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Abstract

This paper presents a study of the seismic behavior of reinforced concrete building structure with brick
infill wall strengthened by using steel cage and expanded metal. The case study is a standard school building
of the Ministry of Education which was not designed for earthquake resistance. The strengthening technique of
steel cage is composed of steel angle attaching at the corner of the cross section of column and beam along
the full length. The steel angle is connected with batten and it is welded to the expanded metal sheet. The
seismic evaluation of structure was investigated by using nonlinear static analysis. The RUAUMOKO Computer
Program is used for the analysis. The hysteretic behaviors for beam and column were modeled for plastic hinge
region. The brick infill wall was modeled as an equivalent strut approach. The seismic analysis of the existing
frames and the retrofit frames was conducted. The analysis results of the existing structure revealed that the
plastic hinge occurred at the columns in the ground floor and the columns with partial infill wall as well as the
beams in the second floor, where the seismic damage is relatively high. After retrofitting, the strength of the
retrofit frames was enhanced up to 1.53-3 times of the existing frames without plastic hinge formation in the

columns.
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(b) Back-view frame

Figure 1 Existing building structural model: (a) Front-view frame, (b) Back-view frame.
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Figure 2 Equivalent diagonal strut representation of an infill panel subjected to lateral loads.
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Brick masonry wall 3.65 m

Figure 3 Strengthening by steel cage and masonry infilled wall with expanded metal.
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Figure 4 Stress-strain diagram for reinforced concrete members strengthened by steel cage.
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Table 1 Target displacement for high earthquake level.

Structures Period Target Displacement
T.(s) 8, (mm) 38, (mm)
Front-view Existing Frame 0.60 50.48 151.44
Front-view Strengthening Frame 0.38 16.22 48.66
Back-view Existing Frame 0.57 33.40 100.2
Back-view Strengthening Frame 0.36 15.75 47.25

o a 2, % ° I3 o o a . o 2
55@‘Uﬂ3']l|Laﬂ%qﬂsﬂaﬂ%ua?u‘[yﬂﬁﬁaiqﬂ AMAUALTUAIAYUAINULEENNE (Damage index , DI') 193 UaIU

lassaraiatenyunaiadn (Plastic hinge) lngAINATITEAUANULAENBYDILATIATIAIYLUUTIADIANUAS LT

Waulag Park and Ang [13] Fauiaannnaiuveinudemeannsadeuiivedasadauaranudomeaza
MnuanevauesndUllindleinusasiuiulm Tnanasinsfinnsandaiinnudomevestudmlassadag g

1) sfianudene D dalaidu 0.6 Aansariduszruanudemeiioradounsls

2) dyfianuide D annn 0.6 wiliiAu 1.0 Aarsarindussduenudemefiguusafuniiazdouneld

3) fvtianadevneg D 1nndn 1.0 Aensaninduseiuniswamanevedlaseaing

3. HAN1SANWILAZNIID5A]
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Figure 5 Resulted pushover curves for front-view frame and back-view frame structures.
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Table 2 Stiffness, maximum base shear and maximum displacement for resulted pushover curves.
Structures Stiffness (kN/mm) Max. base shear (kN) Max. displacement (mm)

Front-view existing frame 11.65 600 123.17
Front-view strengthening frame 38.01 920 53.53

Back-view existing frame 14.46 1,064 58.01
Back-view strengthening frame 50.41 3,240 47.50

HANTIATILNITHANDIANT kansA1sEauANdsmevesiaswaiaiuniieasiay Tugui 6@ waseeu
ANULAENIEUDIDIAITLAY ANTEAUANNESMEBETENINN 0.25-2.42 alaTuindeis Arseduauiderigiinde
myunaraRnesas wanslugui 6(b) Aseduaudenivegszning 0.25-0.45

0.25 0.25/0.22 0.32[0.32 0.330.32 0.340.320.330.32 0.330.32 0.330.52 0.340.32 0.3 32 0.330.32 0. .32 0.33]0.26 0.27]0.22 0..’5

114 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.14

xS

l%,zo 1.82|1.66 2.4%2.27 2.48|2.27 2.48|2.27 2.48|2.27 2.48 |2 207 2.4g8| 2.27 2.48 2,27 2.48| 2,27 2.48|2.27 2.482.27 2.48|2.21 1.84[1.67 2.45
0.18 0.18 0.18 0.18 0.18 0.1 0.18 0.18 0.18 0.18 0.18

112 113 1.13 1.13 1.13 1.13 1.13 1.13] 113 113 1.14
0.17 0.2 [0.17 0.2 |o.1s 0.22|0.1s o.zz|0.1s 0.22|o.1e 0.22]0.18 0.22]0.18 o.zzlo.m 0.22[0.18 0.22)0.18 0.22f0.18 o.zzru? 0.20f.16 0.25

(a) Damage index of existing front-view frame.

0.27 0.25p.19 o.sgln.sa o.4oF:.35 0.40/0.35 0.40[0.35 0.40[0.35 0.49 0.35 0.4d0.35 0.40[0.35 0.40]0.35 0.4q0.35 0.40[0.52 0.26/0.21 0.37

(b) Damage index of strengthened front-view frame.

0.39 0.29 0.18 0.37|

0.13 0.19(0.21 0.23[0.20 0.21|0.20 0.22]0.21 0.22(0.20 0.22|0.20 0.22|0.20 0.220.20 0.22(0.21 0.21]0.20 0.23(0.20 0.18§|

(c) Damage index of existing back-view frame.

o T T e T e

0.40 0.26/0.37 0.240.400,45[0.40 0,45(0.40 0,450.40 0,45/0.40 0.45|0.40 0.45| 0.40 0.45{0.40 0.45(0.40 0.45(0.40 0.46/0.40 0.430.37 0.44
(d) Damage index of strengthened back-view frame.

Figure 6 Plastic hinge distribution (Damage index) of the frames: (a) existing front-view frame, (b) strengthened
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front-view frame, (c) existing back-view frame and (d) strengthened back-view frame.
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