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Analysis on the Flexural Behavior of Existing Reinforced Concrete Beam-Column
Structures Infilled with U-Type Precast Wall Panel

Guk-Won Son', Sung-Young Yu”*, Cheol-Woo Lim”, Ho-Seong ju4

Abstract: This study aims at developing a new seismic resistant method by using precast concrete wall panels for existing low-rise, reinforced concrete
beam-column buildings such as school buildings. Three quasi-static hysteresis loading tests were performed on one unreinforced beam-column specimen
and two reinforced specimens with U-type precast wall panels.

Seismic resistant test of anchored and welded steel plate connections manifested an average of 2.8 times increase in the maximum loading (average
591.8 kN) in comparison to unreinforced beam-column specimen. The maximum drift ratios were also shown between 1.4% and 2.7%. An analytical
study was performed while assuming the RC column on the right side and the vertical element of the reinforced PC panel to behave in completely
composite manner and the RC column on the left side and PC panel to behave in completely non-composite manner when loading was exerted from
upper right end of RC frame of specimen to its left side. It was found with the assumptions that the overall flexural behavior in principle agreed with
the experimental result.
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Table 1 Cylinder Strength

Specimens RC' PC’ Connection’
[ [MPa] [ [MPa] fer[MPa]
PR1 20.5 - -
PRI-UA 18.2 32.3 52.1
PR1-UP 233 323 43.8

1: reinforced concrete member 2: precast concrete member
3: connection concrete
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Table 2 Loading Sequence
Level 1 2 3 4 5 6 7
Drift (%) 0.10 0.15 0.20 0.25 0.35 0.50 0.75
Displacement (mm) 2.90 435 5.80 7.25 10.15 14.50 21.75
Loading Rate (mm/s) 0.20 0.20 0.20 0.20 0.30 0.30 0.30
Period (sec) 60 90 120 150 140 200 300
Loading Frequency (Hz) 0.0167 0.0111 0.0083 0.0067 0.0071 0.0050 0.0033
Duration (sec) 180 270 360 450 420 600 900
Level 8 9 10 11 12 13 14
Drift (%) 1.00 1.40 1.75 2.20 2.75 3.50 4.50
Displacement (mm) 29.0 40.60 50.75 63.80 79.75 101.5 130.5
Loading Rate (mm/s) 0.30 0.50 0.50 0.50 0.50 1.00 1.00
Period (sec) 400 336 420 528 660 420 540
Loading Frequency (Hz) 0.0025 0.0030 0.0024 0.0019 0.0015 0.0024 0.0019
Duration (sec) 1200 1008 1260 1584 1980 1260 1620
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Table 3 Summary of Test Results

Maximum Positive =~ Maximum Positive ~ 80% of Maximum  Maximum Negative Maximum Negative  80% of Maximum
Speci- Loading Loading Positive Loading Loading Loading Negative Loading
mens  [oading [load Drift [Drift Drift [Drift Loading  [load Drift [Drift Drift [Drift
[kN] level] Ratio mm] Ratio mm] [kN] level] Ratio mm] Ratio mm]
PR1 207 9 1.4 40.3 6 173.2 216 11 2.2 -63.5 -4.4 -126.2
PRI-UA 496 7 0.6 18.3 22 63.5 -536 10 -1.7 -50.8 -2.7 -77.6
PRI-UP 734 9 1.4 40.6 1.7 49.4 -601 6 -0.7 21.7 -1.4 -40.1
Drift (mm) Drift (mm)
174 -116 58 0 58 116 174 -174 -116 -58 0 58 116 174
800 800 800 800
600 600 600 600
400 400 400 400
=200 = 200 200
® o ER 0
° b=
8-200 g -200 -200
400 -400 -400 -400
-600 -600 -600 -600
800 44 & -800 -800 L4 17 -800
-6 -4 2 0 2 4 6 -6 -4 2 0 2 4 6
Drift Ratio{%) Drift Ratio(%)
Fig. 20 Load-Drift Ratio Curve of Specimen PR1 Fig. 22 Load-Drift Ratio Curve of Specimen PR1-UP
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Fig. 21 Load-Drift Ratio Curve of Specimen PR1-UA

Hat oF 2,44 STFSIRA L A= B
TH496/18.3 =27.1 kKN/mm; 536/50.8=
10.6 kN/mm; 18.9/5.1=3.7). Fig. 213} 2] 80%7}4] #1518
Shaoll A Hd M$] vl=2.2942.70]th

5.1.3 PR1-UP A A

PR1-UP A= A&7 ol 2|5t PRI-UA A A 2t
AR AGHAEE SV A Aot 3 A A He

Fig. 229} #o] )| 734.00]t}. 47 A 2 A gk
536 KNET} 198 kN S7HE =8 BTtk J8u <

SIRFZENHI AT AR =28 M192 M52 (2015. 9)

oA Tk Ao Atz Fe H-83kar vlolth Al
ol oJ3te] FRHE =5 T2 thS Fig. 233} ) o] A2
I E A ©H L Fig, 249} 21 7= A of] 2] )] o]
7152 A EE A4k 182.7 kKN-mo| T},

