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ABSTRACT

Keywords: Taipei 101, Megastructural design, High performance steel,
High performance concrete, Tuned mass damper

The Taipei 101 project is a joint development by the government and
the private sectors.

The construction of the base structure of the Taipei 101 project was
completed in October of 2003 and then potentially became the world’s
tallest building. The research program is intended to keep a record of all
the features of the structural design and to be used as a reference for the
design of the future tall buildings.

The key architectural and structural design information and structural
design related issues and their solutions were collected. The results from
numerical analyses as well as code conformance, and the comments by
the structural review committee are also included in the report.

The innovations implemented in the design and conclusions by the
design team are also stated.
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(1)

(2)

(3)

(4)
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29F| 2¥A2-26 | 2028142 | 228142 0.00| 2,059.15| 2,047.47 -11.68 5.81 246.12 0.00 2 SR
30F| 2$A2-27| 2351.25| 235125 000] 212262] 211032 -12.30 5.81 246.12 0.00 2 R
31F| 5A2-27| 242210 | 242210 0.00] 2,187.03] 2,174.08 -12.95 5.81 246.12 0.00 2 R
32F| 2¥A2-28 | 2.494.07 | 2494.07 000 225248] 224214 -10.34 5.81 246.12 0.00 2 R
33F| 2£A2-28 | 2,566.96 | 2,566.96 0.00] 2219.08] 222785 8.77 8231 287.70 0.00 2 SR
34F| 3EA2-29 | 1,642.60 | 1,643.73 1.13 749.10 0.00 -749.10 988.12 0.00 725.58 0
35F| 3EA2-29 | 214473 | 2,144.73 000 194096 192454 -16.42 572 240.36 0.00 1 )
36F| #£A2-30 | 1,056.30 | 1,899.05 842.75 948.05 |  1,703.39 755.34 5.76 271.65 313.47 3 ¢
37F| 3EA2-30 | 228142 | 228142 0.00 | 2,068.06| 2,047.46 -20.60 5.81 257.91 0.00 2
38F| FfA2-31| 235125 | 235125 0.00 | 2,081.20 | 2,110.31 29.11 5.81 257.91 0.00 2
39F| FfA2-31| 242210 | 2422.10 0.00 | 2,145.61 | 2,114.40 3121 65.49 257.91 0.00 2
40F| 2¥A2-32 | 249407 |  2494.07 0.00| 2,25339| 2,179.17 74.22 65.49 257.91 0.00 2
41F| zEA2-32 793.94 | 256696 | 1,773.02 699.12 | 2,304.45 1,605.33 5.81 257.91 0.00 2
42F| 5¥A2-33 | 236931 | 2.369.31 0.00 749.10 0.00 -749.10 | 1,703.35 0.00 0.00 0
43F| 3(A2-33 | 214473 | 2,103.81 4092 | 1,93580| 1,866.95 -68.85 5.78 259.55 40.92 2
44F | 3FA2-34 | 221261  2,171.60 4101 | 1,997.51| 1,948.66 -48.85 5.78 259.55 40.92 2
45F| FEA2-34 | 228142 | 224041 -41.01 | 2,060.05 | 2,010.59 -49.46 5.78 259.55 40.92 2
46F | 3£A2-35 | 235125 | 231043 40.82] 2,123.53| 207361 -49.92 5.78 259.55 40.92 2
47F| 5¥A2-35| 242210 | 2.381.28 40.82] 2,187.94| 2,137.37 -50.57 578 259.55 40.92 2
48F| FEA2-36 | 249407 | 245315 40.92] 225339 2,202.06 5133 578 259.55 40.92 2
49F | 2£A2-36 34819 | 2,526.04| 2,177.85 0.00| 2.267.66| 2,267.66 578 259.55 40.92 2
SOF | 3¥A2-37 |  1,600.21 | 1,565.59 -34.62 618.92 0.00 -618.92 833.93 0.00 803.72 0 b, Rt
] 276,733.91 | 281,013.44 | 4,279.53 | 152,721.72 | 151,607.76 | -1,113.96 | 18,949.73 | 17,857.72| 23,300.14 90
R 50%
EREEHCE 15136.77m°/30277m’* 100%=49.99%
PRSI 30277m’*50%=15138.5m"
B E 15136.77m° F£A2-6
B 30277m’-15136.77m’=15140.23m"
AR 630%+(26282.24+10846.36)/30277*100%=752.63%
ES S 30,277m°*630%=190,745. 1m”
& | BRI SRR 12,576 4807
B B e PR AT | 12,576,480 630% 7 1/3=26,410.61
f’j EE A R T 190,745.1m™+26,410.61m2 +(10,846.36-126.68)m*=227,875.39m”
2
AR TR AR A 24,826.46m1-227,875.39m” (1 2R BT * 10%=2,038.92m’ (G A Z5H)
AR ETRE  1225,829.76m’+2,038.92m’=227,868.68m’<227,875.39m’ (OK)
227,868.68m7/30,277m*¥100%=752.61%<752.63%(OK)
24,221.11m*>15,136.77m” (OK)
B 1 H=60M=26,700,000 7T
26,700,00075+373,990.17m**15,2007/m’=570,9982,584 T,
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= G [ < @l b0 BT A TORR R

il H R(272)

e [odiiPaNA {575 Tl A224E97, A CEASRE i)
H TS TIFEE30M
i
o
PN MR AR 7T . . e _ .
JaEsl| EHEE P o s prom : BTN | POMERTRT | PkEmAT | P Mo
SIF | 3EA2-37 | 2,144.73 |  2,103.81 -40.92 | 1,900.60 | 1,866.95 -33.65 5.78 259.55 40.92 2
52F | FFA2-38 2,212.61 2,171.60 -41.01 1,962.30 1,948.66 -13.64 5.78 259.55 40.92 2
53F | FfA2-38 | 228142 | 224041 -41.01 | 205997 | 2,010.59 -49.38 5.78 237.00 40.92 2
S4F | 3¥A2-39 | 235125 | 231043 4082 | 2,12345| 2,073.61 -49.84 5.78 244.00 40.92 2
S5F | 3fA2-39 | 242210 | 2,381.28 -40.82 | 2,187.86 | 2,137.37 -50.49 5.78 251.07 40.92 2
S6F | 3fA2-40 | 249407 | 2453.15 -40.92 | 225331 | 2202.06 -51.25 5.78 24534 40.92 2
S7F | #£A2-40 309.45| 2,566.96 | 2,257.51 0.00| 230448 | 2304.48 5.78 268.41 0.00 2
S8F | FfA2-41 | 1,692.51| 1,693.98 1.47 779.54 0.00 779.54 | 1,038.94 0.00 675.33 0
SOF | #fA2-41 | 2,14473] 214473 000 1,939.78] 192448 -15.30 5.78 235.27 0.00 1
60F | 7EA2-42 | 1,060.86 ] 1,911.10 850.24 92750 | 1,702.79 775.29 47.95 259.52 301.41 3
61F | 7FA2-42 | 228142 2,281.33 -0.09 | 203091 | 2,00525 -25.66 47.95 258.09 0.00 2
62F | BEA2-43 | 2351.25| 235135 0.10 | 207436 | 211044 36.08 5.78 248.30 0.00 2
63F | PEA2443 | 242210 | 2,422.20 0.10 | 2,19436 | 2,117.28 -77.08 62.70 257.05 0.00 2
64F | PEA2-44 | 249407 | 2,494.07 0.00 | 225335 | 2,181.96 -71.39 62.70 262.15 0.00 2
65F | 7£A2-44 31190 | 2,566.96 | 2,255.06 0.00| 230448 | 230448 5.78 257.05 0.00 2
66F | 2EA2-45 | 1,587.57| 1,684.79 97.22 749.10 0.00 -749.10 | 1,086.25 0.00 684.52 0
67F | 3fA2-45 | 214473 | 2,110.15 -34.58 | 193574 | 1,893.38 -42.36 5.78 233.23 34.58 2
68F | BEA2446 | 221261 | 2,177.94 -34.67 | 1,99735| 1,954.39 -42.96 5.78 233.23 34.58 2
69F | BEA2-46 | 228142 2,246.75 23467 | 2,059.90 | 2,01631 -43.59 5.78 255.98 34.58 2
T0F | 3¥A2-47 | 2351.25| 231677 23448 | 212338 | 2,079.31 -44.07 5.78 255.98 34.58 2
TIF | §¥A2-47 | 2.422.10 |  2,410.07 21203 | 2,187.89 | 2.163.28 -24.61 5.78 255.28 12.13 2
T2F | FfA2-48 | 2,494.07 | 2,481.94 21213 | 225325 | 2,227.97 -25.28 5.78 277.86 12.13 2
73F | #fA2-48 32643 | 2,554.83 | 2,228.40 0.00| 2,29357] 229357 5.78 277.86 12.13 2
TAF | FfA2-49 | 1,753.94 | 1,784.07 30.13 682.93 0.00 -682.93 | 1,138.80 0.00 585.24 0
TSF | FfA2-49 | 2,144.73 |  2,132.60 -1213 | 190123 |  1,871.11 -30.12 48.23 254.07 12.13 2
T6F | F£A2-50 | 221261 | 2,200.48 S12.13 | 1,960.31| 1,932.20 28.11 48.23 254.07 12.13 2
T7F | FfA2-50 | 228142 |  2,269.29 21213 | 2,059.88 | 2,036.56 2332 5.80 255.34 12.13 2
T8F | BEA2-51 | 235125 2,339.12 S1213 | 2,12339 | 2,09941 -23.98 5.80 255.34 12.13 2
T9F | FfA2-51 | 242210 | 2,409.97 -12.13 | 2,187.78 | 2,163.17 -24.61 5.80 255.34 12.13 2
80F | 5¥A2-52 | 2,494.07 | 2481.94 21213 | 227856 |  2.227.95 -50.61 5.80 255.34 12.13 2
81F | 7£A2-52 279.17] 251256 | 2,233.39 0.00 | 2,25550| 2255.50 5.80 255.90 54.40 2
82F | FfA2-53 |  1,444.67| 148598 41.31 298.93 0.00 -298.93 759.99 0.00 883.33 0
83F | FfA2-53 | 2,144.73 | 2,132.60 -12.13 | 193626 | 1,913.54 2272 5.80 255.34 12.13 2 R
84F | FfA2-54 | 221261 | 2,200.48 -12.13 | 147346 | 1,974.63 501.17 5.80 255.34 12.13 2 RS
85F | F¥A2-54 2,281.42 2,178.81 -102.61 2,065.91 1,960.93 -104.98 0.00 240.02 102.61 2 Rl L R GEAT, BT,
86F | FfA2-55 | 2,332.89 | 2,351.25 18.36 | 2,107.41 | 2,073.67 -33.74 42.46 330.35 0.00 2 ]
87F | 7£A2-55 340.77 602.84 262.07 256.16 51134 255.18 31.22 163.58 | 1,819.26 0 i
88F | ZEA2-56 | 1,140.71| 242044 | 127973 | 104544 | 2,17840| 1,132.96 0.00 289.90 74.04 2 e
89F | FEA2-56 |  1,984.17 | 2,508.74 52457 | 1859.68 | 2424.52 564.84 0.00 84.22 58.22 1 W R, B
90F | $¥A2-57 | 1,810.98 | 1,747.80 -63.18 576.92 350.66 22626 950.47 0.00 108.32 0
91F | F¥A2-57 538.32 466.25 -72.07 464.16 420.00 -44.16 32.12 14.13 157.99 1 B i
92F | 7EA2-58 48.45 286.85 238.40 0.00 173.51 173.51 84.76 28.58 362.82 0 s
93F | F¥A2-58 618.36 458.82 -159.54 504.52 193.09 311.43 226.21 39.52 216.37 0 e
94F | FFA2-59 151.68 211.93 60.25 80.64 163.08 82.44 28.92 19.93 229.29 1
95F | #£A2-59 188.79 190.44 1.65 171.63 182.44 10.81 0.00 8.00 0.00 1
96F | #£A2-60 205.06 199.51 -5.55 186.43 190.57 4.14 0.00 8.94 7.57 1
97F | EA2-60 234.09 236.17 2.08 21281 227.23 14.42 0.00 8.94 0.00 1
98F | 7EA2-61 265.36 267.19 1.83 24124 258.27 17.03 0.00 8.92 0.00 1
99F | FEA2-61 303.10 300.12 -2.98 275.58 291.20 15.62 0.00 8.92 0.00 1
100F| 7EA2-62 333.43 334.96 1.53 303.13 326.04 22.91 0.00 8.92 0.00 1
101F| 7FA2-62 286.62 313.29 26.67 260.57 304.37 43.80 0.00 8.92 0.00 1 R
RIF| 2¥A2-11 | 184539| 1,875.63 30.24 0.00 0.00 0.00 0.00 11.03 0.00 0 i
/Nt 81,445.54 | 9297673 | 11,531.19 | 65,508.86 | 74,222.00 | 8713.14| 587673 | 8910.67| 6,837.99 76
&% 358,179.45 | 373,990.17 | 15,810.72 | 218,230.58 | 225,829.76 |  7,599.18 | 24,826.46 | 26,768.39 | 30,138.13| 166
. 4000/100=40;6000/120=50 o PR 1,8625 2EA2-4 >90075 (OK)
R P 2908.94/150-86.65 HI8THH AHL77E Heififi7:3,0458) FEA2-4 >29313 (OK)
ML |22998.94/352657.11 Fr6ssi | g [(THIA BRI GFA2-4
BT Yl [2148.08/100=21.48 2t SEEIN 213 2EA2-4
JiEEEES B |2148.08/70=30.67 FF318 KIBEEIRT:28 SFA2-6
S T p— 2000/1ooizofzooonso:w.i 14 i Shis1 o (BIF)9314.13+(1F)598.5+(2F)175.71+(3}-‘)22.07+(41i)9455.48
ey ) 6000/200=30;21575.37/250-86.30 K87 ’ B | +H(86F)1469.40+(88F)1793.65+(89F)170=22998.94 111
Peri [31575.37/100=315.75 =316
fé e 2000/|00:2012000/150—13.37H’1]4ﬁﬂ ___ e F—— mmm 2148.08F)
% SRR 6000/200=30;160995.86/250=643.98  I{644{5 HsiE foﬁﬁ%
jj Her [170995.86/70=2442.80 SF24438 ] (BIF)7168.23+(1F)10720.23+(2F)10030. 19+(4F)3527.52+
" ey yREL | (177+22+1514708)*85%=900 2190075 H,Z,  [+(35F)64.6+(59F)64.6=31575.37m1
B |OS8O1316+2443785%2931 EF293108 SRR 227,718.25-22,998.94-2,148.08-31,575.37=170,995.86 111
B R RIS, I3 522, £=22998.94+2148.08+31575.37=56722.39 1
g, |200011~600011:385:6000111 1 :(56722.39-6000)/6000=8.45 9
HEEIHNL
HRAT | oip 170995861 P | R A
10000111~20000111:3{43;,20000m1 124 _[+:(170995.86-20000)/20000=7.55 I8
ait [3+9+3+8-23i Hedef | PR 4, JE RA293 1
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RA ARG

