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Abstract

The objectives of this study are twofold. The first objective is to evaluate the performance
of a reinforced concrete structure under seismic forces at the level expected for Bangkok area.
The second objective is to compare the analysis results from linear static, nonlinear static, linear
dynamic and nonlinear dynamic analyses. The analysis procedures used in this study were based
on those given in FEMA-273. A nine-story reinforced concrete frame originally not designed for
seismic forces was used as the study frame for this paper. The model of the frame was first
constructed. The analysis of linear static, nonlinear static, linear dynamic and nonlinear dynamic
were employed equivalent static forces, push-over, response spectrum and time history method,
respectively. The results indicated that the frame could be severely damaged under the level of
earthquake considered in this study. The underlying assumptions and limitations for the four
analysis methods are discussed in this paper. From result of the study, all analysis methods
indicated that beams at mid - levels of building experienced similar level of damage. However,
results for varied depending on the analysis method. Overall, the results indicate that linear
dynamic method is an effective method considering the time and effort required and its accuracy
when compared to the results from nonlinear dynamic analysis.

(Total 69 pages)
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. . Y o Y . . Ao a
aAad (Degrading Stiffness) melausandulUndumn (Cyclic Loading) Tasnaduilsednsae
-4 (%) @ 4 [ {
YuognuszaUANFeNIeYDI0IR0IMTAAAITUAIT 19N 3-1

ms1eh 3-1 naasdulszanslsvud c, [2]

T,=0.1 (Gu1N) T, > T, Gu1i)
FTAVVBIANNEINY Tasadouds | Tasedeude | Tasadeuds | Tasedeuda
Uszinndi 1 sziandi 2 Uszandi 1 | Yszanii 2
Immediate Occupancy 1.0 1.0 1.0 1.0
Life Safety Level 1.3 1.0 1.1 1.0
Collapse Prevention Level 1.5 1.0 1.2 1.0

Yy & A = v Ao A o o 2
TaesTasevoudailszani 1 vvredalasaasrsormsniusunoulusulasunilg
' A o 9 3 ~ = Yy A A
UIANIT 30 % VYBIUTUNDUNINUA 1ATIVLV52nNA 2 vinedelassaiaiuenriionn
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c, fodulszansliuuditounainms Insveslasead winnannnaveaP-A Effects
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(6-0.1)
Col+5——— (3-3)
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S, MU0 Spectra Acceleration FIYUBGAD T, (ATUMIUNNAINTTTUHIA) VOUIAAL

2138131594118 Elastic Response Spectrum
Y v Y Y Y v
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1 = 1 Y 9 d' a d? a ] a a I
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= 1 A o 9 = = A A [l

MINTENPURIUNIUIMNI I ITNANMEEIENINNgA NIoMIFUNUUMIURNIZIY
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a) Triangular Profile b) Uniform Profile ¢) Higher-mode Profile
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F=CV (3-5)

Tagn
=< d' o d‘ OBJJ d‘ a
F_A#ingoatsannsgmnyu X nwasu

= A Y 9 Y =
C,. HUEDIANYTEANTMITNTZIYUTINNATUYN llagﬁ']ulﬂfﬂ']ﬂﬁllﬂ'ﬁ‘ﬂ 3-6

W hk
C = — (3-6)

VX T o K
Zw.h.
i

i=1

=KX o a a(d'g (% ' a A 1 J
k ¥unedadulsza@nsnuuegiu T, (MUMILNIANTIIUNA) I T, lyinnna 0.5
a ~ S A 09/’ J a dd? S Y _ . . U A =
AWMk UAT 1.0 1D T A8LA 2.5 AU 1Y k Ta1 2.0 19 Linear Interpolation ¥ k 10 T, U

1 ' =3 a =
A1TEUIN 0.5 939 2.5 IUIN

V 118903 4R VININIIA U149 (Pseudo Lateral Load) MUANAIN 3-1
Y Y Y
w, manedaiminussyananualugule o
Y Y v ]
w_HINgDUINHINUTINNINHUADIFURNDIT
= = Qa: A 1 1<
h, HU8DIA NIV DT 1A Tasnividedluma
= = ogz' A A A ] I

h, ¥118DIANVGIVEIDIMIDIFUN NN TasnunudeTume

A A Jda ] Yy v d o 0’/’ a o 9 . .

