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Major damage Locations Rate of progress*®
Broken, slanted or cracked cable poles Approx. 540 Approx. 70%
Cut cables Approx. 470 Approx. 70%
Damaged bridge pillars Approx. 100 100%
Dislodged/damaged tracks Approx. 20 100%
Malfunctioned substation facilities Approx. 10 Approx. 85%
Fallen, slanted or scraped soundproof wall Approx. 10 100%
Damaged or fallen ceiling material 5 stations Approx. 80%
Misaligned bridge girder 2 100%
Damaged bridge girder support Approx. 30 100%
Damaged tracks within tunnels 2 100%

Total Approx.1200 Approx. 75%

*No elevated rails, bridges, station buildings or tunnels collapsed.
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- AASHTO, Caltrans A #3s}=
AASHTO AlA A AA SHAIAEHLS g 2oz A%,

(1.1

o714, A:50de] 23EE 10%9] YFEE 7utow AAEo] m= z Ao o

g TN AER FojX= MEEAS g, SIARMAS, Td5F7](sec) o]t

(D) 1.0: Rock, Stiff Soil

(ID 1.2: Stiff Clay, Deep Cohesionless Soil
(I 1.5: Soft to Medium-stiff Clays, Sands
(IV) 2.0: Soft Clays, Silts

2l (1.9 Ccol #3gs BEdxA 13 ldAdE 25A, Edx7ol I Ivelx
A>0.3g9] 7 $-ol 2.0A0t},

Caltrans® 45 ts 8% 7ZIddd 7123 WA s dAE dosta om 7}
SEAlF, AT 2 FEAAERS AR Afste] Axlsks Aol Apg-gtt
Caltrans7} A gk A23 ATC-32¢] we} ® o vebdl NEHRPO Edx
Fob o ¥ 2 A AA~HEG Y] Ago] UAET

I 2.12 Soil Categories, NEHRP Provisions for New Buildings (BSSC, 1997)

Soil
) o Shear Wave | N-Value| Undrained
Profile Description )
Velocity(fps)| (bps) | Strength(psf)

Type

A Hard rock >5000 - -

B Rock 2500-5000 - -

C Very dense soil and soft rock 1200-2500 >50 >2000

D Stiff soil 600-1200 | 15-50 1000-2000

Any profile with more than 10 ft
E of soft clay defined as doil with <600 <15 <600
PI>20, w>40%
F Other soft soil - - -
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Importance Classification

Other

Essential

Acceleration Coefficient. A

A =< 0.09
0.09 < A =<0.19

0.19 < A = 0.29

0.29 < A
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I 2.14 AASHTO Requirements for a Regular Bridges

Number of Spans
2 3 4 5 6+

Condition

Maximum subtended angle (curved bridge) | 90° | 90° | 90° | 90° | 90°

Maximum span length ratio from span to
span

3 2 2 1.5 | 1.5

Maximum bent/pier stiffness ratio from span

to span

AASHTOON M &= v 22 471A] A 64 WS AAlskar Q)
- Uniform Load Method: E}7} A&E A o] wake] F 2z} whgko g Suto] el
EQl Ag- ALE

- Single-Mode Spectral Analysis: 9A] Hej7F AF AL of A&

- Multi-Modal Response Spectrum Analysis: FE|7} v|AEAd 29 ALE3H

—

CQCHor =2 %7
- Time-History Analysis: JEj7} B8] A 3 A

sk Ha 571e] AwkEso] et s)4&

4 e
Og{:[‘

Caltrans %Al ATC-32¢] me} thg e} o] wake] Famel YL 7Fo=
A R84 WS Equivalent Static Analysis(A), Elastic Dynamic Analysis(B),
Inelastic Static Analysis or Inelastic Dynamic Analysis(C)&] Al 7FX 2 A A5}l
At AASHTOS W3} wvlushH, Equivalent Static Analysis® Uniform Load
Method®} # 31, Elastic Dynamic Analysist ©dEE= A~ EY Ay = A
Azbel e yel sjgatch, AnkH o= Caltranse] AFoIME vhg Hel uwhe}