AIBEBEAZEEKETR  ETHEAENHEE A 4% (Mega
Structure) > b2 KB SPE W EA AN ERELRERS KX E—
2 R#S3Z EA F(Mega-beam) L + S AHFAZ O R L, X EAEA
fafid 11 BREMATERZME R SRCEERMEE - BERNER S
ARG HEELZSR -

3.2.1 #ERERAL

AIRZIWLEHBOL> R 101 By ER—#R 6 B ay3E
B REEBENEIRT AN GETEH  WTEERARAREE
YE o~ ABAEARIE - B 3.1 RE| 32 AXHBREAZERELETEE -
EF@mEeE L REZNER 16 XA g A#G Lt £ 95F
%o EAEETFERREA 4 XMRAISF AL E BRI BN
B EHZYERBREE KM 94F £ 99F M huiE 10,000 psi 4 P98
Br o EEwEEREA 2 £ EAHEMega-column)iE b £ 90 & >
HMBRUMAFRZEZRBECHAEUREET T REERODE
IO 26F A TFTHE B EFEAEE 1.2m x 2.6m~1.2m x 1.6m & 1.4m x
14m ~1.6mx 1.6m % =& R~F# A 4x > 27F A LA fe 422 4t |k
A m4& A H900x400~H1000x500 = H # 442 (Sloping Column ) o X
BR GRS EIIEE > 62 B AT 694 A gM4E3g % E 10,000psi 79 %
mEE AN EEREL O E33ARIRZ-HEEIZIGER HET
X Y & B E A3t NiE S mAELE ) IRFEAZ S 8 8 AE ] LA RAR
FHEARE > BT E 60 cn/E 23 7 4 — 8% LA AL, R4 88
KN ARE A 4o B BT KR R B SAAHE AR B AT Y AR Y S AT 22
# (Outrigger ) B %k H7 2 Belt Truss)fE &AM X B EHT A
BB REBROAE  ATROEHEIREIEZR G ELAERE B
S HRRIIMET R R ER AR ERAESE c HP 8 X A BS Bt
MEIORMEREA > R ARTE24m x 3m o

3.2.2 IR
3221 Rt
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AT R ZRELZFERIERE CRERALEEH T
oo XARTERAEFARES F > RELZFRILZFRESLR
ACI318-95 FAFMREEFHREAFTIHHNER > & ERAHEHE
HAEAIRERGBZEIL LRI EBERILS TN LEERLE
MREAEBRRNFEAYET W KRR ABRR L - BB LBENE
IATE D NE A BITHREREBT RN BETEEME T TITH
FRE TR REXRININE - BEIRELGHEEATHEREL
B - MTZBABARFGREN (BEATEE) /T M~ T/HH
BRAEHRMERZ ER  RBRLOEILEH AL  BRETBRAEE RS
Fi% 3B 3 AT ImxImxIm A AL A 3B (Box Test) RAMAEE R
~F3X5& (Mock Up Test) » MABR3EECLL ~ M TH AR REMG ST M
R EARE

AAT R
) wetaesn | etBE BAE R
%t 2] .
(R) (psi)
THE 2 A 90 o  AJKKRAE=250kg/m’
e BFpRKRA & <300 kg/m’
IHEWTE IF 2 .
O 6000 o 37 1 Bt bt
zﬁﬁ% A o 34 S <450x10°m/m K &5
=]
WO R R KR -
X #E BSF #%
28 4000 o B E S <450x10°m/m % & B

BEEZ A T

e R IF AL g ~ g2 T I8 M A R A ¢
VEG, ¢ R

=k (&) absk| w00 | BEREMENREEERE
R SN EIE TR -

o AEB&HMABM - BHAR
EHE AP R ] oSk B (A
N A7 RS 90 10,000 mock-up test BrREEEAE AR (F
RE A AT RiB &I 5% )

o B4 =300x10°m/m(90 X)
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+5REMEER D Hfo (5 60 548 ) 3FE 250220mm : HFe (4 60 4
&) YWRE 600100 mm R E A A EER KRR 0 BH AR HEE
B (UBHARR) —HRRHAEE -

FART A E I R E o YRR G4 220420mm - Ak R RC 4
BT RE R AR -

3222 A%

VR

b2

i

AT RER ZMHRFR T E oML T, L RAF By K A48

#6(4) LA £ 2 48 75 1 A CNS560,A2006 SD42W = #k 24T & 47

» B4R 38 B fy = 4200 kg/em® > {2 R 434338 5460 kg/cm” o

#5(47) LA F 2 48 #3 1 FA CNS560,A2006 SD28 2 #h #L4% 8 48 75 » £

1K 3% & fy = 2800 kg/cm” -

3223 A%
AIRER A RS RBERERMEE ST

RRKE | MERE

SE AL 38 A AR

i

(&

MRIEERE | BRBELE (RIMEKRL|  RA
A572 Gr. , ,
AN fy=3520 kg/cm” | fu=4550 kg/cm — —
50
RAR 0.85(4& B = A& E=50mm
SM570M 40mm) B E®ATE
#HE | (9030 08 X7 EE
i 2 2 3k
HH ) >40mm) - |FRHELH
5200 kg/cm® = fy | 7300 kg/cm® = fu B
Ha >4200 kg/em® | =5800 kg/cm’ 085
& AT
B 7 o i
#HAAE | SM570M 0.85
KR F 2K
B
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AS572 Gr.

NR fy=3520 kg/cm” | fu=4550 kg/cm® —
50
AAR 12~40mm(4")
2 ,
- #3F SN490B |4500 kg/cm” = fy

2
H 4 =3300kg/em” | 6200 kg/cm® = fu

@

0.8

40~100mm(4r) | =5000 kg/cm®

A4 | SN490C | 4200 kg/em® = fy
=3000 kg/cm®

* BRI fy/fu AR N R R T AR BHRA K -
3.2.3 TAERE N
3.2.3.1 A

RNIAREAIEEE & 22.25~22.95m » R R &R E 3.0~4Tm B2
EMAMH LR LT CR > RITEH 90 RXEARXBILERE A
6,000psi - XA HIR T EEE 380 % 1500 FHYALFEE 23.3m
(15~33m) &y K #s » BAE IR 5 RN AL B E 167 % 2000 FIAN B R E
15.5m(5-28m)Z £ 45 - b T £ B2 E AR EK 1.2m X AFAE
X ERE T EERIARERAIZEIEZER > ¥ - #EM A
Bl FL A FARE| — 36 T @b+ BF > %30 F BN T 256 T T AR 2 A
REERH O E T BT -

3232 iR

AL MR AHEE—EERIEZA 3WDECK » H4aik
JB -3 & 40-50cm B 20cm: H 4424 % £ B45 AR B 13.5cm Z 407K
FRAEASHEIR » PR R BIRIG T A4 UL2 /NS K%z 2Rk Mm k5 &
KRR - T REIRAGEMADRELER  EPHT —RERZ
JREZ30cm TR EWTWREAEEAKRE 40cm 2 & EIR A

3233 %
WTF—RBEBBEITE AGEMTMAMRARLE BEEITRAE
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25 T0x70cm R LER - TR EWTEZR NN »BREEHE
AR REE L c IF() R L X E&BEHAWLAT  PNEER ASTM
AST2Gr50 M8 - sAF AEM ABE AR, £ B4 A SM5TOM - 14
LA CNS SM570 B3 AR » HF RIFHE T HREZ T RKI& > hozT
h B B IR TR B A

