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Structural Safety Assessment of Offshore Jacket

Structure for Response to Climate Change and Earthquake

Kim, Hyeong Tae

Department of Ocean Architectural Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The purpose of this study is to present a structural safety assessment of
offshore jacket structure against the increasing environmental load. Due to climate
change, sea-level rise and strengthening of typhoon power have caused abnormal
high-wave phenomenon, and recent earthquake frequency and magnitude are
increasing in Korea. Since the offshore jacket structures is generally located in the

water space, environmental loads predominate.

The RSR values were derived from the pushover analysis for wind, wave, and
tidal load, and the structural safety was evaluated by comparing with the pushover
analysis for seismic load. Concluded that the jacket structure is vulnerable to

seismic loads and based on this, nonlinear time history analysis was performed.

The results of the nonlinear time history analysis of the jacket structure were
evaluated using KBC2016 and Perform 3-D. Based on the results, a weakening
part of the jacket structure was found and a reinforcement model was

proposed to minimize damage.
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The conclusion is as follows

1) The example model of the jacket structure were modeled using the
commercial analysis program MIDAS Gen and the earthquake analysis program
Perform 3-D, and the safety and behavior were analyzed by performing the

pushover analysis and the nonlinear dynamic analysis.

2) As a result of the pushover analysis, the structure was stable for wind,
wave, and algae, and the RSR value was 2.56, indicating that the degree of
damage was “middle” , However, as a result of the pushover analysis for the
seismic load, the leg structure collapsed due to the heavy load on the upper
structure, and the weak behavior against the earthquake load was show, and. the

RSR value was 1.633, indicating that the degree of damage was “high” .

3) The results of the nonlinear dynamic analysis show that the El Centro
earthquake has a stable behavior but the Mexico earthquake has resonance and it
is very weak. The structure does not cause the whole plastic behavior and stress

concentration phenomenon, and some member local failure mechanism occurred.

4) In order to investigate the plastic behavior of the model against the seismic
waves of Mexico, Brace reinforced model was analyzed. As a result, plastic
deformation occurred at 50% of the Mexico earthquake acceleration but the

seismic performance was IO grade.

5) Through the seismic analysis, it can be seen that the example structure is
vulnerable to the long-period wave, and it is desirable to reinforce it with brace

to secure the safety of the structure.

KEY WORDS: Offshore jacket structure, Nonlinear analysis, Safety assessment,

Pushover analysis, Earthquake load, Wave load
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pressure), HFgH(wind), I}%=(wave), 3lF(current), Z=<(tide),"d3}Gce), A3
(earthquake), & %=(temperature), M= (souring) < A4 = Aom, ojo o}
2 =& sAsFolgdtar K20 Offshore platformol] 2ZH&3l= 3lFo&=
gravity load, buoyancy load, wind load, current load, wave load, flow load %

=4 sts Sol Ao

sl A skl A7) URAHolL b 2 AL W

O,
o
kv
N
)
i
Oft
=
2
>
)
o
<
N
)
E
offt
Oft
=
2
Lot
[
s
i
N
2

o
®
ot

A AZI71= st ojuje] w2 Higo® 1% MEHG HEFE ¢ I FUE
Zt=th. (A8, 2008)
2.2.1 97 o]&

o] & Airy, Stoke, Stream Function, Cnoidal, Solitary WaveTheory %

o] Qow, olej@ Sapol el SHEC] 217 thas] R AA we] 54
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Iz dAeke el Addste Aol Fastth FAS d AN 3
S Lolgt 3tH S u, d/L>0.5 1 A3l(deep sea)oll A= Airy wavel} Stoke wave
theoryE d/L>0.04%1 d3l(shallow sea)oll 4+ Cnoidale]y Solitary wave theory
o} 9g & ALbetE | WA F01%1 design wave condition

tlo
[
rr
Sl
ftlo
L
2
ok

+ wave theoryE A€lste] of2] wave parametergE 2% 3
o AA o2& HuUS UIZAZ 4 e AFE sk Morison

Equation 2/{(DE2F8 TF3tA "rh.(2174dst, 2008)

2.2.2 EEl& WA

F=F,+F = %pCdAUQ-l-pC'mU% D

o714 F, : Drag Force
F. : Inertia Force

c. : Inertia A5

C, : Drag A4
A &9 HH

U: =42 &5

o 7|4 Drag Forcex FA7F &4 FH& & W A7l o€y &4 9
FHOA FA EFo] FElEHo FAFOEA AT

d<lol™ Inertia Forcew #AFY & £A7F 7I&E&=

Uutzlo g AAFZEI o] FHolZg FAHO Yt FEXEESLS Drag
Force7} Inertia Forceell ®l3l =LA #8-3t7] wii&ol Drag-Dominant Structure
g} sl Gravity Structurex]® A|go] & 7= 1 W E Inertia-Dominant
Structurezt & 4 Qlth.