Equivalent Static Analysis W= 2738t d-%-°|% Elastic Dynamic Analysis&

Fa,



2 2.15 ATC-32 Recommended Minimum Allowed Analysis

: . , Functional ‘
Bridge Category | Configuration Type ) Safety Evaluation
Evaluation
. Type | None Require A
Ordinary .
Type |l None Require B
Type | A A
Important
Type |l B B and C

o] 714, Type 1= simple bridge configuration
Type II = complex bridge configuration
A = Equivalent Static Analysis
B = Elastic Dynamic Analysis

C = Inelastic Static Analysis or Inelastic Dynamic Analysis

o] A mES FAE ¢lo] Caltrans® 37 #3& FdwtHo] opd A
AdH 54& AFEsEl oy ATC-329 Ao met g 548 g3t &+

H ARE e sdsks wHes vhF Y. dA Caltrans®] sjdolM= AAH

o] Atole AAWH SAL, AR Aele FATH EHL AHgeT, /e

ATC-32+= olgidt Azt W& 79 &S 30%0+4 40%= S7HAA A& A
A8 AWEe dFw 1 ke 40%E 9 A

P
T

9ok 9, dA)e Caltrans AANA = 75 2 w7}

B

- Eurocode EC8 A 7l3&}=

Eurocode 894 A ZélFe v & g4 SHAFAE-HY o]l 7|¥tog A
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g 2.12 Elastic Response Spectrum

T< TG:S(T)Za‘(/-S-n-ﬂO

T, <= T< TD:SC(T)—% S-n-pg, [];? k
ky 7, ky
Ty < T:S,(1)=a,-S-n-B, T, [7 (1.2)
o714,
Se(T) : pseudo spectral acceleration
ag  design value of effective PGA(Peak Ground Acceleration)

BO : spectral amplification factor for a damping ratio 5%
S . factor depending from the soil class
kl, k2 : exponents of the descending branches of the spectrum

n=(7/2+¢)"? = 0.7: correction factor for damping values different from 5%

i
N

2] (1.2)94 PGAE A 5o 240 ug} Z2AEY 7|et A #ES EZ
of et g T #e e Y EF B

B, C(loose cohesionless soil deposit)® v} o}

o

o

I 2.16 Parameters of the elastic response spectrum

Fo AAEI} e E=AYE A(rock)

soil S 80 ” » 8 TC TD
classes (s) (s) (s)
A 1.0 2.5 1.0 2.0 0.10 0.40 3.0
B 1.0 2.5 1.0 2.0 0.15 0.60 3.0
C 0.9 2.5 1.0 2.0 0.20 0.80 3.0
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H 2.17 Maximum value of the behaviour factor g

Seismic behaviour factor g
Ductile Elements
Limited Ductile Ductile
Reinforced Concrete piers
Vertical piers in bending (as* =
1.5 3.5
3.5)
Squat piers ( 1.0) -0 10
uat piers (as = 1.

a ) P ) 1.2 2.0

Inclined struts bending

Steel Piers

. . . ) 1.5 3.5

Vertical piers in bending
) . 1.2 2.0

Inclined struts bending
) ) ) 1.5 2.5
Piers with normal bracing ~ 35
Piers with eccentric bracing '
1.0 1.0

Abutments
1.2 2.0
Arches

* as = H/L is the aspect ratio of the piers: For 1.0 < as < 3.5 the
g-factors may be obtained by linear interpolation

- New Zealand Code A 3}%
Bridge Manual of Transit New Zealandol A+ AR sls AE § gk A4t

gt 2ol 3 A= w.