3.2.3.4 #3%

X EAHAL > E4IE 105m B2 438358 V A s V A
”%’*ﬁﬁé&n%ﬁi%%ﬂ@%ﬁ’ﬁﬂﬂ@%ﬁﬂmA%ﬁ
2 E B MBS EA 0 F R — AR S BT L B 55 63247 B4 AE
AREN S ELLERA £AAHE I RRRTERA GRS > B
SbAR R A IEF G F R AL T | A S T E S B T A2 R YR
A& e > 3 B RAER 87-92 M2 Ml A3k 3 E MR R B LA 2V 48 ) 67 27 &
TP A B9 ik R JE 0 A2 i KAEF | RF AR ¥ 80 0 A PR R RAR
BEE RN Z Ik RIE(VIO) » RAES#EEE 0 B RIRE B I 2248
THEFBRAR GRS IR A ENYEZ ERMNERE Y
ik HEZERAME R LB RBEZ R -

3.2.3.5 1

Bz R F 02 EXIDEAN - ERAZHALHEZ
e E R esse - BRI ZEMH - W - TEMRABEFESE TR
A2 PO BB Z 4 ARG 16 X NARGNE—
BAME - XFHEGEmE2S RAR 44 ER £ 84 NR2Z R
BéE 25 RUATZMEEHRIANERSEL IR ABEZ A I
BT S B AREHBBREAF I ANRE > HRBERTHE 10
R PoOdiR b4 - 25 B L2 2R idmAeSE 8 & A —1E
Bz @R RS ERAI AU AN ARG A RE o

FEZEFNRTAF S AR KE &Rfﬁkmd#%gﬁmA%
MBS HBERFBERTHEE B P AN EZRE S48
PR FZEA M E S RSB E X EH F 3 A TR T E
E IR A o
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ARETmZ LR TRAGHENAYGEE RN BIEE T UAHL
B BRI AF e T LAk K EAE R~ A1) H s R~F 41t i ]2.4mx3.0m
£ 6 mdidE £ ]1.6mx2.0m > HRB 45 200mm > Bi4E &R L — B
DZAFwAF RBZMEBEREAS —RERERixBRMEF S &
WARIAESMAl & R R » B4A4RE ZE £ £ A& 70mm ¥4 £ S0mm > F-R
AL B R A Smm o FHESRTHRBEFELACR (TR 9 & - 2L
#E 26F pA Ex 3R etk H AV4EAr st - LR AT HAAE 0 62
T IHEFRAERERELE - 22 24 E A SM570M » 1484 CNS SM570
BERRMS  NEERBERTAREZE KRG  hTHEAS R
BRI ERMERIRKREME ER - B EH A BINESD
Z MG A GAREREZRIE R £ E G B @ 4ERE
ZE2RREBRGHREZBRBIMENYE K -

B ERERA AN EEEME A SNA9OC M A5 T £ A B #%
R4 H AT M A SRCA H + B2 & A TF A H350X350~H550X550
#iTsmix > Bl BRI A4 R4 SRC A8 EE > P HAMENRE
4,000psi 7%t £
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FHoE ERERGTRE AR

3.3.1 BEAEHER G TERE SR

LEVEL Fii: SR | e | dETE | MR | Rk
BS Typical 3¢ 072 0.816 05
B3-B4 Typical 40 0.96 1.085 05
B2 Typical 30 096 1.085 05
e 0.96 1.085 0.75
Bl Typical 2 0.72 0.865 0.5
Lo 0.72 1225 05
Indoor 0.887 1.032 10
IF Outdoor 3W 40 0.887 1337 1.0
w/ plants 0887 | 2417 1.0
Office 135 | 0327 0487 0.5
2F-5F Lobby GE;\IY(;%RE 0327 | 0487 05
Pool 20 0483 0.64 05
6F, 10F~16F,20F~24F, 28F~33F, 36F~41F 44F-49F,52F| ~ Office | GENCORE s |03 044 04
~57F,60F~65F,68F~73F, 76F~81F,84F~86F,88F Lobby TYPE 0327 | 0487 03
87F,89F Restaurant | GENCORE| 135 | 0327 044 04
Lobby TYPE 0327 | 0487 03
Top of Mechanical Office W 20 0404 0.55%6 04
OF,19F,27F,35FA3F, 5 1F,59F.67F, 75F.83F Lobby 0404 0,669 03
Mechanical floor RCPath 20 0404 0.444 05
3W
s T on SoroE Lobby 0 | o4 | o | 03
Roof Typical 3W 20 0404 0.649 045
CURTAIN WALL GLASS 0.08 t/n
STONE 0.15 t/m’
INTERIOR DRY WALL  0.06 t/m’
LOBBY 0.14 t/m’
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;‘I': o

model:020829E2

Participating mass Participating mass

Mode [PERIO YDRR | Y-DIR Mode | PERIOD YDIR | YDIR
1 7.0171 0.074 38.871 16 0.733] 1.893 0.031
2 6.963 | 38.942 | 0.074 17 0.632] 0.089 1.131
3 4871 [ 0.001 0.000 18 0.624 | 1.265 0.096
4 2.692 | 0.230 23.023 19 0.576 | 0.000 0.000
5 2.677] 23.185 0.219 20 0.5571 0.227 0.548
6 2.011 ] 0.000 0.000 21 0.532| 0.877 0.347
7 1.529 | 0.051 6.430 22 0.489 1 0.207 0.520
8 1.520 | 6.324 0.048 23 0.3941 0.993 0.060
9 1.278 | 0.000 0.000 24 0.379 1 0.028 0.975
10 1.166 [ 0.006 1.593 25 0.299 | 0.616 0.126
11 1.161 ] 1.661 0.006 26 0.285] 0.488 0.107
12 0.929 1 0.110 2.428 27 0.2441 3913 0.799
13 0.922 ] 2.628 0.101 28 0.235] 2.317 8.873
14 0.898 | 0.020 0.022 29 0.210 | 4.044 1.250
15 0.740 | 0.034 1.940 30 0.153] 0.218 0.082
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-16.310.000] 0.11142.810.110 1.01289.810.146| 1.1]1438.0(0.334] 4.0

-13.210.001 | 021147.010.112 [ 1.0 294.0 [ 0.147 1.51445.21 0356 4.1

-10.11 00021 031151.2710.113[ 0.9]298.2[0.149 1.71448.0]1 0364 3.6

-5.610.004] 051155410113 0.7]1302.4[0.151 1.8

0.010.008] 0.71159.6]10.114| 0.8 306.6 [ 0.153 1.9

42100121 1.01163.810.114| 0.9]310.8 [ 0.155 1.9

12.6 1 0.021 1.11168.0] 0.115 1.0 315.01 0.157 1.9

18.9 1 0.027 1.01172.210.116 [ 1.11319210.160| 1.8

25210034 10]176410.117] 1.1]13234]10.162] 14

31.5{0.040[ 1.0]180.6]0.118 1.11327.6] 0.165 1.9

37.810.045] 09]184.8]10.119] 1.0]331.8]10.169] 2.2

42010.047] 0.5]1189.010.120] 0.81336.0[0.172( 2.3

46.210.049] 051193210120 1.11340.2[0.176( 2.3

50.4 1 0.053 1.0 19741 0.121 121344410181 2.3

54.6 1 0.058 1.21201.6] 0122 1.2]1348.6[0.186 [ 2.3

58.8 1 0.063 1.31205.8] 0.123 131352810191 2.1

63.0 | 0.068 1.31210.0] 0.125 1.31357.0] 0.195 1.6

07.210.073 131214210126 1.21361.2[0.200 [ 2.2

71.41 0.078 1.2 121841 0.127 1.113654]10206[ 2.4

75.610.082 1 1.1]1222.6]10.127] 09]369.6]0.212| 24

79.810.086 | 0.9]226.8] 0.128 121373810218 24

84.0 [0.087 [ 051231.0[0.129| 1.3]13780]0.224] 24

88.2[0.088 [ 0.5]235.2(0.131 131382210231 24

92410091 0.81239.4]10.132 | 1.4]386.4[0.237] 2.1

96.610.094] 0.9]243.6]0.133 131390610242 14

100.8 1 0.096 | 0.9]247.8] 0.135 131394110246 14

105.010.099] 09]252.0]0.136] 1.21397.5]0250| 14

109.210.101 | 0.8 256.2] 0.137 1.01401.0]1 0.256 | 2.3

11341 0.103 ] 0.7]260.4] 0.138 1.0 ] 404.4 1 0.261 1.9

117.610.103 ] 0.4 ]264.6] 0.138 1.11407.9]1 0266 2.0

121.810.104 | 0.4]268.8]0.139] 1.3]413.6]0.275 1.9

126.010.105] 0.7]1273.0] 0.141 141419410287 3.2

130.210.106] 091277210142 1.5]1425.110.300| 3.5

13441 0.107] 0.9]281.4] 0.143 1.514309]0.315[ 3.6
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7 4.3 100 4R [RIEFIAR LA T IE ) < B E B J1(CQO) Fi{\Z:tons
i | BRI | Al | BEs | mRE (e &R | MEsTh
-19.4 | 23679.3 138.6 [ 8103.0 285.6 [ 4713.1 4345 1705.1
-16.3 | 23342.0 142.8 [ 8016.8 2890.8 | 47273 438.0 [ 14378
-13.2 | 22367.9 147.0[ 7913.3 294.0 [ 47513 4452 1164.2
-10.1] 20871.1 1512 [ 7806.5 2982 4715.6 448.0 [ 1049.6
-5.6 | 18784.6 1554 [ 7724.7 3024 4797.0 450.5 [ 1013.8
00] 172613 159.6 [ 7689.0 306.6 | 4815.0 453.0 965.8
421 171259 163.8 [ 7641.1 310.8 | 4831.1 455.0 901.8
12.6 | 16720.2 168.0 [ 76006.6 315.0] 4848.8 457.8 840.2
1891 16361.4 1722 7567.1 319.2 | 4882.1 460.3 734.4
252 15749.8 1764 [ 7520.0 32341 49443 462.8 030.8
31.5| 15123.6 180.6 [ 7461.8 327.6 | 4999.5 465.3 610.1
37.8 | 14360.3 1848 [ 7388.7 331.8 ] 5048.4 467.8 594.6
42.0] 13848.8 189.0 [ 7337.1 336.0 | 5084.8 470.3 5774
46.2 1 13424.0 1932 72849 3402 5104.3 472.8 558.4
5041 13106.2 1974 72129 34441 51018 475.3 537.3
54.6 | 12797.1 201.6 | 7121.2 348.6 | 5073.5 471.8 511.0
58.8 | 12491.0 205.8 | 7008.5 352.8 5014.8 480.5 485.1
03.0] 12165.7 210.0] 6877.0 357.0 | 4948.1 483.2 457.7
072 11855.1 2142 6730.1 361.2 | 4863.9 485.9 427.4
7141 11512.2 21841 6570.3 365.4 | 4737.8 488.6 400.1
75.6 | 11161.5 222.6 | 64357 369.6 | 4560.9 490.4 371.1
79.8 | 10740.7 226.8 | 6322.9 373.8 | 44584 492.2 341.3
84.0 | 10419.7 231.0] 6196.7 378.0 ] 41599 494.0 312.5
88.2| 10117.6 235.2 | 6056.8 382.2 ] 3830.0 495.8 279.9
92.4 | 9886.2 239.41 5896.0 386.4 ] 3380.5 498.3 244.9
96.0 [ 9648.3 243.6 | 5715.5 390.6 | 29544 500.6 199.0
100.8 | 9395.9 247.8 | 5523.7 394.1 | 2849.8 501.2 171.8
105.0 9184.9 252.0] 5318.0 397.5| 2758.8 502.1 123.1
109.2 | 89427 256.2| 51517 401.0 [ 26024 504.0 87.5
11341 8744.2 260.4 | 5069.8 404.4 [ 2444.7 504.6 59.6
117.6 |  8556.4 264.6 | 4967.2 4079 2379.3 505.5 31.9
121.8 | 84274 268.8 | 4888.1 413.6 [ 2292.7 506.4 21.1
126.0| 8347.6 273.0] 4834.5 4194 [ 21714 507.2 16.5
130.2 ] 82778 2772 4784.9 425.1 [ 2008.3 507.7 4.7
13441 8195.8 2814 4741.8 4309 [ 1840.2 508.0 0.0
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7 4.4 100 E R EIE ) C HIERAS AT (CQC) FA7:m

e [ I | LIRS e JE AL | ST RS e [ | AR e JE ML | SRS
oD | 171000 oD | 7171000 o | 171000 an | 7171000