_

(-
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2.2.3 32| AA v

AATTE QA7 1do] HA LA

BN
)
r (o]
ol
o
o
2
l-l {
N
r:i
(&)
(]
rL

o
1
r
PN

AN Aol tste] 19793~2003d F<ot #5H ARERE G

#2249 A5 2 19 Short term TAX o2 HA w3 A
1.83ust] Ao F7l= Ao AT
2 g-3+t}.(Table 3)

izl

Table 3 3a¢o] A9 51 F7] (G-, 2007)

SA=ZA @71z 9 n= -8 AA =
HA S AZA 1} 31(m) 1 4.33m 7.92m
F7](sec) 14 8.87sec 8.87sec
927 3} 3.(m) 501 7.56m 13.83m
F7](sec) 50 12.35sec 12.35sec

2.3 AQ3tF

2.3.1 &

FHugol s AxAsid st e A4S 2EA Xl oy, HWAIE, o
SHEAA =AM =

1988 1d7EH AFE9 Fx7|E ol #3 7Hdd WIEAE st=5 Ast

QA HT ATl AR 5.8 7R AHeom WA e} kol B &
o

DAY S e £F FaE] AAXNAN AR FA A HE
S

< m FroeuEe HAAALLE M A v g FARH. F9 Al
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=7t F83] FolA FAE Incompressible, In-viscid,
Irrationalstthal 7Fgsted f&9 #AdE FFe FrHE 3 (Added Mass) o=

st AAdHe IdF2 AHAFE A-EE] STAA HERR Rl FxEo]
o

AAFZE thet WA= APl RP2A¢] Dynamic Response Procedureoi

SHEHEQ LS A JES A8 B =RodAe WiAds 7]
e 7157 e FYHA FELE FEStH HUstd e, Vsl
Fol& o] AYe] A JM&EE Aol FA7|E st 0.57HE AHE-

& Aotk Fd 74, 2007)

o
PR
o
H
ole
A
o2
N
-
N
flo
—
=
=z
il
Ry
ofo

Table 4 stF2=TA

AATAAS | AUE A%

Y3 57E &S ! £
° E) (153
ZNsTFdTE 0.57 0.063g BRzEA AE
0.11g

ofr
B
ok
N
9
)

1.40 0.154g

232 ¥H2HEH

<5 2HEY M FUEAVEY BF S8 2 ERS ARSI
2 $9@3tAl o= CQC(Complete Quadraic Combination)y & 2 &3}, WHak

H SH FHde @8 tEE 2HERS BAY x vy, z WE¥EE A7
100%, 100%, 50%E sAl A&3te €& A4kt

TZ2EY Es EAL AT ), 4 AS(Damping Ratio)= API-RP-2A¢]
mel dA FxREo et 5%E HL&stAow, XX stFol wetoAAE =
9] 38 89S API-RP-2A°)] we} 70% S7HAZI TG A T4, 2007)
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29 55

RSR < 2.0 High
2.0 < RSR < 2.6 Middle
2.6 < RSR Low

332 Ad= 74k =A A E

AP=sw FEPte AnE Fusl
1 oud A4S AAARE FYT F
AFRSA] hF A W AY B EeH
Zt}. olol thshe] APIQ00ROIA AAksh 771 Table

Table 6 91 F= 718k AA F7]
Ad=E & AL 571
High 354
Middle 6~10

Low 11d o] %

34 dAF=z= 2 Z2F Ms

3.41 QAF== 8

2 AFaA 1Hg iFTFEES 20159 SFs S3EE 20079 = 7= A
Ad MPZ = sgFAstr|A 9] stRFREoIH. FREe AR d4F HA= Fig
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342 299 /Me

o Al A&d SFsTHEE I

Oﬁi

(Table 7,8),

= 1.0S Hesgrt =3 29

Table 7 A A 3}

=(Table 9), %
vl (Table 1003} Zo] ALHAT. IFst=2 38425 A S5(kinematics Factor)
2

of #g% 7|E3}F& Table 113 Zt}.

+@A=zA A@7|3¢k ol o A A =}
3} 31(m) 13 4.33m 7.92m
PHAz4A
F7](sec) 19 8.87sec 8.87sec
3} 31(m) 50 7.56m 13.83m
23z
+7](sec) 504 12.35sec 12.35sec
Table 8 &+ 2 #AAFE A=+
e Al 4 [ HA S
g9 4 Y _r Remark
(Cd) (Cm)
R 39
0.65 1.60
(DL+0.00]1)
API-RP-2A
R
1.05 1.20
(DL+0.0°]3h
Table 9 =&/
T4 AA%FE
0~70m 0~2.211m/s
Table 10 A A F<
AA=A A@7|3t A & A 7k AAZS
HAzA 1 15 9.9m/s
ENESd 501 152 30.1m/s
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Load Case SRR 2 &3%
Load Case 1 Abstz 8505.874 kN
Load Case 2 F&E3t% 1160.454 kN
Load Case 3 S lEia 236.330 kN
Load Case 4 A&t 132.071 kN
Load Case 5 Al Fets- AHl &k 210.896 kN
Load Case 6 g3slF 4576.842 kN

Total 14822.47 kKN

3.4.2.1 FA X2 AL

tee wago #gd w49 Group DSt FAXFE bk (3%
Nl A FTEAN A FEIA) RTA R

Table 12 FA¥ AF=% A5V

ASTM or Standards
T =
Mild Steel High Strength Steel
Deck Plate, Beams, Angles,
ASTM A36
Channels, Tees, and Misc,
SWS 400
shapes cut form plate
ASTM A36 API 2h Gr. 42
Deck Columns
API 5L Gr.B ASTM A537 Class 1
Piles & Skirt Pile Sleeves ASTM A36 API 5L Gr. 50
Jacket Leg Sections ASTM A36 API 2H Gr.42
Padeyes ASTM A36 API 2H Gr. 42 or 50
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Table 13 =] &84 Ao F=