Wevusaadadiieumi laudl nazaiwsariu 1l a9 10598519000 Linear Elastic

o a o a [ =S 1 v A 1 v 9
waziwansanszy Wilssiusauanudeneae lldansznanluiive 3.2
as a Jn 1A 9 . . as a J a Jy 1A
3.1.2 aﬁuimmﬂ"lummu (Nonlinear Static Procedure) a‘ﬁmﬁamiwmlsmnma"lmm

9 Al a = 1 1 . o a o A d?
1Y U¥0I59nN9N061991 “Pushover Analysis” EHINITAATIEH 1AUNSINNUUIAYDIULTIVU

o A v Y 9 N = A v 9 9 A a té’ Y
AUNTLNINITIAADUAIAIUY19VDID1IAIT HAIDIAINITIATDUAIAIUTINIZINAT U8 ]A
uHUAY 11 (Target Displacement, 8) dauaasluaunisi 3-7 Tagaz ldusurnszaienia

audnalinulaseadnlaeiivinagluuumsnszaeusamedudeidmua Tagaumsi 3-6

9
~

v Y
1Uagy Target Displacement NFundan Tae

2
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Taeh
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tanaluaisnan 3-2

v 4
M9 32 udasdulszansliuun C, [2]

$miui Fulszaniusuud c,
1 1.00
2 1.20
3 1.30
4 135
5 1.40
6 1.42
7 1.44
8 1.46
9 1.48

LA 1.50

T, WINGINAUMSUNINAINETINALTEANTHA 110991NNMTADUAUDIVDIDIATLID

a A o a . o Y 1 a

AU 112 939891A15019UNYANTTUUDY Inelastic K1 1HAIVDIMILAITUNIIAINTTTUHIA

= 9 1 a a o 9 Y @ 4

vosomsasunasany lldreamunsunislssanina aunsadiua ldananudunus
a4 A4 _ 42 o 9 a4

VYOIULTAUNOUNGIU UAZNTAADUN (Force-Displacement) NFuUnaIn lagldausunoungiu

ia Stiffness Uszinna (K) 1 60% voafdinsnveasuioung v (v) auaadlugli 3-

e

[

{ a a A v o Jdo { a ~
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MW 3-3 LAAINITATUIN Stiffness UTLANTHANWA U [2]

(3-8)
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= . a A 9 1 = ]
K, #1803 Stiffness Y5z @ninan1sdiuvednins lugiagangu
K, M09 Stiffness U5z @ninaneadiuunsoints
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1du
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=S o a Qd‘o 9 d'
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R=—"—"— (3-9)
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Stiffness A4 (Regarding Stiffness) Iagaanson laanluaizieh 3-1



20

4 l 1
c, vwedadulszansusund iownninms Insweslaseaseiinannnaves P-A
Effects e11350%11891naunsi 3-3 ua ¢, doelininndi 1.0 1ile 0 desndi 0.1 uazd 0
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M13197 3-3 LAAIAITAUANNTEHIBVDINIUITB1NNTIH U1 Deformation Controlled

Aa o axx a J d Aa 9
NUATIZH lAedTa0nd LasnamansiFudy [2]

PP N \% AIELAVANNAINIY (m)
P pat b, dy/t,' 10 LS CP
<0.0 C <3 3 6 7
<0.0 C >6 2 3 4
>0.5 C <3 2 3 4
>0.5 C >6 2 2 3
<0.0 NC <3 2 3 4
<00 NC > 1.25 2 3
>0.5 NC <3 2 3 3
>0.5 NC > 1.25 2 2
NUYIe C wmaﬁmﬁamﬁﬂmnmmgm, manaentiszesrie liesnt a3 faudhess
mmi“hiﬁﬂmﬁuﬁﬁmmﬁ”l?fﬂa'nuwﬁaquﬁmﬂﬁi{mﬂmmu NC
AN5190 34 memizﬁummzﬁﬂmﬂmmmnﬁmmﬂﬂmﬁﬂgﬂuuu Deformation
Controlled 13R3124 183535 adnd naznasmansiFudu Fudu [2]
P . v MIZAUANUTINY (m)
- masuvan | ———
Al b, /1.’ 10 LS CP
<o0.1 C <3 2 3 4
<ol C >6 2 2.4 3.2
> 0.4 C <3 1.25 2 3
> 0.4 C > 1.25 1.6 2.4
<o.1 NC <3 2 2 3
<ol NC > 2 1.6 24
> 0.4 NC <3 125 1.5 2
> 0.4 NC > 1.25 1.5 1.75

=2 A <] <3 = 1 () ' @ :JI 4 J
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M3197 3-5 LAAIAITAUANTEHIBVDIAIUILD91NNIIF8 IV Deformation