-19.410.000 ] 0.0 138.6] 0221 2.0]1285.6]0.295[ 2.8]14345[0.660| 8.2

-16.310.001 | 02]142.810.224 [ 2.0 289.8]10.297 [ 2.2]438.0 [ 0.681 8.4

-13.210.002 ] 04]1147.0]10.227] 2.01294.0] 0300 | 3.11445.2[0.724| 7.3

-10.110.004 ] 0.7]1151.210.230] 1.9]1298.2]0.303| 3.51448.0[(0.740 7.3

-5.6 ] 0.009 1.0 ] 155.4] 0.231 1.51302.41 0307 3.7

0.0 [ 0.017 1.51159.6]1 0232 1.6]1306.6]0.311[ 3.8

4.210.025] 2.0]163.8] 0.233 1.81310.8] 0315 3.8

1261 0.043 ] 22]1168.0]0.234| 2.0]1315.0[0.320| 3.8

18910.056| 2.111722]10.236| 2.213192[0.326[ 3.6

25210.069] 2.0]176410.239] 231323410330 2.8

31.510.081 [ 2.1]1180.6]10.241 ] 2.3]327.6]10.336] 3.9

37.8 1 0.093 1.831184.810.243 [ 2.1]1331.8]10.343[ 44

4201 0.096] 1.0]1189.0]10.244] 1.6]336.0]0.351 [ 4.6

46.210.100) 1.01193.210.245] 2.21340.210.359 [ 4.7

50410.108 | 2.0]197.410.247] 241344410368 [ 4.7

54610118 241201.6]10.249] 2.5]1348.6]0.378 [ 4.7

58.810.128 | 2.6]1205.810.251 | 2.6]352.8]0.388| 4.4

03.0]10.139] 2.7]1210.0]0.253] 2.6]357.0]0.396| 3.2

07.210.1491 2.7]1214210.256| 2.5]361.2]0.407| 4.4

71410.158 | 2.5]218410.258 ] 231365410418 4.8

75.610.167 231222610259 1.8]1369.6]0.430[ 4.8

79.810.174 1 1.8]1226.810.261 | 241373810443 4.9

84.0 1 0.177 1.01231.0] 0.263 | 2.71378.0]10.456 [ 4.9

88.2[0.180 [ 09]12352[0.266| 2.7]3822]10470] 4.8

92.410.185 1.61239.4] 0268 | 2.81386.4[0483[ 4.4

96.610.190 | 1.8]1243.6]10.271 | 2.71390.6]0.493 [ 2.8

100.810.196 | 1.8]1247.810.274] 2.71394.1]10.501 [ 2.8

105.0 1 0.201 1.81252.01 0276 2.51397.5]10.509 | 2.9

109.210.206 |  1.6]1256.2]10.278] 2.01401.0] 0.521 [ 4.7

113410210 131260410280 2.11404.4]10.531[ 3.9

117610210 0.8]264.6]10.282| 2.31407.9]0.542| 4.1

121.8 10211 ] 0.8]268.8]0.284] 2.71413.6]0.560 [ 3.9

126.0 1 0.213 141273.01 0286 | 2.9]14194[0.584 [ 6.5

130.2 ] 0.215 1.71277.21 0289 3.0]425.1[0.611[ 7.2

134.4 1 0.218 191281410292 3.0143090.640[ 7.4
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7% 4.5 DRAIN 2D+ At e i R M Bl i R AR A2 RS

i R B3R A(PERET) B({z £ B /) C(ALME)
T’ARMHK foik B 195gal 390gal 500gal 195gal 390gal 500gal 195gal 390gal 500gal
0.00641 | 0.024821 | 0.03481 | 0.00618 | 0.02043 | 0.02705 | 0.00447 | 0.01866 | 0.01993
mABMEA (rad)
(86FL) | (83FL) | (86FL) | (86FL) | (8FL) | (83FL) | (86FL) | (86FL) | (78FL)
101R & K@@ (m)| 1.594 3.150 3.979 1.320 2.584 3.198 1.167 2.213 2.481
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Acceleration Time History Analysis

Number :

A

(=]
X
)
el
&=
el
B ow
el
~=
< E
o=
8..
(@)
D
(@]
o g
£ =
= O

[T

=
-

[ — ———— —~——— ———— ———— ———— ———— T T
T
1]
I —— - I ——— I —— [ —— [ —— I V!Illll

195 qal

PGA

1.594m

Max Lateral Displacement :

rad

0.00641

Max Plastic Hinge Rotation :

4.4 WAL
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Acceleration Time History Analysis

A
1986 /11/15( # E4AE)

Number :
Time

fa(T)+ 2 58(V) 30%

Direction :

1

;

DO Q
X X"

000000

L Xe

'’y
©

90000
009

P

I

390 gal

PGA

3.150m

Max Lateral Displacement :

0.02482 rad

Max Plastic Hinge Rotation :

4.5 BFR2)
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Acceleration Time History Analysis

A
1986 /11 /15( #E&AY)

Number :
Time :

H(T) + FEA(V) 30%

Direction :

|
=

P
o
10—

oo

POV OO
PAVODC

%i

4

Q000
POOOOC

oo
Iz
°°

PGA

500 gal
Max Lateral Displacement :

5.979m

rad

0.03481

Max Plastic Hinge Rotation :

&l 4.6 YH§5 5347 (2)
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Acceleration Time History Analysis

S5H )

1996 /03 /05( {
AFH(W—-E)

Direction :

8

B

Number :
Time :

|1 i ( { ( ATTTT]
[T
u VLN P EEEN JEANEEE NN
- - . —
i
e s e EEm—— Bmme— L

195 qal

PGA :

1.320m

Max Lateral Displacement :

0.00618 rad

Max Plastic Hinge Rotation :

4.7 BAR(3)
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4 Aot
%) =
L2 —
T L0
()
5] ~_
N
E 3
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525
==
Qr
S Do
T2 o
Cm
CU.W
< =Z —

KAEm(W-E)

Direction :

T

;

[oX¢

©

POOO DG

©

POODODO

000

©

390 qal

PGA :

2.584m

Max Lateral Displacement :

0.02043 rad

Max Plastic Hinge Rotation :

4.8 YHGRIIAT(4)
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Acceleration Time History Analysis

Number :

B

=
=
=l
W
A
ol
o=
=
SF
mfw
rOﬁA
(ORI
(@)
~~ C
e
"5
L5
E =
=5

==

:

©

-

500 gal

PGA

3.198m

Max Lateral Displacement :

0.02705 rad

4.9 YHGRSAT(S)

Max Plastic Hinge Rotation :
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Acceleration Time History Analysis
ATHEk

Number :
Time :

#i(L)

Direction :

T

:

:

POV OO

X

X

195 gal

PGA :

1.167m

Max Lateral Displacement :

0.00447 rad

Max Plastic Hinge Rotation :

4.10 ¥A$E7A41i(6)

68



Acceleration Time History Analysis

Number :

C

ik

&
<

ATH

Time

#i#(L)

Direction :

i

ol

ol

2.213m

P
P
©

le
e

390 gal

Max Lateral Displacement :

PGA -

0.01866 rad

4.11 A7 (T)

Max Plastic Hinge Rotation :
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Acceleration Time History Analysis

Number :

C

ATHERS

Time

(L)

Direction

]
]
I’

]
]
]
|
]
]
]

;

000000 0000007000000 ( 00000 X (XX
000000 000V HPDPOOD( D

e
\1\\\\¢ﬂ1\\\1
i

500 gal

PGA :

o 2.481m

Max Lateral Displacement

0.01993 rad

Max Plastic Hinge Rotation :

4.12 YASEIAT(8)
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fffek 4. 1 THEERREFR(E ISR O Tabit B G T 2B e E R

AT ERBEZILSHNLEZWE MR ESL  HaHNEE A
SIEFTR B A0 A EMATRIFAR L A 5% 2R ESE o H4bTAE

%ﬁia#&@ £ R ARAR £ M 3 & 3R 59 3 853K ROE AR HN R L
BB 5% REZBEZLBHERAEMGF - TRIEIRETAXZ
Newmark & Hall 3% 3t R JEE B £/ 3@ 3k 59 3 A% 2% 31 ROFE 3518 (3K
RIAB)L B LLE o

FREZRE ARG L&

NH Spectra, Amplification Factor For S,, S,, Sq

Damping Ratio, % a. (T=0.2) ay (T=1.0) aq (T=2.0)
0.5 5.8 3.6 2.2
1.0 5.2 3.2 2.0
1.5 4.75 3.0 1.9
2.0 4.3 2.8 1.8
5.0 2.6 1.9 1.4
7.0 1.9 1.5 1.2
10.0 1.5 1.3 1.1

Taiwan Soft Site Spectra, Sa-value, (g)
Damping Ratio, % Sa (T=0.2) Sa (T=1.0) Sa (T=2.0)
0.5 4.0768 2.1600 0.9546
1.0 3.7902 2.0138 0.9276
1.5 3.5774 1.9286 0.9018
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2.0 3.3646 1.8433 0.8759
5.0 2.8081 1.6334 0.8510
7.0 2.4621 1.4532 0.7805
10.0 2.1943 1.2929 0.7159

3 HdP 15% XMELANFEXER(H 1.0% & 2.0% MiE)

B2 bRk PO T hk IR 3 Z I E SR AT 0 REF LM
A RIEEATAFZ AT a3k nik E RIEE (FRR LA 5%) 4o F AT

7~ °

1.0

16.824 T**"
3.0
8.057T7

T<0.04
0.04 ¥ <T<0.14 ¥
0.14 ¥ <T<l1.64 ¥
1.64 ¥ <T

Rl ERTAFEFEMERILE R0 T

1.0

43.8462 7"
4.3554
9.0379T*

1.0

36.3573 7"
4.0492
8.7822 T

1.0

31.3410 7"
3.8219
8.5380 7

T <0.04 ¥
0.04 ¥ <T<0.14 ¥
0.14 ¥ <T<1.44 ¥
144 ¥ <T

T <0.04 ¥

004 ¥ <T<0.14 ¥
0.14 ¥ <T <1473 ¥
1473 ¥ <T

T <0.04 %

0.04 ¥ <T<0.14 ¥
0.14 ¥ <T <1495 ¥
1.495 ¥ <T
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1.0 T <0.04 ¥
S 26771975 0.04 ¥ <T<0.14 ¥

a _ D=2.0%
g |3.5945 0.14 #» <T<1.519 #

8.2927 T2 1519 # <T

1.0 T <0.04 ¥
S 12.00037% 0.04 #» <T<0.14 ¥
a _ D=7.0 %
g |2.6304 0.14 #» <T<1.676
7.3895 T2 1.676 ¥ <T
1.0 T <0.04 #»
S 8.9268 T 0.04 #» <T<0.14 F&
a 4 ® D=10.0 %
g |2.3443 0.14 ¥ <T<1.70 #