Minimum Yield Tensile R
Group Steel Specification Point/Strength enstie Range
Ksi MPa Ksi MPa
ASTM 36 250 58~80 400~550
API 5L Grade B 35 240 60~ 415~
ASTM A106 Grade B 35 240 60~ 415~
I Grade A, B,
ASTM A131 34 235 58~71 400~490
CS, D, DS, E
SWS 400 35 245 58~80 410~550
(5” and
ASTM A588 50 345 70~ 485~
under)
I Grade 42 42 290 62~80 430~550
APL 2H Grade 50 50 360 70~ 485~
API 5L Grade X52 52 360 66~72 495~555
I ASTM A572 Grade 60 60 415 75~ 515~

2ol BAxE ZenScad Z 2130l “SECT” 7}EdA ¥
o] 434 (Sectional Properties)& A-52 0= A4kttt & Z=5 Yol A
FO2 AR A ¢ 3T BFTHES AISColA FH3= T 2] o2 R E
o
o

ZFAE A8k A gt

)

ber =\~
Aq7IAM, t, = &5 Ho FA
ty = W2 el %7
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Table 14 stF+-% Group D&} FA X4

Group Sect Type | O.D | Thick | Pile | Eff.Wt Materail Type H| 31
L02 LOCAN | TUB | 1143 60 API 2H Grade 42
L02 LOMAIN | TUB | 1073 25 ASTM A36
L02 LOCAN | TUB | 1143 60 API 2H Grade 42
L03 LOCAN | TUB | 1143 60 API 2H Grade 42
L03 LOMAIN | TUB | 1073 25 ASTM A36
L03 LOCAN | TUB | 1143 60 API 2H Grade 42
L04 LIMAIN | TUB | 1143 60 API 2H Grade 42
L04 LIMAIN | TUB | 1143 60 API 2H Grade 42
LAS LIMAIN | TUB | 1143 60 API 2H Grade 42
LB5 LIMAIN | TUB | 1143 60 API 2H Grade 42
L06 LIMAIN | TUB | 1143 60 API 2H Grade 42
LO7 L2MAIN | TUB | 1143 60 API 2H Grade 42
LAS8 L2MAIN | TUB | 1143 60 API 2H Grade 42
LB8 L2MAIN | TUB | 1143 60 API 2H Grade 42
L09 L2MAIN | TUB | 1143 60 API 2H Grade 42
LAA L2MAIN | TUB | 1143 60 API 2H Grade 42
CNL CONL TUB | 1143 20 965.2 ASTM A36
LBB L3MAIN | TUB | 965.2 25 ASTM A36
LBB | L3CAN [ TUB | 9952 | 40 API 2H Grade 42 | jcket
LAl L3CAN | TUB | 995.2 40 API 2H Grade 42
LAl | L3MAIN | TUB | 965.2 | 25 ASTM A36 (Leg)
LB1 L3MAIN | TUB | 965.2 25 ASTM A36
LB1 L3CAN | TUB | 995.2 40 API 2H Grade 42
L12 L3CAN | TUB | 995.2 40 API 2H Grade 42
L12 L3MAIN | TUB | 965.2 25 ASTM A36
L12 L3CAN | TUB | 995.2 40 API 2H Grade 42
L13 LSCAN | TUB | 995.2 40 API 2H Grade 42
L13 LSMAIN | TUB | 945.2 15 ASTM A36
L13 LSCAN | TUB | 975.2 30 API 2H Grade 42
LA3 LSCAN | TUB | 975.2 30 API 2H Grade 42
BB3 LSCAN | TUB | 975.2 30 API 2H Grade 42
LB3 LSMAIN | TUB | 945.2 15 ASTM A36
LB3 LSCAN | TUB | 975.2 30 API 2H Grade 42
BA4 LSCAN | TUB | 975.2 30 API 2H Grade 42
LA4 LSCAN | TUB | 975.2 30 API 2H Grade 42
LA4 LSMAIN | TUB | 945.2 15 ASTM A36
BB4 LSMAIN | TUB 95.2 15 ASTM A36
LB4 LSMAIN | TUB | 945.2 15 ASTM A36
LB4 LSCAN | TUB | 975.2 30 API 2H Grade 42

o
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Table 15 3} Group ID ¢} FA| X4 - Al

Group | Sect | Type | O.D | Thick | Pile | Eff. Wt Materail Type H] 31
HO1 | HOO | TUB | 558.8 | 22 ASTM A36

