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ATC-13 (Earthquake Damage Evaluation Data for California, ATC 1985)
EMS-98 (European Macroseismic Scale, Grunthal 1998)
HAZUS (FEMA 2003)

O
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O RISK-UE (The European RISK-UE Project, 2001-2004)
O PAGER-STR (Jaiswal and Wald, 2008)

O FEMA P-58 (FEMA 2012)
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B>
M
u

1. Wood Frame (Low Rise)

N

. Light Metal (Low Rise)

3. Unreinforced Masonry (Bearing Wall)

Low Rise"”, Medium Rise”

4. Unreinforced Masonry (with Load Bearing Wall)

Low Rise, Medium Rise, High Rise”

5. Reinforced Concrete Shear Wall (with Moment-Resisting Frame)

Low Rise, Medium Rise, High Rise

6. Reinforced Concrete Shear Wall (without Moment-Resisting Frame)

Low Rise, Medium Rise, High Rise

7. Reinforced Masonry Shear Wall (with Moment-Resisting Frame)

Low Rise, Medium Rise, High Rise

8. Reinforced Masonry Shear Wall (without Moment-Resisting Frame)

Low Rise, Medium Rise, High Rise

9. Braced Steel Frame

Low Rise, Medium Rise, High Rise

10. Moment-Resisting Steel Frame (Perimeter Frame)

Low Rise, Medium Rise, High Rise

11. Moment-Resisting Steel Frame (Distributed Frame)

Low Rise, Medium Rise, High Rise

12. Moment-Resisting Ductile Concrete Frame (Distributed Frame)

Low Rise, Medium Rise, High Rise

13. Precast Concrete (other than Tilt-up)

Low Rise, Medium Rise, High Rise

14. Long-Span (Low Rise)

15. Tilt-up (Low Rise)

16. Mobile Homes

1) Low Rise: 1-3 stories, 2) Medium Rise: 4-7 stories, 3) High Rise: 8+ stories

_4_



(2) EMS-98

EMS- 98 A= AFESY FX84E F 15712 B/ A2 I YE&E <xF 12> F
gttt E/ste 7€ WA ARE ERsta, A5 Adoly FERA2H o &
Tt ASc T VAR ERsteH, A, ASITAYER, 4 222 2RI
EMS-98& XA x9] 74 A& A5 FEd wet tggsiA &/ Aes ¢ F Aok
T3 AEEIYEZRE WAEAAY fF9 A= wE EFRES ¢ & o AR H
Z9] A Gt A R BRIk ATC-133 vl std, EMS-982 ERAA = FA43 &
&3ty FREY ST dEfle]l ERSS ¢ F Ik oy BERAAE B dFolA
A XSt TS BHAA HFE = o] A9 vt & 4 ATk

<3 1.2> EMS-98¢] Fx84 7

Rubble stone, fieldstone

Adobe (earth brick)

Simple stone

Masonry

Massive Stone

Unreinforced, with manufactured stone units

Unreinforced, with RC floors

Reinforced or confined

Frame without earthquake-resistant design (ERD)

Frame with moderate level of ERD

Frame with high level of ERD

Reinforced Concrete (RC)

Walls without ERD

Walls with moderate level of ERD

Wall with high level of ERD

Steel

Steel Structures

Wood

Timber Structures




(3) HAZUS
HAZUSOI A& <3 1.3>3 o] AZFES FxX84LE T 3671
HAZUSOA A= HlF2Qa 40 tial, <& 13> mg &/79 728
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<3 13> HAZUS®| 784 EBHF

Height

No. Label Description Range Typical
Name Stories | Stories Feet
1 W1 Wood, Light Frame (= 5,000 sq. ft.) All 1 14
2 W2 Wood, Greater than 5,000 sq. ft. All 2 24
3 SIL Low-Rise 1-3 2 24
4 SIM Steel Moment Frame Mid-Rise 4-7 5 60
5 S1H High-Rise 8+ 13 156
6 S2L Low-Rise 1-3 2 24
7 S2M Steel Braced Frame Mid-Rise 4-7 5 60
8 S2H High-Rise 8+ 13 156
9 S3 Steel Light Frame All 1 15
10 Sal. Steel Frame with Cast-in-Place Concrete Lo.w-R'1se 1-3 2 24
11 S4M Mid-Rise 4-7 5 60
12 | sap | Shear Walls High-Rise | 8+ 13 156
13 S5L Steel Frame with Unreinforced Masonry LO.W'R}se 1-3 2 24
14 S5M Mid-Rise 4-7 5 60
15 | ssu | Infill Walls High-Rise | 8+ 13 156
16 CIL Low-Rise 1-3 2 20
17 CIM Concrete Moment Frame Mid-Rise 4-7 5 50
18 ClH High-Rise 8+ 12 120
19 C2L Low-Rise 1-3 2 20
20 C2M Concrete Shear Walls Mid-Rise 4-7 5 50
21 C2H High-Rise 8+ 12 120
22 C3L Concrete Frame with Unreinforced Masonry LO,W_R,lSe 1-3 2 20
23 C3M Mid-Rise 4-7 5 50
24 | c3n | Infill Walls High-Rise | 8+ 12 120
25 PCl1 Precast Concrete Tilt-Up Walls All 1 15
26 PC2L Precast Concrete Frames with Concrete LO,W_R,lse 1-3 2 20
27 PC2M Mid-Rise 4-7 5 50
28 | pcon | Shear Walls High-Rise | 8+ 12 120
29 RMIL | Reinforced Masonry Bearing Walls Low-Rise 1-3 2 20
30 | RMIM | with Wood or Metal Deck Diaphragms Mid-Rise 4+ 5 50
3 RM2L Reinforced Masonry Bearing Walls with LO‘W-R‘ISG 1-3 2 22l
32 RM2M . Mid-Rise 4-7 5 50
33 RM2H Precast Concrete Diaphragms High-Rise 8+ 12 120
g: U[;{IT\I/IAIIZ/I Unreinforced Masonry Bearing Walls II:/?iZ:RR::: gf ; ;2
36 MH Mobile Homes All 1 10




(4) RISK-UE
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<3 14> RISK-UE®] x84 &F/

No. Label Description Rise Average No. of Stories
1 MI11L Low-Rise 1-2
5 MLIM Rubble Stone, fieldstone Mid-Rise s
3 MI12L Low-Rise 1-2
4 M12M | Simple Stone Mid-Rise 3-5
5 MI12H High-Rise 6+
6 MI13L Low-Rise 1-2
7 M13M | Massive Stone Mid-Rise 3-5
8 MI13H High-Rise 6+
9 M2L Adobe Low-Rise 1-2
10 M31L Low-Rise 1-2
1 M31M Wooden slabs unreinforced masonry Mid-Rise 25

(URM)

12 M31H High-Rise 6+
13 M32L Low-Rise 1-2
14 M32M | Masonry vaults URM Mid-Rise 3-5
15 M32H High-Rise 6+
16 M33L Low-Rise 1-2
17 M33M | Composite slabs URM Mid-Rise 3-5
18 M33H High-Rise 6+
19 M34L Low-Rise 1-2
20 M34M | RC slabs URM Mid-Rise 3-5
21 M34H High-Rise 6+
22 MA4L Low-Rise 1-2
23 M4M Reinforced or confined masonry Mid-Rise 3-5
24 M4H High-Rise 6+
25 MS5SL Low-Rise 1-2
26 M5M Overall strengthened masonry Mid-Rise 3-5
27 MS5H High-Rise 6+
28 RCIL RC moment frames Low-Rise 1-2




No. Label Description Rise Average No. of Stories
29 RCIM Mid-Rise 3-5
30 RC1H High-Rise 6+
31 RC2L Low-Rise 1-2
32 RC2M | RC shear walls Mid-Rise 3-5
33 RC2H High-Rise 6+
34 RC31L Low-Rise 1-2
35 RC3IM | Regularly infilled RC frames Mid-Rise 3-5
36 RC31H High-Rise 6+
37 RC32L Low-Rise 1-2
38 RC32M | Irregular RC frames Mid-Rise 3-5
39 RC32H High-Rise 6+
40 RC4L Low-Rise 1-2
41 RC4M | RC dual systems Mid-Rise 3-5
42 RC4H High-Rise 6+
43 RC5L Low-Rise 1-2
44 RC5M | Precast concrete tilt-up walls Mid-Rise 3-5
45 RC5H High-Rise 6+
46 RC6L Low-Rise 1-2
47 RCEM Precast concrete frames with concrete Mid-Rise 35
shear walls
48 RC6H High-Rise 6+
49 S1L Low-Rise 1-2
50 SIM Steel moment frames Mid-Rise 3-5
51 S1H High-Rise 6+
52 S2L Low-Rise 1-2
53 S2M Steel braced frames Mid-Rise 3-5
54 S2H High-Rise 6+
55 S3L Low-Rise 1-2
56 S3M Steel frames with URM infill walls Mid-Rise 3-5
57 S3H High-Rise 6+
58 S4L Low-Rise 1-2
5 SaM Steel frames with cast-in-place concrete Mid-Rise 35
shear walls
60 S4H High-Rise 6+
61 S5L Low-Rise 1-2
62 S5M Steel and RC composite systems Mid-Rise 3-5
63 S5H High-Rise 6+
64 WL Low-Rise 1-2
Wooden structures
65 WM Mid-Rise 3-5




(5) PAGER-STR
PAGER-STR US Geological Survey’s Prompt Assessment of Global Earthquake for
Response (PAGER)®] ZE 102 SFdadolA AxEHo] g wE J7HE Sl oA
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<¥ 1.5> PAGER-STRY F+%84 ®F

L. Average No. | Typical No.
No. Label Description
of stories of stories

W WOOD 1-3 2
2 W1 Wood Frame, Wood Stud, Wood, Stucco, or Brick Veneer 1-2 1
3 —_— WO(?d Frame, Heavy Members, Diagonals or Bamboo All 1

Lattice, Mud Infill
4 w3 Wood Framfe, Prefabricated Steel Stud Panels, Wood or 23 9
Stucco Exterior Walls

5 w4 Log building 1-2 1
6 S STEEL All 1
7 S1 Steel Moment Frame All 1
8 SIL | Low-Rise 1-3 2
9 SIM | Mid-Rise 4-7 5
10 S1H | High-Rise 8+ 13
11 S2 Steel Braced Frame All 1
12 S2L Low-Rise 1-3 2
13 S2M | Mid-Rise 4-7
14 S2H | High-Rise 8+ 13
15 S3 Steel Light Frame All 1
16 S4 Steel Frame with Cast-in-Place Concrete Shear Walls All 1
17 S4L Low-Rise 1-3 2
18 S4M | Mid-Rise 4-7 5
19 S4H | High-Rise 8+ 13
20 S5 Steel Frame with Un-reinforced Masonry Infill Walls All 1
21 S5L Low-Rise 1-3 2
22 S5M | Mid-Rise 4-7
23 S5H | High-Rise 8+ 13
24 C REINFORCED CONCRETE All 1
25 Cl Ductile Reinforced Concrete Moment Frame All 1
26 CIL | Low-Rise 1-3 2
27 CIM | Mid-Rise 4-7
28 CIH | High-Rise 8+ 13




L. Average No. | Typical No.
No. | Label Description . .
of stories of stories

29 C2 Reinforced Concrete Shear Walls All 1

30 C2L | Low-Rise 1-3 2

31 C2M | Mid-Rise 4-7 5

32 C2H | High-Rise 8+ 13

13 3 Non-ductile Reinforced Concrete Frame with Masonry Infill All |
Walls

34 C3L | Low-Rise 1-3 2

35 C3M | Mid-Rise 4-7

36 C3H | High-Rise 8+ 13

37 ca Non-ductile Reinforced Concrete Frame without Masonry All !
Infill Walls

38 C4L | Low-Rise 1-3 2

39 C4M | Mid-Rise 4-7

40 C4H | High-Rise 8+ 13

Al s Ste.el Reinforced Concrete (Steel Members Encased in All |
Reinforced Concrete)

42 C5L | Low-Rise 1-3 2

43 C5M | Mid-Rise 4-7

44 C5H | High-Rise 8+ 13

45 PC1 Precast Concrete Tilt-Up Walls All 1

46 PC2 | Precast Concrete Frames with Concrete Shear Walls All

47 PC2L | Low-Rise 1-3 2

48 | PC2M | Mid-Rise 4-7

49 PC2H | High-Rise 8+ 13

50 RM | REINFORCED MASONRY All

51 RMI1 Reinforc.ed Masonry Bearing Walls with Wood or Metal All 1
Deck Diaphragms

52 RMIL | Low-Rise 1-3 2

53 | RMIM | Mid-Rise (4+ stories) 4-7

54 RMD2 Réinforced Masonry  Bearing  Walls  with  Concrete All !
Diaphragms

55 RM2L | Low-Rise 1-3 2

56 RM2M | Mid-Rise 4-7

57 | RM2H | High-Rise 8+ 13

58 MH | MOBILE HOME All 1

59 M MUD WALLS 1 1

60 Ml Mud walls without horizontal wood elements 1-2 1

61 M2 Mud walls with horizontal wood elements 1-3 2

62 A ADOBE BLOCK (UNBAKED DRIED MUD BLOCK) 12 1
WALLS

63 Al Adobe block, mud mortar, wood roof and floors 1-2 1

64 A2 Same as Al, bamboo, straw, and thatch roof 1-2

65 A3 Same as Al, cement-sand mortar 1-3 2

66 A4 Same as Al, reinforced concrete bond beam, cane and mud 1-3 2

_10_



L. Average No. | Typical No.
No. | Label Description . .
of stories of stories

roof

67 A5 Same as Al, with bamboo or rope reinforcement 1-2 1

68 RE RAMMED EARTH/PNEUMATICALLY IMPACTED 12 1
STABILIZED EARTH i

69 RS RUBBLE STONE (FIELD STONE) MASONRY All 1
Local field stones dry stacked (no mortar). Timber floors.

70 RS1 . 1-2 1
Timber, earth, or metal roof.

71 RS2 Same as RS1 with mud mortar. 1-2

72 RS3 Same as RS1 with lime mortar. 1-3 2
Same as RS1 with cement mortar, vaulted brick roof and

73 RS4 1-3 2
floors
Same as RS1 with cement mortar and reinforced concrete

74 RS5 1-3 2
bond beam.

75 DS RECTANGULAR CUT STONE MASONRY BLOCK All 1
Rectangular cut stone masonry block with mud mortar,

76 DS1 . 1-2 1
timber roof and floors

77 DS2 Same as DS1 with lime mortar 1-3 2

78 DS3 Same as DS1 with cement mortar 1-3 2

79 DS4 | Same as DS2 with reinforced concrete floors and roof 1-3 2

80 UFB UNREINFORCED FIRED BRICK MASONRY All 1
Unreinforced brick masonry in mud mortar without timber

81 UFBI 1-2 1
posts

82 UFB2 | Unreinforced brick masonry in mud mortar with timber posts 1-2 1
Unreinforced fired brick masonry, cement mortar, timber

&3 UFB3 | flooring, timber or steel beams and columns, tie courses 1-3 2
(bricks aligned perpendicular to the plane of the wall)
Same as UFB3, but with reinforced concrete floor and roof

84 UFB4 1-3 2
slabs
UNREINFORCED CONCRETE BLOCK  MASONRY,

85 UCB All 1
LIME/CEMENT MORTAR
MASSIVE STONE MASONRY IN LIME/CEMENT

86 MS All 1
MORTAR
PRECAST CONCRETE TILT-UP WALLS

87 TU Precast Wall Panel Construction (Mid to high rise, Former All 1
Soviet Union style)
INFORMAL CONSTRUCTIONS (PARTS OF
SLUMS/SQUATTERS)

88 INF | Constructions made of wood/plastic sheets/GI Sheets/light All 1
metal or composite etc., not conforming to engineering
standards.

89 UNK | Unknown Category (Not specified) All 1

_11_



(6) FEMA P-58
FEMA P-589|4 F#Z84E #/3t= AA = UNIFORMAT-I1 9 revision?] NISTIR 6389
o EFAAE w2t NISTIR 63899 EFAAE TRAAE AFE #HHAA EFA
, AR 242 EFITH NISTIR 63899 EFAAE & 49ARZ ofgel o]

O Level 1: Major Group Elements (AF-E] F7}=] ZF 671)
O Level 2: Group Elements (L& Ut tH-&)
O Level 3: Individual Elements (L& Uttt t&)

O Level 4: Sub-Elements (L& 0ot o)

—

NISTIR 6389¢] & 542 A2V BFAAE €A 43, F71E + ke Hol
o} w3 AZE glo] ofd RAHEAA QA4AZ Frtetn AT £ 7] wEol, AHe
Zbo] w2 AFE7F Eva & = ok Level 19 @t EFAA= ARE F7HA F 6
ME2 BEF/3HH, o] T A9 B7F #2849 sddth <& 1.6>2 NISTIR 638994 A<} B
e TZRAE level 37hA] A3 Aolth Level 49] A& FAo 27], HGA S
el theFetA F7 R g 0] sty wWEel, 80l o level 37bA] AHElE s
NISTIR 6389€ AF83ti= FEMA P-58°|A1&= AREH B7HA FZ284E F 355712 &R/t

o, Zt Fz9 40 3l damage stateo] WE X JHSE FFE A|FSAL U

<3 1.6> FEMA-P589] 7+Z8 4 EFAAQ NISTIR 63899 7+Z84 EFAA

Level 1 Level 2 Level 3
Major Group Elements Group Elements Individual Elements
A Substructure A10 Foundation A1010 Standard Foundation

A1020 Special Foundation
A1030 Slab on Grade

A20 Basement Construction A2010 Basement Excavation
A2020 Basement Walls
B Shell B10 Super Structure B1010 Floor Construction

B1020 Roof Construction

B1030 Structural Steel Elements

B1040 Reinforced Concrete Elements

B1050 Masonry Vertical Elements

B1060 Cold-formed Steel Structural Elements
B1070 Wood Light Frame Structural Elements
B20 Exterior Enclosure B2010 Exterior Wall

B2020 Exterior Windows

B2030 Exterior Doors

B30 Roof Elements B3010 Roof Coverings

B3020 Roof Openings

_12_



(7) SYNER-G

SYNER-G9| EFAAE 2H %29 HIZIYUEFTZRES WFoE FX84AE EF/3H,
Stede WAUS, AHRAE, &8 9 54 HAZAY & 2T F 10719 category=
AEE glolN FxQAE BEFIT <F 1.7>& SYNER-GE 7x84 EFAAES A
g ZoE ojud FReAE otYe}t 22 FHE ERAT

N

O

FRM1-FRM2/FRMM 1-FRMM2/P/E/C-CM/D/FS-FSM/RS-RSM/HL-NS/CL

O stve] FxeosE dw)e & 9 a3 2o

O MRF/C-RC/X/X/RI-FB-H%/ND/R-RC/X/L-2/NS: moment resisting frame, in reinforced
concrete with regular external infill panels in brick with a high percentages of voids, with
non-ductile design details, with rigid reinforced concrete floor, low-rise, 2stories, not

designed to a seismic code;

#19] ol¢} o] SYNER-GY ERFAAE ol&std AFEd oA Fxa40] gk A
g E77F b o 7 Ao Xl He AL A5EY T ERE e 2FAAS
2] low-rise, mid rise, high-rise, tall 4T AIZ EF3Ith= Holth. HAZUSS} RISK-UE, FEMA
P-589 A= Fx849 EF code levelS: AHZAHOoE HGslx] R 7 Q40 AXFHF
55 3rtg o, (AHGE 45 Z A= mediand dispersiondkoll code levels HHY ST},

3t SYNER-GE code leveld] WE x84 AFA o7 BFITH SYNER-GY EFAA
1

n:

7 FEAYG e EFAAQ] EMS-98, RISK-UERT 1 RY BERAAZ A4EA =
YEZx} Az FAEH A AV A

<X 1.7> SYNER-GY] T7+Z84 EFAA

CATEGORY CLASSIFICATION
Force Resisting Mechanism (FRM1) Force Resisting Mechanism (FRM?2)
* Moment Resisting Frame (MRF) * Embedded beams (EB)
e Structural Wall (W) * Emergent beams (EGB)

* Flat Slab (FS)

* Bearing Walls (BW)

* Precast (P)

* Confined Masonry (CM)

FRM Material (FRMM1) FRM Material (FRMM?2)
* Concrete (C) * Reinforced Concrete (RC)
* Masonry (M) * Unreinforced Masonry (URM)

* Reinforced Masonry (RM)

* High strength concrete (>50MPa) (HSC)

* Average strength  concrete  (20-50 MPa) (ASC)
e Low strength concrete (<20 MPa) (LSC)

* Adobe (A)

¢ Fired brick (FB)

* Hollow clay tile (HC)
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CATEGORY

CLASSIFICATION

* Stone (S)

* High yield strength

reinforcing bars (>300MPa) (HY)

* Low yield strength

reinforcing bars (<300MPa) (LY)

¢ Classification of reinfor

cing bars based on EC2 (A,B,C)

* Lime mortar (LM)

* Cement mortar (CM)

* Mud mortar (MM)

* Smooth rebars (SB)

* Non-smooth rebars (NS

B)

* Concrete Masonry Unit

(CMU)

* Autoclaved Aerated Concrete (AAC)

* High % of voids (H%)

* Low % of voids (L%)

* Regular Cut (Rc)

* Rubble (Ru)

Plan (P)

* Regular (R)

¢ Irregular (IR)

Elevation (E)

* Regular geometry (R)

* Irregular geometry (IR)

Cladding (C)

Cladding Characteristics (CM)

* Regular infill vertically (RI)

¢ Fired brick masonry (FB)

e Irregular infill vertically (IRI)

* High % voids (H%)

* Bare (B)

* Low % voids (L%)

* Autoclaved Aerated Concrete (AAC)

* Precast concrete (PC)

* Glazing (G)

* Single layer of cladding (SL)

* Double layer of cladding (DL)

* Open first floor (Pilotis

) (P)

* Open upper floor (U)

Detailing (D)

* Ductile (D)

* Non-ductile (ND)

* With tie rods/beams (WTB)

* Without tie rods/beams (WoTB)

Floor System (FS)

Floor System Material (FSM)

* Rigid (R)

* Reinforced concrete (RC)

* Flexible (F)

* Steel (S)

* Timber (T)

Roof System (RS)

Roof System Material (R

SM)

* Peaked (P)

e Timber (Ti)

« Flat (F)

* Thatch (Th)

* Gable End Walls (G)

* Corrugated Metal Sheet

(CMS)

Height Level (HL)

Number of stories (NS)

* Low-rise (1-3) (L)

* Mid-rise (4-7) (M)

* High-rise (8-19) (H)

e Tall (20+)(Ta)

[Here the number of stor

ies is explicitly given, if known]

Code Level (CL)

* None (NC)

* Low (<0.1g) (LC)

* Moderate (0.1-0.3g) (MC)

* High (>0.3g) (HC)
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U H7E 84