ControlledNtA312¥ 1ae5adad tazwasmans Ligaudu [2]

p—p L ATLAUANUAETY (Plastic Rotation Angle, radians)
- = ﬁa 3 ;
> MstEsuman | b d,/f.
bal 10 LS Cp
<0.0 C <3 0.010 0.02 0.025
<0.0 C >6 0.005 0.01 0.02
>0.5 C <3 0.005 0.01 0.02
> 0.5 C > 0.005 0.005 0.015
<0.0 NC <3 0.005 0.01 0.02
<0.0 NC >6 0.0015 0.005 0.01
>05 NC <3 0.005 0.01 0.01
>0.5 NC >6 0.0015 0.005 0.015

=2 A < <3 = 1 19 ' @ :JI 4 J
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a ' [ = A 2 .
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P . v ATLAVANUTENIY (Plastic Rotation Angle, radians)

| ms@suan | b d./f

Agle’ ) \/T 10 LS CP
<ol C <3 0.005 0.015 0.02
<ol C > 0.005 0.012 0.016
> 0.4 C <3 0.003 0.012 0.015
> 0.4 C >6 0.003 0.01 0.012
<01 NC <3 0.005 0.005 0.006
<ol NC > 0.005 0.004 0.005
> 0.4 NC <3 0.002 0.002 0.003
>04 NC >6 0.002 0.002 0.002
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Assumed Inflection
Points in the column

T,

JOINT FREE BODY DIAGRAM

()

Assumed Inflection
Points in the column

\/col
T,
-— Cu
u(joint)
JOINT FREE BODY DIAGRAM

(V)

MU 3-4 ugasmanausanoulugaas (n) meusn (v) nelu [6]
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Tuganemouen V=T —V (3-16)

Tugasenmelu V.=T +C —V (3-17)
A 9 ana L S 1w o w [
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NN
(m) (kN) B-10 O-LS LS-CP >CP
1 0.13 365.54 1 0 0 0
2 0.14 385.87 2 0 0 0
3 0.19 475.98 3 0 0 0
4 0.20 498.21 4 0 0 0
5 0.21 512.08 3 1 0 0
6 0.21 513.86 4 1 0 0
7 0.21 516.36 5 1 0 0
8 0.21 521.93 6 1 0 0
9 0.23 543.57 8 1 0 0
10 0.23 553.42 7 1 0 1
11 0.25 572.63 6 2 0 1
12 0.26 597.17 7 3 0 1
13 0.27 608.16 7 2 1 1
14 0.27 582.39 5 5 0 2
15 0.29 606.95 6 5 0 2
16 0.29 609.12 7 5 0 2
17 0.30 613.38 8 5 0 2
18 0.31 624.73 9 5 0 2
19 0.32 641.91 9 4 1 2
20 0.33 655.91 10 4 1 2
21 0.33 658.91 9 4 2 2
22 0.34 662.77 10 3 2 2
23 0.33 585.78 10 3 1 4
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Period Mass Shear
Mode FLOOR
Sec. % (kN)
1 0.512 71.54 Roof 11.34
2 0.176 9.840 9 35.57
3 0.095 4.390 8 54.86
4 0.065 2.437 7 69.72
5 0.048 1.525 6 86.68
6 0.046 1.388 5 110.52
7 0.039 1.341 4 127.79
8 0.038 1.257 3 140.49
9 0.037 1.125 2 147.91
10 0.036 1.031 1 148.86
10 »
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Floor | " Y b,dyJf' | m | DAMGE LEVEL
(kN-m) | (kN-m) | (kN) LS cP
1| 32071 | 23684 [12723| 306 | 136 | 395 | 395
2 | 53881 | 23684 |18166| 451 | 228 | 250 | 350
30| 55074 | 236.84 | 18387 | 456 | 232 | 248 | 348
4 | 58085 | 236.84 | 18873 | 469 | 245 | 244 | 344
s | 60274 | 23684 | 19386 | 481 | 255 | 240 | 340
6 | 55334 | 23684 | 18150 | 451 | 233 | 250 | 350
7 | 469.61 | 23684 |161.26| 400 | 199 | 267 | 367
s | 49011 | 23684 | 16600 | 412 | 207 | 263 | 3.63
90 | 49552 | 23684 |16746| 416 | 209 | 261 3.61
Roof | 25688 | 15297 | 9559 | 237 | 1.68 | 300 | 400
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FEMA 273