HO2 | HOO | TUB | 558.8 | 22 ASTM A36

HO3 | HOO | TUB | 558.8 | 22 ASTM A36

HO4 | HOO | TUB | 558.8 | 22 ASTM A36

HO5 | HOO | TUB | 558.8 | 22 ASTM A36

HO6 | HOO | TUB | 558.8 | 22 ASTM A36

HO7 | HO1 | TUB | 508 22 ASTM A36 Horizontal
HO8 | HOl | TUB | 508 22 ASTM A36

H09 HO1 | TUB | 508 22 ASTM A36 Brace
H10 | HO1 | TUB | 508 22 ASTM A36

H11 | HO1 | TUB | 508 22 ASTM A36

H12 | HS1 | TUB | 498 17 ASTM A36

H13 | HS1 | TUB | 498 17 ASTM A36

H14 | HS1 | TUB | 498 17 ASTM A36

Al4 | Al4 | TUB | 346 14 ASTM A36

D01 DO | TUB | 558.8 | 22 ASTM A36

D02 DO | TUB | 5588 | 22 ASTM A36

D03 DO | TUB | 558.8 | 22 ASTM A36

D04 DO | TUB | 558.8 | 22 ASTM A36

D05 DO | TUB | 558.8 | 22 API 2H Grade 42

D06 DO | TUB | 558.8 | 22 API 2H Grade 42 | piaoonal
D07 DO | TUB | 558.8 | 22 API 2H Grade 42

D08 | DO | TUB | 558.8 | 22 API 2H Grade 42 Brace
D09 D1 | TUB | 508 22 ASTM A36

D10 D1 | TUB | 508 22 ASTM A36

D11 D1 | TUB | 508 22 ASTM A36

D12 | DS1 | TUB | 498 17 ASTM A36

D13 | DS1 | TUB | 498 17 ASTM A36

FH1 | FHI | TUB | 498 19 ASTM A36

FH2 | FH2 | TUB | 4472 | 14 ASTM A36 Boat
FH3 | FH3 | TUB | 257.4 4 ASTM A36 .
FVl | FV1 | TUB | 4472 | 17 ASTM A36 Landing
FV2 | FV2 | TUB | 3456 7 ASTM A36

MH1 | MHI | TUB | 609.6 | 22 ASTM A36 Mudmat
MH2 | MH2 | TUB | 711.2 | 22 ASTM A36

PIN | PIN | TUB | 1162. | 35.0 ASTM A36 Pile
PIL PIL | TUB | 1016 40 ASTM A36

H34 | SHO2 | TUB | 711.2 | 22 API 2H Grade 42 Skirt
H56 | SHO2 | TUB | 711.2 | 22 API 2H Grade 42 | [y 0o
H78 | SHO2 | TUB | 711.2 | 22 API 2H Grade 42 Brace

o

: o
F g | PR R
e |-: CLION




Table 16 3}37= Group D} A X4 -A%

Group | Sect | Type 0.D Thick | Pile | Eff.Wt Materail Type H] 31
SV1 SvVC | CTB 1338.4 50 1162.2 55.3 API 2H Grade 42

Sv2 SVC | CTB 1338.4 50 1162.2 55.3 API 2H Grade 42

SV3 SVC | CTB 1338.4 50 1162.2 55.3 API 2H Grade 42 Skirt
Sv4 SVC | CTB 1338.4 50 1162.2 55.3 API 2H Grade 42 Vertical
SV5 SVC | CTB 1338.4 50 1162.2 55.3 API 2H Grade 42

SVe6 SVC | CTB 1338.4 50 1162.2 55.3 API 2H Grade 42 Brace
SV7 SvVC | CTB 1338.4 50 1162.2 55.3 API 2H Grade 42

SV8 SVC | CTB 1338.4 50 1162.2 55.3 API 2H Grade 42

SP1 SP1 TUB 508 22 ASTM A36

SP2 SP1 TUB 508 22 ASTM A36 Skirt
SP3 SP3 TUB 1154.8 19 ASTM A36 Pile
SS3 SS3 TUB | 11444.8 14 ASTM A36

SP4 SS2 TUB 498 17 ASTM A36 Support
SP5 SS2 TUB 498 17 ASTM A36

TU1 TU1l | TUB 609.6 22 ASTM A36 Z}A|
TU2 | TU2 | TUB | 324 12 ASTM A36 z 97

Table 17 FH+= Group D} FA X<

Group | Sect | Type | O.D Wt Pile | Eff. Wt Materail Type B3
101 101 TUB | 101.6 5 ASTM A36

125 | 125 | WF | 125 | 9 125 6 ASTM A36 Celler
HP1 HP WF 300 20 588 12 ASTM A36

HS1 | HS | WF | 125 9 250 6 ASTM A36 Deck
HI1P H1P WF 200 13 400 8 ASTM A36

HP2 HP WF 300 20 588 12 ASTM A36

HS2 HS WF 125 9 250 6 ASTM A36 Main Deck
H2P H1P WF 200 13 400 8 ASTM A36

HP3 HP WF 300 20 588 12 ASTM A36

HS3 HS WF 125 9 250 6 ASTM A36 Roof Deck
H3P H1P WF 200 13 400 8 ASTM A36

VD VD TUB | 558.8 16 ASTM A36

VD3 VD TUB ASTM A36

VD3 VDC | TUB | 558.8 22 API 2H Grade 42

VD2 VvDC | TUB API 2H Grade 42 71E
CON CON | CON | 995.2 25 558.8 ASTM A36

LGT LGTS | TUB | 975.2 15 ASTM A36

VD1 VD1 TUB | 975.2 30 API 2H Grade 42
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3.4.2.2 Perform 3-D HEAH EA X

wdygo] Hgd vxy EAHIYZE Trilinears AHE-35F4 L Strength Loss
S e A8dAY. Fyet Fugbe SAlmig 230 2 Abolal Fugtel Fyol
oF 1.25u| 2 AA3A AL Strength Lossi= D / Dy g2 602 A3