HFZ2e4v 94 B/ A5ES] Fxa4 99 845 oulst, 3y ASAHAVE
2l KBC 20167 92| 7]#<l IBC 2015, ASCE 7-169] 7%, vlFxQ 40 g Y&
2 Aostal Utk HIFEQ L dal] ER/F V€ ATES AHEH, AFH SR wt
HFZ28 48 /3, HF284E & GYE /st 297F digeolt. shARE 7%
849} H|S=81A] FEMA P-5894 AR-&3li= UNIFORMAT-I1I £} NISTIR 63892 74-%-¢ll= Hl

k)

TZAAE element leveldl A &/3taL Yt} 53] SYNER-GE| H|FZx84 EFAAE A=

T T WTEALY ERAAS FAHL YA A, essential facilityo] HFEHE
AT £ HTELs BF BRAAES FASRT Utk AFeIAE B W

O KBC 2016

O IBC 2015, ASCE 7-16

O HAZUS (FEMA 2003)

O FEMA P-58 (FEMA 2012)
O SYNER-G (2013)

(1) KBC 2016

KBC 201691A4&= Fx84 o]9o nlFxaid thit Y& 0306 A X &FE TEo)A
Aot Aot 0306.10 A=, 71A B 7] BT ARAS AR, F2E
B3 AAEHE A=, 714 2 AN T BlFx84E FUHEASSH W Ad=
2 AAstedof g PAISL Atk KBC 20169014 EF3e vlFxecAE A0 FxQ
29k 714 B 7] Bl EL 4o, olE Ay st <& 1.8>, <& 1.9>3 Zt} KBC 2016°

Ae AT HlTFze4E A 137HAE Rt lon, F2 7B A% = 7
5= R =249, epe), vikA, A, Faw 5= Tdse e & 5 Ak s

a2 s Fzase] A F Hokws}l wolATh Z KBC 20169] 7]%
LAAR
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<¥ 1.8> KBC 20162 AZFv| T4 EFAA

L W& w7295 3 ey
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2. ALY FAGEARAHA YA FAY AZFTA ofh oA = AAA B5)
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c. 95 BlFE=HA
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b.
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10. ¥71& € FAAE
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<X 1.9> KBC 20169 71A 2 A7] v|FZ284 EFAA

d Ag&dH =5

e. 71Ek

LAz R AY JAF

d. 71&

.77 vERe8 A

. O|FAE HF=EL A
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(2) IBC 2015, ASCE 7-16
IBC 20162} ASCE 7-162 F+x84 o]]9 d|FxzQ8 40 3] architectural component2}
mechanical and electrical component® =A| 27}A 2 EF{Fsl Yot BEFsIL A= &S

KBC 20163} A9 Y3, 11 &S AYstd 27 <F 1.10>3 <& 1.11>3 2t}

<X 1.10> IBC 20159} ASCE 7-169] A=v|Fx04 BEAA

. Interior Nonstructural Walls and Partitions

Plain (unreinforced) masonry walls

All other walls and partitions

. Cantilever Elements (Unbraced or braced to structural frame below its center of mass)

Parapets and cantilever interior nonstructural walls

Chimneys and stacks where laterally braced or supported by the structural frame

. Cantilever Elements (Braced to structural frame above its center of mass)

Parapets
Chimneys and Stacks
Exterior Nonstructural Walls

. Exterior Nonstructural Wall Elements and Connections

Wall Element
Body of wall panel connections

Fasteners of the connecting system

. Veneer

Limited deformability elements and attachments

Low deformability elements and attachments

. Penthouses (except where framed by an extension of the building frame)

. Ceilings

All

. Cabinets

Storage cabinets and laboratory equipment

. Access Floors

Special access floors (designed in accordance with Sectionl3.5.7.2)
All other

10. Appendages and Ornamentations

11. Signs and Billboards

12. Other Rigid Components

High deformability elements and attachments
Limited deformability elements and attachments

Low deformability materials and attachments

13. Other Flexible Components

High deformability elements and attachments
Limited deformability elements and attachments

Low deformability materials and attachments
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<3 1.11> IBC 20159} ASCE 7-169] 7|4 & #A7] vFx8 4 EFAA

Mechanical and Electrical Components

Air-side HVAC, fans, air handlers, air conditioning units, cabinet heaters, air distribution boxes, and other

mechanical components constructed of sheet metal framing.

Wet-side HVAC, boilers, furnaces, atmospheric tanks and bins, chillers, water heaters, heat exchangers,
evaporators, air separators, manufacturing or process equipment, and other mechanical components

constructed of high deformability materials.

Engines, turbines, pumps, compressors, and pressure vessels not supported on skirts and not within the

scope of Section 15.

Skirt-supported pressure vessels not within the scope of Section 15.

Elevator and escalator components.

Generators, batteries, inverters, motors, transformers, and other electrical components constructed of high

deformability materials.

Motor control centers, panel boards, switch gear, instrumentation cabinets, and other components

constructed of sheet metal framing.

Communication equipment, computers, instrumentation and controls.

Roof mounted chimneys, stacks, cooling and electrical towers laterally braced below their center of mass.

Roof mounted chimneys, stacks, cooling and electrical towers laterally braced above their center of mass.

Lighting fixtures.

Other mechanical or electrical components.

Vibration Isolated Components and Systems

Components and systems isolated using neoprene elements and neoprene isolated floors with

built-in or separate elastomeric snubbing devices or resilient perimeter stops.

Spring isolated components and systems and vibration isolated floors closely restrained using

built-in or separate elastomeric snubbing devices or resilient perimeter stops.

Internally isolated components and systems.

Suspended vibration isolated equipment including in-line duct devices and suspended internally

isolated components.

Distribution Systems

Piping in accordance with ASME B31, including in-line components with joints made by welding or

brazing.

Piping in accordance with ASME B31, including in-line components, constructed of high or limited
deformability materials, with joints made by threading, bonding, compression couplings, or grooved

couplings.

Piping and tubing not in accordance with ASME B31, including in-line components,

constructed of high deformability materials, with joints made by welding or brazing.

Piping and tubing not in accordance with ASME B31, including in-line components, constructed of high
or limited deformability materials, with joints made by threading, bonding, compression couplings, or

grooved couplings.

Piping and tubing constructed of low deformability materials, such as cast iron, glass, and nonductile

plastics.

Ductwork, including in-line components, constructed of high deformability materials, with joints made by

welding or brazing.

Ductwork, including in-line components, constructed of high or limited deformability materials with joints

made by means other than welding or brazing.

Ductwork, including in-line components, constructed of low deformability materials, such as cast iron,

glass, and nonductile plastics.

Electrical conduit, bus ducts, rigidly mounted cable trays, and plumbing.

Manufacturing or process conveyors (nonpersonnel).

Suspended cable trays.
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(3) HAZUS
HAZUSO M+ A=E9 HFXRAE A 7IAZE EF3F+=4l, architectural, mechanical
and electrical, contents® &/F3th. 2| 7]El d|Fs= KBC 2016, IBC 2015, ASCE 7-169}
ZIA R 7] HFELAE EREE 2 Wy vsssid, A
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<3 1.12> HAZUS®| v|Fx8 4 EF/AA

System Type Component Description Drift-Sensitive Acceleration-Sensitive
Nonbearing Walls/Partitions .
Cantilever Elements and Parapets .
Exterior Wall Panels .
Veneer and Finishes .
Architectural
Penthouses .
Racks and Cabinets .
Access Floors :
Appendages and Ornaments .
General Mechanical (boilers, etc.) .
Manufacturing and Process Machinery .
Piping Systems .
Storage Tanks and Spheres .
Mechanical .
. HVAC Systems (chillers, ductwork, etc.) .
and Electrical
Elevators .
Trussed Towers :
General Electrical (switchgear, ducts, etc.) .
Lighting Fixtures .
File Cabinets, Bookcases, etc. .
Office Equipment and Furnishings .
Computer/Communication Equipment .
Contents - -
Nonpermanent Manufacturing Equipment .
Manufacturing/Storage Inventory .
Art and Other Valuable Objects .
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(4) FEMA P-58
FEMA P-58°|A4 H|FZ2Q 45 &/t AA=
9] revision?] NISTIR 63899 EFAAE
oA EF3kA eFar

% 407R odls o] ERL

A5

2

9]},

TZ949 vz7EA 2 UNIFORMAT- I

wE0) NISTIR 63899 ER/AA= v TFZLAE
BEAgEAN A QA4S EF{FIT NISTIR 63892 EFAA+=

O Level 1: Major Group Elements (AF-E] F7}=] ZF 671)

O Level 2: Group Elements (L& Ut tH-&)

O Level 3: Individual Elements (L& Uttt t&)

O Level 4: Sub-Elements (L& 0ot o)

NISTIR 6389¢] & 542 A2V BFAAE €A 43, F71E + ke Hol
o, A5E #ddo] ofd EAHHNAN 845 Fretr AT ¢ 7] "o, AHEA
2 AFE7F 20 & 5 ATk Level 19 dl33ts EFAAE ARE F7HA F 6o/l=
BH53lH, o] & CHE F7HA7F HlFZRQ 46 3)E3th <F 1.13>2 NISTIR 638994 CH
B F7HA HlF28 49 ZFAAE level 37hA B2k Zolth Level 49 A9+ FAY =2
71, ABA ol wet ggFstAl F7F 9 A o] 7hsstr] Wi, Aol o8& level 37t
A AHelE skt NISTIR 63895 AF&3l= FEMA P-580A= CHE F7HA] H|FZ8 4
F 40972 BEF/SIaL Qo ZF v 72840 el damage statedl] WE X JHIE FTE

AlFskal AT

<¥ 1.13> FEMA P-589] H|7+ZQ8 4 EFAAI

NISTIR 63899] H]FZ8 4

EFAA

Level 1
Major Group Elements

Level 2
Group Elements

Level 3
Individual Elements

C Interiors C10 Interior Construction

C1010 Partitions

C1020 Interior Doors

C20 Stairs

C2010 Stairs

C30 Interior Finishes

C3010 Wall Finishes

C3020 Floor Finishes

C3030 Ceiling Finishes

D Services D10 Conveying

D1010 Elevators & Lifts

D1020 Escalators & Moving Walks

D1090 Other Conveying Systems
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Level 1
Major Group Elements

Level 2
Group Elements

Level 3
Individual Elements

D20 Plumbing

D2010

Plumbing Fixtures

D2020

Domestic Water Distribution

D2030

Sanitary Waste

D2040

Rain Water Drainage

D2090

Other Plumbing Systems

D30 HAVC

D3010

Energy Supply

D3020

Heat Generating Systems

D3030

Chiller, Cooling Tower and Compressors

D3040

Distribution Systems

D3050

Package Air Handling Units

D3060

Control Panels & Instrumentation

D3090

Other HVAC Systems & Equipments

D40 Fire Protection

D4010

Sprinklers

D4020

Standpipes

D4030

Fire Protection Specialties

D4090

Other Fire Protection Systems

D50 Electical

D5010

Electrical Service & Distribution

D5020

Lighting & Branch Wiring

D5030

Communications & Security

D5090

Other Electrical Systems

E Equipment & Furnishings

E10 Equipment

E1010

Commercial Equipment

E1020

Institutional Equipment

E1030

Vehicular Equipment

E1090

Other Equipment

E20 Furnishings

E2010

Fixed Furnishings

E2020

Movable Furnishings

F Special Construction &

Demolition

F10 Special Construction

F1010

Special Construction

F1020

Integrated Construction

F1030

Special Construction Systems

F1040

Special Facilities

F1050

Special Controls and Instrumentation

_22_



(5) SYNER-G
SYNER-GO] H|FZQ 40 U3 EFAAE AR AFF X5 AXHe= vF%
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o] H|Fx2 Q4 E FA organization component, human component, physical component®
2 FE3t3L ). Organization component= A ZUAA WA 7|5/FAE FIT & I=

YA 2EH A-AY T 2 ¥ FERQEAE 9 v|dth. Human component
o|Ab, ZtE kel e AWl staffe] 24F W8], physical component= B U2 7]eF

Fe At FerlTe 22 BrES ordn.

<X 1.14> SYNER-GAA WHHLAFE vHFZ8 4 Ogt EFAA

CATEGORY SUB-COMPONENT

* Organizational Component (HCS01)

* Human Component (HCS02)

* Physical Component (HCS03)

Non-structural Elements (HCS03-2) Drift sensitive
Acceleration sensitive
Differential displacement sensitive

Architectural Elements (HCS03-3) Walls (internal and external)
Ceilings
Windows, doors, glazing
Basic Installations (HCS03-4) Generation (electrical generator, water tank, gas tank)

Distribution (pipes for water, waste- water, gas, fuel

and electrical conduits)

Basic Installation: Medical Gas (HCS03-5) Oxygen (bottle, cylinders)
Nitrogen (cylinders)
Supply line

Equipments

Basic Installation: Power System (HCS03-6) Transformation station (medium voltage-MV and low
voltage-LV)

Emergency generator (UPS and EPG)

Transmission lines

Distribution stations

Basic Installation: Water System (HCS03-7) Supply (city water and tanks)
Equipments  (electric  power, electric pumps and

boilers)
Piping

Basic Installation: Conveying System (HCSO03-8) | Motor (power and engine)
Counter weights

Doors

Guide rails
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CATEGORY

SUB-COMPONENT

Building Contents (HCS03-9)

Furnishings

Medical, office and industrial equipments

General supplies

Shelves etc.

< 115> A29Ad AXEHE HFERLASE AY3 Aotk AA HERQAE I
Al S7HAE &Fska AT
<3 1.15> SYNER-GO|A &A1 v FZQ8 40 tjgt EFAA
CATEGORY CLASSIFICATION/SUB-COMPONENT

¢ Fire-fighters Stations (FFS01)

* Pumping Stations (FFS02)

Small

Medium

Large

(Anchored/Unanchored Sub-components)

Electric power

Equipment

Vertical/horizontal pump

Building

¢ Storage Tanks (FFS03)

Material type: wood, steel, concrete, masonry

Closed Tanks

Open Cut Reservoirs

Capacity: small, medium, large

Anchorage: yes/no

Position: at grade, elevated by columns or frames)

Type of roof: RC, steel, wood

Seismic design: yes/no

Construction type: elevated by columns, built “at- grade” to rest

113

directly on the ground, build “at grade” to rest on a
foundation, concrete pile foundation
Presence of side-located inlet-outlet pipes
Volume: height, diameter
Thicknesses
Operational function: full, nearly full, less than full
¢ Fire-hydrant (FFS04) Pressure
Demand
Operational: yes/no
* Pipelines (FFS05) Location: buried/elevated
Type: continuous/segmented
Material ~ (type,  strength):  ductile iron, steel, PVC
(acrylonitrile-butadienestyrene/ABS), polyethylene/PE, reinforced
plastic mortar/RPM, resin transfer molding/RTM-

asbestos-cement pipes, cast, iron, concrete, clay

Type of joints: rigid/flexible

Capacity: diameter

Geometry: wall thickness o Type of coating and lining o Depth

History of failure

Appurtenance and branches

Corrosiveness of soil conditions

Age

Pressure
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* PGA: Peak Ground Acceleration

* PGV: Peak Ground Velocity

* Sa: Spectral Acceleration

e Sd: Spectral Displacement

* PGD: Permanent Ground Deformation

* MMI: Modified Mercalli Intensity Scale

AAR=
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* MCS: Mercalli-Cancani-Sieberg Intensity Scale

* PGA: Peak Ground Acceleration

* RMS: root mean square of acceleration
* MMI: Modified Mercalli Intensity Scale
* EMSO98: European Macroseismic Scale

* Sa: Spectral Acceleration
* Sd: Spectral Displacement
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log(PGA), = 2.522—0.142M, +(0.314 M, — 3.184 )log V/57.76 + d”

(1.3)
+0.1378, +0.0505, —0.084Fy, +0.062 F,— 0.044F,
R
log(PGA) = ¢, + ¢, M, +c; (M, —6)* +c,In(R,,) +c;max(in (%), 0] +c Ry, (1.4)
log(PGA) = 0.446 M, —0.00350d — log(d+0.012 « 10%*")+0.00665 (h —20) + .5 (1.5)

4714,

M, = moment magnitude

S¢,5, 8 = soil condition(coef ficient)
Fy ,F,,F, = focal mechanism(coef ficient)
¢ ~ G = source model(coefficient)

d, h = focal distance, depth
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(2) =HE= W] (Spectral Displacement)
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<713 1.4> Process to develop the response spectrum
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(3) =HE" 7}4 X (Spectral Acceleration)
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(4) RMS(Root mean square of acceleration)
RMSE €4 ASKAES A3 7HEEe dags ondth A 2y 27)A%E Tl

ol ERAZF TAX ] RMS 7H4E @e Thes) o] AstEt
7
0,= % [ lale)Pa (1.10)
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(5) MCS(Mercalli-Cancani-Sieberg Intensity Scale)

Mercalli 45 =AY Ao F=ot AR I&Fe FAst= A FRoIH. ol A
ol tiste] HF HiE= g3l A7|9k AtiA W= qUAE SHs= A= o
& /Mdolth Mercalli 4=+ &82Q Aol 71x2% Zo] ofyzt #ZH &dol] APF o
2 712E T AT Mercalli 3EE 13A(AAA SEo)FEH REAEH 33)712] 9
TEE AT ®H, A, A, FxE ety Ao dFS AFE o o] @S
YO 2HE Ao oEsHA HH, /M & AEe XdA FHAA AT 1902d ©]
gg]o} E]8kal Cancanit 1059 Mercalli A =S 12574 &3ste], MCcSetal &3 A A
= A

<3 1.17> Mercalli-Cancani-Sieberg MCS) intensity scale®] 7= M2 A

Intensity Effect
I Imperceptible
11 Very light
I Light
\Y Moderate
v Moderately strong
VI Strong. Damping only to very bad construction
Cracking in Plaster. Very little damage to good
VI Very Strong. . .
construction. Some damage to bad construction
VI Destructive Damage to buildings around 50%
IX Strongly Destructive. Damage to buildings around 50%
X Ruinous Damage to buildings around 75%
XI Catastrophic. General destruction, landslides
Complete destruction. Large topographic effects,
XII Total Catastrophic. p. ] ) g PoBrap
diversion of river and empty of lakes
1.0
D SR S B . .
i | . . rc.<=3
L S : masonry>3
OF = = ol o 8 I e o 2 s o o
BB oo = vy = mgere = gl o v g = = r.c.>3
o 054 - - N : ; masonry<=3
: : ' : mixed
(1 7 (e R (1 S
L
PO R i S D SV N SR S
T 2
0.0
3 4 5 6 7 8 9 0 11 12

<19 1.7> AXZE MCSo i3k A xFH ke A
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(6) MMI(Modified Mercalli Intensity Scale)

L
Hee

MCS 9] 5}

MWN(Mercalli-Wood-Neumann) 2. = 3 JAtk. 11 o] Z3]¥ 59

Harry O. Wood®} Frack Neumann©]

FAE, 19314

o} X Q1 Charles

Richterol] 2]3] 74 = o] 259 MMI(Modified Mercalli Intensity Scale)©.2 & XAl = Ut}

MMI HE] e JEt APSe] e Lt A4S nEL 2AdY £ Bes

2 3" 72

=
&

A}

A=7F A yEhdd.

1 O

<3t 1.18> Modifies Mercalli Intensity (MMI) scale®] Z%=o W& A
Intensity Description/Damage

I. Not felt Not felt except by very few under especially favorable conditions.
II. Weak Felt only by a few people at rest, especially on upper floors of buildings.

Felt quite noticeably by people indoors, especially on upper floors of buildings.
1I. Weak Many people do not recognize it as an earthquake. Standing motor cars may rock

slightly. Vibrations similar to the passing of a truck. Duration estimated.

Felt indoors by many. outdoors by few during the day. At night, some awakened.
IV. Light Dishes, windows, doors distributed; walls make cracking sound. Sensation like

heavy truck striking building Standing motor cars rocked noticeably.

Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable
V. Moderate .

objects overturned. Pendulum clocks may stop.

Felt by all, many frightened. Some heavy furniture moved; a few instances of
VI. Strong

fallen plaster. Damage slight.

VII. Very Strong

Damage negligible in buildings of good design and construction; slight to
moderate in well-built ordinary structures; considerable damage in poorly built or

badly designed structuers; some chimneys broken.

VIII. Severe

Damage slight in specially designed structures. Fall of chimneys broken.

Damage considerable in specially designed structures; well-designed frame
IX. Violent structures thrown out of plumb. Damage great in substantial buildings, with partial

collapse. Building shifted off foundations. Liquefaction.

Some well-built wooden structures destroyed; most masonry and frame structures
V. Extreme

destroyed with foundations. Rails bent.

Collapse fragility for unreinforced fired-brick masonry with cement mortar

Collapse fragility for ductile reinforced concrete construction

0.35 i T T T T T T 1 r v T r
Median Collapse Fragility Parameters i | Median Collapse Fragility Parameters
= 5943 | | 0.9 4= g.192
0.3Hg=7.417 B = -7.558
C= 4379 | 0.8}c= 4693 +
2 0.25} 207
3 | :
-3 02t | -g 0.6 &
o | o
g | s 0.5 +
3 0.15¢ 7 " 0.4 |
= | = ' ¥
Q | [=] 1
O 01}b + O 03 ;
| 02l hu i -
0.05- + I
il ‘ 01— 2 B .
o ——1 t | | b — |
6 6.5 T 7.5 8 B5 9 9.5 10 6 6.5 75 8 8.5 9 9.5 10
(a) MM Intensity (b) MM Intensity
<19 1.8> AXIZE MMIO] tigk AR FH s A4
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(7) EMS98(European Marcroseismic Scale)

EMS 982 +8=71e Wzl

&5

AT

EM98-&

BEBLe] Aol BA S

olgle] o H=xTFoAA A

FHA RS YJS(ESC)7F  25W@F  FHolA AH8-H

aTr s

MSK(Medvedev-Sponheuer-Karnik) 2 =5 <Jdo|Este] /Mgt fH39 A AG=2A ot

EMS 982 Ao =

Wstar At

wRk oYz}t ASEe E4AEE 2ALE B AREAMNA <

<X 1.19> EMS98 scaled] 7o @2 A9

Intensity

Description/Damage

I. Not felt

Not felt by anyone.

II. Scarcely felt

Vibration is felt only by individual people at rest in houses, especially on
upper floors of buildings.

III. Weak

The vibration is weak and is felt indoors by a few people. People at rest
feel swaying or light trembling. Noticeable shaking of many objects.

IV. Largely observed

The earthquake is felt indoors by many people, outdoors by few. A few

people are awakened. The Ilevel of vibration is possibly frightening.

Windows, doors and dishes rattle. Hanging objects swing. No damage to
buildings.

V. Strong

The earthquake is felt indoors by most, outdoors by many. Many sleeping
people awake. A few run outdoors. Entire sections of all buildings tremble.
Most objects swing considerably. China and glasses clatter together. The
vibration is strong. Top-heavy objects topple over. Doors and windows

swing open or shut.