6.7779 T > .70 #» <T

AFEMA R t(d L@ TF » D=0.005, 0.010, 0.015, 0.020, 0.050, 0.070,
0.100)Z 3% 3t huik B RE 35 & R 48 [ %o °F AT o

1000 -
- Damping Ratio,
D=0.5%, 1.0%, 1.5%, 2.0%

100 -
] Damping Ratio,
D=5.0%, 7.0%, 10.0%

Spectral Velocity, Sv (cm/Sec2)

-
o
|

T T T T L T T T L]
0.10 1.00 10.00
Structural Period (Second)
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PG iR E R BRAA G ZASMERFA BB ERFZILER - A
Y E B R B B3R R B Z L 0 4o T 7 B AR

Bt E R L 4010T » FALE E=0.5% o

@1 000 Damping Ratio, D=0.5%
24
£
L
> 100 -
(/7] ]
> Response Spectra
0
<} - —
E 10 - Calcul. Sv
B Target Sv
o
Q
UQ)- 1 T T TTTT T L T L
0.01 0.10 1.00 10.00
Structural Period (Second)
1000 - Initial Time History : 4010T (751115)

'1 000 ] T T T T T T T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50
Time (Second)

1.2 Spectral Compatible Time History

©coocoo -~
ON P~ O OO
L1

&S
DN
L1

Acceleration (g)
S
(<]

-0.8

[

—

o
1

1
-
N

0 5 10 15 20 25 30 35 40 45 50
Time (Second)
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JB 46 3

-—

Spectral Velocity, Sv (cm/Sec2) %

R

265 1 4010T » FAJR te=1.0% ©

(=4
(=4
o

Damping Ratio, D=1.0%

-

(=

o
|

Response Spectra

— Calcul. Sv

-
o
nl

Target Sv

T T LI | T T LI | T T LI |
0.01 0.10 1.00 10.00
Structural Period (Second)

1000 - Initial Time History : 4010T (751115)

c

'1 000 ] T T T T T T T T T T T T T T T T T T T 1

Acceleration (g)

0 5 10 15 20 25 30 35 40 45 50
Time (Second)

1.2 Spectral Compatible Time History

1.2 e e e
0 5 10 15 20 25 30 35 40 45 50
Time (Second)
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Spectral Velocity, Sv (cm/Sec2)

Y
o

WE R e 1 4010T > FRREE=1.5%
0

0 3 Damping Ratio, D=1.5%

-

(=

o
1

Response Spectra

— Calcul. Sv

-
o
1l

Target Sv

-—

T T LI | T T LI | T T LI |
0.01 0.10 1.00 10.00
Structural Period (Second)

1000 - Initial Time History : 4010T (751115)

=
©

O)
~~

Acceleration

800
600
400

X} N
o o
S o &
| |

-400 4

&

o

=3
1

-800 -

'1 000 ] T T T T T T T T T T T T T T T T T T T 1

Acceleration (g)

0 5 10 15 20 25 30 35 40 45 50
Time (Second)

Spectral Compatible Time History

6bbboococoon=
OO BAADNOMNMNMDMOOOONDN
| I . | | I I R A |

-1.0

1
-
N

0 5 10 15 20 25 30 35 40 45 50
Time (Second)
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R E R L 4010T » AR tE=2.0% -
%1000 ' Damping Ratio, D=2.0%
& ]
£
L
> 100 o
w ]
> ] Response Spectra
‘o
o - —
E 10 - Calcul. Sv
B Target Sv
o
@
9 ————rrr ———rrr ———rrr
‘n T T 1
0.01 0.10 1.00 10.00
Structural Period (Second)
1000 Initial Time History : 4010T (751115)

'1 000 ] T T T T T T T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50
Time (Second)

1.2 Spectral Compatible Time History

cocoo~
N O OO
I R T R

-0.2
0.4 -
-0.6
-0.8
-1.0
1.2 e e e

0 5 10 15 20 25 30 35 40 45 50

Time (Second)

Acceleration (g)
o
o
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B E B L 4010T » FAR EE=5.0% -

%1000 3
(/]
@
£
L
> 100 o
(70} ]
> ] Response Spectra
(%)
o - —
E 10 1 Target Sv
T ] Calcul. Sv
| S Y S Initial Sv
4 . S—
w T T 1
0.01 0.10 1.00 10.00
Structural Period (Second)
1.2
1.0 Initial Time History : 4010T (751115)

Acceleration (g)

i

ecococoo 2
ONIMOOOON
I T R B B

-0.2
-0.4
-0.6
-0.8
-1.0

Acceleration (g)

T — 71 r 1 1 1 1 1 "1
15 20 25 30 35 40 45 50
Time (Second)

Spectral Compatible Time History

-1.2

20 25 30
Time (Second)
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By E BB L 4010T » PR EE=7.0% o

R

1000 3 pamping Ratio, D=7.0%

100 -

Response Spectra

— Calcul. Sv

-
o
nl

Target Sv

Spectral Velocity, Sv (cm/Sec2)

-

T T LI | T T LI | T T LI |
0.01 0.10 1.00 10.00
Structural Period (Second)

1000 - Initial Time History : 4010T (751115)
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R
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-
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(=3
o

100 -

-
o
1l

4010T » FAE E=10.0% -
Damping Ratio, D=10.0%

Response Spectra

= = Calcul. Sv

Target Sv

Spectral Velocity, Sv (cm/Sec2)

-

1000 1
800
= 600 ]

N b
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o o
1 1
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o o

e o
| |
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|

-800 —

0.01 0.10 1.00 10.00
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-1000
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FHE RETRICHE
B PUREEHE

£ BB F5-10 AARZ 2 R E B R F > ¥ TAIPEL 101 Mm% » &
REBPRZROEZEMAMNR A FEAF e eh47 8 E 858 Rk R
TOEHEEL MRBEEWERNZAABEZTZEZR, AREX
BUR %L AE R

1. &EMPNFF i RRERT > TRE M AN TERATE A
By heik BE R S cm/sec” © A B AR T BB E N S RAT A o
2. % 50 8 67 A EGR 2 RS RS A BT AR R X S R AR RA

FHE P ER SRR AL A 5/1000 &5

&) -
3. % 100 12 57 2 Bk 2 He RS A B 0 SEARBEAT AR R N 58
TEFE B

MRS T H & E AR 2 > 2 FRBRIT PSR 6500 JA 41
2 T RBR S B BRI IAT AT R R BATIRIE S
-

B EJIERET2EME

—ARAR B RAB AR E B AR BR A a93EH] > B L3RR &
BB EEE R NERER MERNAEARZRAE BREZH
AR E RS B R mE KA Rowan Williams Davies &
Irwin Inc. (RWDI)#F %2 K AEZ & A 3% 3t R E > £ 3% 3R N 2 3 ERMA A
FERER > 1AL 1:500 o) #AE Tak ¥48 600m P&y RSH R
10 EABRBENBRR P REABBEEREEDRAGER - L+ 5}4
A e BGR B B oA 4 v B AR SR RWDI A7 % 4F 69 1:3000 3t 45 A i
4738 R 2 BUR 3R B (Boundary layer wind tunnel test)#% 4% 8] K £.:8 R

BRER>H > mEHBENAZKAFHS $7’7 F 7 A K
(High-frequency force-balance) - & #EA AR B & o JE 4 31 A7 = B 2
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W) % 5E 1R ) An B 1 ey o AR e SR st @ BF AT o SR B S KSR B A st
B ok ERIER o —BFRAEE T B 4E A3 RN 2RI -

B EETEJIESTRE R

S BR 2 3% RN AR IR 100 F = 57 AR #LC 2 V) =43.27 m/s3k
FE-B S5 ARIEZBAMAEREET RN s B 52 B A%
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EnAehst > R B BEERERUELAINNMALEE -

B 5.3 RS540 &R I 2R A S48 F N o X B 14 it it ey
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7% 5.1 50 [l HE 174 (RWDI ££{1)

= | Fx Fy Mz | & | Ex Fy Mz | & | Fx Fy Mz
00] 280 225 16541 1974 987 924 612.3] 3822 167.7| 162.6| 7859
421 81.8| 657] 480.5) 201.6] 101.3| 949 6362 3864 199.4] 1957 &85.1

1261 97.7| 79.3] 581.8] 205.8] 1052 98.8| 670.6] 390.6| 198.8] 1953 | 965.4
1891 83.2| 67.7] 493.5] 210.0] 109.6| 103.2| 709.0| 394.0 60.2 62.1 144.1
2920 859 70.71 529.81 214.2] 114.8 ] 108.4| 742.8 | 3974 54.3 51.6 91.8
3151 850 7021 6003 2184 121.5] 1159 7749] 400.8 78.2 76.3 120.4
3781 7491 628 574.6) 222,60 122.1| 116.6| 709.3| 404.2 80.2 80.2 99.4
42001 5971 50.1| 411.8] 226.8| 111.6| 105.7| 646.8] 407.6 52.2 52.2 26.8
4621 5941 499 439.6] 231.0] 115.1 [ 109.1| 6755 413.4 61.3 61.3 36.5
504 57.6| 4821 407.2| 2352 1164 | 1104 | 691.3] 419.2 66.1 66.1 424
546 5791 48.6] 4125 2394 120.6| 1145 7264 425.0 70.4 70.4 47.6
5881 583 49.11 418.0]) 243.6] 1254 1193 766.2] 430.8 67.2 67.2 30.4
63.0] 594 50.3] 433.6| 247.8] 129.4 | 1232 8005 4344 482] 482 32.4
6721 5891 50.0] 4249 252.0] 138.77] 133.6] &29.7] 438.0 70.4 70.4 50.8
7141 60.5| 51.7] 4456 256.2) 139.7| 13477 794.7| 445.0 57.0 57.0 24.3
75.61 61.2] 52.6| 451.8] 260401 1004 | 94.1| 332.6] 448.0 21.0 21.0 63.4
79.81 66.0| 57.61 5129]| 264.6] 1315 126.1| 75091 450.5 13.6 13.6
8401 632 54.8| 4205 268.8] 133.8| 1284 761.1| 453.0 13.2 13.2
8821 649 567 475010 273.0| 117.8 | 111.7] 666.9] 455.5 16.0 16.0
90241 61.2] 53.0| 42230 2772 122.0] 1159 699.7] 458.0 14.9 14.9
96.6 | 624 543 4312 2814 126.0| 1199 731.9] 460.5 18.0 18.0