Ard EREE FAo Atolzef FES el 4HAsI I Fyet Fu/dHl
o] mHlE gt =3 of 1.25u2 HAHI}HNL BE EAXE JYZE gHo=
A A3 T Perform 3-Doll 8% 3}5-o] Beam, Brace, Lege| ®IAE E4X
QY EE oS Fig 12,13,149 2o}

Modulus of Elasticity% 19995kN/ciie. 2 KBCel A & &-3k= 205,000MPag}=
T4 #Zol7b Qo ol ASTMTFZ oA &8k ZAAg @9ajolz B zd
AN = 3l FH ’éﬁ]iﬂ/ﬂ oAl &3 ASTMTF4 S AM&-319 T

Z.00E+05
1.50E+05
1.00E+05
S.00E+04
0

-5.00E+04
-1.00E+05
-1.50E+05

-2.00E+05 -
-8.00E+00 -5.00E+00 -3.00E+00 0 3.00E+00 5.00E+00 5.00E+00

f Defarmation Capacities T Cyclic Degradation T Upper/Lower Boundsz ]

Section and Dimenszions T Elastic Stiffness T Basic F-D Relationship T Strength Lozsz W
Section Stiffness
Auial Area JI 371.o Tarzsiohal Inertia  |267720
Shear Area along Axiz 2 11 855 Bending Inertia about &xiz 2 |133860
Shear Area along Axis 3 |1 985 Bending Inertia about Axiz 3 |133860
M aterial Stiffness -
Young's Modulus 11 9355 Poizson's Fatio ID.E Shear Modulus = |7E30

Fig. 12 3}% Beam &4 X (&+<] : kN, cm)
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3.5. dATFE=ES F A, 270 Ut FHLHHY

F, o, 93 x2Fol o3 FHEsd et wHeFEHeS e
Nonlinear pushover 314S 433t Act W8 FXRIPHZZIHA M

ol&ste] sAS FhFoM AEnAHY EA FS FEMACA FH3st= 3&
2 g3t th.  Skeleton Curve: Fig. 15, 163 2t} oA FxE9 s 2 A
T34 Fig. 173 2t}

0° W&ol thet] HAsSol tid v HAZIHF FHEA= oF 0.383m
o™, ojuj o] WHHATHL 7027.2kNo|t}. o] &2 A& WS F7HA
0.887mell A LegH-A|(LAS)ON A el o7t 12} &&o] LAyt ojmje] &
AR 16,268.1kNo] T

HAE W97t 0.975meolA SR HEATE(A8,028.4kN)o =Ed § o7
Brace(D04,D06)7}F t<woll olsf| &&Fstar FxE0] AMAs FstAl = o]
o FEE9 RSRALE 2.566(18,028.4/7,027.2)Z Table 79 4% THOE
Middle 5+ ¢ THLINCE 3L A, 2015).

15

dfdy

Fig. 15 &l )3l Skeleton Curve
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9lsll Table 19 3 Zo] oA=& HAGAHA AHe AT A 0.11
ARERF SB, A=A 145 AEsty 2FEYH st 2HEH i

S A dAlTF2E F &8kt

Table 18 slEZ A+ EFA T4, 2007)

U357+ L7145 5(Q)
7Tl FE 0.063
e R Rt 0.154

Table 19 A X FHA (&) AT, 2007)
T & A
ARFEAS | 011 AHBeE A A9 AP 1o T
A Rke] F 5 SB B E o}
A= A 0.57 Nsege4z YA 15208 JAF7] 1008 s
AdE A 140 | BIPAFE, WA 15FS2 AFF7] 10000 &

Pushover sj4d3} dAstgol thet F2=2 H&H 8= oF 0.484m
AEola ojujo] MHwH 2 3170kNolth S3tetsd 7
0.95moll Al =3 HHATFHG,179kN) o = HHER T

o] % Leglb7t ®oll s F&EstaA Fx=o] AAM3 SAHM o F2&
o] RSR#2 1.633(5,179/3,170)0]t}. Table7¢] &£4% T5 S & HighTwolal

A FxE R EF thdl )4 A3l Base shear(kN) vs Reference Drift 1
# L= Fig. 159} #th
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Fig. 18 Base shear(kN) vs Reference Drift
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AAFZES] A A AR Festkso A9 ﬂ
dTFEES] 1H2ETE 1#stel(Table 200 &F7] X
City, Station 1, 180 Deg9} < 2 Az ol AHE
Centro Site, 270 DegZ 3&)4-& 2 A 3lA thFig. 21,22).
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Table 20 +Z& /7]
Mode No. Frequency (Hz) Period (secs)
1 0.5073 1.971
2 0.5787 1.969
3 1.1158 0.8962
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Frequency Spectrum
1985, Mexico City, Station 1, 180 Deg
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Table 23 d=FA2] &7+
58712243384, rad
BARANEZTZ 1 12157 22 2-A)
ATVS Togerd | S9wA | d@ed | SAEA
H 1‘9_1/ 691/ 8911 99;:/ llgy
= 10, 60, 0, 9, 119,