VI. Slightly damaging

Felt by everyone indoors and by many to most outdoors. Many people in
buildings are frightened and run outdoors. Objects on walls fall. Slight
damage to buildings; for example, fine cracks in plaster and small pieces of
plaster fall.

VII. Damaging

Most people are frightened and run outdoors. Furniture is shifted and many
objects fall from shelves. Many buildings suffer slight to moderate damage.

Cracks in walls; partial collapse of chimneys.

VII. Heavily damaging

Furniture may be overturned. Many to most buildings suffer damage:
chimneys fall; large cracks appear in walls and a few buildings may

partially collapse. Can be noticed by people driving cars.

IX. Destructive

Monuments and columns fall or are twisted. Many ordinary buildings

partially collapse and a few collapse completely. Windows shatter.

X. Very destructive

Many buildings collapse. Cracks and landslides can be seen.

XI. Devastating

Most buildings collapse.

XII. Completely devastating

Almost all structures are destroyed. The ground changes.
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<E 120> FZA v FZA 0 ALLEH = A

A X ¥E-g-Al 4= (Engineering Demand Parameter)
2 WgAGE Aol AFTRB MXE IF L E4e YFRE] Aske] 3
ook FaAG HFEAY £4 A= Ay A8 I 2] AgHTt 7|
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H] 27

* Interstory Drift Ratio

¢ PFA: Peak Floor Acceleration

e Roof Drift Ratio

* Rotation Angle

* PFA/PGA

e Inelastic rotation

¢ Interstory Drift Ratio

e PFA: Peak Floor Acceleration

* PFV: Peak Floor Velocity

¢ Cumulative absolute velocity parameter

¢ Axial, flexural, and shear force in attachments
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(1) A 28] (Interstory Drift Ratio)
S ARXstF oz Qlste WAstE JAAFT AlolY FHWHEPF 9 A2 A9 HH,
SAHHLHIE SXHYE SAE e golth =15 7327]F(Korean Building Code, KBC

ztol = AHA R RkeF AFEo] FHHEHHAF o) AY WAEAEF Co DE E/H
Fole A E 59 ATEe) steE mA g WHeate] F HUgoZ 4bA o
STORY DRIFT i
0.9
UPPER STORY OR ROOF i
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g N SE— — _ g 06
[ 7 ; 0.5
.f; ;‘ 2 04
/ / E o3
/ / 02 :
/ [ 0.1 7 "t compLETE
0.0 : -
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Spectral displacement (mm)
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<I¥ 1.9> SR B9 <% 1.10> SIbALHle] gig A FH G FA

(2) Roof Drift Ratio
A% WeHls T2E 43 HAE AEY HolE Uw FOoE 7 Fo FHUF T

obd A= A Azdle] W FS vt

Roof Drift Ratio = %

> Building height, H

<9 111> H45 H9 49
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(3) Rotation Angle

A7E Hols AERAA EAste IR4de ordit. BUle JAREE AHG
(rigid connection) .2 7P T 745, o] EF o2 ojHo| o3t HHo| A4 HASA %
o As AHE #ATH 2Hd AA ASEe] HIAF= AHFel ofd wAAHT
(semi-rigid connection)o] 2.2 90| ofal] H@iol HAMzto] AT AP B 9
o mRlES 9o o AL AR F2H H5S 2T 5 Ak Azl HF
o Feish FRol Wb FRe AANSS Folh WAFEE, g HFA AAR
81zt Ahol 7t WA G}

z

Lo

§
<13 1.12> AR 3| Ao Ao

(4) PFA (Peak Floor Acceleration)

AUFNEEE AFE 7 Fo4 A 93] BYHE &R Ao Uk

AS7IEEE dentgel F2d vigxA7E AAAYE dAENe W, S dAMTE
&
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(5) PFA/PGA
PFA/PGAE S7H5E9 A A& v S om|jitt. PFA/PGAL HIFx284:9 A
S A oA EEFQd st

e 2o

i

N

A gttt KBC 2016914 A A= B2 249 A
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i)
rlo

_ 04a,5,6Wp

z
F = 1+2— (1.1D
R AR

h

KBC 20169 w2, v]zA12e] 3I-FF717F 0.06% ©]73<] flexible component¥ 73-%-, &
HESEAT a,9 #2 2.5°]T Flexible componentoll thall z=0 <1 73-¢-, HlF-Z2A ol 2-&3h=
THEEE HAYATIIERS $Y8H, =hd A VSRS HUAE TSR 3uied
3 2o wEbA 14220 FES BlTFERe 4L FAEAY BAIRle] HIFEL LT A H
v o W& FZ9 IS Yehdnh ole Ax HAHA RIS E(PGA)] diE A St
EE(PFA)S] HIRl PFAPGATE RlFx 849 A gHe & &< WA= FH|BE, v

820 g ANGATE AL F Utk

BN

(6) Cumulative absolute velocity parameter

cAv= [ "alt)|dt 1.12)

(7) Inelastic rotation

8) =9, 28, 33 H(Axial, flexural, and shear force in attachments)
gz g 1A 3o FFRE ou@T w7z

< Axial force, HIT7FZA 2] EWHEE WAAA FA9

=
-
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__>‘4_1“
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r2
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18 o
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S M= 9H S flexural force, =2 32 Weko g ZL3E= 2H 2 Shear forcettal 3
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3. HAZUS®| AHSF= dolgHlolx F=

AT F4E Aostr] s FERALL vIFEAS A XIRESA T (engineering
demand parameter)= damage state®ll W3+ A7} B Q3ta, Zb damage state®] A XHGEE
TE BYstrl AT TR

(median)@} 33 2K(dispersion)7} B 23}Th 84RO A FWFH G FAo gt dlo]EHo]

S

BORFGFEEXEZ Fd3s] Yo, 2aHFEEY F&

AL
et

2 T 2357 Ysl, B AFo A= HAZUS, SYNER-G, FEMA P-589] QAW BF
AA e ANHFE FA HolEHo]| 285 FE519T 7E AXFHGE FA9 DB+
TUl FRAAEE ZZEEY Edo Oidk XHUE HrZ|HoZ dof3 A FHIE

uJ

7} 844 K o] damage state 2

HAZUSOIA = 36719 A= dl T840 el <z 121>3 o] AFEo] AAH
Al71eF Aol wel, YA 2] levelS high-code, moderate-code, low-code, pre-code®] 47}4]
2 TEst AXFHSE FE AlTstal AT HAZUSOIA 7|22 o2 Al gk A X oF

=12~
3

rr

A Z 73 == spectral displacementE AF83}al, X ZRHSA = story drift ratioS Af

<

ket

op

<3 1.21> Recommended seismic design level for existing buildings

Design Vintage

UBC Seismic Zone

(NEHRP Map Area) Post-1975 1941 - 1975 Pre-1941
Zone 4 (MA 7) High-Code Moderate-Code Pre-Code
Zone 3 (MA 6) Moderate-Code Moderate-Code Pre-Code
Zone 2B (MA 5) Moderate-Code Low-Code Pre-Code
Zone 2A (MA 4) Low-Code Low-Code Pre-Code
Zone 1 (MA 2/3) Low-Code Pre-Code Pre-Code
Zone 0 (MA 1) Pre-Code Pre-Code Pre-Code

<3 1.22>2 HAZUSOIA FZ2849 AHEH code levelo] WE spectral displacement®=
damage stateE A uW-&oltk. HAZUSAAME ZF FF849 damage stateE  slight,

moderate, extensive, complete®] 4TAZ A 2|5t Ut
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<3t 1.22> Typical Drift Ratios Used to Define Median Values of Structural Damage

S;lemc Building Type Drift Ratio at the Threshold of Structural Damage
esign .
Level (Low-Rise) Slight Moderate Extensive Complete
WI1/W2 0.004 0.012 0.04 0.1
High-Code CIL, S2L 0.005 0.01 0.03 0.08
RMIL/RM2L, PC1/PC2L 0.004 0.008 0.024 0.07
W1/W2 0.004 0.01 0.031 0.075
Moderate-Code CIL, S2L 0.005 0.009 0.023 0.06
RMIL/RM2L, PC1/PC2L 0.004 0.007 0.019 0.053
WI/W2 0.004 0.01 0.031 0.075
CIL, S2L 0.005 0.008 0.02 0.05
LowCode | RMIL/RM2 URML, 0.004 0.006 0.016 0.044
L.PC1/PC2L
C3L, S5L 0.003 0.006 0.015 0.035
W1/W2 0.003 0.008 0.025 0.06
CIL, S2L 0.004 0.006 0.016 0.04
PreCode | RMIL/RM2 URML, 0.003 0.005 0.013 0.035
L,PC1/PC2L
C3L, S5L 0.002 0.005 0.012 0.028

g, eagrel g AW 24 DB
HAZUSOI A AlZshs Alzda ol se] Taakd @ AAAFEIHe 5 2887 ol
M, % 3670 FRLE@AEB)l tal 4718 WAHAND, 2he] ANGER AN FE

=g AZATH FEMA P-58HE 7 ml7zesd g3 AWFGE 2HS AFHAE o
om, F 28lE BRE Fraso] tate] MNP MTEAL FEENY MTELA

of thall A XHFE FAHE F 57670 A F3th. HAZUSONA F2A) 9} vl F-2A] o ths)] A
T3 F 86479 AXNFHF=ZAL HolEHo] 23} oM, <F 1.23>2 high code level
oA FZQ4e AXHUE FAHE A= damage stated] WE FTYAUY BFHAE A

g3 ot <ad 1L13>HH <1¥ 115>2 758 AXNFASF=S4 DBE ol &3ty dojA

<3t 1.23> Structural Fragility Curve Parameters - High-Code Seismic Design Level

Building Properties Spectral Displacement (inches)
Type Height Slight Moderate Extensive Complete
roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 168 126 0.50 0.80 1.51 0.81 5.04 0.85 12.60 0.97
W2 288 216 0.86 0.81 2.59 0.88 8.64 0.90 21.60 0.83
S1L 288 216 1.30 0.80 2.59 0.76 6.48 0.69 17.28 0.72
SIM 720 540 2.16 0.65 4.32 0.66 10.80 0.67 28.80 0.74
S1H 1872 1123 3.37 0.64 6.74 0.64 16.85 0.65 44.93 0.67
S2L 288 216 1.08 0.81 2.16 0.89 6.48 0.94 17.28 0.83
S2M 720 540 1.80 0.67 3.60 0.67 10.80 0.68 28.80 0.79
S2H 1872 1123 2.81 0.63 5.62 0.63 16.85 0.64 44.93 0.71

_39_



Building Properties Spectral Displacement (inches)
Type Height Slight Moderate Extensive Complete
roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
S3 180 135 0.54 0.81 1.08 0.82 3.24 0.91 9.45 0.90
S4L 288 216 0.86 0.89 1.73 0.89 5.18 0.98 15.12 0.87
S4M 720 540 1.44 0.77 2.88 0.72 8.64 0.70 25.20 0.89
S4H 1872 1123 2.25 0.64 4.49 0.66 13.48 0.69 39.31 0.77
CIL 240 180 0.90 0.81 1.80 0.84 5.40 0.86 14.40 0.81
CIM 600 450 1.50 0.68 3.00 0.67 9.00 0.68 24.00 0.81
CIH 1440 864 2.16 0.66 4.32 0.64 12.96 0.67 34.56 0.78
C2L 240 180 0.72 0.81 1.80 0.84 5.40 0.93 14.40 0.92
C2M 600 450 1.20 0.74 3.00 0.77 9.00 0.68 24.00 0.77
C2H 1440 864 1.73 0.68 4.32 0.65 12.96 0.66 34.56 0.75
PC1 180 135 0.54 0.76 1.08 0.86 3.24 0.88 9.45 0.99
PC2L 240 180 0.72 0.84 1.44 0.88 4.32 0.98 12.60 0.94
PC2M 600 450 1.20 0.77 2.40 0.81 7.20 0.70 21.00 0.82
PC2H 1440 864 1.73 0.64 3.46 0.66 10.37 0.68 30.24 0.81
RMIL 240 180 0.72 0.84 1.44 0.86 4.32 0.92 12.60 1.01
RMIM 600 450 1.20 0.71 2.40 0.81 7.20 0.76 21.00 0.75
RM2L 240 180 0.72 0.80 1.44 0.81 4.32 0.91 12.60 0.98
RM2M 600 450 1.20 0.71 2.40 0.79 7.20 0.70 21.00 0.73
RM2H 1440 864 1.73 0.66 3.46 0.65 10.37 0.66 30.24 0.72
MH 120 120 0.48 0.91 0.96 1.00 2.88 1.03 8.40 0.92
0.9
08
'
a, Ds
a —DS2
e .
04 D83

=

—Ds4

=}

i g - - A ¥ i 1 A T an
o -RY U u LA

Story Drift Ratio

<71¥ 1.13> Fragility Curve for Structural component - High Code (W1-Low Rise)
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<719 1.14> Fragility Curve for Structural component - Moderate Code (W1-Low Rise)
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<719 1.15> Fragility Curve for Nonstructural component - High Code (W1-Low Rise)
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4. SYNER-G9 A AFH%E do]lgH|olx F=

7}, 844 K o] damage state g2

SYNER-GO A& F 415719 Fx840 U3 AXNHASE & AlFsta o +x28
e AxdEEE BRI, 2Rz AIZIYEZY O dHHoz AFF eI
<= AF3HL Ytk SYNER-GOIA AHEste= AJAE=E S, S, PGA, PGV, MMI, EMS98,
MSK81, MCS, RMSZ thstA Ael=o] o, AW AIS <Al Cumulative absolute
velocity parameter, Inelastic rotation, Axial, flexural and shear force in attachments, Peak stress=

BFEo] It o] & PGAE 38%E 7H¢ Be HEE AH8E A=t oxyg U
AQFESE AQWSASLE AL B olfi, AWFG=e] WLF wWAAFE A 3
oA ARA e ARkl oAe FAA Folr AUt By groz AsHn

<X 124> 5,2 A =H+E damage states G|+ A o|T},

:;l

<3 1.24> Damage state definition in accordance with spectral displacement limit

Damage state Drift limit Spectral displacement limit
DS1 No damage A<0.74, D<0.7D,
DS2 Slight 0.7A4<A<0.74,+0.054 0.7Dy<D<Dy
DS3 Moderate 0.74+0.05A \«<A<0.7A4,+054 Dy<D<Dy+Dyy
DS4 Extensive 074 +0.2A <A <0.7A+0.5A Dy+D,<D<D,
DS5 Very heavy 0.7A4+0.54 y<A<0.TA+A D.<D

with A =094 ,-0.74 and D,=0.25(D,-Dy)

U 8aA Kol g A HG=E F4 DB

SYNER-Go| A= HAZUSS} sd3tAl AFE dldoA 72840 g AHGE A
< AF3Th HAZUSE 36719 A5+ Bl disl AXFHAGE F4& AFst= ¥4
SYNER-Go| A4l &= SYNER-Go|A AL&3t&= &
°|7} Aot SYNER-GOlA & stade WAUE, ASAR, 38 2 4 #AIY 5& =
el F 10709] category® A== dHEAA FRAAE EF
=49 AFAQ AeE & F A= ARl Atk o= SYNER-GOlA 9 x84 &F/A
Aol tha dojth. <2 1.16>%E <1¥ 1.19>2 75 ANHIFE F4 DBE o] &3}
BojA = AWNH G F4le dojth

i

i
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MRF/C-RC/X/X/RI-FB-H%/ND/R-RC/X/L-2/NS: moment resisting frame, in reinforced concrete
with regular external infill panels in brick with a high percentages of voids, with non-ductile
design details, with rigid reinforced concrete floor, low-rise, 2stories, not designed to a seismic

code
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EEZAYANE N
Compactness condition AU E (%)
(E+4 31 42/300mm)
Very loose gt 7 B Eo]skel 0-4 0-5
Loose = 4 -10 5-30
Compact e 9os 2 10 - 30 30 - 60
Dense oo 2 30 - 50 60 - 95
Very Dense o} - Thekgk e 50 o] 95 o]
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kPa kgf/cii B
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Firm BHE Ho3 HE 25 - 50 0.28 - 0.56 4-38
Stiff s JE 50 - 100 0.56 - 1.12 5-15
Very stiff | wl-$ T3 HE 100 - 200 1.12 - 2.25 15 - 30
Hard o HE 200 °]4 225 o] 30 o]
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qHEE ARA Y
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<3 141> WAAAZIEE Atz mE dAXHEQIIEE] H#A vl
A gk
=7 Hl W& | AIK 1988 AIK 2000 KBC 2005 KBC 2009 KBC 2016
Spg 0.1800 0.1925 (6.9%) 0.2926 (62.6%) 0.2933 (63.0%) 0.2933 (63.0%)
Sy Sm 0.1000 0.0917 (-8.3%) 0.1170 (17.0%) 0.1173 (17.3%) 0.1173 (17.3%)
T 0.30 0.22 0.40 0.40 0.40
Sps 0.1800 0.1925 (6.9%) | 0.3658 (103.2%) | 0.3667 (103.7%) | 0.3667 (103.7%)
Sy Sm 0.1000 0.0917 (-8.3%) 0.1463 (46.3%) 0.1467 (46.7%) 0.1467 (46.7%)
Ts 0.30 0.22 0.40 0.40 0.40
Spg 0.2100 0.1925 (-8.3%) | 0.4389 (109.0%) | 0.4327 (106.0%) | 0.4327 (106.0%)
Se Sm 0.1200 0.1100 (-8.3%) 0.2341 (95.1%) 0.2317 (93.1%) 0.2317 (93.1%)
T 0.32 0.32 0.53 0.54 0.54
Sps 0.2100 0.1925 (-8.3%) | 0.5267 (150.8%) | 0.4987 (137.5%) | 0.4987 (137.5%)
Sy S 0.1500 0.1375 (-8.3%) | 0.3365 (124.3%) 0.2875 (91.6%) 0.2875 (91.6%)
T 0.51 0.51 0.64 0.58 0.58
Spe 0.2100 0.1925 (-8.3%) | 0.7315 (248.3%) | 0.6527 (210.8%) | 0.6527 (210.8%)
Sy Sp1 0.1500 0.1833 (22.2%) | 0.4974 (231.6%) | 0.4576 (205.1%) | 0.4576 (205.1%)
T 0.51 0.90 0.68 0.70 0.70
% ()QFY] FS AIK 19885 7|Eo 2 ZF YWXAAZ|E #9 S71eE vns #d.
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AT | Hoh o] AA~HAEYD NEEE FFAOR BT 8 S Ty Sy

S ZAzpe] ARtz yAAE EE Pl 248 AP <F 143>9 <1H 14
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20162 ARXTFY | F= GE2A 9, Sp-Se 5p,SpE WHTFAAAE FHE B 5,959
ZA BoUth TgF KBC 20059 AR gk 3|Fet= 5,54 A FxRI7|& F
A AR AR Hte| tigk WRAAVIES Z3EASS EAE WEA I E
of Wt AALHAER-IIEEYE F APk AAR| &3te 5, AR, AT | 9
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<E 143> WIEAZ|ZE Az e A~ EY LR FFH v
A gk
g | TR | AIK 1988 AIK 2000 KBC 2005 KBC 2009 KBC 2016
Sps 0.12 0.1225 (2.1%) | 0.1676 (39.7%) | 0.1867 (55.6%) | 0.1867 (55.6%)
S, Sp1 0.0667 | 0.0583 (-12.5%) | 0.0931 (-22%) | 0.0933 (12.0%) | 0.0933 (12.0%)
T 0.30 0.22 0.40 0.40 0.40
Sps 0.1400 0.1225 (2.1%) | 02793 (94.0%) | 0.2940 (94.4%) | 0.2940 (94.4%)
Sy | Spm 0.0800 | 0.0700 (-12.5%) | 0.1490 (39.7%) | 0.1549 (40.0%) | 0.1549 (40.0%)
T 0.32 0.32 0.53 0.53 0.53
Sps 0.1400 | 0.1225 (-12.5%) | 0.2793 (99.5%) | 0.2940 (110.0%) | 0.2940 (110.0%)
Se | Sm 0.0800 | 0.0700 (-12.5%) | 0.1490 (86.2%) | 0.1549 (93.7%) | 0.1549 (93.7%)
T 0.32 0.32 0.53 0.53 0.53
Sps 0.1400 | 0.1225 (-12.5%) | 0.3910 (179.3%) | 0.3547 (153.3%) | 0.3547 (153.3%)
Sp | S, 0.1000 | 0.0875 (-12.5%) | 0.2141 (114.1%) | 0.1979 (97.9%) | 0.1979 (97.9%)
T 0.51 0.51 0.55 0.56 0.56
Sps 0.1400 | 0.1225 (-12.5%) | 0.5586 (299.0%) | 0.5273 (276.7%) | 0.5273 (276.7%)
Sy | Sp 0.1000 | 0.1167 (16.7%) | 0.3165 (216.5%) | 0.3211 (221.1%) | 0.3211 (221.1%)
T 0.51 0.90 0.57 0.61 0.61
# ()] Fe AIK 19882 71E0R 24 YRAEAZEY ghol F7hee Hud &,
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S, (8)

0.0 I L} I L) I T I T I
AIK 1988 AIK 2000 KBC 2005 KBC 2009 KBC 2016

Seismic Design Code

<IH 143> AT 119 WAAAZIEH Azl mE Speat vl

0.4
SA SB
—A—S_—0—8 —0—8_
0.3 +
-
CREE
2
(70}
o '—\4:/:—:
0.0 , .

! ! I ! I ! !
AIK 1988 AIK 2000 KBC 2005 KBC 2009 KBC 2016

Seismic Design Code

<1H 144> AT 1o WIALAZ|EH Sy ARtz g 3k vl
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O 2 S HIWEH, AIK 198894 AIK 200022 7HZHUA 5,3kE A<
g BE ANtzZNA S, fhe]l AasE AFE BAth 5,3k 9A S @S vl Ul&A
o ALANERA S, 9 SpolA HAZS RoFE= WA Z]EL KBC 2005°]Th KBC 20092}
KBC 20163 GHEA| oA vl=shy, AekAINEQl 5,9 g olAeE HastAY 22 3k
7FA AL vk weps] KBC 2005 =9 A3FE WAAZEY 437 BolBE 20051 &
o AFES] WA Aol7t Bol YEhd slo® FEHT

npREto 2 g ghol FAIEE F719 7.3E vlnsEtd 5,59 5,9 WEkel Ze] KBC

o

2005 EUFH Tgtel FEHE 4GS Btk ok AWTY [ AAY FA7 1) AEE

U542 2o MALHEDNIEEES 24519 Holg o ek

3) =4
AT 1,11 Sy, Sy Sew Sp, Sp A¥HE AAXHAEH/MEEE ApE WAEAY|E
of gty wlnw B3t I A, AIKolA KBC7IFo.2 MAHEA WAAA7]Fo] A
S7HE A= T AN, BAANRT AGA| R i3 AA7]EC] o dAHH S

ok 53] KBC2005% S., Sp, SpARES] AAAHERHIIEE gho| 7|& Foll 714

o
e

32
Hr e

o

_/":
H9Jom, KBC20099 KBC201691A= 25 o ¢3td oz HAHA.