M
S
Ll

- Rock/Very Stiff Soil Site
- Intermediate Soil Site

- Flexible/Deep Soil Site
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(seismic hazard acceleration response spectrum) A9

Hel AA=AS 7F 10 A9 B SHAFE-] HY HY 67449 4

Rock/Very Stiff/Intermediate Soil Site Ao+

o

S
ik

oz
—

N
fm

A= [e)
MEE SH

QA5 = Ao

(1.4)

H

—

L

=2
™

nt

A

] T > 0.7 3ol A=

045 < T < 0.7,

Flexible/Deep Soil Site A$°l+ 0.6 < T < 0.7 -7t A vl&bA A A A4
g3t 2o,
C, whenp=1
_ (1.5)
8 (=0T,
0.7
U2 2o A & ko]l UHA g2 Tl A[ASTE g e T

Foll F7]el wmE A A grol A=A pol wet gl Eo] ik

= 2.18 Flexible or Deep Soil Sites

Soil Type and Description
Representative
Cohesive Soill indrained
shear strengths (kPa)
Soft 12.5-25
Firm 25-50
Stiff 50-100
Very Stiff 100-200
) i Representative
Cohesionless Soil
SPT(N) values
Loose 4-10
Midium Loose 10-30
Dense 30-50
Very Dense >50
Gravels >30

Depth of Soil

20
25
40
60

40
45
55
60
100

= o
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: a) Rock or very stiff soil sites
0 1.0 2l.0 3l.0 ( ) 4

Period, T (seconds)

D.u
-
-

Seismicioeffic=ient,

T [ 1
0 1.0 2.0 3.0 (b) Intermediate soil sites
Period, T {seconds)

t, Cu
5 o o
& o 9w
) | 1

Seismic Coefficien

o
N
!

L=

o o S 30 (€ Flexible or deep soil sites
' Period, T (seconds})

& 2.13 Acceleration Response Spectra, New Zealand standards(1992)
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2.19 Seismic Coefficients Cufor Rock or very Stiff Soil Sites

Period, T secs

0 0.45 0.6 0.8 1.0 1.5 2.0 2.5 3.0

1 0.68 0.68 0.55 0.42 0.33 0.23 0.17 0.13 0.11
2 0.41 0.41 0.30 0.21 0.17 0.12 | 0.085 | 0.065 | 0.055
3 0.30 0.30 0.20 0.14 0.11 | 0.076 | 0.056 | 0.043 | 0.036
4 0.23 0.23 0.15 0.11 | 0.083 | 0.058 | 0.043 | 0.033 | 0.028
5 0.19 0.19 0.13 | 0.084 | 0.066 | 0.046 | 0.034 | 0.026 | 0.022
6 0.16 0.16 0.10 | 0.071 | 0.056 | 0.039 | 0.029 | 0.022 | 0.019
H 2.20 Seismic Coefficients Cufor Rock or very Stiff Soil Sites
Period, T secs

Y]

0 0.45 0.6 0.8 1.0 1.5 2.0 2.5 3.0
1 0.80 0.80 0.71 0.60 0.50 0.33 0.25 0.20 0.17
2 0.49 0.49 0.38 0.30 0.25 0.17 0.13 0.10 | 0.085
3 0.35 0.35 0.26 0.20 0.17 0.11 | 0.083 | 0.066 | 0.056
4 0.27 0.27 0.20 0.15 0.13 | 0.083 | 0.063 | 0.050 | 0.043
5 0.22 0.22 0.16 0.12 0.10 | 0.066 | 0.050 | 0.040 | 0.034
6 0.19 0.19 0.13 0.10 | 0.085 | 0.056 | 0.043 | 0.034 | 0.029

o 2.21 Seismic Coefficients Cufor Rock or very Stiff Soil Sites
Period, T secs

Y]

0 0.45 0.6 0.8 1.0 1.5 2.0 2.5 3.0
1 1.00 1.00 1.00 0.88 0.75 0.52 0.38 0.30 0.25
2 0.54 0.54 0.54 0.44 0.38 0.26 0.19 0.15 0.13
3 0.37 0.37 0.37 0.29 0.25 0.17 0.13 | 0.099 | 0.083
4 0.28 0.28 0.28 0.22 0.19 0.13 | 0.095 | 0.075 | 0.063
5 0.23 0.23 0.23 0.18 0.15 0.10 | 0.076 | 0.060 | 0.050
6 0.19 0.19 0.19 0.15 0.13 | 0.088 | 0.065 | 0.051 | 0.043