100.8] 64.4] 565 449.5] 285.6| 140.0 | 135.0| 793.2] 463.0 15.5 15.5

1050 61.3[ 53.5] 40841 289.8) 1379 1329 711.7] 465.5 7.0 7.0

109.2] 66.1] 584 453.0] 294.0] 120.8 [ 1152 623.9] 468.0 6.7 6.7

1134 6441 568 4258 298.2| 1239 118.1| 647.7] 470.5 6.5 6.5

117.6]1 70.1] 627 44521 3024 127.0| 121.3| 672.5] 473.0 6.3 6.3

121.8] 72.11 64.6] 4829] 306.6] 131.5] 1258 | 705.1] 475.5 6.1 6.1

126.0] 67.7] 60.0] 4394] 310.8| 136.1 [ 130.3| 738.4] 478.0 6.2 6.2

1302 6721 59.4| 434.1] 3150 1404 | 134.6| 770.5] 480.5 6.2 6.2

13441 7211 642 48041 3192 1544 | 149.7| 810.0] 483.0 6.0 6.0

138.6] 76.0| 68.1] 5194 323.4) 152.5| 1479 731.9] 485.5 5.8 5.8

142.81 73.1] 651 4873 327.6| 133.7| 1284 | 6453 488.6 4.7 4.7

14701 7991 719 5529 331.8| 137.7| 132.3| 6723 490.4 3.6 3.6

15121 8341 761 576.0] 336.0| 141.1| 135.7| 696.7] 492.2 3.5 3.5

15541 8751 80.6] 571.8] 340.2] 146.3 | 141.0| 731.2| 494.0 3.4 3.4

159.6] 68.6] 61.2| 2742 344.4] 1508 | 1454 | 761.1] 495.8 3.3 3.3

163.8] 88.1] 81.3| 584.3] 348.6| 154.7| 149.3| 789.5] 497.6 3.2 3.2

1680 84.0[ 77.0] 544.0] 352.8] 169.3 | 1649 &29.7] 499.4 3.1 3.1

17221 8921 823 589.2] 357.0] 166.2| 161.8| 745.1] 501.2 3.2 3.2

17641 9271 859 623.1] 361.2| 145.7| 140.6| 659.4] 503.0 39 3.9

180.6] 9631 89.5| 657.1] 3654 1499 144.9| 686.1] 505.5 2.2 2.2

184.8 1 106.9] 101.1] 7258 369.6| 157.4| 152.4| 720.01 506.2 1.3 1.3

189.0] 10241 96.6| 631.3] 373.8] 950 88.0| 273.2] 507.1 1.3 1.3

19321 95.0] 88.8| 580.7] 378.0| 170.7| 165.7| 445.5
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7% 5.2 100 4E[ml g JE 734 (RWDI £2{3)

i R Fy Mz | &fE | Fx Fy Mz | &fE | FEx Fy Mz
00 457 28.1[ 22521 197.4] 1164] 108.6] 8303] 382.2| 175.9] 188.2| 1172.3
42 1346 82.0| 6541 2016 119.0] 1114 862.6] 386.4] 203.5| 225.5] 1325.2
12.6) 15731 985] 791.6] 2058 12641 1159( 909.3| 390.6] 168.3] 225.0] 1345.6
1891 133.4] 84.0| 671.4]) 2100 126.8] 1209 961.4| 3940 77.1| 72.8| 374.8
252 13471 8731 7205 2142 131.6] 126.8| 1007.6] 397.4] 60.6] 602] 333.6
31.5) 133.0) 86.5) 8158 2184 134.9] 135.1] 1049.9] 400.8] 80.1| 88.1| 3109
37.8) 1135 77.0] 7804 222.6] 1352 1359 961.5) 4042] 90.6] 90.6] 290.3
201 90.1| 613 5594 226.8] 126.8] 123.5] 877.1| 407.6] 59.0| 59.0| 210.0
462 8941 61.1] 597.0] 231.0) 130.1| 1274 9159 4134 69.3] 69.3] 168.8
5041 8741 59.0[ 5533 2352 131.7] 129.0| 937.3| 4192 7471 7471 2306
546 873 59.5| 560.3| 239.4] 1356 133.6] 984.8| 4250 79.6] 79.6| 2214
588) 87.1| 60.0| 567.8| 243.6] 140.1| 139.0| 1038.7] 430.8] 76.0| 76.0| 1822
63.0] 87.61 613[ 5838 247.8| 143.8| 143.6| 1085.6| 4344 | 544| 544] 1163
6721 86.81 609 577.0| 252.0| 149.4| 155.1| 11244 4380 79.6]1 79.6] 1864
714) 877 62.8] 604.9| 2562 149.8 | 1563 | 1077.5| 4450 64.4| 644 1627
756 87.8| 637 613.3) 2604 117.3| 1104 451.7] 4480 23.8| 23.8| 297
798| 914 69.4[ 699.1] 264.6| 143.8| 146.7| 1018.0] 450.5] 154| 154

84.0] 88.6] 66.2| 570.8| 268.8) 146.3| 1493 | 1031.6] 453.0] 149| 14.9

8821 89.6] 682| 644.6] 273.0) 133.3] 130.6] 904.3] 4555] 18.0| 18.0

N4) 86.0[ 64.0[ 57331 2772 1372 1353 3982 458.0] 16.8] 16.8

96.6| 89.7] 654 5852 2814 141.0] 1399 3256 460.5] 203] 203

100.8] 87.9] 67.9] 609.0] 285.6| 150.4| 156.7| 1075.4] 463.0| 17.6] 17.6

105.0] 849 64.4| 55421 289.8 | 1483 | 154.3| 3532 465.5 7.9 7.9

109.2] 884] 700| 614.6] 294.0] 134.5] 1343 ] 846.0) 468.0] 7.6 7.6

113.4] 86.5] 68.1] 577.8] 298.2] 137.4| 137.7] 881.3] 4705 74 74

117.6] 909 74.7| 604.0] 302.4| 140.6| 141.3| 911.8] 473.0 7.2 7.2

121.8] 93.1] 769| 654.9] 306.6| 144.8| 146.5| 956.0] 475.5 6.9 6.9

1260] 89.8] 71.7] 596.2] 310.8] 149.0| 151.6] 1000.9] 478.0 7.0 7.0

130.2] 89.9] 71.2| 58921 315.0] 153.0] 156.5| 1044.9] 480.5 7.0 7.0

1344 9441 76.7| 651.8] 3192 162.5] 173.4| 1097.9] 483.0 6.8 6.8

138.6] 98.2] 81.1] 704.6] 323.4] 160.6] 171.3] 991.7] 485.5 6.6 6.6

142.8] 9621 7771 661.2] 327.6] 1453] 149.2| 874.8] 488.6 5.3 5.3

1470 1023 854 750.1] 331.8) 149.0| 153.8| 911.4] 4904 | 4.1 4.1

15121 103.0] 90.0| 781.1] 336.0| 152.3| 157.6| 944.6] 4922| 40| 4.0

15541 106.1] 95.1] 7753] 340.2] 157.2] 163.6] 991.1] 494.0 3.8 3.8

159.6] 9071 73.1] 372.6] 344.4] 161.3] 168.6] 1032.6] 495.8 3.8 3.8

163.8] 107.4] 96.0| 792.4] 348.6] 165.0| 173.2| 1070.3 | 497.6 3.6 3.6

168.0] 104.5] 91.1| 737.9] 352.8| 175.0] 190.6 | 1125.4] 499.4 3.5 3.5

17221 109.3] 97.2] 799.2] 357.0] 172.0| 187.0] 1009.8 ] 501.2 3.6 3.6

176.4 | 112.7] 101.3| 8452 361.2| 1554 163.1| 894.1] 503.0| 44| 44

180.6 | 116.1] 1054 | 891.1] 3654 159.3| 167.9| 930.3] 505.5 2.5 2.5
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(¢))] A damping ratio of 0.015 was used.
2 Accelerations are predicted at the top occupied floor (the 89th floor, 382.2 m) at a representative
radial distance of 20.4 m from the centre-of-mass of the floor.

3) 1SO is International Standards Organization.

Predicted Peak Accelerations at Top Occupied Floor

Taipei Financial Center - Taipei, Taiwan

Project #02-1496

Figure No. 17

Date: August 1, 2002
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' REPORT ADDENDUM
REVISED WIND LOADS
TAIPEI FINANCIAL CENTER
TAIPEL TAIWAN
August 1, 2002

1. Introduction

Rowan Williams Davies & Irwin Inc. (RWDI) was retained by C.Y. Lee through Motioneering Inc.
to conduct a re-analysis of the structural wind loading on the proposed Taipei Financial Center in Taipei,
Taiwan based on the new structural properties as ’well as to review the provided cladding wind loads for
ihe new design changes. Drawings as well as structural information received from Evergmen through

Motioneering Inc. in July, 2002 (see Appendix A) were used for this study.

The wind tunnel data of the high-frequency force-balance tests were obtained from previous test
dated 28 October,v 1998 combined with a statistical model of the local wind climate that includes. the
strength and directionality of severe winds. The statistical wind climate model used to determine the
predicted peak wind loads was based on surface wind measurements taken at the Sung-Shan Airport. The
magnitude of the wind velocity for the 50-year rcturﬁ period was scaled to correspond to a 10-minute
mean speed of 39.93 m/s at 10 m above grouhd in open terrain, which is consistent with the 50 year value
in the Taiwan Building Code. )

For full details of the testing and analysis methods used to obtain the wind loads provided herein,

. please refer to RWDI reports issued July 2, 1998 for the previous Cladding Wind Load Study, February
18, 1999 for the Wind-Induced Structural Responses, and June 30, 1999 for the Report- Addendum, Wind
Tunnel Tests of Revised Design.

Report Addendum - Revised Wind Loads - August 2, 2002
Taipei Financial Center - Taipei, Taiwan - Project #02-1496 ) Page 1 ml
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2 Cladding Design Wind Loads

For the purpose of cladding design for the Taipei Financial Center, it is recommended that the 5D-
year return period wind loads presented in the attached Figures (la through 14), be considered.
Conlsidering the current design changes at the roof top above 90™ floor, Figures 1a and 3a have been

-changed appropriately. The remaining figures are the same as those in the addendum report dated 30"
June, 1999.

The cladding loads provided in this report do not contain load or safety factors. The loads
areto be applied to the building’s cladding in the same manner as would wind pressures calculated
by building code analytical methods. ' '

3. . Structural Wind Loads
3.1  Wind Load Distributions With Height and Load Combinations

The high-frequency force balance wind tunnel data from previous test dated 28 October, 1998 was
re-analysed with the new structural properties of the tbwer, provided by Motioneering Inc. in July, 2002
to calculate the wind-induced structural responses. These properties included the mass distribution, and

natural frequencies for the fﬁndgmental sway and torsional modes of vibration.

The overall wind-induced overturning moments, shear forces and torsional moments aciing on
the proposed Taipei Financial Center at Floor Level 1 have been predicted for a return period of 50 years
and are presented in Table 1. The coordinate system and reference axis used to define the forces and
moments is illustrated in Figure 15. The loads were determined using the fundaméntal building vibration
frequencies, listed in Table 1, and the mode shapes provided by Motioneering Inc. in July, 2002. The
wind-induced loads were determined for an assumed damping ratio of 2% of critical. For illustrative
purposes, the overall wind-induced loads on the building for each wind direction are presented in
Figure 16. The loads in these figures are the values based on the S0 year return period wind speed

assuming this wind speed applies to all directions. In other words, there is no allowance for the relative

Report Addendum - Revised Wind Loads - August 2, 2002 o _ .
Taipei Financial Center - Taipei, Taiwan - Project #02-1496 Page 2 I

93



probability that the 50 year wind will occur from different directions. This information simply illustrates

the raw source data used in predicting the peak design loads.

