w‘e.l_&:ww‘)j
sl a8 s oolg iy sla SIS e gl e Sl
d).)‘_;.- BE) aS ol Jl;un\ JLA\ (_Q)L»r}u.a SI=A ‘o NG

el 0l 03l el T (608l (0)

O & Jlail i (o3lgndn slags S (8) IS
I

CF
Zs

r(
=

Paﬁém 2

" Pattern 4

EESF 'V:\:_J:.l,,‘: IL“

P;ttern 5

" Pattern 6

Fig. 4. The proposed model for retrofitted beam—column joint

sl 3]l (g3lup slis slacdl=(0)d s

The along plate of joint location

28cm 23cm 18cm Case
1-3 1-2 1-1 1
2-3 2-2 2-1 2
3-3 3-2 3-1 3
4-3 4-2 4-1 4
5-3 5-2 5-1 5
6-3 6-2 6-1 6

Table 5 The cases of the proposed retrofitting
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Fig. 2. Comparing diagram of forces-displacement laboratory
samples [12] with that of analysis model of connection

I3 sas 55 sln@llal 45 5 45 o odalin Eb amlie L
5 sl aged e SISl e IS 55 sl L —
3gde (ol sl Jdn (Gl s cpoman Sl 55 JAQL&}T

o3ls 'C) ))_:3 ULAS J_ZAJL:AV u.;bst_zl} S J_}JJ odalise

;L?u“\w):)&ui.&ﬁw‘p;@&aliwlSQMl

23 S e ) S a5 L WasY s s (22
5 S Aol st ) AT Jie dile 5 e tol5 ] Joke

el 0308 BT CFRP 3,5 Jlail 3,5 Joma 3

CFRP U sascy 585 Jlas! s g 515! dke (7) S

"

Location of failure
Fig. 3. Finite Element model of reinforced connection with CFRP
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Fig. 5. Cyclic loading applied to the connection
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Fig. 6. Hysteresis graph of case (2-3) subjected to load cyclic

o0

ok S 58 2 O gt — L Ll gley 3 s Shae ob )

@l LS s Shas L5l s (V) s

Percent Energy Location
Failure |mprovementabsorbe q Force of failure Case
energy
Sudden - 41986 21043 N No sheet
Column
Flexibility  32.79 55756 25710 Beam 1-1
Flexibility  33.48 56047 26266 Beam 1-2
Flexibility  33.79 56176 26349 Beam 1-3
Flexibility  33.67 56127 25723 Beam 2-1
Flexibility  37.03 57536 26362 Beam 2-2
Flexibility — 38.86 58305 27603 Beam 2-3
Flexibility  31.29 55126 25231 Beam 3-1
Flexibility — 32.44 55610 25336 Beam 3-2
Flexibility 3289 55797 25676  o¢am 33
Column
Flexibility ~ 34.07 56294 26294 Beam 4-1
Flexibility — 38.09 57980 26780 Beam 4-2
- Near
Flexibility ~ 39.99 58754 27674 beam 4-3
Flexibility  28.16 53812 23883 Column 5-1
Suddel 2846 . 53934 24557  Ne&r g
column
. .4 Beam
Flexibility . 28.74 54055 24925 column 5-3
Sudden 31.45 55191 25068 Beam 6-1
Flexibility © 33.06 55869 26387 Beam 6-2
Flexibility  33.23 55940 26440 Beam 6-3
Table 6 Results of the performance assessment of the proposed
patterns
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Abstract:

In the design process of a moment resisting frame (MRF), the principle of weak—beam and strong—
column should been considered because of the occurrence of plastic hinge in the beams. This
mechanism is caused because the frame is capable of dissipating significant energy and remaining stable
in the inelastic region. Stability is defined as the ability of the frame to maintain its elastic level of
resistance throughout the entire inelastic range of response. Using this principle, plastic hinges can be
developed in the beams adjacent to the connections and usually very close to the column face. This
mechanism allows the cracks to be caused by the plastic hinging. The cracks can also propagate into the
connection core region, and initiate a brittle failure mechanism. Furthermore, the mechanism has not
been established in many existing MRFs - designed based on the previous codes. Hence, the methods
have been proposed and developed in order to relocate the plastic-hinges away from the column face.
Fiber Reinforced Polymer (FRP) has been used as a strengthening solution of beam—column connections
and successfully reported for retrofitting existing structures. In fact, the web—bonded FRP retrofitting
system can control the mechanism of plastic hinge and provide the strong—column weak—beam concept.
Due to many advantages, such as high strength, low weight, endurance and convenience, Carbon Fiber—
Reinforced Polimers (CFRPs) have been used in strengthening concrete structures. However, the
strength and stiffness of CFRP are severely reduced at elevated temperatures, which will affect the
strengthening effect seriously. In this study, six schemes are proposed for strengthening concrete beam—
column connections using CFRP and the seismic performance of strengthened connections is
investigated. In order to achieve this<purpose, seven downscaled RC exterior joint of a typical ordinary
MRF are chosen, and modeling this strengthened connection is implemented in a general finite element
program, ABAQUS software. In the finite element model of strengthened concrete beam-column
connection, the concrete is modeled using the damaged plastic model. The sheets of CFRP are also
considered as the elastic and orthotropic model. These schemes of strengthened concrete beam—column
connections are tested under moderately monotonic/cyclic loads. In order to verify the finite element
model of the connection, the analysis results of this model is compared with the experimental
investigation on the external beam—column connection repaired using CFRP. The results demonstrate
the verification of the finite element model. Selection of the best scheme of strengthened concrete
beam-column connection using CFRP is based on the improvement of the seismic performance of
connection such as the load—carrying capacity, the energy absorption, the initial stiffness and changing
failure mechanism of ‘connection. The nonlinear results show that the proper layout of CFRP sheets can
increase the load—carrying capacity, the energy absorption and the initial stiffness of connections.
Furthermore, the proposed schemes of strengthened concrete beam—column connection cause the failure
to relocate from the column face and locate in beam. Therefore, the best proposed scheme of
strengthened concrete beam—column connection using CFRP can be recommended and utilized in the
practical projects of concrete structures.

Keywords: beam-column connection, strengthening connection, Carbon Fiber Reinforced Polimer,
improvement of seismic performance
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