F7] AAXHEH 5,42 vluste] B AAFH [ E5F KBC2005Z 7]Fo] ¥
A=EEA 1 ol FA8A F7kstdth 18y AT 19 A KBC20092 7§74 & W A]
Sis Sp 9ol gkl HIszstAY Eole Wb, AAFA N A5 8y, G5 A gho] &
7hetdlom 19 Aol sidsle e EolEUH-

)
o

S
L.

i

_75_



o

A AA 2zl A AR Rk 2
ARt gtk Aol oJs) BYHE AT AGHA 54 L ANPYELLS 25t
=

ol A AT B ARRTE 44 A M4 2% 24 F s A0

i
>~
il
o

s s, AQANE D AERERE 5L

74 2] (attenuation relationship)©] 2} 3+c}.

28] ATollA AABE ARE A4S AAD 54, AR ASH=Z 54, F
Agde] g AREAHOZ FAHE=H, ©
g A4t Aol A S AT AT olA e A XF A5 AHYFdH ol E fl& <
AR TE FHolBE W BIEAAS xS Ut wEkA HA9 7
I FE] ANARE 8ot ANF A Sl 3 A5 SojoF & Havt Utk

A= AGHR] A A Gl whEl O o] HEstnz

AZ A2k B5Aelth vk ABF] BEAHA Lo Holm FEA 2 A

rr
)
)
off
=2
£
rok
i
o
g
0%
N2
N
)
oft
M
1z
ftlo

NS} shob AR L ANFAHOR 2 ov|F AL ABE SEh wEkd 24}
G @4 ge PEoE ImEe] ANSHe] Bk 1S 9e Fitel ot

P2 EE ARE Rhe Fojdl Axle] FEeh Ade] W Aol tishe] Axe] u

Ae 9= AL Ik oz AR A4 FEe 4 (1.28)% 2T

IOgy = (IOgy)Hl,fi(”l, +6 (1-28)
o 7] A,
y : AUATIEE, 5 W9, 54 1/F7]9 SHAHEY

(log¥)mean ™ 737 A2 74X B o] floyt thsof 4 (1.29)2] et A5 A&
Hoh
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(108Y)mean = €0+ 1M+ cyloglR+ g(M)]+ ;R (1.29)
R= i+ h (1.30)
71 A4,
€1y Cos 3oy 2 AT
v 7FEE(em/sec”)

M AZTFE
R

Z ARl gzt FHAe] Aol mEFojok st 2 FEHFEZA YRHA

Az} 0,9 AFRE mdo] 71T YNk o

AN

2
stoll wel 4,71 ZAastsE Zo] #=HIE Itk DU YA AAZNEFA IS TR, A
g e HYANIEEE 4AHEs] 9% A

Al bstar AT

lna = ¢y + ¢, M+ cln R+ ¢ R (1.3D

71 A,

a @ AR IE S (em/sed?)
M AR

R AAAL (km)

¢y =0.4854, ¢, = 1.2, ¢, = —0.8416, ¢; = — 0.0061

sldozRe ezl n Aok AFH e AQFS Fro BE Wasl 21 A o
@ Wse A ARHoR 1% Aoy 1 WF gL THFAL 2 TEEL W X
NA WA FEI Z AQe] HFF sbsAel Erh W, WAF/} Re FaREL

W HEEH AANE A ARAWEE ARAREE Bu opel, Y TEE
o Al Fus Teje] 4SS ole] Faio] UE AYEY HEEY AYEY S

tste} FaE ool & FoE T
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AN

Ho
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Aol Aguol it

o]

%

Asta mAPgHel ol o] 51

=
T

wdo] U QAo

EAPH L Boore(1983)2]

A4

Brune w’%]

Kol
L.

™, o] Wy

i
"
o

i

;01_

<!

Ao mE FAANIGE A
2 Yehf

A4

oy
Hlo

A
5

be Aoz, AH 9

d|

Z o
&=

S3EE

or

b

b ALk

e 219
S

9|

sfo] of

tol 48 ARE ALS

o}, RVT(Random
=

s

°o]-&

SH(Stress  Drop)2]

7}

Ho=g 7}

=0

H

o
el

NF

o

Ny

o|J

Vibration Theory)

ddAe 7 Atk 7

oju

3 g

)
2l

o] HU A R4 59} RMS(Root-Mean-Square), -5 2=

A<
a5

[l
=

Al
o

(1.32)2} o]

1
|

4% Fourier Spectrum®] FE] o(f)

(1.32)

(1.33)

F e

o

)- (2) « (0.55) (

Poﬂg

|

o] 7] A,

]

S

R :

Vo) A e) ST 4=

AR

By -
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py + AHoA ] H=

Q(f) = Quf" (quality)

logM, = 1.5M,, +16.05 (1.34)

SHAHAr)E AXY ZUYFIe AXMRAE(M,) 53 TAFHN Qo 2 (1.353
e AAXcE FHAHL

fo = By(Ac/8.440,)? (1.35)

AAnFEHS Hele= A(f)% AR QLN AT 7rto] L ATe] EAEH=
ALEEZM = AR A9 oF 100 ~ 300m, =] A-$ 30molshe Hage] wah uF
g oA Fo] FAEo] Fiio] o Edle Zvlste AL AWt Ao AE

Z

A A ] e
=8k o

rhu L
I
N
™,
rjg
|
oXx,
N
2
é

fl i’*:
>~
rﬂ
o
k]
L
<l
of
12
=2
>
il

P(for) = e 7Y (1.36)

k(r)e AR} QYo ZHE B=H7A AL A4 w S Intrinsic 24 <)
g HASY 2 A B3 S BEe RARDe) B4 PARY B3 2 A



st BoE AGAA T2 % Bz TS Utk B k()& AFAL@) D S
£5(g), PANSY AWF FA 4 @ ANF A gl BW FRHA AGTH gkl

FEFES e follA AAT 274A TR/ 159 oA HHERE BT 1T A

(1.37)

9 4 FelA R WA e AFAT} 02 Aol AP w(0)2 EAHT 4 (138)

k(0) = =— (1.38)

3 ANAE ANE 2
(1) 718hsta] 7+4]
AR A s ARATH} ALA BAE o] AEWEAR LeWA A} Bl
= 7laketd el ols) wt AEE AL wam A (139)7 o] vpeki



A= AR (1.39)

o 7] A

A ARFe A=
Ay 1 Z271A

R AEAE

2) ¥IE A 74 (intrinsic)

Wde] oux ZaE Wde FASHE AASTe e ofF Q(afzaet WA
Zpoll ot Abgto g Yojip= e A Q2 vd=E Utk e wiEe 9%
74 37 EAZZA de o @F2 ov =& A4 E UYL a2 AUt
AL N AEPo R ALt ARArolo] A Zol A ojus S S, 2 (1.40)
7} o] vt

m L3
i flt
£

e

o 7] A
F 157199 o L =
AE : Wt
(3) ®4AHF4] (Scattering attenuation)

ERsh B BAYO] WE EARN A % 4T wIH Awpdns Feo.
SAshe] B Azel WA B4R Jde] o2 ols) BTk HHF Wxe
ol wlAel HAL s ok,

(4) 774 (Intrinsic attenuation)
AT R TAAER Hlegdz AHAo o3 oux e &, xzte] AdmjFe BEFEA
3ooed el ol@ J vehel, vl ol@ 4 A7) AmE it 7l
Fohgol BRF A 2A A AGFH WAL Qs Ao FHA Uk vgw A

rlr

E AT SF5(EE)NUA ALY FFA el wEo 7 FAFH o)
(5) FAEZH
a2 B AXE BEE Foxl Ao Rt A tieted FA mA&= dFE
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o AAshe] £E7} Zastn olux mES WA o o]& RES] 98] Axstel 4
SE7} Z7hste] ATt FFHE golth 1 9 WA A2 A% AT wAbE =

3 nHE AWy tF HALR Qe Ayt SEHE = dAdo] EAskA Ao
¢ YA BZ Hoh 350km Bl el &

ANZAE O & dlE FAT. HAAIZAE A df TFA G WHst] Al EANS
= =

A FE5o] Ash7t YT Ao A Ak

>
2
C
0
W

rL
_L
1]
>
o
>

O
o
&

B2 Ak AuFO

AMFZe] 3 ATE oW 2k o @ FAY AWIE SHe NEFH E:
BARSHA 3 AHAOE S sue] ool BAHT olN Suto] 3 $AZE 5

AL 837 918 A= A 2 EHW (Cranswick, 1988; Menke <], 1990; Shneider <],
1992)3} Y4 = v|A 5 B2 (Boatright €], 1991; Castro 2], 1997 Kato £, 1995;
Hartzell 2], 1992, 2000)2.2 Y& 4 Jot AHEHHLS EH #Z49) AT IubAqt

BZaoM FY AHE BS3he] hibAN BZo] U U BEHaY AHEPWE I

1996)

AL S #S5H A 2FHEGo] AXAH Ay HA P BASFE ~FHEQY FoF
FAdET 7pAste ikl ot HAatAA Y TR EAHolY BRAFH EAS Tt W
Holth, o] WHE B4 EFA% AFEE =Fol7] Hstd vAFe & FolAY, F71E
A AFzAES FAsHA =

o #5d 2AEHOoRRY Ay Fo HHAEAS AAS
A T(Castro ], 1997, 2004; Hartzell 2], 1992, 2000)°l 4]

2 5 g 38 AREACTAE 54 BIAE J1F BI2(BY FUAYL B2



S
, Kato 9], 19954} & #F49 FFHH| 9 o] o]zt 7HA st H# <l
3z

HFASH 54 F4l sut 0|99 codavt 2FEHWE ©]&3k= WM (Tsujiura, 1978;

Phillips 2} Aki, 1986; Mayeda 2], 1991; Koyanagi <], 1992; Su £], 1992; Su ¢} Aki, 1995;

Taira ¢} Yomogida, 2003)% d2] A& St} o] ¥y AT & dHANIHEEF A
A & Surt =2 AjREe) 2ul) A Fol= oW Mo FXF oA JdAE e} W
ol AAGlel codadte] FFo] Zohs M-S xFet Ut 2o AW ST} codadtE

o] &35 W Yo FHAFE i FHAPR] ~HEY HH/NV M)A oI FAEHAE
FAst= ERel Atk o] R Langston(1979)°] o8| AFo=2  AVfHIOH,
Nakamura(1989)= “&AIHlE ¢ H/VHIE o] &3te] Sufo] tjgt A FZEvE AAs= WY

S AetslAtt. o] F o= 2] AFAK(Bonilla 2], 1997; Zhao2} Horike, 2003)°] &3l o]

Mol AgEgth o WL ThE FAd te Anrt BashA gk el ol gHo] &
onl, A A BEH soe] FHYRE BAe) FE3} TS YL £FIL Uk

LA Ao, ANFAEe] FZES FeTH
4) A &7
<¥ 144> YRAAA A6rEE A
2 30mel tig HF Xk A4
A R F AMEF 33 Adn&Es vV, | EFAYNE NV, | PHsded =
(m/s) (blow/foot) S, (kPa)
Sy 78 A ut 150033} . _
Sp RHE5 A 76091 A1 1500
uf 9 =3 EAFA >50 >100
Se L oloka]uk 3609141 760
Sp Tee EARA 180l A1 360 15914 50 50914 100
Sy o oF3l EAFXWE 180 mw] %k <15 <50
Sp B2 149 EARIZE 27EE ARk
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(5) A=l 27k sy L& (V) ARt - Al

10

Qd AS= V.20, V.15,

L
1o

™
7o)

ofo

(1.4D

logA VS5 = a+ blogH

(6) EGF=C 2% sk £5(V,) ARt - Al

=

(1.41)3} <3 144> wet

7}

ar
=

| EEE . E|.
Co IS a
F
B
o
H
H
—~
0|\ O | AN v
2lo|q|a|n - |o
SO O S
A+
T
I S| D >~ <t | on
©(S|®|q|d]l o oo
AN | — | —| [\l [e\INa\|
W 1M
= |.
e Gl I L
i) = " X
s K| B
e MWAM =
< 3 I N
K ~

o

o

o

(1.42)

=

)
u

logR=1.83—0.66logA4 V'S;,

2 (Midorikawa 2], 1994)2 o] &

& Al
=

(1.42)2] 4
7] A,

Al
ol

Hr
Njo

ar

#F STHEE(m/s)

o

5]

I
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.
-
rlr
N
lo
>
_1}]1_‘
9‘1',
rlr
1o
sl
mgl_’,
30
A
o
_?L
N
i)
L
olN
1
o

A Eate] 1 BgAo] Wold YT Atk oo t@ AEAE A D AwAzel A

AARD #e7E dBEHA AR & Aow AdkdAn.

e 2718 YeE f0iF Ao 27 dEels FA= Aod Adelfre
AE pde) AEcEHs o8 ASdTh Ao FRE BT A duxe] =71 4

e dEeA A0Ad /129 AZL 109 Aolek AWAA AT 5L 1
A5 Ui Aeg gad wARE dd Ade AdAE 2wt (2 AEE o
of Yehd AZFe A7IE Age] ol T BA E: TxEe 353 4

E£5 1g=980cm/sec’E AHE37IE A em/sec’ = galE FEAISIH 1g=980galol Bt E &
O JEAFE AAZSE TIH UAA ot vyl Aol gt AEE Adsta ok
(1) Zf-7F5 H3 T2
AR R, J=, AARZIEE Abo] o] FE3E FAaAAE gloy Stasrite] o
TAF} vla FA A A AP EAGT. FUldAE HtolA BT A}
A IEARZHE R 2 5
AN AHEHe JE-qE HE FAUWNIEA 7IS9T 197)<= 24 (1.43)3% Zo] Agstal

AT

M=1.75+1/2)I (1.43)

2l (144 v= ARA Y AP ot} A7 A = murs Jebe, ve 83E =
£ Yepith
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(1.44)

1.75+ (2/3)1

M

o™, Trifunac and Brady(1975)

(1.45)

logl0Acc = 0.30MMI+0.014

T}.(Gutenberg & Richter 1956)

(1.46)

logl0E=1.5M+11.8

AAA G | AR HAYRNEE 1 T

=
=

o)

s

AQH7|AH o] 19490l A A

dEoA =

bt

3

ZA7 Ae
YEANA 237

o] A=At

pS|
=

Fal ot

S

A+

]

<
o

ﬁo

2] (1.47)¢}

(1.47)

0.35)

JMAT
2

Accel(gal) = 10(

:7]-

7] A Accel

A%, HojA )

Qout SASulte] ATARY} 1T

Ao A A

=
[¢)

£E(PGA) Aol el

)
—~

(1.48)

(1/2)MMI+1.75

Mag

O HF MRAY 7Y

(1.49

(2/3)MMI+1.00

Mag
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2ol AERS FAY F db A9t APHOERH ANNEESE P AT EE

TE R IGAYRTY HAAIEEE F517] A o8 7HA AP o] AAE e
o dsirdes A€
HAhART S0 AAE A (15003 2ol st

vl7E @itk 1974\ A9l Ambraseys= MMIT =<}

loga =— 0.16 + 0.36 MMI (1.50)

Trifunac and Brady(1975)2] A7F2A3 ] o A2 4 (1.51)9 2ok

logl0Ace(em/sec®) = 0.3MMI+0.014 (1.5

o]9]ol| &= 195639l Hershberger(1956), Gutenberg®} Richter(1956), Murphy$} O’brien(1977)
o AFAF sl ot o A A o] A2 H AT

loga =—0.9+ 0.43MMI (1.52)
loga =— 0.5+ 0.33MMI (1.53)
loga = 0.25 + 0.25 MMIT (1.54)
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3. A=E

12

E4E 18T AZAYE L F=
7}, AR o] B3k
Az AAHoE AQTAe] 35t NEsE T4 27483 Uk AQBYOR Qs B

o Agmele} AT a7} Eb It AR BAL 6= 5

[e)
s, AT ool shsaith TEu AR W B A 47, Bl e B

oX,

al

oo

4 aavt ZASe], @UH0E ANIAS AFHE 44 Gk ANBAL o ST
A% ofdl S48 JhAE Aol BATA o FE@ Brbssith Axste] SHe B3
# 227 U9 Bk <19 1458 LAY FFAR] SHANEGIIEE e xo]

HoF3 Qo &AMl o) WA AZFE Il SASTHE-35) JFHo TAY
AT FAZ AE9 TEFI)E 0.5F~1FA 0o YX|5t7] wjFEol] AFA R vl 3|
7F A5dE AloE AR"EY. oy AFle A7t A2 AZlex EF3ta, AxIe A4

Pohang
—— Kyoungju

Sa (g)

<9 145> L3RR, AFAZ



U ARAUE e Ao Bay

| T+ZE9

[

9ol o] A z1-52] Al 7](Intensity Measure, IM)°l 2]

A Z1-&-F(Engineering demand parameter, EDP)°] %

ol

B
o

o A2 A7 (M) =

0]
AA

=
T

PGA),

% (Peak Ground Acceleration,

oo
e

(Spectral Acceleration, S,), Z~HE¥ | (Spectral Displacement, ), L83 TFZ&E2] A

7+ W 98] (Maximum Inter Drift Ratio)”} Bo] A8 Il

ZO

I AIZEE 2ol n]go] §ol

9|

37kl Hl

R

-3l 44 (Time Incremental

Analysis)7} Z 83ith. A1 7HSE3)

o] el ARG, = 5

joetE,

J|

<= HelH7E AgET

=03
5

<
T

7] 9@ aL, Hl&3 ARto]

23}

b BRebd 4 Ao L2y

E=NAF

. -
qe F

=844
ASCE 7-10 16.1.4%4 0| u}

A5 el

]

A

Z]
o

B
]

oy

e

Al BAIE A A AT

S

s}
=3

W s = 8

T
—

Bl

Atk 2HY 79 AR9E A

aA gt

=
)

Bt A

of wet A

[e) [e)
AdE A9, A5

Sl

TAA 7 7709 AR}

fFof wt

5|

Aol 2ol H]

ol
JJo

BO
)

—
o

!

b 7S] ARG o5 A

3
pul

ASCE 7-1091 A4 A<t

Aol A=

H
L

o} Aot}

et
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S A}

Fol A<k
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o] AR old olf A sFe ANE FAHoR HTEA mdAsE AA
gom wugBAgoA & Be BHUYS Yo A0 oI F2Ee YA
> AYE Ame WA SHow BRAHL JAA Bk gely AdeEn T
W1 ARee gEdse AT AAeEe Ao U AL 234 FEL AL
Foma TxEo A AGEE WY 5 vk B AFNAE <1d 14653 BE £A
o olalA TRES Hopd ML wEely, AR WAHE BE FTTxEo WA

THME AAE

Maia Deiver file |
Sourse Nodedan I
Souree MassChata |

Source Matenildota

SR

=

- Source Supponiiat
Souree
BeamdColumnDotn

— Building Modeling

i
i

Sowrce Femol engthl

1

Source THANalys

U

Conpection Stiffricss
Degrudatian

z
z
H
7
H
3

acceleration of 1
# e

Aftershack Seenario
Selection

¥

PGA Seale B
{0.059-1.0g)
Generate Successive
Earthguake Scenario

— Mainshock Selection

|

Time-history Analysis

Detect Damage of
Connection

ﬂ

Aftershock Selection

I

& Scaling

¥

Time-history Analysis

Filtering
lSlilQ' d_riﬂ > 10%)

f

Determination
Parameter

Cumulative
Distribution Function

Fragility Curve

<IH 146> FFAIA =0
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Ao AARDE vAdE AsES 78Y + U+ Giuffren-Menegotto-Pinto Model& AR-&
AT Giuffren-Menegotto-Pinto Model ‘R’ w7/l H S T3] A 22 2] unloading curve
o FHS AYY F don, o+ Y HIFEY WA= oY ALs T T F AU

th. Giuffren-Menegotto-Pinto Model> & ol 3} A} k(reloadin)®t 4 Sk(unloading)®] 712 %1

S92 5938 mdolth

o =be + & (1.55)

1+ e*H)I/ 7
Giuffren-Menegotto-Pinto Model-= T383}7] ¥l A= FEHZE(Yield strength), Z7] ©8 %

“d(Initial Stiffness), ¥ & 7 3} 1] (Strain-hardening ratio), R, cR1, cR2(Control the transition from

elastic to plastic branches) 67}A] 7| M 47} & Q 3}}.

Stress (kipAn™2)
20 .

60 : RESeE o O i

THY DT M R R A | R T R . M {— .

W
]
i
]
]
[
]
]

T
L}
[
i

1
g
i
i
i
P

i ; . . 1 |
005 -004 -003 002 0M347e-B0OM 002 003 004
Strain (indn)

<138 147> ZFA AaEd
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(2 9HBE 2 FAHR
LY 4T FEEY H, Vs GRS} sFAHRE 11 str] 918t IBC(International
Building Code) 2013S 3= YAt 1257 3~452 &
stss t2A 3 3 sksAA Aol Fal AFPstAT dATFERIN A= A5F

of AAl= APstA &, AFFE AHFAE 7HEsHe, et S AT <F 146>

N
ok
£
to
&l
[
oY,
o
lo
ok
ofy
M
o
o

=1}
£
olNl

o} Zo] stz E IS ATE 15, 25 B W27 X 1027} AM&ER e, 3, 452 W2l
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B) B, 7%, HAEgE 24 mddy

AIZIAYE F2EA B 7]s 84+ Opensees ZEI#O HAPR7|FoATI
(Nonlinear Beam Column Element)E A}F&3lATH HAZFRI|TLATAL H
= O AMEgste, S Ee AAE AASA FAE 7 At AFERDY Fe, BE
<TH 149>} o] i jH AolE AFEH LR FESIY FxEHS IPsHA o
AFGARES o] &S A9, idH jH AtololA BAst= MAdIATS 738 ™
Al Fiber-Sectiong ©] &3t @HAA S aHE FAT + gloh. mepx] AP 47t
obd MAFEI|ToARES AT O RN, i jH AboldA TSt HIAFEAETS T
9

dstaak g B dFoAA= 8 3 Aol E 57019 integration pointE T3] H]H Y

A5 2dYsdn. ANty 7Fe FHS Vst md A sk
Node 1 Node j
¢ Linear Elastic ¢
<71¥ 149> AdgAd WL
Node 1 Node j
¢ Nonlinear Nonlinear Nonlinear Nonlinear Noniinear#
<19Y 1.50> HAERI| 54
BIls AFFEY A5, vAdgE 1d3tr] f8te, A ED-ES ASSIAEY. A ED &

Hg3t7] fsted <a¥ 1.51>330] zero-length elementE AHE3FATh Zerolength element=
BE FASH= 183 j-oll Zol7t 0% 2XYH R AE A E3le= {40t 2xZFH Q4 HE
gl= R 9L Ibarra-Medina-Krawinkler modelS A}F83}$ 0. barra-Medina-Krawinkler model-2-

9= ot}

HAEHIA &l o AgAGS FEALES BF 298

f/f\\\ Elastic Beam/Column '%/' ;\
&\jﬂ. o S 4 \k //.