The equivalent static vertical distributions of wind loads on the buildings were détermined for
representative wind directions producing high loads in each of the x, y, and z (torsional) directions. From
these, effective load shapes were determined, and then factored to be consistent with the predicted 50 year
return period peak moments. The effective static wind load distributions for the buildings are presented
in Table 2.

In using the predicted wind loads from Table 2, it is important to consider how the x, y, and z
components of the wind load should be combined when applying them to the structure. A set of
recommended load combinations are provided in Table 3. There are basically 24 combinations in each
table which represent each of eight possible sign sets (+++, ++-, +-+ etc.) with each of Fx, Fy and Mz
reaching their individual maximum percentages for that sign set. It is recommended that all load cases

be considered for overall structural design.

Note that the wind loads provided in this report do not contain safety or load factors and
are to be applied to the building’s structural system in the same manner as would wind loads
calculated by code analytical methods.

3.2 Accelerations

The wind-induced accelerations at the top occupied floor of the tower are summarized in Figure 17. The
peak total accelerations were determined as a function of return period for the given building masses,
frequencies and an overall damping level of 1.5% of critical. The torsional acceleration component was
calculated at a representative distance from the reference axis, taken to be equivalent to the mass radius

of gyration of the upper floors.

Report Addendum - Reviséd Wind Loads - August 2, 2002
Taipei Financial Center - Taipei, Taiwan - Project #02-1496 Page 3 MI
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Research indicates that people first begin to perceive accelerations when they reach about 5 milli-g
(where one milli-g is 1/1000™ of gravitational acceleration). This benchmark is thus a value that one
would not want occurring too frequently in a building. However, it is not realistic to require that no
accelerations ever occur above this level and so criteria have developed that relate acceleration level to

‘various frequencies of occurrence.

The first code type document to give guidance on building motions was the National Building
Code of Canada (NBCC). It suggested that 10 year return period accelerations in the range of 10 to 30
milli-g were acceptable, with the upper end of the range being appropriate for office buildings and the
lower end for residential buildings. Many wind tunnel studies conducted in the 1980's and 1990's used
al0 year criterion of between 20 and 25 milli-g for office buildings and about 15 milli-g for residential

buildings.

Subsequent research indicates that peoples’ sensitivity to motion becomes less as the natural
frequency of the building becomes lower (at least in the range of interest for tall buildings, 0.1 Hz to 1.0
Hz). This dependence is not reflected in NBCC which was based on results for frequencies primarily in
the range 0.15 to 0.3 Hz. The criteria suggested by the International Standards Organizétion, (IS0) do
include a frequency dependence. Also the ISO criteria generally have used a shorter return period than
10 years. ISO has published cfiteria based on a 5 year return period which can be summarised as follows:
the 5 year return period root-mean-square acceleration, a(rms), in m/s’, should not exceed the following

expression,

‘¢

RMS CRITERION (5 yr) a(rms)=0_026xf‘0-412 mis?

where f = building frequency in Hz. For typical conditions the peak acceleration, a(peak), is about 3.5
times the root-mean-square. Also the more commonly used unit for acceleration in the context of human
comfort in buildings is the milli-g, which entails a further factor of 1000/9.81. Thus the ISO criterion can

be-approximately expressed in terms of a peak acceleration in milli-g as

PEAK CRITERION (5 yr) a(peak)=9.28xf 0412 milli-g

Report Addendum - Revised Wind Loads - August 2, 2002 BN
Taipei Financial Center - Taipei, Taiwan - Project #02-1496 ’ se . Page 4 I

95



- The»corresporllding 1 year ﬁ:/rvigehr’ign is suggested by ISO to be a factor of 0.72 lower than the 5 year

and RWDI estimates the corresponding 10 year criterion to be a factor 1.2 higher than the 5 year criterion.

The recent trend in thinking amongst wind engineering specialists is to base criteria on shdrter
return periods than 10 years. This is primarily because in areas affected by hurricanes or typhoons, it is
almost certain that winds of 10 year recurrence interval will be due to a storm of this type. With present
day forecasting and communications there is usually ample warning of the approach of a hurricane or
typhoon and the oécupants, if they have not already evacuated the area, will hardly be expecting normal
conditions to prevail. Thus it is the more frequent, less predictable events that are of concern. According
to the Taiwanese code, it suggested that the peak acceleration for the half (V%) year return period should
not exceed 5 milli-g (0.5% of g). However, as shown in Figure 17, the predicted peak accelerations (with
and without typhoons) for the half (12) year return period will exceed the Taiwanese criterion. Thus, a
damping system is being designed by Motioneering Inc. to bring the peak acceleration to the acceptable

level of 5 milli-g (0.5% of g). This damping system is being designed with a 5% damping ratio in order

meet this criterion.

Report Addendum - Revised Wind Loads - August 2, 2002
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CV1 8.0 8.0
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A
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e s
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K 6.2 [ ZHAERL

BOWESRER | WA | MEAERENR) | TAEEETREAR) | B TRAFS2 | Bk ES2) o
PT3 150 15 43 1350 1300 RAEETy XA
PC1 120 14 49 1010 970 RAEETy XoedF
PC2 280 75 49 2150 1860 RAEFETy XoedF
PCla 120 5 62 970 930 RAEERH Xl
PC2a 200 5 62 1765 1670 RAEETy XA
PT2a 150 15 1360 1300 2EEI Xl
PTla 200 15 1900 1800 2REH el
PT1 200 15 1900 1800 RIEETy Ao
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* 6.3 Fpte C REFENEEDFEER (EBRAFRED

TR (B4 t/m’)

sxsp | (0~30m) | (30m~42m) Rock (7 >4 F 42m)
. Ellay Cgluv;m % PEN N
kL) (mAERE) (42~56m) (56~62m)
TPC-1 4.2 12.5 15.2
TPC-2 3.0 6.8 15.5 60~80
TPC-3 1.5 9.3 21.2
T34 2.9 9.5 17.3

TELZ YR B/HBESH R MIF AERRERFTEMER 0 B

Bk &

R (B tmd)

- Clay (# +) CV (i # %) Rock
g M. Stift: oo
a3k N:fug Stiff: N>8 CV(SM) CV(GM) R
S— 42 11.8 19.0 11.3
(21.6m~31.8m)| (31.8m~40m) (40.8m~51m) | (52m~60m)
TP 3.2 9.5 12.0 13.3 10.0°
(20.8m~33m) | (33m~41m) (41m~49m) |(50.6m~54.1m)|(54.1m~60.5m)
3.1 8.5 2"
TPT-3
(20.8m~33m) | (33m~42m) (51m~58m)
34 3.5 9.9 11.4° 10.6"
50 AR AT ZiRs EHd 1 E=0.3x10°%kg/cm’
TPT-1 14.7 18.0
TPT-2 5.7 13.0°
TPT-3 13.2
3y 15.5°

YR EARIR » R AE P B EloBpis € 0.9t/m’
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% 6.4
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FEI28 K248
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WEERG | W B 3 d ‘ asas WE
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AA%E SHEA-K. SI2 47 48
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KV Contour(method 1)
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KV Contour(method 2) unit: t/m
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E 3 LONG TERM FOUNDATION MONITURING
ey @ 1. GENERAL NOTE ¢
43 +— : REBAR STRAIN GAGES AND TEMPERATURE MEASURING DEVICE SHALL BE INSTALLED BEFORE POURING CONCRETE TO OBSERVE SIRESSES,
STRAINS AND TEMPERATURE CHANGES IN MASS CONCRETE, ESTABLISH LEVELING SURVEY POINTS AT SELECTED COLUMNS TO OBSERVE
5 g FOUNDATION DEFORNATIONS DURING AND AFTER CONSTRUCTION.
8 2 2. LOCATION AND AMOUNT OF INSTALLATION :
REBAR STRAIN GAGES SHALL BE INSTALLED AT 25 LOCATIONS ON FOUNDATION SLAB. 2 REBAR STRAIN GAGES SHALL BE INSTALLED
14 4— 1 ON QUTER LAYER OF TOP AND BOTTON BARS W/ A SPACING OF im W/ A TOTAL OF 100 SIRAIN GAGES. 8 TEMPERATURE NEASURING
N {4. LOCATIONS ARE REQUIRED 10 WEASURE TENPERATURE AND STRAIN VARIATION AT DIFFERENT DEPTH OF FOUNDATION BETYEEN
o 8 CONCRETE POURING AND HARDENING OF MASS CONCRETE. TEMPERATURE SHALL BE TAKEN AT TOP, MID-HEIGHT AND BOTTOW OF EACH
g 8 POURING LAYER AT EACH SELECTED LOCATION. 2 REBAR STRAIN GAGES SHALL BE INSTALLED ON EACH OF 2 LAYERS OF REBARS
& ( D CLOSEST 10 THE MID-DEPTH OF FOUNDATION SLAB WITH A TOTAL OF 36 REBAR STRAIN GAGES. TO DBSERVE DEFORMATION OF
. FOUNDATION DUE TD HYDRATION.
! - 3. MONITORING PERLOD <
g MONITORING CONTRACTOR SHALL TAKE INITIAL READINGS BEFORE POURING CONCRETE. MONITORING DATA ALONG WITH STATUS OF
2 = CONSTRUCTION SHALL BE SUBMITTED TO ENGINEER OF RECORD FOR REFERENCE. MONITORING WORK SHALL BE TRANSFERRED TO THE
g OWNER FOR SUBSEQUENT MONITORING 6 HONTHS AFTER COMPLETION OF CONSTRUCTION.
1). REBAR STRAIN GAGES AT FOUNDATION SLAB
() S— 7@ O RS VARIATION or ST T FOCNDATION SLAB EVEY HOUR VT AUTCHATIC WONITORING SYSTEM ROM FOURING F
2 FIRST LAYER OF CONCRETE SLAB T0 3 VEEKS AFTER POURING OF TOP LAYER OF CONCRETE SLAB. TAKE READINGS ONCE EVERY
o = THREE MONTHS BETWEEN 3 JEEKS AFTER CONPLETION OF FOUNDATION SLAB POURING AND AT LEAST 6 WONTHS AFTER
g8 = 6\9 COMPLETION OF CONSTRUCTION.
@ . (2). ELEVATION SURVEYING :
/’\_( SEE MONITORING DN FOUNDATION SETTLEMENT ON S0.5-02 FOR MORE INFORMATION. BPO4 CONTRACTOR SHALL BE RESPONSIBLE
\g, — —— 21 FOR THIS TTEM.
(3). MONITORING ON TEMPERATURE AND STRAIN
o =3 a MEASURE VARIATION OF TEMPERATURE AND STRAIN EVERY HOUR WITH AUTOMATIC MONITORING SYSTEM FROM POURING OF FIRST
3 3 LAYER OF CONCRETE SLAB TO 3 WEEKS AFTER POURING OF T0P LAYER OF CONCRETE SLAB.
4. METHOD STATEMENT :
;) S — — 1 4R MONITORING CONTRACTOR SHALL SUBNIT A METHOD STATEMENT WHICH INCLUDES INSTALLATION PROCEDURE, MONITORING DEVICE,
\_,’ ’ PROTECTION METHODS, MONITORING METHODS, ETC. TO THE ARCHITECT FOR APPROVAL
o =
3 2
g B g
. o e I R S S S R | — R R
@ 9
18 158
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B3 9A(LEGEND)-
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LAYOUT OF LONG TERM MONITORING SYSTEM AT FOUNDATION SLAB
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BT REE
GRIND SMOOTH

DET. "A”

PETE G LGIRDER
NOTES ON GEOMETRY OF RBS:
[ 1 AT RE 7D EESEHER ME B o RERB T HE2 L E
1.CONTROL POINT 1 IS AT A DISTANCE 175MM AWAY FROM THE FACE OF STEEL COLUMN , AND
/ " CONTROL POINT 2 IS AT A DISTANCE OF a TIMES BEAM DEPTH AWAY FROM CONTROL POINT 1.
L—Box cou
2 KT REB/CT,C2ME . Y #ACT, C2 R HLE

2.FIND OUT VALUES C1, C2 FROM THE TABLE BELOW, AND
CONNECT POINTS C1 AND C2 WITH A STRAIGHT LINE.