Table 24 = FAE 3|8 SIHHIZ(9) - BAE H7}

= 10 LS CP

1 0.001154 0.006923 0.009231

2 0.001154 0.006923 0.009231

3 0.001267 0.0076 0.010133

4 0.001267 0.0076 0.010133

5 0.001267 0.0076 0.010133

6 0.001267 0.0076 0.010133

7 0.001267 0.0076 0.010133

8 0.001267 0.0076 0.010133

9 0.0015 0.009 0.012

10 0.001283 0.007696 0.010262

11 0.001283 0.007696 0.010262

12 0.00131 0.007859 0.010479

13 0.00131 0.007859 0.010479

14 0.001477 0.008863 0.011817

15 0.001108 0.006647 0.008863

16 0.001662 0.00997 0.013294

17 0.001662 0.00997 0.013294




4.5 A F=E9| El Centro A Zlg}o| i3t a4 & A}

451 712=D 9] 34
El centro A a}o] ek Fx2&9] WAL = }%—8— Fig. 23,24 #7452 A
AAeeE 2HZe Fig 252600 UEhlth BlAE S8 AFde 4
A HEANAE 50%FEl M= i FAstAn
3i4] A3} Table 259} Za H|E3 WyZe b7t 1102, 1712 YE8AS
AEle] nFAFEFA AN AHste 7IEdd 1/80°]8HE 100% A X vhs) 22d 3=
3l

WEsA 2 WA EE AtE BT A9GASES shbg,

Table 25 71 €299 El Centro X33} 3445}

HO33 W38 5H 7t
2 82 79 {72 BAGH &
M3 ZHrad) AT
El centro 50% 1/102 At FRFHEA FE
El centro 100% 1/71 AR MR FE FRTHEA 5
Story Drift El Centro x 0.5 [cm) Story shear El Centro x 0.5 (Kn)
d 18
3 L ]
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Fig. 23 El Centro 50% A Zl3tol tfgt S} F3tF
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Story Drift El Centro {cm) Story shear El Centro (Kn)
18 18

0 10 20 30 40 50, 0 1000 2000 3000 4000 5000 6000

Fig. 25 El Centro 50% Aol thgk 7|2 rmd HA4F2] He(cm-SF
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Fig. 26 El Centro 100% A3k thek 7|22 2432 HollcmeF

Table 26 El Centro A%l 50%°l thet SHFG dsrs B 2y

ST SaM | SAHAMW | SAHFA(4) | 10 LS CP
1= 6.0 0.00112 0.000186 OK OK OK
23 6.0 0.00148 0.000247 OK OK OK
35 6.0 0.00111 0.000185 OK OK OK
43 6.0 0.00666 0.001110 OK OK OK
5% 6.0 0.00847 0.001412 OK OK OK
65 6.0 0.00955 0.001592 OK OK OK
= 6.0 0.01017 0.001695 OK OK OK
8% 6.0 0.01086 0.001810 OK OK OK
95 6.0 0.01146 0.001910 OK OK OK
10% 6.0 0.01367 0.002278 OK OK OK
11% 6.0 0.01360 0.002267 OK OK OK
123 6.0 0.01630 0.002717 OK OK OK
133 6.0 0.01920 0.003200 OK OK OK

145 4.0 0.01300 0.003250 OK OK OK

15% 3.0 0.01607 0.005357 OK OK OK

163 4.5 0.04423 0.009829 NG OK OK

173 4.5 0.03650 0.008111 NG OK OK

HAF AT dHSA
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Table 27 El Centro Azl 100%°] Wi SXtAF 2 e WE 279

=T SaM | SAHELAMW) | SAHFA(6) | 10 LS CP
15 6.0 0.000536 0.000089 OK OK OK
2% 6.0 0.001808 0.000301 OK OK OK
35 6.0 0.001333 0.000222 OK OK OK
43 6.0 0.009314 0.001552 OK OK OK
5% 6.0 0.012320 0.002053 OK OK OK
65 6.0 0.014240 0.002373 OK OK OK
I 6.0 0.015080 0.002513 OK OK OK
85 6.0 0.016780 0.002797 OK OK OK
9% 6.0 0.017920 0.002987 OK OK OK
103 6.0 0.021590 0.003598 OK OK OK
11% 6.0 0.023400 0.003900 OK OK OK
125 6.0 0.027400 0.004567 OK OK OK
135 6.0 0.029300 0.004883 OK OK OK
143 4.0 0.037000 0.009250 NG OK OK
153 3.0 0.042400 0.014133 NG OK OK
165 4.5 0.062900 0.013978 NG OK OK
17% 4.5 0.053900 0.011978 NG OK OK

Fig. 27 El centro 100% AR S wAYZ

\
.
-

®
.
e




452 B7rudo] 34

Elcentro Adste] thd Bgmeel FWsish 5552 Fig 2820 432
ARSI SR Tl Fig 303101 dehidch wHE SHsde) AYye
oA A LA ATE 50%5Ee] HANE 4 e FAstAT