T Zero-length Element —

<71% 1.51> Zero-length Element
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Reloading Stiffness
Deterioration

=x M

M-

L

Unloading Stiffness
Deterioration

Pgst-Capping

Strength Deterioration

AL JUSLIOTA]

Strength Deterioration

Chord Rotation 0

<719 1.52> Ibarra-Medina-Krawinkler model
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k. ARA G ARl mE dEFE9 AXNHGE A
() AddE eIy 3
FEFHNAES St FEREY HIEE HUstrl #s B dAFYdAE FEMA
P695(2009)°l A1 AABtL = ST AR5 (Far-field ground motion) 22789 A X175
2 21doA AFA R ZAHH dolHIL ofd, U ZHE AA

B 54, FuYE "ol BEL0A J1SHT Hepd dold XA wolE ol

HA o =38kt A 3= FEMA P95l A A A8 gle WS Esle] Agstact. 42
o] 22%2] A3} HolEE PGV(Peak Ground Velocity)2] Z37tahs =&3he], 742he) 27
gk At ASE FeA "ok BA T s ASFE Ao H o Fake]l Az o
Elo] AtstE APstAch A stE S AAS 2 A (1573 2o, FstE Az
©]E] 9] normalization factor, PGA, PGVE <3k 1.48>°] A3t th

NM, = Median(PGV pgp )] PGV pipg (1.57)
NTH, ;= NM, < TH, , (1.58)
NTH, ;= NM, < TH,, (1.59)

o 7] A,

NM;: iRA) A7) =9 A3t A

]%dian(PGVPEER,i): iAA 27152 PGVY F Y4k (median)
PGVpppg;: iHA AX71E2] PGV

NTH: A 5t8td 237 =

TH: 9 AR =

<I¥ 154> 22782 o A7 Fo| 3 MMEESEEHEY, <O 155> FrskE

AYS A7) 5 AEE sdegelth T 1Ye Hmsl ke W, YFEE Bl 7}

4o A duto] gt SHAFAERHS A9 AA o thek sEEHEH gtE 5 AAT
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D)

319

25 2222 PGAS PGV 2 A F3tE dlo]H < PGAS} PGV

PEER-NGA Record Information Recorded Motion Normalized
) Motions
EQ Ip File Names - Horizontal Records N(l)?mallZ.
) PGA | PGV | Factor | pga | pGy
Comp. 1 Comp. 2 (8 |(cm/s.) (8) |(cm’s.)

12011 NORTHR/MULO009 NORTHR/MUL279 0.52 63 0.65 034 | 41
12012 NORTHR/LOS000 NORTHR/LOS270 0.48 45 0.83 0.40 | 38
12041 DUZCE/BOL000 DUZCE/BOL090 0.82 62 0.63 0.52 | 39
12052 HECTOR/HEC000 HECTOR/HEC090 0.34 42 1.09 037 | 46
12061 IMPVALL/H-DLT262 IMPVALL/H-DLT352 0.35 33 1.31 0.46 | 43
12062 IMPVALL/H-E11140 IMPVALL/H-E11230 0.38 42 1.01 039 | 43
12071 KOBE/NIS000 KOBE/NIS090 0.51 37 1.03 0.53 | 39
12072 KOBE/SHI000 KOBE/SHI090 0.24 38 1.10 026 | 42
12081 KOCAELI/DZC180 KOCAELI/DZC270 0.36 59 0.69 025 | 41
12082 KOCAELI/ARC000 KOCAELI/ARC090 0.22 40 1.36 030 | 54
12091 LANDERS/YER270 LANDERS/YER360 0.24 52 0.99 024 | 51
12092 LANDERS/CLW-LN LANDERS/CLW-TR 0.42 42 1.15 0.48 | 49
12101 LOMAP/CAP000 LOMAP/CAP090 0.53 35 1.09 0.58 | 38
12102 LOMAP/G03000 LOMAP/G03090 0.56 45 0.88 0.49 | 39
12111 MANIJIL/ABBAR--L MANIJIL/ABBAR--T 0.51 54 0.79 0.40 | 43
12121 SUPERST/B-ICC000 SUPERST/B-ICC090 0.36 46 0.87 031 | 40
12122 SUPERST/B-POE270 SUPERST/B-POE360 0.45 36 1.17 053 | 42
12132 CAPEMEND/RIO270 CAPEMEND/RIO360 0.55 44 0.82 045 | 36
12141 CHICHI/CHY101-E CHICHI/CHY101-N 0.44 115 0.41 0.18 | 47
12142 CHICHI/TCU045-E CHICHI/TCU045-N 0.51 39 0.96 0.49 | 38
12151 SFERN/PEL090 SFERN/PEL180 0.21 19 2.10 0.44 | 40
12171 FRIULI/A-TMZ000 FRIULI/A-TMZ270 0.35 31 1.44 0.50 | 44
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Q) ARAGE L A4 HH
ASCE 7-10°] d5d 770¢] AW olEE AAst7] #fsl 44712 A lHE 2ALH &
APt & AFolA Agtstes AU AR AS g3 2o Atd AIA G

fe APHe TR LAFNE neste, 4 AR F Sy s = Sur e &

l

BESE 9 Tl ARAGE 8 AR Aol Case 12 47] AR F T
AT A4 P GGGl He AU est 449 A9E weskdn

g UEshe AdAYEL F k9 A9 AdAVE e s AdE 4

X
o)
oo
il

n

(N (record) = SaT,l(Design)

o]t} Case 2= 4470 A JHo|HE 2F &&ste] 7229 HAHHHIE AT 470

=

<3t 1.49> Earthquake Scenarios

Case Earthquake Scenario Details
Propose SaT, (record) = SaT,(Design) Consider Structure
case | Bl (o) = ©am (Banm)
case 2 44 earthquake/?(all) All earthquake

@B) ANV L AR T AHGE Frp A

Aord AAAYE L AAWHT Case 1, Case2 37HA AZXAYE L AAS F3) iy
AA FEEY HIFEHIFE sk, Ay edHe BE FEEY HIEE Plustdl
o <I¥ 156> <I9 1.57>2 37HA AU WA did FEE9 LS(Life
Safety), CP(Collapse Prevention) #H#-& =34d gEo|ty. EFAZ(PGA = 0.4g)°] HA3}IS
< W, dATFEEC] LSHEY &4S A4S FES 37HA U A7 84%, 49%, 43%°|th.
&g A7 AXIHE Tt HAF=HIIE IAPL A9, AZHolHY EGAALE
Bty dAgH Add Fx2EY I4F7]E st AU E AAHT e
4478 AR E BF ARGEAE AT
$(Case 2)E T} ¢F 34%7F =AU

A FxEo] CPHMY &4& A4S G52 37HA U A4 31%, 15%, 10%°lth. &
o] A7 AXIHE T3t HASGE=HI/E AT A9, AWHolE S BAAS B
stz dAgH At FREY AFFIIE LEEt AJAYELE AAE B9 4
N ANIGE 25 AFE3IA S A $(Case 1), AZAYE Ao 7M FHekslA 1y HF$

(Case 2)ET} oF 15%7} =AUkt
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Fragility (%)

Fragility (%)

1.0

1.0

0.8 H
0.6 Propose
Case 1
3 Case2
0.4
0.2 H
0.0 | ¥ | Y I | X
0.0 0.2 04 0.6 0.8
PGA (g)
<19 1.56> LS #¥e FHdx
1.0
Propose
| Case 1
08 4 Case2
0.6 H
0.4 -
0.2 H
0.0 1 > | i I | !
0.0 0.2 04 0.6 0.8 1.0
PGA (2)

<1¥ 157> CPH ¥ Y HI=
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44, 7+2A B HFEA FF AIFHF=HTE 7Y AR

1. ARF =g oot =W

D)
™
AN
L
brt
et
il
M
.
2]

2.
le]

=
o

a.
:
=
=

Q

=
=

ko

= &3] fragility function)= AEFE2] X35}
o 3 &4 FEHoE YEr] % ol & o AEs] AYsii, AXNFH Y=
stee AS5E0] Fo13 A2 7 E(intensity measure)ol] 3l 54 SAFHE THESHA
U 2348 7tsd S Agstes 2057 gEolgtal & 5 Ut AXNFHGEYFY 217 &

E2 dubrg o7 ol 2] (1.60)9F 2ol YT + Utk

Fragility = P[LS|IM = ] (1.60)

A7NA, LS AS5E T840 &4 (limit state) =5 &4 S(damage level)

HAZUS= TZA¢ HlFxzA &3S F 47FA TAIGslight, moderate, extensive,
complete) = &3], g 7} ASEo sl 72k &4 H O tig AXNHGETSTE AFst
3 At <a¥ 158> AXHGESTE THZE UERd Aol

Az AT AMGE d &3 =88 &< Yeit

A
10
PILSIM=y]

x

08

0.6

Probability

04

0.0

v

Intensity Measure

<13 158 AAHLEE 39 4
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L}, Expert-Based Method

3k ot o] A2 & A= i ASEY EFFEZEE A TTER
al

Aw7beed & FAsI AXRASGEETE =2t AdE dE7E25EH AFE04

-4
BN
il
o
v}
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o
N
™
ol
bl
2
=2
%
£
ox
i)
rlr
,
%
ML
b
fu
-4
o,
i,
i
Mo
N
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ofl
jin)
o
o
i
ol

Hd Ads=oly Fx=o AXFHGETF =20 TLIT ARE L F Anh
5

Expert-based method&

Ag7} e 74

O O O O O
il
e
ind
5
o
of
X
M
0y

<19 159> g FxE tial it 9HdS AR A% AZAE UEd A
ojth, AEAE HWU, WE/HES 279 damage state(DS)E 23t A& AASH] W&
of, A AxA=ol tis) ZF DSl thgk AXNHFEFTE ML + A= ZHo]

=

Component | Damage Traffic Closure Repair downtime (days) | Required action
Cracking 0 v
Spalling !
Column ICrushing ;
Fracture L
: 0-25mm 30
Bearing <
Deformation {22-200mMm
> 200mm
0-25mm NO v
Abutment  Zem 06 mmlrEs Major Repair _| ~
Deformation O Ty a
>100 mm ot
0-25mm [ —
Shear Key 25-100mm Replace Component
Deformation | Repalce Bridge
>100 mm T ]

<I1¥ 159> v FxE T

oX,
fo
P
o
B
™
A
©

55 EE37] A% AE7F AEA (Munstasir et al. 2015)

A A expert-based methodE ©]&3t AFESY AXIHAGETTE =T AA A F
St7F ATC-13R Aol 550 Qlth. 1| =2] ATC(Applied Technology Council)oll A ®|= 74
gz Yol AHe] AXEGFH 7 o] g BIAQl ATC-13= A&stR S A, dFE|Y F
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zE9 E4s FEHLR BV A 7150 v AU ATC-13 HiAMel| w=r,
Aol A AIFHAL AH=, FRAEE, 7ML S U ANEFR7= 421
o AE7F Aol o) =t BAsAL A BA AE7FEel s MMIE Ax1%
EE2 ks &8 EdTeE s o] A Ikl o wEt ASHEe] A
A7t REHBE, AEA A, AE7Ee] Ad B A" Fofd dEvte]

T}. Empirical Method

Empirical method= A A AR 3]s ZAY, A 7 3] 3] & Al(reconnaissance) H 1A Z F-E] A o]
A AA ARG OIHE ol &st AJHFETFE =Est= B4 olth 1989 T Loma
Prieta A%, 19943 23 Nothridge A%, 1995@ T3+ Kobe AW AR eferAl Bl
el Jidgel AYEHAH
WA AT

E o83 =

2 HE, empirical methodE ©] &3 X FHI=TF &

A~ = = =
TE =3

o

rr

==
AT e o] & o] &3} empirical methodZ A F 3 k=

—]

ZAEvtth Zfol= JyTh  Basoz and Kiremidjian (1997)-2 Northridge A ZIH]o]E
A1 2~¢ 3| A4 (logistic regression analysis)S T3 AIHGEFTTE E=ZE5FTE Shinozuka

et al. (2001) Kobe A ZHO|HE o] &3} 7] % (maximum likelihood method)S 2§

-

o
ste] 2OAFEEIZ AJHGEITSTE FH3A Y. ¥, Der Kiureghian (2002)= &Y S
AXIHOlHE o] &3ste] A %13 H| o] A] J(Bayeswn) o]-§ste] FA3AT. ol=
9] ztole AEFEY &4gE X5 Adstet Zo|7f lom, dREA S =2 empirical

methodE S AF=2 AIFGE H7F WAs Festyd ool 2ot

N
49,
lﬂ
o
Ll

A% 29| FAAH Fof
Shake map o ZH-E] X} %= A1g]
o &4

= £ matrix T4
& E B A9

© O O O

<¥ 1.50>< Northridge #1712] 5007] o4 AZEo] that AR ATC-38S
o] &3t Ao EFx AFE Ud E4E matrixol] tig dAolth &4FE matrix
of =™, Ao Hxrt 0-02g¥ W, H7F HFE9 DSV} slightl]l 2 &2 10%°]
Zlolgt. o714 A&
JEE PGAZ} oFd spectral displacementE AR&3FA =, iAol A HAZUSO A A A8t

t

o <1¥ 1.60>2 £43%E matrixZ2HEH A IFHGIETTE =3
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<X 150> 57F AF5E9 €4 E matrix (Sarabandi et al. 2004)

Probability (%) of being in a given damage states as a function of PGA for a given building type

Damage
Stat PGA 0-0.2¢g PGA 0.2-0.4¢g PGA 0.4-0.6g PGA 0.6-0.8g PGA 0.8-1.0g
e
None 90 80 60 25 20
Slight 10 15 20 40 30
Moderate 0 5 15 20 30
Extensive 0 0 5 10 15
Complete 0 0 0 5 5
o 1
:
§ 075
a
L
(]
® 05
g
> | g 5L
o 0.25 Moderate |
- i :
.ali\l. Extensive
wn Complete
(]
E U B T T
0 1 1.5 2

Spectral Displacement (in)

<13 1.60> EFF A=E9 A AHFE 3 (Sarabandi et al. 2004)

T

Expert-based method®} empirical methodE BI 23}, expert-based method= AZFES] &4

& matrixE TS HlolEHE AEVIEFRE AT WHH, empirical methode= A A X

olH=RH

ZE9 E4EE matrixE 7SI zke]l™o] T S, empirical method+

A A HolEE o]&3slr] wiFol, AFES AHA A FFHLEE expert-based method 2T AU

sHA =AY = A= Aol ATk sHANE, empirical methodv= 24 ZAME XX H|o]HE ©]

= DSAoe =dA = MdE ARHk



Yamazaki et al. (2000)7} Shinozuka et al. (2001)¢] Kobe A|Z1e] &4HoJEE o] &34
Aojz the| TRE AAHUEITSFE =

e QAR RH AojR £AHOIHE A

st + AT A Hanshinil& =20 o gk

eom
-

oA e AAHFEFFAlA 2 Aol7} 9 AL & 4 ek

sesseees Minor-S a2
= = Moderate-S B._-g;jﬁ'o
0.8 1| — . Major-S Be° =

+«+ @+« Minor-Y Kh

> : - s
£ 0.6 {{=0= Moderate-Y '@~ P, %
C —x + Major-Y X
o
€ 044
o

0.2 4 2

0 0.2 0.4 0.6 0.8 1
PGA (g)

<719 1.61> Shinozuka et al. (2001) [S]®} Yamazaki et al. (2000) [Y]$? 2] empirical fragility
curve Hl!

T84, DSO Aol ZIQldH. ol#T 2

b
rlr
a

5
=
o
e,
8
@
=
o
[oN

Lo
M

ot
>

ox

Qle] o], empirical method®] HAIH O = 283},

<3 1.51> Empirical fragility curve parameter®] H]xl

Median Standard Deviation
Damage State Yamizaki et al. Shinozuka et al. Yamizaki et al. Shinozuka et al.
(2000) (2001) (2000) (2001)
Minor 0.59 0.47 0.53 0.59
Moderate 0.66 0.69 0.52 0.45
Major 0.81 0.80 0.51 0.43
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2}. Analytical Method

ARl ek A== AA EAdolEu A Fol tE deolErt gls W, ANHGE
St analytical methodE ©]-&3t =58 + Aok Ee A5 T
AHAGEE A, 718A)] 220 4 (1.60)S &3t dojith. AFES 743}

= TEA, AlFEA 1 2 ZIAANILE 22 contents©l] T g {‘_‘—}b]'g%(pf)% el = A3
AQ4

demand(D)Z ol o] 2] (1.61)3 Zo] HT 4 9t

U=A{(d,c)|dE D, cE C} (1.63)

ARe] g5 AFEo] £HS W ASE Bee 2HA AR ARY & Yok

O Excessively high demand case, FHD: A %ol 23t demand”’} A5E capacitye] T3EZRE
==

O Excessively low capacity case, ELC: 5= capacity’7} A/ X0l ©]3 demand®] TH3EHFL
Ho 2 75

EHD, ELCZS-° gt Aol ok H3he dAAAe oigk A v FEITIH,
olzf ] 2] (1.64), 2] (1.65)¢} o] AHojdAT}
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EHD={(d, ¢)|dE D, cE Candd > m} (1.64)

ELC={(d,)|dE D, cE Cand ¢ < m )} (1.65)
AZIA, me: AEFE 748489 Aol td TY%k(median)
A EHD, ELCOl T¥ FES A7 puup, pectt S oFEl Y] A3 o] A& 4 9
=3

peup = PIEHD] = 1— Fj(m,) (1.66)

prre=PIELCl = Fo(my) (1.67)

A71A, plx]: Az Xl tigh gH&

Fy(z): A8 Xoll tha FHExg

2l (1.66)2F A (1.67)°] e W&S 18ow FHSW <19 1.62>9 2tk 1HlA

FEUE F47b myuTh A RES v @k,

Probability Density

mp  Me X

<19 1.62> A1 EHD, ELCl W3 33 & Md=
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N 3 o o o ) S o B R T
= N o B = o LU R
o8 O b = e oy N F
% o 7 Sl . <
2 ° = - N
= 5 L3 © BER N =z
o ~ —_— ~
T = . o B K T2
o 1) ™ AR iy or %o ,z,_|1_ _wﬁ.
= v oa W N PR T
Mu_l w © ,W.”/ ,Alu\m 1 M OL ;0
o < 3oy = $ow :
ol b I W . < T S
B2 s Qo = - W o T
w2 B N N < olv G eyl
oL a § oo 8= T =2 " uam Ao
8] o E U = = o w( ) A4 ao
o z%u 0 —~ it iy O
44 S — o 0 @
% o T 5 __ © G = Pow W R
2 3 8 m o = T ) - 5 O o LB
S SR w A U O T R
I S R Rl < Sl Mo PS5
o~ ~ — ~ — ~
= S o BEow = X ) = o) T S
iy [ 2T a, o T o = NN (g
ﬂ < Ny I : X > h = 3 S %
‘_N_.M N WM o ) I o __f &__/ﬁ i T o 0%
~~ = —
44 S o - Al o) N = i o’ M T oz
< H 2 = X T
I € or B N o = T oo oo P
/ T oS X
wru; S I = T T o W o ow 3
= W E s R T ©E o ig g ow s
o Pop R . D R -
: N il "L
Y o BNy . B = Qo T o M
§ o S5 Mo R 0 T ow oo o
; y of = iy SN T Bz
& PR e T S o =« ST % 3 W
x ¥ T R T i T S bE B
. T X b oW o= ~ < ~ S e W
~ To —_ _ _ = -
NI x C A g3 I g < o <o
> T oW B LR S Y

(1.71)

2 2
D + ﬂilfDL

+p

DR

2
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7] X, Bprp: record-to-record collapse uncertainty (0.20-0.40)
Bpr: design requirements-related collapse uncertainty (0.10-0.50)
Brp: test data-related collapse uncertainty (0.10-0.50)

Bupr: modeling-related collapse uncertainty (0.10-0.50)

FEMA P695°A AAst= AS5E S td T ESEAAS (1.65Y Brprmt Bc=E

TEZ F At A tiF AF=2 SR 3t BFLA Buppno AIHCIHE £
g

4 (L7002 RE A% £YREO U ADHAGEE 0] b 94T 55T
I ORI

o O O O
B
A r
il
o,
ofr

2 2

71E 9] A4 analytical methodE ©] &3+ X FH =

% 47kA7) A

Ll
bl
b
Fi?
ol
i)
rlo
v
dlo
1o

O Response Spectrum Analysis (Elastic)
O Nonlinear Static Analysis (or Capacity Spectrum Method)
O Nonlinear Time History Analysis

O Incremental Dynamic Analysis
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(1) Nonlinear Static Analysis or Capacity Spectrum Method
Capacity Spectrum Method(CSM, & ZF2HEHH)L XX tist HAEHE2] AFS H7Ist

v @eskE PlHolt AE5ES A5 (capacity)S AFES HAPAHNA S T3 Hrhd

o] = AT

CSM< o] &3] AFE9 WS Hr7Istes WAl ATC-40 (1996)% FEMA 273 (1997)
of AAE] ot F HiuXoAE ©Ed] Gz td A5 WidsS Briskr)
A% ol AAE] JARE, ATC-402S K3 FEMA 440 (ATC-55 project, 2005)°1 4 X1

sh5ol, CSME FFA o2 Ao te AFEe] SR AWelA FAs A=
F& /Mdst=d JdH. CSME ol &3t A= AIFHGEE Hristes AA-Le <T¥™ L
63>3 2},
B R i el e B
Ground motion 1 Component 1 Component 1

10

T

]
£ |
g : |
E b - & =
. = Fin // | pis
- £ /S — H 3
==[=; B E | e
» 2| 5 w | -
Spectral displacement
Ground motion 2 | Lo
Pushover Analysis B |
Bl N
= 1 V- =2
2 (P \ Fe
g ger= oe= B Ny =8
g s - ]
& B,
w
) Compenent M I Component M
Roof displacement Spectral displacement |
. | 10
ADRS format Ground motion N = 2 )
5 B = | =
5 Ell = | Z
E WWMM £ |
i wa
v |
|

Spectral displacement

<19 1.63> TS CSMPA S o] &3 AFE AINHAIFEE Hr7lst=s FAS A

M AAE Agstd thed g
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O I & A 28l A (pushover analysis)= &3 & 2% E g (capacity spectrum) 42H4

O AR §FAHAEHS T3 87 2~HER (demand spectrum) 4H4

O AF=9 HAZEAS g3 a7 2HERY] 4

O 4% 872H9ERY AP rHdEH] wAFoZRE AZXEY SH =&

O o2 Ao disf 2o AA 3

O =59 d=5=9 SHeERYH A5E8EY &&3 H7} (probabilistic seismic demand
model)