- Eurocode EC8 34"+
New Zealand A|®A o A+= Equivalent Static Force Analysis, Modal Analysis L
2]al  Inelastic Time History Analysis®] Al 7}#] A x84 WHS AFg3ho)

- Equivalent Static Force Analysis @ &9 A%< thx}f

s
2AT 7 e AT, A 8 AHdTy Vo HAARS o3 2ol ALt
C ZRS,W, (1.6)

A7NA, 7= AGDAS (0.6-1.2), RS wg =52 383 93545 (1.0-1.3),

Spe TZ2A A5 (0.67: flexible/deep soil-0.9: rock/very stiff soil) 28] Wd

AAEe 2 = ek A28 100% A7t wak (218 30%=

€3 Ak FAAE dFS s, o

- Modal Analysis @ ©4 SH2IEFES A3t
of AAAAER ZAAGT Sme wate] Az
Sml1¥} Sm2 & & 2
AARE = grel™, Sm2 & V/Vbase(l), %714 Vbase(1)< combined modal

base sheard. zt W& A& 2L 99 7P Aol 2ot

T 2.22 Design Spectrum Scaling Factor, Smf1

T Displacement Ductility Factor, u
(sec) 1.0 2.0 3.0 4.0 5.0 6.0
<0.45 1.0 0.61 0.44 0.34 0.28 0.24
0.50 1.0 0.58 0.41 0.32 0.26 0.22
0.60 1.0 0.54 0.37 0.28 0.23 0.19
<0.70 1.0 0.50 0.33 0.25 0.20 0.17