A= Table27# 2 HUZZF APz 742y 1/141, Y772 71224
9 uoh o bgHel AT BUSA YRAZAE ] DFAFEG R A
A

d =
71Ed 1/80018HE 100% AR dsjqdxtes vtSshA] v WA sH7E 2

I BT AYbdFES Byt
Table 28 R7=d9] El Centro X3} 3447
H =3k W24 5% 7t
#8425 i 1 2A) e )
MY ZHrad) AsTE
El centro 50% 1/141 Aok FRFHEA FE
El centro 100% 1/77 AT = FETFEEA g
Story Drift £l Centro x 0.5 (cm) Story:Shear El Centro x 0.5 (Kn)
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Fig. 28 El Centro 50% *|zl3tol| thgt S} F3t5
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Story Drift El centro (cm) Story Shear El centro (Kn)
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Fig. 30 El Centro 50% Xzl 3}tel tigh B3 d H4ZF9 H(cmeH
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Table 29 El Centro Az 50%° tist SHHF A5 E 23
=T 1M | AN | SR IA(0) IO LS CP
1= 6.0 0.00043 0.00007 OK OK OK
2% 6.0 0.00118 0.00020 OK OK OK
3= 6.0 0.00095 0.00016 OK OK OK
4= 6.0 0.00662 0.00110 OK OK OK
5% 6.0 0.00929 0.00155 OK OK OK
6= 6.0 0.00997 0.00166 OK OK OK
7= 6.0 0.01089 0.00181 OK OK OK
8= 6.0 0.01109 0.00185 OK OK OK
9% 6.0 0.01261 0.00210 OK OK OK
10= 6.0 0.01280 0.00213 OK OK OK
11= 6.0 0.01461 0.00243 OK OK OK
12= 6.0 0.01460 0.00243 OK OK OK
13= 6.0 0.01694 0.00282 OK OK OK
14= 4.0 0.01114 0.00279 OK OK OK
15= 3.0 0.01216 0.00405 OK OK OK
16= 4.5 0.03217 0.00715 NG OK OK
17= 4.5 0.03070 0.00682 NG OK OK

A% A7 . APUA

Collection @ kmou




Table 30 El Centro Az 100%°] tigt SHHPFL A5 HE 23
=T M) | SHIEM) | SRR YZH(H) I0 LS Cp
1= 6.0 0.00086 0.00014 OK OK OK
2% 6.0 0.00227 0.00038 OK OK OK
3= 6.0 0.00188 0.00031 OK OK OK
4= 6.0 0.01247 0.00208 OK OK OK
5% 6.0 0.01771 0.00295 OK OK OK
6% 6.0 0.01933 0.00322 OK OK OK
7= 6.0 0.02094 0.00349 OK OK OK
8= 6.0 0.02163 0.00361 OK OK OK
9% 6.0 0.02438 0.00406 OK OK OK
10= 6.0 0.02572 0.00429 OK OK OK
11= 6.0 0.02839 0.00473 OK OK OK
12= 6.0 0.02946 0.00491 OK OK OK
13 6.0 0.03272 0.00545 OK OK OK
14= 4.0 0.02239 0.00560 NG OK OK
15= 3.0 0.02703 0.00901 NG OK OK
16= 4.5 0.06198 0.01377 NG OK OK
17= 4.5 0.06078 0.01351 NG OK OK

AF s dued

Fig. 32 Elcentro 100% AX w3 w#AYZ




4.5.3 Elcentro A|zl3}ol] i3t 3443}

JEnds RArdsf st 2R YA HIE ey B 7=
2o AzEe] B W7He Table 26,27,29,305 2o Ex4zo] djFats ¢
Hekd FEo]l FREQY] wiwdd AAMEIeE AASHA g AR O A
B FERE] FIEAAT Fot WREBEF/ B o) Terd & AR H

4.6 GATFEES Mexico A gtol] i3t siA L A3}

46.1 722499 &4

Mexico A Zlgtol] that F+2E9 FHLe}t Fst52 Fig 33,34 439 Akt
He-SH iz Fig 353690 YetUiich vl E F43149 AZdS 9a
A ALARXNTRE 50%5F0] A% 1S FFsk T

S| 4d3= Table 313 23 HulS3t Wz 2z 1/48, 1252 SEAS

Aol uFAFEH Aol AHgsts 71+l 1/8008tE REEekA] Rstal St

A

Table 31 71249 Mexico XXy} 3443}

Z _%Z_]_- A A —L—‘—Sg 7
SR s g8t B el
W ZH(rad) AesFE
AFE = B
Mexico 50% 1/48 e DR crreT
23513
AFE =3 HoA)
Mexico 100% 1/25 SR srTeT
5553
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Table 32 Mexicox| %l 50%°l thgh S+ 2

||| ||| w| o] ol

=== = = = =] =

- SAM | SAHRAMW) | SHHFA(6)
= 6.0 0.000627 0.00010
= 6.0 0.001049 0.00017
= 6.0 0.000635 0.00011
= 6.0 0.015147 0.00252
= 6.0 0.022499 0.00375
= 6.0 0.026949 0.00449
= 6.0 0.030907 0.00515
= 6.0 0.034693 0.00578
= 6.0 0.04014 0.00669
03 6.0 0.04826 0.00804
15 6.0 0.05313 0.00886
2% 6.0 0.0619 0.01032
3F 6.0 0.06927 0.01155
4% 4.0 0.11756 0.02939
5% 3.0 0.09417 0.03139
63 4.5 0.13551 0.03011
I 4.5 0.11727 0.02606