O ZF @AZH A 3 A& SHLZRE ANFGE F4

=E pushover A4S JFrHAEHOZ FH37] s 7ME=-H S

A
&

o
o
N
Y

A
M
rlo
R

e o] ~HEF -ZH(acceleration-displacement response spectra, ADRS)ZE| 2 H 33 oF o}
ATCA0 A= MEFO ~HERIIEL g o 7IEF ~IEQHS g5 22 24 (1.72)%

2l (1.73)2. 82 A A Fe},

Viw

5 = / (1.72)
Qg

S, = Aroof 1.73

d_PFl(broofl (7)
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600
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0 T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500

Roof displacement (mm)

<19 1.64> NP AH AN S 53 HAEE pushover 49 o

A
&
o
(@)
(9]
v
rlo
A
&
o
o
B
v
o
o
c
w2
=
o
<
@
1
>
o
>,

I2)% A (1.73) 0.2 o] &3l A=E

:
o dRaAERS YW Aot <1d 1658 DFEL BAREAZ AP DHE

o] g A5Ee §HS SHEIERS F3l ¥ elastic demand spectrumol| A 5=

=
=
o] H]A Y-S 3183 inelastic demand spectrum .2 <T1¥ 1.66>%2} 2ol A& 4 St}

0.6
Capacity

0.5 - Bilinear Idealization

0.4 4
o) 0.3
N
<
1)

0.2 -

0.1 -

0.0 T T T T T T T T T

0 50 100 150 200 250 300 350 400 450 500
Sd (mm)
<39 1.65> BlAFAFHHN S 53 AFE dFAHER 9



mand Spec

Inelastic
é

Sdi
Spectral Displacement

13

@
W

UOTJBID[900Y [B130adS

<19 1.66> Az

3},

3

I 2 (1.74)& A&

dBuE

S

ADRSE €] 2] demand spectrum=Z X| 3}

o]
Efle

$E2

2

=™

(1.74)

1

S
T

gtk <19 1.67>

ar

B
i

L

el

Hr

L
|

} probabilistic seismic demand model-S

k5]
pul

T84 o

. 2

A

SRR

7}s

e 4 ek

3

oE

o AQAG=E

3

Dz

1

)|

o
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Ao R FASE Edoltt. oE 59, A5E AAY AXNHSEGTE =T A5, A
ASEA T EDP= L¥rE o2 Z3H 9] B (interstory drift ratio, IDR)E AF&3+T}. IDRS A&
& AF, A=Y JF2AERH b Ao i Qa7 AHEHY wA FIEHE L]
E =29t 59 FWvE 4 AN pGAY S,.¢F 2 ARG =E uwhel, <19
1.63>2] probabilistic seismic demand modelo| A EHH nie}l o] WA= s A -gH
Ao FE(EDPIIME FAHY & At =3 8% Eprlivet A3 E Aozl EDP2)

2ol 2 HE, Ao gk dAE= §FY EFEA By THHOE 5T F UTh
<, Probabilistic seismic demand model> 4] (1.70)0.2 R H X HIF =3}
EDPIIM Bpppipre =2 & JT Zdolth ANF=dds Hold 4

limit state?} VHH F5 TIE o2 EFLA s Y AR AF=Y A GHEH N o

kr

21, FEMA 356, FEMA P695%} 28 RIiAd AZE FxPAd wet Aod e A
-3},

A
/—\DEMEAND SPECTRUM

CAPACITY SPECTRUM

SPECTRAL ACCELERATION

SPECTRAL DISPLACEMENT

<713 1.67> Probabilistic representation of capacity and demand spectrum (Mander and Basoz, 1999)
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2 ATelM 2AR FeALdE] ZREHYED T st SwAdEed thd A3
ok PrlE FHIPY. FuAME ZZEEYRDL <78 12259 <P 123>9 2o

m, FzAe] t@ A o

b
sﬂ
N
rr

IDA(Incremental Dynamic Analysis)E& AF&3F % T

7}. Earthquake Record
A WA 7= KBC 2016914+ &5 A {5 (far-filed ground motion)< 7]HFS.

ol

Z YA E A
o A A|A|S}= A WkEF dlolE 222(F 4471)S AFESIE T FEMA P695°l A A A

e AuE AeEe] Hoe AW At 10kmol e AN ES TAh

F7] o), 2R Rd o AgHES B7Estr] 918l FEMA P695

(o
o
olNr
u;

<% 1.52> Mo AHgE AdS AN

find

ID Earthquake PGA(g)
Magnitude

No. Name Station Year Component 1 | Component 2
1 Northridge 6.7 1994 Beverly Hills - Mulhol 0.271 0.336

2 Northridge 6.7 1994 Canyon Contry - WLC 0.341 0.401

3 Duzce, Turkey 7.1 1999 Bolu 0.458 0.517

4 Hector Mine 7.1 1999 Hector 0.290 0.368

5 Imperial Valley 6.5 1979 Delta 0.312 0.461

6 Imperial Valley 6.5 1979 El Centro Arrary #11 0.369 0.385

7 Kobe, Japan 6.9 1995 Nishi-Akashi 0.527 0.420

8 Kobe, Japan 6.9 1995 Shin-Osaka 0.267 0.233

9 Kocaeli, Turkey 7.5 1999 Duzce 0.215 0.246

10 | Kocaeli, Turkey 7.5 1999 Arcelik 0.298 0.204

11 Landers 7.3 1992 Yermo Fire Station 0.242 0.150

12 Landers 7.3 1992 Coolwater 0.325 0.479

13 Loma Pricta 6.9 1989 Capitola 0.575 0.483

14 Loma Prieta 6.9 1989 Gilroy Arrary #3 0.489 0.323

15 Manjil, Iran 7.4 1990 Abbar 0.405 0.391

16 | Superstition Hills 6.5 1987 El Centro Imp. Co. 0.311 0.225

17 | Superstition Hills 6.5 1987 Poe Road (temp) 0.524 0.353

18 | Cape Mendocino 7.0 1992 Rio Dell Overpass 0.316 0.450

19 | Chi-Chi, Taiwan 7.6 1999 CHY101 0.145 0.181

20 | Chi-Chi, Taiwan 7.6 1999 TCU045 0.455 0.491

21 San Fernando 6.6 1971 LA - Hollywood Stor 0.440 0.365

22 Friuli, Italy 6.5 1976 Telmezzo 0.506 0.453

<E 1.52>2 @A ArgE daF AukEFol| s A Aotk ddT A¥k-F 9

TEE 6.5~7.6°1H, HARIIEE PGAS HEwkE 0.145g, HAUHA 0.575g, Bk

0.366goIth. " dFS AtEEe HuARbEEo] ths] offe] 4 (1.75)< °]&3tH

normalization< 8]+ X Z 9}6| o] E o] T},

NM, = Median(PGV,)/ PGV, (1.75)
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o714, NM: iAA] AR E o] B o] t$t normalization factor
Median(PGV;): A X HolE] sete] HUA|HHEE gk Lok

PGV iHA AR dolEd thil JA|HlEE

D
0.499gel ™, 12F7] ~2HEHIIEE g = 0.288g0|th AA~AERI Ao HFSH~

A vt B EG0] FF7] FHolA BAFAEHETG & A

2.6

2.4

Design Spectal Acceleration
Average Spectral Acceleration|

2.2 4

2.0—-
1.8—-
1.6—-
1A4—-
1.2—-
1.0—-
0.8—-

Spectral Acceleration (g)

0.6

0.4
024

0.0 T T T T T T T T !

Period (sec)

<79 168> A gRafERT A~ ERS] W@
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2>} <719 1.23>9} 24 StuANdES AHeE 3 722 S-S 7Y, AUYE 7S

Aole] zAFMOE A WFAIL WA b4l Erh S5 BFETNE 715
FEAOlE Fof <1Y 1600l EHH el Lol Y1%e| HYRCE Hozh ofd, Aw
b AY-YRARER BT P50l Bk F, SFWAMEL FRFFol AAd o)
HokY JbsHol BOBE, B AFME /159 AWF] BT 042 S A
A EE BT

[RC Bare Frame] [RC Frame with masonry mﬁil}

i . _dh fh_
'7.

. ——

J r |'I rShm‘t column | -'I I
if —* [ 3
| '

. o effect
L L |
Effective column > -
length; I; Long Short
Column failure
Flexure Shear
mode
Large Hovizontal Shear Force
L4
I .
I
I
5
CH I
Long Coliann: I

Aftracts smaller
horizontal shear force

e

Short Colurin:

Attracts larger
horizontal shear force

Small Horizontal Shear Force

<I¥ 1.69> 7lFAtelo] A g 75 dFa
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St A Eo ok Bl Es] 42 OpenSeesE ©]-83te] sttt <™ 1.70>2 2D3
Aol AbEE StuAIEES UHES BAA 2 2dd Ao tis] 33 Aot 35 7
733 RCEFIEZZE FuAd=e] sido AMEstalal, 7Iedde 7= 350x500mm, =
e F7]= 250x400mmo|th 753 X BA= fiber element® ER GO, FIZE
o] A AR 7FE22] confined concrete®} HATH7FLHF9] unconfined concrete® T-E3}5
o 238 ES ABEDL OpenSeesol Al Al &3F= Concrete02E AF&3tHR AL, AT AR
2 Steel2E AHES, AERIAEAE S AHEAT T SuAEES 12 A/HFT|=

0.278%°]t},

4500mm 4500mm 4500mm 4500mm 4500mm 4500mm 4500mm
| | | | | | |
I T 1 T T T T 1

£
: —*B C
] et
S
—+
E A A
g th
7
Section at AA Node 1 Force-based element Node |
T7350x500mm @ ° Confined
“i$10-D19 concrete

L dD10@300 | Unconfined

- concrete

Section at BB g Integration
7 250x450mm point
z

‘_ "-]:)19 i N i3 *
— !Dl()f:;fi'z()() «THER ¥ v

Fiber Element
: x Concrete02 f g, , / Steel02
Section at CC e y {RSY.

) 250x450mm
L _f3-D19
<o d'D10@300

<% 1.70> SO FuAEE] o

2]
m Ao AFS FEMA 3569014 AASHE 57l Ztd=7Hl (equivalent  diagonal

struct)7b AA| AF3 7HE 7Pl BARIG AL B askan gl
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<E 153> 2488 2 zAs o] A% A%l MAL G Y 7= AT He
HYaT A7 SECIER

Conceptual Investigation e GFaHE HHAEY] A Z=AA

of Short-Columns and |+ AAAEIE FASE ZAAFHo]| FHI} 7|54 HAS oA o=

Masonry Infill Frames AE=F 7159 vA+= I B4 7o) &3

Effect in the Earthquake | AZFE 7]5ol @FaEH7} BASE |« AZE IHA ] FANA ZH A&

(2009, Vahidi and ddol tigh B4 53 #7534 HadAe AAZE B

Malekabdi) a%

Th o« ZAA Lol HAAMH 2 rdg
Masoirlnfil;gﬁczn"ihe < 71E BHAM AAGE 2HH L 71;;‘*2;:‘ el e e
Casonty o Aw, A4, R th@ 24| P e

Seismic Behavior of RC _ . e FEMA 356914 AASE S71Y=2~

cFEMREEYS 53 zHAgHe] ®
frame 99 A0 Eg mdo] ALY Ase 7t

Buildings(2012,Fioreetal.) ° v 2y 7V A BAFSE

om0 wggsde B mAdeme |- 2ddeds 2ddE, dugse
lerzrlilj:terseiiortlsz parameter’} RCEWEZ#H Aol A x| RCEHMEEZZRO =7|Z4A47 FHud
o iy | A AT 9% 2 v 2 Jee mAE o

Vel o |f EAAEE ATE mASA 3| wad

M Infilled quadrilinear model & A|¢He}L, FZ o XA A FHo] Y& RCEWEZ X9
Reinfone oo Ageel 24, 4%, WEsEe W] AWASES zAAewe wugo

b 01 o | T2 Y5 RCZAEF2 1| B YPE pozs HAm Yr =

1’) dEsH7tE AT A 2dy 7PHe BaA AdF
al.
o 3|2 °] 7l =2 3 =Ho

57} 228 mUE | QHA BlHE Gmage mem| oo AR ME HRASES

o8 2HEAEH | A AN e _

229 YAAAEH7 |« nAFEAANAN S B3 fFEI ¢ s BAAA A Ase] A8AHS

o Lo e s T T P Be Aese] 4= g 984 o

(2012, MAE 9 29)) | £ Aew Bz WAASH S| O

|=]
cSuAFEe] 244 FEAEE
* FEMA 356914 At 22AH | H-7]E v HlEsies sle=

s euas | O EUE WHE clgse] gaAF| org,

B e K - Akete A Rde] 24TA By
- ;;% T e B AN, V5 Audmrt| BEzo A@Ade v F3 4
= - - = =) - =

Gagsas o, | BEAFES AQAE AE @) mdel 43
120 O o ) = - - - -

=94 9 sey | © o c2ANENE WAT AL, FwdE

Ty scale AgAY) AgAne M| B e Fbsht, A8Es @
sote} w43 adte] FAG 37t WA ThA
o] &
« XA LW LS A AZ=E9 7A
o CEANAREsEY mug olgw| L douERHA A%EE g%
g S 7k o o . - o o] ®olX F7]= #obA, e A
o AT 1A A=Y A - e o
RCEHEA =29 A% A 2o AASFHRY 52 dtsS Ue
kel

AAA% H7 (2010, e o | EAASE ) oF AokEo] WY

ﬂz_; o 39, s 2AA e AAYATE AFES| X1;91 =3t i:ﬂ J.
ST ARAF P 4 B e T

ol AFH= AT A
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B dTodAEs 7I€ A8 Zaste] stuAdE Aol AAHe =AY e T
T AdS7ME <" 1L71>3 2o ottt S/ A= el th’l analytical

modelingS ZAA38t= parametere 7S 7HNY FEX(W,), SUHES7HANY #EAA

ko
i)

7|ELo. 2 3t, Z} parameterg 4 (1.76)FEH 24 (1.78)7FA1E o] &3t A4ttt =3 F
7FdE7EAN S HFEEE(F,) 0.55F,, ., ABAE(F)S residual F=(F) 0.2F,, = 7F4 3

max?

R, HANA=A AL, 26, (FLHER), residual Z=A HAG)E 26,22 7HEEA

7 Equivalent diagonal element

e it e e B R e B AR L R S e w e e e

o
Q
A
S
= K,
'I
Ft:0-2Fniax ,"
o‘l':2a‘CG[) (5(‘([[):25(‘1’ (5Cl‘ o
o i Displacement
; : £,=0.2F
i 'I FUT"
1 4
““".,"" """""" anx

<39 171> AFeIA AgE =AF W] S 2SI

W,;=0.175(\, H)” "V H*+ L? (1.76)

Eu; I/Vriftw

VH*+L? ¢

0520 (1.77)
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F, .. = 0.818L6t0”1f”(1+ Vi) (1.78)

E t sin(20)
7] X _ 1 ww
A v-ves
C,=1.925 Lin
7 H

in

&

L Z2AF M WA S
£ 2asE BAAS
. Z2A ] T

I: 7159 dH2A EHE

o A FAGE Ao
FaAN BF AAAFEE HAs] H FEA Hol hF FYgS By

o] AAREolol gtk BHE FTxA Ao Wi FSH(FRAY I

o] & RCEHIEEZZ U3 sl & SHHAYE ARSI, A F
G A Fost= AT FF(FAIENS 10(immediately occupancy, SA17AF), LS(life safety,
QA ukA), CP(collapse prevention, 53 WX)ojty. B AFoAx A|ASt= FuAEES] =2

ERrde WAV HA @ A5E AREEa, deadsd e EREAdR

<E 154> 7EANZ2H B dered 3§ SHHEAN@ AL T, 2011)

WAAL B A WAL HA) ke A
FEN2Y
10 LS CP 100} LS CP
Z A ‘H Q tﬂo] 011‘3
AR 0.7% 1.4% 2.4% 0.35% 0.7% 1.2%
RCEWNEZZ
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gf. F2Ae AFHF= B}

FzA U3 ARHLE Frhe AT 44700 B vA Ao He oz Ao
SHASRIE ol&s] FIAT AXFHFE  HIbo|l AREH  AXFe] PGAWS7F
0.145~0.575g= A X E A77F FHYstEE, AHE ~ADEeA] &3 cloud methodS
ol g3l AZHFE HIIE FHIFATE <F 155> FRA N o v HE A=
Aoz HoFHALIHIE A Zolth

<& 155> Ald @Al gefor dojXl SudFE9 PGAC wWE HohSHE v

=¥ PGA (g) | 15 SIHAH | 23 SHHAH | 353 SHAAH | HASIFHAH

1 0.271 0.149% 0.186% 0.121% 0.186%
2 0.336 0.263% 0.289% 0.166% 0.289%
3 0.341 0.224% 0.253% 0.151% 0.253%
4 0.401 0.297% 0.309% 0.170% 0.309%
5 0.458 0.446% 0.472% 0.264% 0.472%
6 0.517 0.190% 0.221% 0.133% 0.221%
7 0.29 0.132% 0.167% 0.109% 0.167%
8 0.368 0.370% 0.411% 0.241% 0.411%
9 0.287 0.246% 0.285% 0.173% 0.285%
10 0.461 0.335% 0.374% 0.224% 0.374%
11 0.369 0.327% 0.382% 0.234% 0.382%
12 0.34 0.411% 0.459% 0.274% 0.459%
13 0.52 0.459% 0.466% 0.263% 0.466%
14 0.337 0.316% 0.346% 0.206% 0.346%
15 0.267 0.123% 0.148% 0.091% 0.148%
16 0.233 0.144% 0.174% 0.107% 0.174%
17 0.149 0.122% 0.150% 0.093% 0.150%
18 0.227 0.279% 0.308% 0.173% 0.308%
19 0.204 0.090% 0.126% 0.086% 0.126%
20 0.147 0.110% 0.150% 0.102% 0.150%
21 0.166 0.098% 0.122% 0.079% 0.122%
22 0.145 0.120% 0.158% 0.103% 0.158%
23 0.316 0.439% 0.492% 0.297% 0.492%
24 0.357 0.770% 0.631% 0.351% 0.770%
25 0.491 0.967% 0.804% 0.419% 0.967%
26 0.401 0.398% 0.398% 0.227% 0.398%
27 0.472 0.260% 0.292% 0.215% 0.292%
28 0.323 0.318% 0.358% 0.213% 0.358%
29 0.405 0.219% 0.285% 0.205% 0.285%
30 0.364 0.300% 0.310% 0.207% 0.310%
31 0.311 0.130% 0.164% 0.111% 0.164%
32 0.12 0.089% 0.115% 0.076% 0.115%
33 0.524 0.273% 0.296% 0.170% 0.296%
34 0.353 0.262% 0.313% 0.197% 0.313%
35 0.2 0.233% 0.261% 0.165% 0.261%
36 0.45 0.417% 0.434% 0.263% 0.434%
37 0.127 0.079% 0.106% 0.070% 0.106%
38 0.181 0.095% 0.120% 0.077% 0.120%
39 0.385 0.381% 0.414% 0.226% 0.414%
40 0.491 0.237% 0.256% 0.176% 0.256%
41 0.436 0.348% 0.382% 0.239% 0.382%
42 0.352 0.192% 0.253% 0.183% 0.253%
43 0.506 0.399% 0.435% 0.252% 0.435%
44 0.431 0.533% 0.538% 0.316% 0.538%
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AXNHF=E H7}3}7] 913 seismic demand analysiss= | Z o] gk 2] A k&A=
FSA T
o it AFE IFY ESABBupprm)S A (1.80)0= ©l&3 H7sEATE  Seismic
demand analysis®| ™3 A= <TH 1.72>9F 2o} G IHNA] fitted curvers A 31319
PGASl W2 AZHE AUSHALN Y T3S Jehdth =3 2] (1.80)2 o] &3] ¥
A A= HAUSHALAH ] B4 034500

Lo

=%

ol
ko

W(EDP,)S 2 (1.79)9F 2L least square fitting(F 24| HH)S o] &3] 4 3k =

Ay

EDP,,, = A(IM)? (1.79)

N
Z] [InD,—InEDP,,]?