- Inelastic Time History Analysis : B|EA AlZFo]&EH a2 ol= Al 7] o]Ae] AA <}

FAE AL ES AHgStelor Atk oleld 4y AweFe ~dEY Bye F
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223 2X/2N &89 28
Applicable
Codes IX/EW 2R Indexes ductility
factors
Jsce |” Member of flexural failure W Vya < 1.0 p<10
— Member of shear failure Vi Vil Vya > 1.0 p=1
— Full=ductility structure 1= 7<4
Caltrans o N (¢ = 13)
— Limited—ductility structure 1= 7<
Eurocode |- Ductile 1.5<q¢=35 (¢ = 13)
EC8 |- Limited ductile/Essentially elastic g=<1.5 (v =7)
- Ductile Structure p=3~6
— Partially ductile(Types | and Il) p=3,3~6
- Structure of limited  ductility p<6
demand n<6
New |- Structure of limited ductility p=1
Zealand |capacity
— Elastic structure p=1
— Structure incorporating mechanical
energy dissipating devices
— Structure locked in to the ground
H 224 A2 E=20 =2 4
AAHIILISY =S HIEA
Codes O Xl f=HA
Iz
s (@] olyg ad 3t/ X O
SAS BEEN SR 2 awnmazo mew 2 ma0)
= S =3 = 2
Caltrans (%1, & AMdeX=s Jls w2 201517 HOs ~ oo oo
B0 ML= XISt
Eurocode |8 AAMSIX HHES Sol PEXAZ2|EZ U 24 E0I6HH 0IRHE %=
ECS8 LHOIA ZMGIEE 21 & A= g4
New ZA 6 0l HETZE XA RESUNA Hd8E 282IA(HH
Zealand |&= UEE 9% ol gt ¢S)
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T 230 =2 =201g & XY L DRFI| AFHHA
Code 22 AKX AA NeFI| MAFMNA
=Ly
CE2W - OHNZ 2F |- NG H S0 OE i8S - Faddez 1R
(BT [(XEEF |~V H=a=2ot XetH =2 &AF FI| 24
s)
- NEIE2R, SHAHEY L AAXIHSH et o= RE2 g3
- A4S & XgsH X&s 2 XetEHS 1
JSCE .
- 2d2E 28 3|9 Specifications for Highway Bridgestl A Level |1t
Level 12 XIBH2S0 Ui &HSEAHEHZ HOGtD A3
- NetEF2 N0 G2
EtdESHAHEHOZ AA - g9 Jdstd 1
‘A: peak rock acceleratio =3I A&t
- 6IJINZ 2% |-R: rock spectra - ARNMOoZ CHI|
"I=XI8HA-E) |'St site modification factor g=d4de=z
_ - BFAEYATEZH X2 DeFI| 248
Caltrans |- A9 EHHD N .
| 2 1.8glrock XIEBI&EE 0.701 - AHNAEES
S 87dt= g ZA SH 2 gEol
Xl 8H(F) - SOHENAAEH2 ARSS IS |0ist ggo=z 238
E LT HTH+ 22 USFOHA &E |- NXEE =
Z0 GEER FX2Q DRFIIZ| Ex+0.4Ey+0.4Ez
Z A (1-42 gt)
- T'__ - M [m] oS A _
j:IJN FO} (8.9)9} CteFst Hi= oI5t De=J|
(A-C) Gl Qg BESEABEHOZ ME |
e rloose oF L}_é_}‘:ME X o © sSEgerg JbsS& 2 SRS
: B = S =& Caltrans&t Hl
ECS8 cohesionless |_ SOHNNMMHEAS &YKLt “a oz Ax
soil deposits |=2F HSHx=(q)0l 2dll Z2HE 2 _ R =
(C) AE HHABEZ(SJ)O2 ALA
E, EJ+E;
-XEtEF HAALZ(1-6)0 I
2 HHdY S2AHE (R HZ,
u) _ Cioo| SEAAMS
Lo |- SHEXREIHEZ2 USH Olfﬂ:?m 2;;7;
SME =51 ge sz ogsiol w oI s
New -rocifor \./lery .Z-OEef facto(ng)Z) NRmES { orat
Zealand Stiff soi risk factor 100% 2} x| T b8t
flexible or -structural performance factor(Sp) %= 24510 2
_ - BIHSOABEZS 9= [atA 30%E lciol0l 28
deep soil o - AAHE =
ZHetEdsE2 XNgE32 2AH 80| Ext0.3E
het 1.0g XTo.o8y
HR=SHS o SoteHMCH
OZEH FH A




Jdok=E
Codes ol 2E/2M 25 A= AE T H =+
sl =LA
CE2W | A4 AE
(HED gls ) ) )
s2)
2010¢ JHE S==2WHAHDIE, 20108 HE SEEZWEAHIIE & MEZWEHIIZ0
= w20 0 ddE WAEHES RFECZ Btdotl /AS. 0 34T WHAEAHE
OIMdE W20 et ARIEALES ALQBPALTE MEoteE ZEE MAlotD JS
— Member of flexural failure v V<10 |p<10
JSCE | HRAALEE() |- Member of shear failure Y+ V) Vyy>10 jp=1
— Full-ductility structure 1=7<14
Caltrans | SEAE=(y)|_ Limited—ductility structure 1=7<3 (4 = 13)
- Ductile 1.5<¢g<3.5 (¢ = 13)
Eurocode| H 2 A & () . . .
- Limited ductile/Essentially g=1.5
EC8 |2EALEZ(y) .
elastic (v =7)
— Ductile Structure p=3~6
— Partially ductile
(Types | and 1) n=33~6
— Structure of limited ductility
demand ©<6
— Structure of limited ductility
New 191 01 8 5 (1) capac.:ity nw<6
Zealand — Elastic structure p=1
— Structure incorporating
mechanical energy
dissipating =1
devices
— Structure locked in to the p=1
ground