M P A% M p v DAMGE

Story m

A, \/f7 bwd\/? LEVEL
(kN-m) (kN) (kN) | (kN-m) LS CP
B | 41580 | 1647.41 | 305.63 | 495.00 | 0.84 | 047 5.62 1.00 | 1.15
1| 39039 |1506.62 | 270.76 | 507.00 | 0.77 | 0.43 4.98 1.00 | 1.36
2 | 38036 | 1325.16 | 203.85 | 514.00 | 0.74 | 0.38 3.75 137 | 2.15
3| 37720 | 1032.61 | 288.09 | 410.00 | 0.92 | 0.37 6.62 122 | 1.05
4 306.75 876.01 | 329.67 | 409.00 | 0.75 0.31 7.58 1.46 | 1.33
5 169.32 788.36 | 217.75 | 249.00 | 0.68 0.25 4.45 1.50 | 1.55
6 240.00 646.23 | 185.71 | 250.00 | 0.96 0.27 5.12 1.43 | 1.50
7 210.80 | 491.32 | 173.22 | 248.00 | 0.85 0.21 4.78 1.63 | 1.80
8 192.80 303.06 | 198.47 | 241.00 | 0.8 0.13 5.47 1.90 | 1.96
9 195.00 105.73 | 214.59 | 300.00 | 0.65 0.04 5.92 2.00 | 2.00
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7113190 5-8 Llﬂ'ﬂ\mﬁﬂﬁ’)mﬂw’i‘mﬂ’J‘ﬁWﬁﬁWﬂ'ﬁﬂm%ﬁlﬁu (Sap 2000)

Period Mass Shear
Mode FLOOR

Sec. % (kN)

1 0.608 71.95 Roof 13.63
2 0.201 9.924 9 34.39
3 0.114 4.088 8 53.60
4 0.077 2.373 7 70.72
5 0.056 1.525 6 85.18
6 0.052 1.472 5 96.94
7 0.045 1.466 4 105.54
8 0.043 1.104 3 110.84
9 0.040 0.95 2 113.28
10 0.039 0.76 1 148.90




Floor

1 ¥ T
0 0.05 0.1

Displacement(m)

M 5-10 naasmsidozneaudng Ingiswamans luiFadu
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FEMA 273
v \ Plastic Rotation
Floor b_d \/E DAMGE LEVEL

(kN) Sap2000 IDARC LS CP
10 8.63 0.33 0.0060 0.0049 0.01 0.02
9 19.00 0.51 0.0053 0.0052 0.01 0.02
8 29.70 0.79 0.0045 0.0052 0.01 0.02
7 39.60 1.06 0.0055 0.0055 0.01 0.02
6 42.60 1.14 0.0065 0.0062 0.01 0.02
5 42.00 1.12 0.0080 0.0078 0.01 0.02
4 43.00 1.15 0.0096 0.0092 0.01 0.02
3 42.00 1.12 0.0120 0.0102 0.01 0.02
2 40.00 1.07 0.0127 0.0095 0.01 0.02
1 17.00 0.45 0.0080 0.0061 0.01 0.02
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FEMA 273
A\ P Vv p Plastic Rotation
Story - - DAMGE LEVEL
bwd«/fc bwd«/fc
(kN) (kN) Sap2000 | IDARC LS LS
9 33.90 104.00 0.84 0.04 4.5E-08 | 3.9E-08 0.0050 | 0.0100
8 61.70 | 257.20 1.53 0.11 2.8E-08 | 2.4E-08 0.0048 | 0.0098
7 73.80 | 408.30 1.83 0.17 3.5E-08 | 3.1E-08 0.0038 | 0.0088
6 94.10 | 558.30 2.34 0.24 3.2E-08 | 2.9E-08 0.0027 | 0.0077
5 108.80 | 716.10 2.25 0.25 2.7E-08 | 2.5E-08 0.0024 | 0.0074
4 116.70 | 879.40 2.41 0.31 2.3E-08 | 1.9E-08 0.0015 | 0.0065
3 114.40 | 1042.00 2.37 0.37 2.0E-08 | 1.7E-08 0.0005 | 0.0055
2 141.70 | 1201.00 1.95 0.28 7.8E-09 | 7.5E-09 0.0019 | 0.0069
1 126.20 | 1366.00 1.74 0.32 7.6E-09 | 7.2E-09 0.0013 | 0.0063
0 125.50 | 1522.00 1.73 0.36 4.5E-09 | 3.9E-09 0.0007 | 0.0057
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