(1.80)
Bepp I = N—29

o714, A9t B= HAEAFHH S regression parameter
D= A Aol gk A5Eo HASH(e.g HHSIHHAM)
s

EDP,,: WA AT AEo] tg A% ALAFe] FUgh

0.1 5
o Simulation Results
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£ 1E-4 -
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Intensity Measure (PGA, g)

<713 1.72> Seismic demand analysis result for structural elements of school building
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A ZHFEE 2 (1.70)% o] &3l HrlstH o, AFE AerTdd Ut B 0.
< 05280t ARFHAGESE =
st7] 913t ZF A E ol WE parameterE <3 1.56>°] AHESIF T <FE 1.52>C 2 H-H

A tadEs TxAd e AWAGE P48 1how wHSW <19 1.60>7 2T

e

<E 1.56> FuAAES ANHAUEE EE517] 1% A SEE parameters

Damage States C Be EDPpy, Beppi
10 0.0035 0.4 0.00847M1°9139 0.345
LS 0.0070 0.4 0.0084107"94% 0.345
CP 0.0120 0.4 0.0084.77/°94%9 0.345
100 — :
90 |
80 i

Probability of Exceedance (%)
3
|

00 02 04 06 08 10 12 14 16 1.8 20
Intensity Measure (PGA, g)

<713 1.73> Seismic fragility curve for school building

1_4

S4B Z LA SHE AT
o] HAE BE-2 44.38%, 10552 £4o] WA BE S 43.54%, LSFE2 &40 Ay

66%, CPFE2 &4to] WY FEL 102%E BEAHAL kA1, olgd &43

A Aol 3 PGAZLOl 0.434gZ 31T IMOIA 10°]3t= &4

AgAE AFF £ cost2 FAH Ik AAFH L AUt £52 F & Aok
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3. ZE2EERIRT v FEA i AAFHG= HI}

b mFzA Y AAAFE Hr U

MA@ S4E AAAGE Brh dele B T Fsieh o
MTzAe] A 2HAgRo} 2T go] FRAL Aol 2

2 Aolsta, Yoz oA wdlPo] whdERA 9k=Th ASCE 410 A= HlFzA) <

TZ2A s &4 Aol U sY¢ud ESAAde| Wi parameters AE-5)
I 9t} EE FEMA P58 StwAAEo AXHE vlFxA o ths) Fostar Qo] B+
A ARHSFEE Hrtslr] L3 SHo| o wepA] B ATl A= FEAM P580l A

2 PN

© O O O O

SuAEES A HlTEAE dgdeld, wWadnier 22 JA 9 ¥7] HlFxe

B ATIAE AAHE APAS 2 AFH mF2A s AAH

Tzl @ SHHA ANAGE BrhAge FERAS FASAT, MFRA} B
At Fol @ ARGl B2 ADNIAFE Bl Swo] g2 TaAe B35
ARz hE ANSLAANE o g3l ANAFES BIBAT, MFRAE A
t 3o AYEuEsn =t JAYIEEE olgstel AWAGEE BolAth mepa )
TzAe) AHGEE Brle] feld, FHE wTEAe] AARLAT] hF AALE
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o vl z2=A o] A A o

<E 157> & d7oA a3 4 vlgzAe] FAREE Qs dd TdE £

A4S BYd Aotk F kS FEMA P58olA AAetE @& ARESITH HIFx9 &4

el (damage state)= HlFZ2A ] we} Ho) 37HAE FEHY, 24 HFERAY A5 UE
7

+ capacity parameter®] zto]7} Itk XAHHE, BEA, Y-S FERA} FLEA SIS
H S XAk AFZ AREshY, ntgnids AAAQL JOEriEEE AJESASFZE ALE

gt webA BlFERA S AXHGEE HUsH] A, AXNGE wet FHE FIHAY
Hl o} HZ7tEs50 ik SHe TYa 9@ ESA A 0] seismic demand analysisE &3 =

=5 oloF 3ot

<& 157> FuAAEE HFEZA 9 B5TFE capacity parameter®] TYHH B
DS1 DS2 DS3
H| 24 Capacity Parameter Unit
c Be C Be c Be
X8 = Story Drift Ratio Unit less | 0.0021 | 0.60 | 0.0071 | 045 | 0.0120 | 045
Hlg okt | Peak Floor Acceleration g 0.5 0.4 0.7 0.4 - -
e A Story Drift Ratio Unit less | 0.0064 0.3 - - - -
g Story Drift Ratio Unit less | 0.0021 | 0.60 | 0.0071 | 045 ; ;
7 Peak Floor Acceleration g 0.7 0.25 1.2 0.25 1.43 0.25
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ot HlFZ2A 9] AXH = H7}
HlF2A o tidk A FFH GRS Pl AR89 44700 tigk StuAdE
Moz dojzl S FIhAvIe} HUSUIEEE ol&d FdsIAT. TE W

<IE 155> Zon, =1 AYQE/EEE <3 1587 2o}

<E 158> HAPARl oz oA A

2~
w=xl PGA (@) 1= = 3=
1 0.271 0.179 0.378 0.572
2 0.336 0415 0.648 0.772
3 0.341 0.325 0.538 0.690
4 0.401 0.599 0.827 0.971
5 0.458 0.668 1.146 1.139
6 0.517 0.197 0.399 0.583
7 0.29 0.254 0.447 0.613
8 0.368 0.499 0.962 0.903
9 0.287 0.420 0.745 0.871
10 0.461 0.601 1.059 1.127
11 0.369 0.589 1.210 1.474
12 0.34 0.589 1.113 1.391
13 0.52 0.594 0.998 1.128
14 0.337 0.521 0.850 0.895
15 0.267 0.102 0.238 0.361
16 0.233 0.186 0.326 0.452
17 0.149 0.171 0.314 0.388
18 0.227 0.398 0.708 0.759
19 0.204 0.178 0.385 0.569
20 0.147 0.168 0.405 0.610
21 0.166 0.143 0.332 0.462
22 0.145 0.212 0.460 0.638
23 0.316 0.591 1.115 1.306
24 0.357 0.747 1.324 1.483
25 0.491 1.505 1.468 1.694
26 0.401 0.597 0.801 1.056
27 0.472 0.448 0.980 1.601
28 0.323 0.660 1.061 1.164
29 0.405 0.534 0.861 1.271
30 0.364 0.617 1.042 1.223
31 0.311 0.211 0.433 0.622
32 0.12 0.240 0.435 0.545
33 0.524 0.404 0.704 0.928
34 0.353 0.421 0.756 0.948
35 0.2 0.325 0.702 0.963
36 0.45 0.758 1.136 1.415
37 0.127 0.126 0.285 0.390
38 0.181 0.104 0.237 0.330
39 0.385 0.475 0.817 0.821
40 0.491 0418 0.663 0.982
41 0.436 0.649 1.005 1.268
42 0.352 0.576 0.884 1.360
43 0.506 0.613 1.093 1.232
44 0.431 0.632 1.025 1.286
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HlFZzA e ARAFHFEE H7Esl7] 3 seismic demand analysisS T4 9} FA 3 2]
S AMESAT. FERAS] Aol= FTHE seismic demand analysisE AT FHolH,
A9 PGAo| WE FTHE FXWANI e HAYITIIEEE ol &ste T AXNIAFY F
Sk(EDPy )T SHY BEREABrpr )= B7FAH. <TH 1.61>FH <1¥ 176>
AAFHOE o WA HIFEAY AXNHSE=E HIIsH] A7 SPHS A g
seismic demand analysisE ZA¥=Z UERH Zoli, <O¥ 1.77>FH <19 1.79>L 7I&E =017
HlFZzA o] AXNFHIEE Hrslr] 913 HErE 50 thdk seismic demand analysisS 2

sz el ol

0.1 5
] > Simulation Results_1st Floor
e ] Fitted Curve_1st Floor
o -~
%
E 0.01 3 o
\;6/ g - a _ &
5 i
g 1
A, 1E-3 o D o .
.= E i EDP_=0.0087IM"'"*
=) ] ™M
S ]
= ]
)
A i
on
£ 1E-4
ot 3
Q ]
O i
R= 1
OD ot
g -
M
IE-S L] L] ) L] ) ) L) L]

Intensity Measure (PGA, g)

<713 1.74> Seismic demand analysis result for drift-sensitive nonstructural elements of 1st floor
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0.1

o Simulation Results 2nd Floor

o ! Fitted Curve 2nd Floor
9 l
a 0.01 =
A
|5} i
= l
S
s 3 EDP_=0.00811M""*"
g Y
£ i
&)
D -
on
S 1E4
g
£ -
OD -
= -
S8

1E-5 1 L] L] L) L] L] L) L]

Intensity Measure (PGA, g)

<13 1.75> Seismic demand analysis result for drift-sensitive nonstructural elements of 2nd floor

0.1

= Simulation Results 3rd Floor
Fitted Curve 3rd Floor

=
[e]
—_

1E-3

0.8655

EDP,_ =0.0046IM

1E-4

Engineering Demand Parameter (IDR, %)

1E'5 T T T T T T T T

Intensity Measure (PGA, g)

<719 1.76> Seismic demand analysis result for drift-sensitive nonstructural elements of 3rd floor
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= Simulation Results 1st Floor
Fitted Curve 1st Floor

1.0838

0.1 . o EDP =1.3293IM

Engineering Demand Parameter (PFA, g)

O~01 L) ] Ll L) 1 L) L] 1 I

Intensity Measure (PGA, g)

<73 1.77> Seismic demand analysis result for acceleration-sensitive nonstructural elements of 1st floor

10 ~
i o Simulation Results 2nd Floor

= ] Fitted Curve 2nd Floor
Z 1
m -
&
51
) ]
= ]
< i
5 i
A 1
<
g .
5 EDP_ =1.8240IM"""
Q 0.1 o
o)) ]
£ ]
5} i
Q
R= 1
on
= 1
M

0.0l 1 1 1 1 L) 1 1 Ll I

Intensity Measure (PGA, g)

<Z1¥ 1.78> Seismic demand analysis result for acceleration-sensitive nonstructural elements of 2nd floor
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10

o Simulation Results 3rd Floor
Fitted Curve 3rd Floor

0.7646

- EDP, =2.0886IM

Engineering Demand Parameter (PFA, g)

0.01 1 1 1 ) 1 L] L) L]

Intensity Measure (PGA, g)

<719 1.79> Seismic demand analysis result for acceleration-sensitive nonstructural elements of 3rd floor

<3# 1.59>2 seismic demand analysis2 Lol B]FZAY ANHIEE Z=Z517] A
demand parameterS |3 Zo|th AHolH FolA WHAUD HFEzL A0 AIHSEE= &

H S7PAEY Y] ti$ demand parameter®} <3 1.57>°A4 AHEE BIFERQ49] capacity
parameterE 53l Fo]E T

<3 1.59> FuAEE HFTEe20 AXNFHIEE TE3}7] 93 demand parametersS} B3 A

Floor
Demand Parameter Level EDPpy, Bepp |
1 0.0087 IMH10%4 0.392
Story Drift Ratio 2 0.0081 7M7°-9341 0.324
3 0.0046 724°-80%° 0.288
1 1.3293 70710838 0.432
Peak Floor 0.8517
. 1.8240 0% 0.362
Acceleration
3 2.0886 7)1 7040 0.310
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Probability of Exceedance (%)

Probability of Exceedance (%)

-----DS1_1st Floor
-----DS1_2nd Floor
-~ DS1 _3rd Floor

100

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Intensity Measure (PGA, g)

<a¥ 1.81> SuAEE vF=A(FEA) 3 S8 AFH G =4

-+ DSI1_1st Floor—— DS2_1st Floor
-------DS1_2nd Floor- DS2_2nd Floor|
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100
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<I¥ 182> StuwAd= HFEA(EL) tet S8 AFHdE I4
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Aol e ANHGEE H/HETHE, 52 S5l AAHe 7HEEU3 v F2A 9] capacity

parameter’} H& 202 AGHT. &, THE FTYT capacity parameters 7HH T 7FE g
<719 1.83>F <19 1.84>9 AXHGE 447 A E4FES zol7E & F ok 5t
A5k, A FduAHES FERAC i WAAVE d8HA &S dAF=0]7] wiEd, H

TEA 3 WAEAE HEL&HA FUdth wEpx FHEE FY3I capacity parameterS Al
gapo] MTEA) ANAGEE B AL FRIGL And

-------- DS1_Ist Floor: DS2_1st Floo——DS3_1st Floor
-------- DS1_2nd Floor DS2_2nd Floor———DS3_2nd Floor|
------- DS1 3rd Floor DS2_3rd Floor——DS3_3rd Floor
100 :
90 —

Probability of Exceedance (%)
3
|

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Intensity Measure (PGA, g)

<39 184> SFAALE W TEAEZAN) TF 28 ADHGE T4

TEA L FLEA eABRSLANA SAHE AFAIN HE PGA 0.434gol A Z; W=
Ao DSoll W2 S E4FES <k 1.60>0 HEsAth MUY v TRAE AA o=
Sl wel E4FEe] Aoyt ZA ok HHARZ ¥ FEAJ] AR E] DSl =2
Hol FEL 67.77%, DS29] A 10.78%, DS3+= 1.97%c°lth. EtYel A9 DS13% DS29]
capacity parameter’} X|FHE3 FUSEZ DS19} DS20ol] =% StEo] XAHAYE
. SHE]AS DSIo =28 HU FEo| 11.44%=2, NAHEF eldo) nls] el &4

r:l)-

[e) [e)
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EL PAS W2 A & F Aok W, 7SR v Al bt
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<E 160> FHALE NTFRAE] FFAIM=0434g)] hE 2 DS £43HE

Probability of Reaching Damage State (%)
HTLZQ A Z
None DS1 DS2 DS3
15 23.66 64.45 9.92 1.97
A = 2% 19.63 67.77 10.78 1.82
35 45.60 52.79 1.52 0.09
12 88.82 11.18 - -
el A 2% 88.56 11.44 - -
3% 99.39 0.61 - -
15 23.66 64.45 11.89 -
28] 2% 19.63 67.77 12.60 -
3% 45.60 52.79 1.61 -
12 44.06 22.28 33.66 -
Lla=n=dy 2% 13.50 18.09 68.41 -
3% 5.67 12.24 82.09 -
15 69.05 25.20 3.05 2.70
A7 2% 27.83 46.00 11.18 14.99
3% 12.16 45.15 16.05 26.63
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oAM= F2A B vl % ANALER7E 71l " AT7E A
o ARFFE g Ao} AXNAGEE HUste F 47FA FAQ1 expert-based method,
empirical method, analytical method, hybrid methodo] W BHE PRt 2 HE HES

b
€ b

ﬂJl

HFE S 2 analytical method % time history analysisE ©]-83}e] A HES] Fx2A 9 H|F
ZA o) 3 ARAHGFEE FHrletRt StuAAEY] AJNHGEE Hrg AE

2

O AHL*E e A9 7 E(intensity measure, IM)ol| el 543 EFFEHE HE
stAY 23S THsAds UEtle 235 FEot. AIFHAGEE Hrlske WA
expert-based method, empirical method, analytical method, hybrid methodZ U T},
Expert-based method= &7+ o7 wel X HSE o] HAE A, empirical
methodv= Y3 HoHE A&t ats, &S W7iste WAl wet & Axr @
gicias

O Analytical methodv= S0 FE Wik AA &EFdolHY EFA G A xlso that
o7t 58 o, AXNHAGESE =5 F v H2lolth Analytical method®E A X
HUE F4E =23H7] Al 1) Azl oy
(EDPyy), 2) ARRESA ] =L Brpr/nn), 3) AEF=E Aol e L0, 4)

Zﬂ%% }\(—)] %oﬂ EH ;:'l' %:@f}\e] }\6] (5(*)01 jEJ—g—é-}q O:] 7] /H EDP[A[‘T”]' ﬁEDp/[][,[% seismic

{
L

demand analysisE T3l €& & 91, seismic demand analysis= 34 "2 e},
linear static analysis (response spectrum analysis), nonlinear static analysis (capacity
spectrum analysis), time history analysis, incremental dynamic analysis= U T},

O FxA tigk AXHAGEE 55T 10(immediately occupancy, <A1 5), LS(life
safety, QU™ THA), CP(collapse prevention, - Aol wet FA3 Ay, 7F239
PGA 0.434gell 3lQ3t= MY -, 10752 &40 AT FEL 43.54%, LSTT2
£l AT FEL 10.66%, CPFEL] &40 BT &2 1.42%= THHUH

O HlFZA= FEMA P58olA AAstE StuidsEel AxHe d54 vl72Ad 2%
HE, BEA, B, utgukgd, AAAA ) s AXNHAGE=E Frhstaaot. AAHE, 9E

A7 NFRAR ERA, vk, AAE AEENY NTEAR

gﬁ
o
e
rlo
2
do

d

- 139 -



5d. AHAIZE & HHAIRSA T =&

];!_<

1. AAAAZ=] FY
A7 dolEe 44 olF Aoty A £F FpgolA AAslelol st HAo] AHAH
AEel Aol AANIAEE ANAE F TEEAN £42 EA1A st
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A HEe] & (Ground motion)
HEY 7k (Spectral Values)

HA
ol 2] “¢#A S (Energy Parameters)

O O O O
[
18

718t A xl9t B Al (Earthquake Parameters)

Ground Motion Spectral Values /~—gr Energy Parameters
{ L o) \
« PGA = Spectral Acceleration | * Arias Intensity measures (Ia) I

* PGV = Spectral Velocity » Strong Motion Duration(SMD)

« PGD = Spectral Displacement = Power P0.90

» PGV /PGA » Housner Intensity(HI) . ete

* Acceleration Root-mean Square = Effective Peak ‘
« Velocity RMS Acceleration(EPA) ) /"
= Displacement RMS % e

Earthquake Paramenters

= Cumulative Absohite
Velocity(CAV)

* Return Period

* Predominant Period
T oefe

Mo A N

= efc

R
7 A I/"

AHE EFo] JHE A A= /&SR, &5, A S B3 o2 PGA, PGV, PGDS}F
2o AW Arol A Ayt 71E2E A £33 vMEE S5 WS YeRdT
9]

o Ak $Fol BAW AR FEe] AP, AR A=k BARLA e oo

W& FHHE moly] Ash A Fo1 s} FEe AEFAAL AT BT T
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Ao TFF71E AHASa, 1o wEk gl AHE Fo] wxE TS EsE AR
FEER FAHY o <a¥ 1.86>04 T2+ AJNHAEE 4FEsts FA o] v} o,

/[ Ground Motion ]—\ /I Spectral Values I—\
® PGA=max|a()|

» Spectral Acceleration = Sa= w2 Sd

» PGV =maxv(t)| » Spectral Velocity = Sv=w,, Sd

¢ PGD = max(d(t) » Spectral Displacement = Sd =1,

» PGV/PGA= max|v(t)| / maxja(t)| o
» Housner Intensity :fo.ll SvdT (¢ =0.05,T)

@ Acceleration Root-mean square = [, /a2(t) dt _ _
» Effective Peak Acceleration =1/2.5 {Sa} g:; (¢ =0.05T)

» Velocity Root-mean square = [ ./v2(t) dt \ /

@ Displacement Root-mean square = [ /d?(f) dt

@ Cumulative Absoulte Velocity = [ |a(t)dt

\_

<19 1.86> A5y ~HEH AH AP E A&

EL oHA Aol #dEdE A A= d¥sHe sks w5 Aol g d

ok

2Rl oA Z7]o] BEd oty 1 AT g SAxol, oA #Hd A%
% 5 t3EAQ] Arias Intensity measures®] 749 <I¥ 1.87>9} o] A9 7l&E 9] RMS

A& GoFo] 7H & Alddie] #HEE Aotk wetA fof 2 AR Hr A, &3
TZE9 Life Cycle Cost(LCC)2} 22 AofF7] Hl& A I Fx 7|FolA] AAsH= ARk
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Energy Parameters ]—\

. . _ g9
» Arias Intensity measures m_f,ll'(;a2 (t)dt

» Strong Motion Duration(SMD) = 006955 a?(t)dt (Trifunac-Brady)

J

Earthquake Paramenters ]_\

» Return Period =P, (1) = (p]—?r e it

® Predominant Period = T[max|Sa| . (£ = 0.05,T)]

o
<1¥ 1.87> oA & AN #E ANGE A=A

PGV etc

Vo 3% g3

6% __
sd
11%
PGA
47%

period
5%

Sa
22%

<19 188> A HGE HA A A A= dofFE A AR

A Amet F7 GBI/ A FHk Wrrel BAUAS TEA, WTEA 5

d AEE S7FAE PGA, PGV, PGD, Sa, SdE UiE
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HAAAINNZATE JAANGEd FAS Eo®E AZ-3A TEAN2E 9 R
Aol ARNEEAT F HAAFS xSk golth. A vt FxECY F2A, BlTFE
A o BEAOE e Algetd, ARG A s Bt &4 A S (Damage State)E Y

89> Frarste] &4 Ao dis] EFstAt
Dlgge HRC HAZUS VISION FEMA |EMS98| MSK AL ATC-13 | ATC-21 | EPPO
1999 2000 273 [20] 2] [5] 7 [21] [22]
17 [18] (19}
0 None No damage limit state
10 Slight Fully ) ’ Slight
20 operational | Immediate Grade 1 D1 Light
_ occupancy
30 Slight Light Green | Green
Light | damage Tag Tag
Grade 2 D2
~ Operational Damage Minor
control
0 Muoderate
60 | Moderate "‘;”"“’”“’ Grade3| D3
ot Life safe Life safe
TN Moderate Yellow | Yellow
Limited Heavy | Tag | Tag
80 safiety
Extensive .| Near collapse )
Ec:]:ir\:nlhlvu Grade 4 D4 Major
90 amage Collapse ;
prevention Major Red Tag |Red Ta
Partial Collapse Partial £ g
100 Collapse P collapse
Collapse Collapse limit state
<19 1.89> & e Aol 7lgHo] e &4 BE EF
£ Ao gk A/ AFE 2 7]FoA AAE L dE AR 44 2, <1

 149>9] &4 A FEE AT A9, Dhireel A5 09141 100714 10F9 2 &4 A=

k

ol
o
it

5 U S+ WY, HAZUS 19999 79 &4AE digt dAE A3
None(Z 3] §l<)F-E Slight, Light, Moderate, Extensive, Partial Collapse, "}FA = 0.2 53]/ €)

£ YEY = CollapseZbA] U3 It m7}Al &£ VISION 2000, FEMA 273, EMS98, MSK

-

-

All, ATC-13, ATC-21, EPPO9] % 7|FEE HE 3644y &4 AEE 71A 1 &4 A
HE AYsta low Ztzte] ks 22 AH TR AHE Ued F Ao oA A
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25 1% 77t
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Station Component PGA(g) AsTe E4EE %)
10 level 14.4%
E-W 0.346 LS level 0.1%
MKL CP level 0%
10 level 3.2%
N-S 0.275 LS level 0.01%
CP level 0%
10 level 0%
E-W 0.091 LS level 0%
DKJ CP level 0%
10 level 0%
N-S 0.098 LS level 0%
CP level 0%
10 level 28.5%
E-W 0.400 LS level 0.6%
USN CP level 0%
10 level 36.2%
N-S 0.430 LS level 1.2%
CP level 0%

4, AXRZ WE FHFx A vl
7F Al ARAIYE 2 &4
HAOIZFYE FZE Hekr ZHL AAAE we A =5 4 Yk B A
= =

FolAE AREolE e o)At}

A e 3t th Elcentro #3192 , 71 Ee] Bol 23 Ao GFr|idEe FFY
o] & AzlolH, Mexico city AR FF7|AHEo] Bol £&sH AXS=E ZAF7] A&
dgego] Z ARolt. <19 1.94>% Elcentro A I Mexico city A2 $HAHEY 7}
%9} JPZo|th <17 1.94>014 B Elcentro A% A9 F717} 02%~0.7% A}

=
AAS HAF00M, Mexico city A2 A$-, F7] 2

SHoh <E 162> 47] AATe] i HAWAWAF, 2HER spERon
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1.2

Elcentro 180
- Elcentro 270
il Northridge Santa 0
J ||-I
E || 'rll |II
B O8I [
ﬁ _II'.F| \ II
5 ‘ ff- Wl |I
8 .Ir
] H
P - ’ II | RP'
g |
Q04 'e'l Wy \ |
73] JI ll,,..l \'.':,ﬁ".
AW A
e r : \ D
| ST
D i i i i i L i = i _l

o 0.5 1 1.5 2 2.5 3 3.5 4 45 5
Period(sec)

<719 1.94> Elcentro, Mexico city X3¢ $F~HEH V&

<3t 1.62> Elcentro, Mexico city Ao HYAMIIEE, ~2HEGJIEL &5

AHEHET AHETHET
SEE! o)A W4 () ‘T] e ; e
Elcentro 180 0.21 0.60 0.044
Elcentro 270 0.35 0.88 0.064
Northridge Santa 0 0.37 0.53 0.038

U oA A RAYE ] w2 HIm EA

Elcentro 180, 270, Northridge Santa 0 37}A] oA A Alygl e HUAw7lEE 29
EY 7HExe 18 1399 13 1408 Bt AdA 13 Z2EEY] Tzrdo] FHokw
A& A. Elcentro 180 A X A-¢, HHANTIEEE 0.21g o, 2 EH 7<%

)
o
i
F[u:

A Uitk &= & AL Eleentro 2702] 749 HAAIIEEE 035g01H, 2 EY 7H&
A

deTree At FE &4 TS
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FEL U%FHWANWIER), 21%=HNEY 7tEE)7 sttt ~2H9Ed 7M&E5E A4S
2 AAGste HAGE £S5 AP A <29 1.96> 9 Zo] f & E4FE] 059 d

A TSR T Northridge Santa 0 A& 79, HWARIIEET}E 0.37g, 2HEHESE

© 053gE HElded, 108¥ deress 23Y FEL AGAWIEES AGERE A
At W 20.1%, 2FEHVIEES ANGER AAsAS W 08%E UEHT. 2T E

0
9SS AAZER Agste] HGE RS AT A <2 19759 Lo B = &

FgEo] 254 © A TASAH.