Code L2 2% M&2 7=
-0s & 2 &t
-bs =& 2 &
;l_éHE'-LH ASh =
‘ps = 0.45x(Ag/Ac—1) x(fck/fy)
cEn 0.3xaxhcx (fck/fy)(Ag/Ac—1)
-0s = 0.12x(fck/fy)
‘Ash = 0.12xaxhcx (fck/fy)
- J|s8 dAHEEdE=E dYXNQ 2| - J|so dAddE=s Mg XM0l &
JSCE 2 WE w2o AgZu 2= 2 W w2o AgZNN o=
BN NI
pos = 0.45x(Ag/Ac—1)x(fc'/fy) _ AmBIRe 2o
- AMBIT P2 _
_ pos = 0.5xps (AHEIX)
NS 914.4mm ES H2ER _
- AMBIX P2
AASHTO = 0.45x(Ag/Ac—1)x(fc'/fy) x
. ps = 0.16x(fce'/fye)x
(0.5+1.25%xPe/(fc' xAQ)) ,
(0.5+1.25xPe/(fce' xAQg))
- X8 914.4mm 20 2 &R +0.13% (01-0.01)
ps = 0.12x(fc'/fy)x ' o
(0.5+1.25xPe/(fc' xAg))
- AMslXe 72t
- AHEIXe 72
Ash Ash =
S =
0.3xstxhcx(fc'/fy)(Ag/Ac—1)
AASHTO 0.3xstxhcx(fc'/fy) x (Ag/Ac—1) _ YIA9
) - AMBEIX P2
LRFD |- A&8lX 72 |
. Ash = 0.12xstxhcx (fc'/fy) X
Ash = 0.12xstxhcx(fc'/fy) x ,
. (0.5+1.25xPe/((fc'xAg))+
(0.5+1.25xPe/((fc' xAQ))
0.13xstxhcx(pl-0.01)
Caltrans | AASHTO2} =< AASHTOS =¢
- =2gH|J} 0.082CH &AL 23
_ clE = £&xsHEEO0| 0.00352
- =EH|J} 0.0820 &2 A=20
Eurocode Ch &2 M 20Kl 2EALTI}
ccg |- ST ES 1501 ZHX =22 AXE SEs
grEs =8 FESHU oS0y s
2 =214l s _
- 2FALHE=E =SHALAEYd FEHIA
2 £1/d| &=
Ash =
= (((du/dy)—-33xptxm+22) x
New ¢ (.D?/ § (((du/dy)-33xptxm + 22)x
S ealand sxh''"/79)x (Ag/Ac) x sxh''/111) % (Ag/Ac) X (fc'/fyt) X
ealan
(fc' /fyt) x (N/ x fc' x Ag)—0.0084 9

(N/pxfc'xAg)-0.006xshxh"
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H 2.38 WO HEXFC WHAEs 2 LHAMEZ I8 E *X2Hel St
HREA o SAHO St
W= JId & & (strength) A A (stiffness) A A (ductility)
Resin injection No Yes No
In—-situ RC jacketing Yes Yes Yes
Steel jacketing Yes Yes Yes
Plate bending Yes Yes No
Bracing Yes Yes -
External prestressing Yes Yes No
New Members Yes Yes Yes
New Layers(FRPAHI&,
SMA, AHIQlEIAAY S) Yes Yes Yes
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H 2.58 WaEx 2 228 XX St
LHRIE A 2 AEHC St
a2 JIE 2 S(strength) | Z&(stiffness) | A& (ductility)
Resin injection No Yes No
In—situ RC jacketing Yes Yes Yes
Steel jacketing Yes Yes Yes
Plate bending Yes Yes No
Bracing Yes Yes -
External prestressing Yes Yes No
New Members Yes Yes Yes
New Layers(FRPHIZ, SMA,
AHQI ALY S) Yes Yes Yes
O WA s 719
- RS g ge] el glojA A FEtHES AV S, A4
o7 Uit @2 Ug5d e Ao A= ojof drt
CHRIES 2R el sk st s Hl Wi AE3 AR
- H e dSEHAA = AEtTel ek g o]
aEshE A4 2 EA 7
- AlEe] o7 AlA
RS B Ry e gk A Y
- WXEA 71 s WX EAE dwtdom HAA AR A A (redesign) oF ¥ H o
A gdstolof ok B2 Aol oA FxES R A AErE SHHE =
iAol A/ (ductility)o] Adte = 4-%7F TASEZ IR Ars 275 =
AT F3A FaEofof gth. WHEA7HS A VHAZ 27T 5 de
E=Z7 7] (Strength-only Intervention) : 7-F%%29 7FA 9 =7} glo] H=w
o] Sxleol a7 W A g Um. AME TEE A BExe HXAAGA
AN olm LHHAY] witol FE2= SARAFAAN d FHe FUhe TxE
T (regularity) & FIAAA T2 g, Wb Aol #sk Qlo] Aete &