33, PR1-UA2} PR1-UP 27 AgA9] g gt e
g BAAA A SRR} FHEA 7} T gHole)
2t} whebA] PR1-UA2FPR1-UP 27 23 4|2] 3 9

[e)

.

s
Fig. 259} o] %7 71835 F4 ol A 2.05mell $1X| gk
b, A P TH-2 g YA Aa AR 5 9l
PC B g2 Aol A A HEH == Hd A
oJste] 7 A7t o9l ar shtel| A= RC 7|5 Akel ol PC 3id
o] REF AA dom g s 7 HeEH ATk & 5= Tt

o] Aol AP A A 7hets(vlE sha) = e APA
ol A &}5S W= 22 Fig. 263} 220] RC 7153 PC 3 'do]
A Asshe AL AP Aol FRld &= 737k \k
sl 2ol A= 194 A Abo| Sl A58 Fgo] WAt

R o

}

of

.{':
ﬁ
o}
ok



138.2 KN-m
120.0 kN-m 216 kN

-~ T [——p
1290k [ 1 HEE s un

/

§ éé /
208.6 XN-m”/ 215.3 kN m;//7
4.5m \.
Fig. 23 Moment diagram of Specimen PR1
4
g
g || 1oHow
HD10@300
Fig. 24 Section of Existing RC Column
330
o
S
RC Beam
400 o 400
B . 9 600 600 — -
8 8 L] L B
| o 1= IR
RC Colum PC Colum 8| 558 | 442
TBm 4.258 m "7 Pc+Re
Composite Column
Fig. 25 Frame with Loading (mm)
K L
| 1
B :
cracking and ~ ™~ contact and

non-composite \ composite

11 i |

A7 AE(H & AF)she A& 1T 5 A0 Rt =2

Fig. 273} o] 7 3l5(371= oto) & e 4-F, Hl &4 7

o] shzo] 288z iAol WAYskaL F/gFEo] 1 Rl
Holl A5 2L g1 < UAATh

e A Rl 2 27he] A AdAe] - Uud PC 9d A3
A B2 9ol A 2ZeEO 2 Fig, 263} 2] 718 o, -
Zo| QJE=RC 7153 B PC 34 o] 422] 4= Fig. 25%}
o] A E =2 sl sk HZell A=RC 7153 PC HE
2 H P o= AFshke A 02 siAskith Bl 48 T

crackmg and
non-composite

contact g.nd
composite

Fig. 27 Negative Loading Behavior of Specimens

600

4-HD1S

250

HD10@150

4-HD19
]
616,

Fig. 28 Section of Precast Panel of PR1-UA

600

250

2
HD16@®150
3-HD22

47.1

Fig. 29 Section of Precast Panel of PR1-UP

10-HD19

250
—
»
iy
o
2
2D
5
o
=
x
IR
=

HD10@300

Fig. 30 Composite Section of PR1-UA

10-HD19

250
T~
=
=2
=
1]

&

'-P (=)
I
&

HD10@300
Fig. 31 Composite Section of PR1-UP

Fig. 242] RC715# PR1-UA AP A Y o Fig. 28, PR1-UP A
AL o Fig. 299] PC 3 )do]ar, A TH-2 o} Fig. 30,
Fig. 310l Z}2} A8t A=A A ol o3t Fig. 30 &8¢
H o] 3 F=E AAksld 883.8 kN-m''o] 1, Fig. 31 A TH
o] 3 A=E Al4FsE 917.1 kN-m" o]tk Al4tE & W=ge
Table 42] 1)&<l Yd3l3th

J. Korea Inst. Struct. Maint. Insp. 63



Table 4 Flexural Behavior

1) Calculated Flexural Design Strength

Specimens [KN-m] 2) Experimental Failure Moment [kN-m] 3) Ratios [2)/1]  Failure Mode

PRI 182.1 2153 1.18 Flexural Failure
Composite 883.8"" 604.1 0.68" Not Fail
PRI-UA  Wall 229.2° 186.8 0.82 Not Fail
Column 180.9' 94.0 0.52" Not Fail

Composite 917.1" 946.2 1.03" Flexural Failure
PRI-UP  Wall 235.2" 206.2 0.88 Not Fail
Column 183.4" 98.1 0.53" Not Fail

" The composit means right side RC column and PC wall panel have a composite action when push loading applies from right side.
" The left side PC wall and RC column show an individual action when push loading applies from right side.
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Fig. 32 Moment Diagram of Specimen PR1-UA
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Fig. 33 Moment Diagram of Specimen PR1-UP
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