Az AsTe  BAA

ST SaM | SAHRAMW) | SEHFA(F)
135 6.0 0.0006 0.00009
23 6.0 0.0009 0.00016
3T 6.0 0.0006 0.00010
4= 6.0 0.0162 0.00270
5% 6.0 0.0234 0.00390
65 6.0 0.0277 0.00461
I 6.0 0.0315 0.00525
85 6.0 0.0353 0.00588
95 6.0 0.0399 0.00665
10% 6.0 0.0494 0.00823
115 6.0 0.0533 0.00888
123 6.0 0.0609 0.01015
135 6.0 0.0698 0.01163
145 4.0 0.1177 0.02943
15% 3.0 0.0928 0.03093
163 4.5 0.1305 0.02900
17% 4.5 0.1131 0.02513
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Table 34 Mexicox| 7l 50%°1 & #A1'8 JAIB7 A
=5 10 LS CP
1% OK OK OK
2% OK OK OK
3% OK OK OK
1% NG OK OK
5% NG OK OK
6% NG OK OK
= NG OK OK
8% NG OK OK
9% NG OK OK
105 NG NG OK
1% NG NG OK
123 NG NG NG
13% NG NG NG
14% NG NG NG
153 NG NG NG
16% NG NG NG
7% NG NG NG

A% Asre 3999

Table 35 Mexico#] 21 100%0ll 5 A8 4437} Az}
5 10 LS CP
15 OK OK OK
2% OK OK OK
3% OK OK OK
1% NG OK OK
5% NG OK OK
6% NG OK OK
= NG OK OK
8% NG OK OK
9% NG OK OK
105 NG NG OK
113 NG NG OK
12% NG NG OK
13% NG NG NG
4% NG NG NG
153 NG NG NG
16% NG NG NG
17% NG NG NG
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Fig. 37 Mexico 50% Azl Fig. 38 Mexico 100% =]z
A AU E 3w AU &
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Mexico A XF}o] g BRI FHML e FatsS Fig. 39,40 H39 A
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Table 36 2732499 Mexico X3} 34437}

Z .i__{l_- 71(_1 J =13 7
I EEE WA |
W ZH(rad) s
Mexico 50% 1/50 Sy dFF AR H Bz gE
A=A By
Mexico 100% 125 2o 8sE cTTT
55513
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Table 37 MexicoA & 50%°l th3t Z=7HH 7

FAMW | SIAHAMW | SEFA(G)

%

135 6.0 0.00074 0.00012
23 6.0 0.00099 0.00016
3= 6.0 0.00061 0.00010
43 6.0 0.01707 0.00284
5% 6.0 0.02541 0.00424
63 6.0 0.02968 0.00495
= 6.0 0.03402 0.00567
8% 6.0 0.03729 0.00622
9% 6.0 0.04415 0.00736
105 6.0 0.05041 0.00840
113 6.0 0.05728 0.00955
125 6.0 0.06342 0.01057
13% 6.0 0.07061 0.01177
143 4.0 0.05027 0.01257
155 3.0 0.05584 0.01861
163 4.5 0.09611 0.02136
175 4.5 0.08954 0.01990

Table 38 MexicoA 2l 100%°) th3t Z=7HH 37

ST SaM | SEHAMW | SHAFZA(6)
135 6.0 0.00081 0.000136
23 6.0 0.00165 0.000275
3% 6.0 0.00105 0.000176
4% 6.0 0.02424 0.004039
5% 6.0 0.03583 0.005972
6% 6.0 0.04180 0.006967
= 6.0 0.04772 0.007953
8% 6.0 0.05216 0.008693
9= 6.0 0.06531 0.010885
105 6.0 0.07343 0.012238
115 6.0 0.08492 0.014153
125 6.0 0.09441 0.015735
135 6.0 0.10798 0.017997
145 4.0 0.07673 0.019183
155 3.0 0.10207 0.034023
163 4.5 0.18110 0.040244
175 4.5 0.16994 0.037764
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Table 39 MexicoA| Z 50% & FAE FAHH7} A3
=T I0 LS CP
1= OK OK OK
2% OK OK OK
3= OK OK OK
4= NG OK OK
5% NG OK OK
6= NG OK OK
7= NG OK OK
8= NG OK OK
9= NG OK OK
10= NG NG OK
11= NG NG OK
12= NG NG NG
13= NG NG NG
14= NG NG NG
1= NG NG NG
16= NG NG NG
17& NG NG NG

4% Aste 8N

Table 40 MexicoA Z 100%°] & FAE AAM g7t 23}
=5 10 LS CP
1= OK OK OK
2% OK OK OK
3= OK OK OK
4= NG OK OK
5% NG OK OK
6= NG OK OK
7= NG NG OK
8= NG NG OK
9= NG NG OK
10= NG NG NG
11= NG NG NG
12= NG NG NG
13= NG NG NG
14= NG NG NG
15= NG NG NG
16= NG NG NG
17= NG NG NG

A% dere 8999
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Fig. 43 Mexico 50% %] % Fig. 44 Mexico 100% =%
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