ol @74 wj AgE 4 Q&
3 =71 7] M (Stiffness-only Intervention) @ & 9 X|&stE S oA &AF

d AnEaE FAt 44 Ast A% SXw B Aol A9l delAs

- A3 F3 7 (Ductility-only Intervention) : F+2E2] FA7F et Ade] 54
g Astrt gle Ao, FAY Aoy FxE] AAAR HAAES FLAT
H & Agol FE AR FEE0] TIsAS FAE] AsAE ARy Aol
AoF st RbHo| FxE9] I E WAEY] i Aol oo st u
3. 53 HZ e WIAAVEd A4 B AAEA Ado] Bel H8EHa
A oA, e WA TS i AAR 7] FExE e A8T

T2 b AHEE e
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- WXIEZ7ZIH gt A SHES st va3 2ok

. Strengthening of the reinforcement: H2E A HEAAsA wjxd HAIE9
WAL S B

- Strengthening with reinforcing bars and jacketing: ¥AM# Uzt Z34E H&
of Figh o H wiAE S 1A

- Externally bonded structural plates: epoxy resing AF&3}o] steel platest}
carbon fibre reinforced plastic (CFRP) & &38| E9] e|Fo F2A|# B7}

- Strengthening with longitudinal post—tensioning: F2ZMA] 7] A} F2FA] 7] %] gk
ZA (tendon) & AR&3ste] H7F