3 AREFZEAR BT RBEC]. C2 R AR FER) EXATEHEE r1=3C1,r2=3C2.
3.FIGURE OUT RADII OF CIRCLES, r1=3C1, r2=3C2, THE NORMS PASS THROUGH
END POINTS OF THE INCLINE LINE C1 & C2 .
4.r1,r2 VIH SR E R EEP P2
4,TWO CIRCLES WITH RADII r1 & r2 INTERSECT THE EDGE OF STEEL BEAM FLANGE AT P1 & P2.

5. HEPIBETHAEHDET. "A”, P2EE-10% (SWEZR#HE.
5.GRIND SMOOTH POINT P1 AS SHOWN IN DET "A” 10° CLOCKWISE FROM POINT P2 WILL BE
THE RETROFLEXION OF CIRCLE WITH RADIUS r3.

6.r3=2C2 2 A, &P 2 Fa ¥ 7§ LA
6.USE r3=2C2 AS THE RADIUS OF TRANSITION CURVE, THEN COMPLETE THE SMOOTH GRINDING FOR POINT P2.

o BRI, B AR E R e, R R R T R R E e A, I
BEAERE R
NOTE : THE DETAIL AS SHOWN ABOVE CURRENTLY IS THE PATENT OF NATIONAL SCIENCE COUNCIL, TAIWAN,
REPUBLIC OF CHINA. THE CONTRACTOR HAVE TO APPLY FOR THE USUFRUCT ACCORDING TO THE LAW
BEFORE CONSTRUCTION, AND BE RESPONSIBLE FOR ALL EXPENSES INCURRED.

8.2 WM RRHH YA 5 =R R e
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BRAERETRESZSHY

1 Primary Viscous Damper Devices

Number of VDD Reguired: 8
Period of Motion: 6.5-7.35 sec
Min. fully Extended Length (Pin to Pin): 4.175 m
Max. Fully Retracted Length (Pin to Pin): 2.675m
Netural Stroke Length: 3.425 m
Installed Length: 3.137 m
Total Stroke: [.5m
Max. Continuous Power Disspation: 25 kW
1 Minute Ave. Power Disspation: 45 kW
5 Minute Ave. Power Dissipation: 25 kW
10 Minute Ave. Power Dissipation: 17 kW
Force/Velocity Rel: F=CV? (velociety squared)
Force Coefficient C: 1000 kN/(m/s)?
Damper Design Piston Velocity 1 m/s
Max. Piston Velocity: 2.3 m/s
Max. Piston Force (Limited by PRV) 1000 kN
Rod End Articulation (all directions) 130°
Max. desired operating temperature: 100°C
2.Snubber Viscous Damping Devices (VDD)
Number of VDD Reguired: 8
Period of Motion: N/A
Min. fully Extended Length (Pin to Pin): 3.75 m
Max. Fully Retracted Length (Pin to Pin): 2.75 m
Capacity: 5 MJ
Force/Velocity Rel: F=CV"? (sub-linear)

Force Coefficient C:

Max. Piston Velocity:

172

700 kN/(m/s)"?

3 m/s



Max. Piston Force (Limited by PRV) 900 kN
Rod End Articulation (1direction only) 16" spherical

Max. desired operating temperature: 100°C
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Figure 1: Analysis Flowchart

Dynamic Analysis

Wind Analysis
Optimize TMD Design Parameters

velocity relationship, power dissipation)
3. TMD Mass

1. Viscous Damper Geometry {angle, length, quantity)
2. Viiscous Damper Parameters (force coefficient, force-

TMD DESIGN

Seismic Analysis
Set up and execute computer simulation

Set up and execute time
domain computer simulation

Do above
optimized parameters
define acceptable building
accelerations during 1/2
year retum event?

[ No

Yes

Are Snubbers
engaged during 100
year return event?

le—— Yes

viscous
dampers with the
above optimized
parameters be

de——No

Yes

Yes

10.3

FE [H e ey i at T i e

of 100 year Seismic event using wind-
optimized parameters

Are Snubbers
engaged during 100
year Seismic event?

\J

Set up and execute time-
domain computer simulation
for 390 & 500 gal seismic
events using above
parameters

Does the TMD cable
support system survive
these events?

Finalize TMD
Specifications.

TMD System Component
Enginesring Analysis

Define, Refing, Finalize

Peak Unfactored Forces
acting on TMD Components

Finalize Spatial Constraints
due to Building Structure,
Architecture, other
Constructability Constraints

Design TMD Component Assemblies,
Parts, Connection Details using
Engineering Principles

1. Upper Support Assembly

2. Tuning Frame Assembly

3. Cable Assemblies

4. Mass Block Assembly

5. Cradle Assembly

6. Hydraulic Cylinder Assemblies
7. Lower Support Assemblies (NIS)
9. Snubber Ring Assembly

Finalize forces acting
on TMD and Primary
Structure.

176

Produce Design Drawings
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Tl COMPONENT DESCRPTION
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CARE AOUSNG LD ORAWHG
WD = S= 100,
-y
L3 PEMIART FTORLLLC SYSTEML  SIE ORAMNG
TRl - 37— 154
T, SMUBBER MYDRAULIC SYSTTW SO0 DewemG
T = 0 P B
. —g— ]
B BUMPER BmG.  MIE DUAmNG
Wil - 3 R —
. ]
g MDMITORING STYSTEM. COWPUNTR AN
ASSOCIATDD INSTRUMENTS 10 WEajyRf
BUMLDNG SEAY, TR WOTOK, wikd SPOCD,
ARG WD DRECTOA,
TR T \\,
1 ERHNTA IR & AE Tl 020- 100,
7. ETMEEY RETMD-030-100
3 FRESNEEE NS ETMD-040- 00
4. WEReRETMD-050-100,
T MEREGREEEMG S THRTE
ERETMI-06D-100
6 rRabRE gRETND-070-100,
T, PR S g R TW0-070-100, ‘\,\x
B MiwHEERETMD-070-100,
GBS T WA R R A e

UPPTR CAILL SUPPORT. SOE [wwng
TWD- 020 100

TUNING FEAUE COMPOMEWTS, SO
DEAWNG TMD =050~ 100,

WA SURPORT CABLE ASSOWALES. S0
DENNNG D= 040 - 100,

WAASS BLOCE.  SEE DRLwkG

NS\

H / _\\\\\\\W

I

ThD 2 e, T

10.5

A\

]

AE BH e s A S R I [

178

FL. 92

FL. 91

FL, 90

FL. 89

FL. BB

| FL. &7




ACCELERATION( Cn/S"2)

S0

-15

0. SEF[mIRH R )O3 F e L
JR 1 517 90°

0 100 200 300 400 500 600 700
TIME (S)

10.6 A4 [ i HH A5 s o ok J55 B i
(FH iM% K Motioneering 7\ 5] #2AE)

179

800

900



. SEE SUPPLEMENTARY

OTHERWISE.

SDENCE OVER SCALED DIMENSIONS.
OUTBY DIMENSIONS.

MENSIONS AND CONDITONS ON THE
FROM THE DIMENSIONS AND

3 DETANS SHALL CONCLUR AND BE

SPECIFICATIONS, AND ALL APPUCABLE
N CODES.

ALY, AND INSTALLATION OF TUNED MASS
PEI, TAIWAN, REPUBLIC OF CHINA.

v U
TMD-501-100
TMD-502:100
TMD-503-100
TMD-504-100
TMD-505-100
TMD-506-100
TMD-507-100
TMD-508-100

LITUAPTIOG IR & LLL SR F 98 i
TMD# 1 AND TMD# 2 ISOMETRIC ILLUSTRANON
STRUCTURAL ATTACHMENT DETAILS
STRUCTURAL ATTACHMENT DETAILS

TMD#1 AND TMD# 2 SECTION VIEWS

TMD MASS ASSEMBLIES

SPRING PACK

SPIRE LOADING

TMD ACCESS OPENING AND PLATFORMS.
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TMD COMPONENT DESCRIPTION

-

. MASS BLOCK ASSEMBLY, TMD# 1.
SEE DRAWING TMD-505-100

N

VISCOUS DAMPERS, TMD# 1. SEE DRAWING TMD-505-100.

w

SEE DRAWING TMD-5S05-100.

~

SPRING AND CABLE /PULLEY ASSEMBLIES, TMD# 1.

BASE AND SECONDARY LINEAR BEARING ASSEMBLIES, TMD#1. %

L1

-

SEE DRAWING TMD-506-100.

©

VISCOUS DAMPERS, TMD# 2. SEE DRAWING TMD-SOS-‘IOO‘\_\

(1)

. MASS BLOCK ASSEMBLY, TMD# 2.
SEE DRAWING TMD-505-100

-~

_ BASE AND SECONDARY LINEAR BEARING ASSEMBLIES, TMD# 2. %
SEE DRAWING TMD-S05-100.

8. SPRING AND CABLE /PULLEY ASSEMBLIES, TMD# 2. /

SEE DRAWING TMD-506-100.

ISOMETRIC DETAIL - SPIRE TMD#1 AND TMD# 2

QC o
Nekoke)

10.8 S35 3 E PH e dn i & b [
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FAULT AND GEOTECHNICAL SITE INVESTIGATION FOR THE
101-STORY TAIPEI INTERNATIONAL FINANCIAL CENTER

CHEN DUNSTAN

SINO GEOTECHNOLOGY, INC.
ABSTRACT

The 101-Storey Taipei International Financial Center is located at SE
boundary of Taipei Basin. Taipei (thrust) Fault is known to pass through the site
vicinity. geotechnical site investigation program consists of: (1) 155-borehole
sampling and large amount of field and lab testing during foundation planning,
design and construction stages; (2)geologic investigation program consists of
reviewing and evaluating Taipei Fault related documents and records, drilling and
sampling of 5 off-site deep borings, large amount of fossil idenfifications and
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carbon dating. Results indicate that Taipei Fault is about 200m from SE corner of
the site, and the Fault has not being active for a minimum of 45,000 years and
may be considered as non-active fault.
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