- Steel bracing: =R ¥Rl ofye} o] BAE gl 24td

- Steel jacketing: 9F2 steel plate U steel encasement = Abg3te] =53
- YRES 2 e 7] x4 &
Adud oel 7B RESs 2 ylEG VHES VIS uE TEREY A4
(ductility), 77 (stiffness) 12]3l ZE(strength) o F&FS v foA A+
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KBt AHS,
A DTHA|
=15 120g-ton ANe-_x2
=N AS KR
A=
A X| & 1
1.42g 150kg TmX1m
N D2 AFEHH]
Shake table _
Asas
_ 1D- 5m X 3m 30ton INESHTI,
SHH&)I=
TN s 2D- 2m X 2m 5ton D AFEHI
- Shake table M= AlE
6—DOF 4m X 4m PARSAT;
st=J|HARE s 30 ton Shake table D AFEH]
1.6g ~ 2.4¢9 Asas
(2) =22 HARPAIM olZe}
A 2| X KH -
|24 o121 A| & O 7 = =< g2EsL )
6At= & 300kN KNI & I 2 AFEHH]
EER s S AZ0 0| E Asad
University of o o KA,
_ i FADHAS 759 Biaxial o
California, ) Net-2x &
. p ShakingTable _
Davis ASHE
Rensselaer L 150g-Ton, KIBtA S,
KAAMDEAS
Polytechnic ) 2D Shaker, Net-32x =2
Institute 4-DOF Robot ASHEZE
AAIZE CHAIE
University of 6—-DOF 50Ton Shake
X = [} K& 2 AL,
Buffalo, SUNY Tables _
s& AsaE
University of
_ ) 20MN Shake Table, -
California at &= =2 AsEE
) 6.8MN-actuators
San Diego
University of . =
450 kN biaxial shake wgk NAZAAH,
Nevada at &= _
tables Asald
Reno
Oregon State Multi 2.1m—-Max Stroke XNE&oHY ZAIAE
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404 QQDIXFXH A A 2F Sl C t” )
directional |Tsunami Wave Basin
) ) wave basin
University 4m—-Max Stroke
for remote 1
. Large Wave Flume
tsunami
Buggy—mounted
University of | Mobile field Vibrator, 1 Field Testing, NEES
Texas, Austin| equipment P-wave Vibrator, Monitoring
Shear—-wave Vibrator
Omni&Uni—directiona
) ) Earthquake | eccentric mass ) i
University of ) . ] Field Testing,
) ) Engineering | shaker , 15 kips 1 o NEES
California, LA ) ) ) Monitoring
Mobile Lab. amplitude Linear
Shaker
one-story
University of | Permanently soil-foundation soil-foundation
California, |Instrumented| structure—interaction| 1 |structure—interactio | NEES
Santa Barbara| Field Sites structure, Wildlife n Field Testing
Liguefaction Array
Test the strength
Multi—Axial 6—DOF 5,900 kN of structural
University of | Subassembl vertical force , 1 components up to NEES
Minnesota |age Testing| 3,900kN horizontal two stories high at
System force full scale or higher
at partial scale.
] ) Multi—-axial
University of )
o Full-scale |6-DOF Loading and o
lllinois, » Net-2x 2
Substructure| Boundary Condition | 1 _ _ NEES
Urbana-Cham ) aASA=E AFE
) Testing and Boxes
paign . .
Simulation
multi axis loadingto
AAI 2t 15.2m to 6.1m tall
- . large—scale
) Chet st L-shaped reaction
Lehigh _ two—and
, ) g2 x=2 wall 1 ) ) NEES
University C three—dimensional
B PNENES 30.5m to 12.2m
_ test structures and
Ayl strong test floor
test frames
University of | Reconfigura| 378~1,930kN 13m pseudo—dynamic
California, |ble reaction one-rock wall 1 testing of a NEES
Berkeley wall-based | 601~3,870kN 13m wall-and—-frame
— 155 —




404 g;jlxl-XH ﬁ A A 2F Sl C H| p_
earthquake )
) two—blocks wall specimen
simulator
2ol Z 2tol Soil S
o = oil Structure
Cornell + 0.91m large Interaction Under
_ ) XX = 2 NEES
University _ stroke actuators Permanent Ground
ARSPNE=S )
A Al Deformation
Hong Kon 400g-Ton,
1o mong o o NEHE,
University of |2 AT AEH 2D Laminar
] ] 1 NBt-1X 2
Science and | Container, _
ARSENE=S
Technology 4-DOF Robot
8m X 8m
ESHIAA =
o K= H 100ton(max 300ton)| 1 |72 XN&S &
=" Shake table
SIS | = R0y 14.5m X 15m 1 I L2229
A, U - 500ton Shake table HEEHAHTR
20m X 15m
E-defense, - o = =
ol NEN 1,200ton Shake 1 | 3XE Ashlad
== table
6-DOF 5m X 5m
oM
JHAIOH2A A, o 30ton Shake table sz A oA
2= 2g-vertical
acceleration
3m X 3m 15ton
University of o Shake table, 4g ( lsxie 2rm oaaa| eeRe
Bristol, UK horizontal &vertical
acceleration
University of _
- 3m X 3m Shake K& 2 AFE]
British NEN 1 _
) table Asald
Columbia
6—-DOF 50ton _
NCREE, X &I 2 AFEH]
- &= 5m X 5m 1 _
Taipei Asad
Shake table
EERC, Sharif
. . 4m X 4m 30ton B
University of XI& T 2 AR
&S Shake table, 1 _
Technology, e Asad
Power pack
Iran
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