<& 1.63> ANZ=d nE AsFEatel

A 7 gk ANAR= AIZE F3 AT &48E
10 level 0.2%
HN A5 (g) 0.21 Ls level 0%
CP level 0%
Elcentro 180 10 level 3.0%
2 ETIEE(g) 0.60 Ls level 0%
CP level 0%
10 level 14%
A AR E(g) 0.35 Ls level 0.1%
CP level 0%
Elcentro 270 10 Tovel 1%
2 ER7IEE(g) 0.88 Ls level 0.5%
CP level 0%
10 level 20.1%
H AT 7HE: = (g) 0.37 Ls level 0.3%
. CP level 0%
Northridge Santa 0 10 lovel 0.8%
2HEY7EE(g) 0.53 Ls level 0%
CP level 0%

4
[ Elcentro 180]
3
S
2 21
=) 150%
o
L
14
0 — :
PGA Sa -

Performance Level

<719 1.95> Elcentro 180 X Ao 3l 10¥WS =93 £435
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Fragility (%)
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20 R A
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20 — BESS R  E R S E

15 4
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0 ’—‘,—‘
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- PGA Sa

Performance Level

<Z1% 1.97> Northridge Santa 0 X[ Zol| tigk 10Y TS 23T &43E
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6.
1doM= 724 2 HlFEA JHAZFGE F7F 718 pEe] o

q4&

o
e
-
i
o
02‘:,"
of
ol

Atk sAATH A2e e 2o

O

AF5EY 8AHFRE EFse 7122 ZA 2719 "= vdE & ded
FEMA-P58°1 4 Ab&ete ASFES A4St FAdEAS 4R ERAA}
FEMA-P582] ¢] Az ol 4 A} A z=dl glol e 4R ERAACIT 247
B OBEFAA et F2A 10587, BlTFRA] 98576 gk ARFHF= uo]EjHo]
TE3HAT 758 ARFHAGE g dlolg o] ae AlwlEEy) R el A
AR ME AXNHAGEE ZIeto, FF AT AHEE dHolH7RES nt

OFO
FIF

AXNHALGE F+E EZF3t= W2l expert-based method, empirical method, analytical
method, hybrid method”7} $1.©™, analytical method= 34 W2o] wWeakl, linear static
analysis (response spectrum analysis), nonlinear static analysis (capacity spectrum analysis),
time history analysis, incremental dynamic analysis® Wd o F32A] 9 v]F2A9 Xx
HIFEE H7I5E7] 913 time history analysisE ©]-8-3] seismic demand analysisE <Y
staon, stuAdE ZREEREDY tia] XIHG=E Hristinh. B7HE S, 7
FAZ1e] PGA 0.434g0ll ™3], F=A IAGEd WE EFFELS 10(43.54%),
LS(10.66%), CP(1.42%)= A=At |G HFERA E4gEL 25444 713
Z AR FAEHGoH, VISRV HF2AY EdFdES T TS &4

Eo|] S7kste d&Fe Eth

o HARIEEE AXIAER AHES e W AHSGEE U A dig ~
HEHIIEE] AAHSF=RG H 258 ZA] =&2F A webs] 124 9D "4t x
_fl:

Ao ARHGE £2A AR AAFEe] Ao Fad W

=
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M2, SEMS4E U £MES DS XNIENTIL I1Y N

14, 724 R WFzA) BRYSFE 75

ZA e gk WRAAA= vl=2 4% UBC 1927(Uniform Building Code)ol A A& =
g WAl A=A, ©]F UBC 1935004 Blatz8 20 tig YA
Zl#ol EdEHAT. T A, =l Aol As =99 19623 A= A 102 7=
Yol e AFEe] Azl st kgt F25 7PAof ghthal WA JA T AZFE
o WRIEAZIEA gk FAWES 1988 AFES Fx7|F o &3 72 AS
Aol HAAY. =l AFEY HlFERAd e WAEA V&L dF5AF5FE7]F(Korean
Building Code, KBC) 2005914 & =<jo] FH At}

As HRAAAZE EQEAES A AR dg AsrEe 9838 AHojHA Fuh A&
Az i3] A o x5 ZWstAY, 52
st WHOE WXAA Y Mds =EYsiATh AS AFE] WA TEE

19733 Blue Book2ol| A4 o}gje} o] = = Ut}

b
SE

i)
i)
N
N
g
3
e
A
e

O

2 A X (major earthquake)oll 3l &3 FFo] ofd &4 &

=
= XA X (moderate earthquake)ll thall HF7} 7Hss &4 58

O

O 93X X (minor earthquake)oll T3] T & &4 T gl

1973'd Blue Bookoll tigk F&F o2 1976'd UBCAAM = AFH=9 2AAVIEEE AW 50%
A 7M. & e AFEY 8§54 WmE F8E Al (importance factor)E =Y AT
19761 UBCO F8E A= FoALEN s 1.5, 7 el 3008 ol % 82 5 3l
= At 125, 1 9] ASE0] dsiAd 1022 Aofsta A &, AFE] &=l
et WXAA Y B=E wrgetr] Alzre it

19783  ATC-3(Tentative Provisions for the Development of Seismic Regulations for
Buildings)= 500d A@F7] A (50352t 10% EA7Fs4)dl tis] AFEo] ALz
(life safety)®] A%< AFstolor ok WAL ot AAVIEE td Fo=7
AAE R, I A FoAEE tsid dPel il Al AAgskAn ol %

2)

SEAOC (Structural Engineer Association of California)ol|4] %t7FSE Seismic Design Recommendations® HIHEH O 2
Blue Booko. & &3
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=9 A3l 74 7FZ 2 730 (National Earthquake Hazards Reduction Program, NEHRP)ol A 25001
AdF7] AZRGOE &t 2% FAVFSA)Q] H o8 X X (Maximum Considered Earthquake,
MCE)°l disl] ©& ZH7tsA8S A= ASERE AASGAT B3 FAEATE TOA

E4SA T 20093 ATC-63Z=ZAES] HIAQ FEMA P695 (Quantification of Building

Seismic Performance Factors)ol|A] Y2 3 7lsAdES 10%=2 FJstar St

PERFORMANCE LEVEL

Collapse

GROUND : Immediate Life Safety s
Prevention

Operational
MOTION Occupancy

Frequent

Design

MCE

AR A2EY &5 WE YIUAHSEEE NEHRP 200904 A At glom, n=e
IBC(International Building Code)t} $-Elutele] KBCAAME <1¥ 2.1>9 AAEH WA TEH
5 AHESt Utk A5E9] categoryw &5 wel UR T ofgfel o] BTt AHE %

g o= A Astar

oL

O Category II: MCEg»©l gk 10% 5374

O Category IlI: MCEg®l 3t 5~10% 537154

O Category IV: MCEg®ll thdt 2.5~5% &3 7}543

A5E AE&He WA SEREE ok AT, A5E9 &5 (53] #HY), 248 &

Aol tigk WIS EE thsid w2 AHort Basn. dustd A= WdeEE

=

= AFEY 7eE T A A (safety)SHEY FH3Eolr] wiiEel, A=
(serviceability)} A 3l &
A&3t7] g7 wEolh

3) Risk Targeted Maximum Considered Earthquake, 93 =7 WF& o) a8 A3
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2. v 724 YREA R WG SHI A8 B4

20161 99 129 = 589 AFA Xl e AfAGES At BAFPAF] 9.12 WA
of =1, F 56045 FEHIE] UASM, o] F 5640700 HIFEA Y iz A=
Aok HZ vt EAg A9 A g A AtElelA W R Rl dEFE B TEA
of gk A7t AREL FFEE AAsAT, AFE T F2RAd g HEA L W

AdeH7bel 23S w3 don, opd7tA HFxase] WIAA 9 W4 sH 7}l

FEve HlFE2e 4 WRIAAZIES] WAvta gl v=e] Vs AuEY, o A
s o] 2AE T8 BlFRAY A Uit $F L &4 22 54 YIFA W
dsta Atk 19643 39 27 AT R 9290 L A7 (Alaska) THA S FAMSE H 1A

(Ayres 1964)°] =W, AAA, FE|H, A& AHY T3 2 HFER 4] &4 s
AEstda, HlFEaLe] A7 AdFEAA HAstE WY F JhEEe WA A
o] vt ®Busta Utk 1971 2€ 9¢ A E Yo} FHoJA WAL FE 6.60] A=
W% (San Fernando) A X133l X A (Lew et al. 1971, Ayres and Sun 1973)|A &= FRAIAE
A W g ZAE b o] Fo] Ha, Aoy, ~xEFe] Folx FI|HAHA 2H
I 22 A " A7) BiFzesd dE daddS AR ol 1989 10€ 17¥
TS 5 6.9 ZulxZg]o|El(Loma Prieta)AZ], 1994d 1€ 17¢ AT 752 6.79 =2
2] A (Nothridge) A ¥ 2] 3] 3] A}H 31 A (Rihal 1994, OSHPD 1996)°l A+ BT Z L2490 43}
A zxd ol eko] FaAAACd g EAS FHAT 7P HZol FAE HlFzeskd o
gk A A= 2014 8Y 24 A Zy o} FHo] WAYI R 6.0 South Napa| Xl
of gk Aoz, ZAE W8-S FEMA P-10240] F=Fo] Q) oje} 2 A os)] A}
AE B3 vxeo AHAHZTEZZ W (National Earthquake Hazards Reduction Program,
NEHRP)o| Al A|&A o0& nlF2a 40 the WIAA #4S /A8 skal, UBCS 20001d o]
IBCAlA AE W&o =2 Agasta Aot

7h vlFEA e AdE WA o
j'

H 72 4A7F WA g E35 A &3k
<¥ 2.1>= UBC 1935%-E IBC 201574 WX A A vlF 2L 40 FoHYES A
g3k Aotk vz Q40 YA Z]FEe] =YE UBC 19355 AHHA, AEY, &4, W

—
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2

sie], ZhetolH 7 e ASE R HFZHA WAAANE A 23] | AL
T At UBC 1955914 A& W7o 959 vF=8AE Urr] AZFsHlal, UBC
194990 Al Eo] 6feet(1829mm)©]dQ] ZAH, UBC 19559141 &°] 10feet(3048mm)©]d<Q] MY
gula ZhdholBlo] tigh go] Aol mFEEATE o]F UBC 1967914 97 Hlg-2B A <]
Ao HFasrt sigza48 Fr7HE 3, WR HF2EA o tigk Fo] FAo] 49 =
ol9] 34% WAHNOH, 7 HFxHA ] ZTAYEN2TF FIHE AT

UBC 1973%-E] AR} sfnivlo] WREA R 2=, ol Eeiz=7tiAz
oA AL AR 7t o BEEHO WIAHAY FaAe] AAHIY] wEolth
UBC 19799M & 25 2 =272 AXHE 32 7|77 1899 FA2 983 &7
7h Hom, R v A HFA 2" 277 WIEAWE HlFEas0lA A2

Aok F vF2EHA JFA 2" Z2UFE o] F UBC 1988004 ThA] F7tE o] HA7HA]
WA el 23E S Qi
UBC 1985914 A2~ FEoj(o]FHleho] WXIAA NGO E 20| HQom, Hax

rlo

O

S

e

2ojo] YA AgAF O ZE EatFY 25%9  048kN/m29] FHE|ASHFS A EF ol
Hale] HdASEE At vk UBC 1988014 AAAHAY AEgFEFA olx SxT=x
o AAA AYHHEA T 25 B wirl77F FUHEReH, 229 9 Fuds YyEA
tgo 2 xgho] HATh =3 vietol] FF3] AAEHE Sfeet(1524mm)o]/de] FHHIHe] 79

AgE7E F7rE AT UBC 1997914 A Aol lateral bracinge] AX7F F7t=3oH, )

Qo] ZolAgko] Sfeet(1524mm)oll A 6feet(1829mm)E WA H AT Fr71dog Ao v+
Zaret A4 HFEaLT WIEANG SR 23] Ho|, AAFoR AAe] 7]FddA
V3t HTFERL L] WRAMEA NG v AS & 5 Aok

2000d ©]F m=2] UBCE IBCE T HUaL, IBC 2000914 JAAHAAY AFSA
AeA ExF=xd AAE ADHH FA F gslo] FUbh HAow, FHeA =
F7} HTh IBC 2000014 m#ske WA DY vlTx848E IBC 20159 FYstH, o]

+ KBC 20163 % 9% A< & 5+ Aok

WRAA N vlFza ke MEE AvEy, A AXgs st A JE vl F2a 4
g WRAAGEoE F77F HAW e & & Aok <E 2.1>9] 128 1399 A9, F
AHow A G2 HFEaLdd HI HILAE A F71E ez B 744
A HlFRQ A et WAV s ol fE HlTR =

y#st] A3y Wit FEE AASE FEASFY #e vFxe
Ao F7lo] wep Wak=d, F717F 0.063% o3l HlFER/AE AR FHFste FERA}
Zo] glvha 7HAste] FFAT] @S 1.002 g3t

o

&_
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<3 2.1> Seismic design part or portion changes in UBC and IBC for nonstructural element by period

Year

Architectural Components
1935 | 1955 | 1967 | 1973 | 1979 | 1985 | 1988 | 1997 | 2000 | 2015

1. Interior Nonstructural Walls and Partitions
Plain (unreinforced) masonry walls v
All other walls and partitions v D &

2. Cantilever Elements (Unbraced or braced to
structural frame below its center of mass)

Parapets and cantilever interior nonstructural walls v

Chimneys and stacks where laterally braced or A )
supported by the structural frame

3. Cantilever Elements (Braced to structural frame
above its center of mass)

Parapets
Chimneys and Stacks
Exterior Nonstructural Walls

4. Exterior Nonstructural Wall Elements and
Connections

Wall Element v )
Body of wall panel connections v

3)

Fasteners of the connecting system v x| x¥ v

5. Veneer
Limited deformability elements and attachments v

Low deformability elements and attachments

6. Penthouses (except where framed by an|
extension of the building frame)

7. Ceilings
All v
8. Cabinets

Storage cabinets and laboratory equipment v

7

6) 8)

9. Access Floors

Special access floors
All other v
10. Appendages and Ornamentations v

11. Signs and Billboards 4

12. Other Rigid Components

High deformability elements and attachments
Limited deformability elements and attachments v

Low deformability materials and attachments v

13. Other Flexible Components

High deformability elements and attachments

Limited deformability elements and attachments

Low deformability materials and attachments

1) Divided into interior nonstructural wall and exterior nonstructural wall

2) Interior nonstructural wall which extend 3/4 of the height of the room

3) Masonry and concrete fence over 6feet (1829mm) in height

4) Clearly added as a cantilever element

5) Fasteners of the connecting system excluded until UBC 1979 to UBC 1985

6) Added anchorage for permanent floor-supported cabinet and bookstacks more than Sfeet (1524mm) in height (includes
contents)

7) Added lateral bracing for suspended ceilings and light fixtures

8) Change the height limit of floor-supported cabinet and bookstacks from Sfeet (1524mm) to 6feet (1829mm)
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1985
1988
1991

1975

1927 1935 1940 1949 1967 1976

UBC
1927
= 25 |4 H4a e wEs e Amzaa
e Aed wg HILH= RS EPN g mayol 5
ek dd s EEES ] e
L} BNE
zigto|

<I¥ 22> AtHE UBCel AAE BlFz2=A42 HA2A e

v B F2A e WAEAE AT A S8 A skE

UBCS} IBCO| A %1352 ASCE/SEI 72 reference® 4+7] whiZol, At ASCE/SEI 79
T 2e s S7HEA sl el z=AbshRlal, =3 ASCE/SEI 79 #FiA4%7F %= NEHRP
°] AJi®¥ Recommended Provisions for Seismic Regulations for New Buildings®l Al A|A|3}+=
H 7z 84 S7H8AstEd dsll =AE F38tith. vl7x840 WIAEAE S7HH 28
A FE USSES H Tz L0 FERACe] AR IAE AARH <F 22>

-

UBC/IBC, ASCE/SEI 7, NEHRPOIM HIFZQ 4 HAA H&se 5445 %F F,e AuE
2 AP Aol viFx8as AAs] 98 AEst=s s/ skE £, 19359 UBCO
2l 2.3 2ol AL =do] FHATH UBC 19947HA = A ol 149 271 B&d), o]
A= AFEkF] dig ASDEF#E ™S LRFDE W3slr] 913 Ao th(Diebold et al.

2008).

F,=14CW, 2.1
o 7] A,

C: T3 AR SFF A4 (horizontal seismic force factor)

W Wl FEaLe]
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UBC 19359 m2H, #3238 FAT o= A-NTY 1(Zone Y 75, wall?} glazing2
0.05, cantilevers®} appendagesi= 0255 AF83l== FASI ATt AXFY 2(Zone 2)Y 7
- 919 gholl 28, AXNFY 3(Zone 3)Y A ¥ &l 4ME ARSI EE AT HT
zA o] WRAAASZ el 5L F4S UBC 19587kA] AR&3tthr), UBC 19619014 57}
dA8ks F,7F A (22)3 2] ¥k

F,=1.4ZC,W, 2.2)

7z AT A S (seismic zone factor)

C: T35 A (horizontal force factor)

UBC 19619 7%, UBC 19359 FHAsFAT o7F ANFIAF 28 FHSA T
o2 AE3 HAo =3} UBC 19614 REH ¥FT2eAE T3 Ul -AA 74 (seismic
design provision)©| appendix® 4] Chapter 2302 &AF T o] 3, UBC 197614 5714 &35}
s F7F A (2.3)3 #Zo] Wkt

F, =1.4ZIC,SW, 2.3)

o 714,
I =8 5 A< (importance factor)
S

. SR ASG (site-structure resonance factor)

=
FREHRE 17 A8, FHsAT oF= ok HFEe L e 50%8%E 7t
2 NA BHEHo= ﬂaﬂz‘s}giu‘r(ICBo 1979). UBC 1979%-E] UBC 19947} A|+= 2] (2.4) & ©]
< gy

oo
21'4
£
z
-
PN
fo
B
o
off
L
21'4
°1N

F,=1.4ZIC,W, 2.4)
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v

F,=A,C.PW, (2.5)

o TraFHUEE} AHHE 7HEEA S (effective peak velocity-related acceleration factor)

NEHRP 1985 ¢ W82 ATC 3-063% W&o| FLdsH, dFuFxa49 A7 9 7|4
HFZQ 4o g S7H8A et AHdste 2ls 7/t UBCY 2 (2.4)¢ NEHRPS
2l (2.5 PlLEHH, NEHRPY 4,+ AJNFA T zoF wiA o] =W, o= ¢, P& 1% A
Z miFo] He AL & F Atk F, NEHRPS} UBCOA AASHE Bl 40 tigh A4

AT S A Ao A FHe dEAT A grle v & F Ao

>

Olv

<3t 2.2> Comparison of changes in seismic design load for architectural nonstructural components

Year UBC/IBC ASCE/SEI 7 NEHRP (FEMA)
1927 - - -
1935-1958 F=14"cw, - -
1961-1973 F, = 1420 W, - -
1976 F =14ZIC,SW, - -
1979-1982 ﬁ;, = 14ZIC, W, - -
1985 =14ZIC,W, - FEMA 95, F, =4 ,CPW,
1988 F =14ZICW, F =14ZICW, FEMA 95 (Edition), 7, =4, CPW,
1991 F =14ZICW, - FEMA 222, F,=A CPW,
1993 - F =A,CPW, -
1994 F =14ZICW, - FEMA 222A, F,=(a,A,L/R)W,
1995 - F =(a,AL/R)W, -
Gl .h, FEMA 302, £, = % SD"’(HQE)W
1997 Fp:%(1+3 )W - (ﬁ n)r
P f ]p
2000 0.4a,5),¢
(IBCZ UBC 19973} 59 . FEMA 368, 7, = (ﬁ 12
W7) b
2002 - FEMA 368% &< -
FEMA P-450,
2003 ASCE/SEI 7028} 59 - B = S
)
2005 - FEMA 4503 &< -
2006~2018 ASCE/SEI 7-059} < - -

1) A coefficient to change ASD(Allowable Stress Design)l to LRFD(Load Resistance Factor Design)
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NEHRP 1994 (FEMA 222A)°l4 AAste HIFZRL 49 S8 AstES AHAse 42
21 2.6)37 Zoh =3 2 (2.7)F 2ol HTFEL A FUFEASS Adad shekgkel gk
HAE AgstATh

E, = (a,A,L/R,)W, (2.6)
0.5CI,W, < F, < 4.0C,1,W, @.7)

a,: =74 (component amplification factor)

A : 7}V A9 (component acceleration factor)

I: S8 5A5 (importance factor)

R: WA A4 (component response modification factor)

: A ZA S (seismic factor)

TEANSTES & F Atk FFAFE vFEL2Y IHF7I7F 0062 ol5He] A -$(rigid)
1.09] gt& 2Eal, AfFF717F 00625 2HT Z-H(flexible) 250 #E Zteth =3 7ME=
A 4,9 B, T2 AFF7Ie vFEes] A gelE 1Este] ALddEd. AA

U
18
i
N
)
N
r]I.
1o
o\
]
3
=
it
olN
I
ftlo
=
v
b
iy
o
_E
S
es|
<
>
&)
1
>
2
>
2

okl BT 49 S7HAASEFS A s e FXEY 1HF7E 18I E AS
ALt HA AFEEL A= A AL FAGE AS & 5 Ao =3 19953 ASCE/SEI

(2.8) I o] HlFzxaxo| FFAF, WeFEAT, AAx)E Iy AT 4

29= A 282 TelA= S/HEHsS ] kgt shakgre] WM elelth

F,= ”R: 1+3hj W, 2.8)
0.7C,1,W, < F, < 4.0C,I,IW, 2.9
o1 7141
hy: BlTFZ2840 AR50
he: A5Ee DHORRE AFI7HA 9 =l
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UBC 19975-E] FEMA 222A2] 902 1961'AHE A& v F2249] FHEFH
T E TEAF o, EFAASF rE RSt nEsy] AR =3 AFERaL
7F AAEHE Fold mE V&R FEFS stk dA KBC 20163 IBC 20159014 H]
TZL4A9 SRS TS A e
21 (107 2t 2] (21002 4 211)o2 AMtEe 78 A3sME] Feata staare] MY
ojt},

i

NEHRP 1997 (FEMA 302)°A S22 A3

oL
ol
1
flo

O

0.4a SDS( z )
F = _ pTle 22
p (ﬂ) h " (2.10)
1,
0.38psl, W, < F, < 1.6S,4, W, (21D

IBC 2003°]3% A 7}A], IBC, ASCE/SEI 7, NEHRPOI A A|tsl= vHlFxQ40 5714
A3lES sk A2 4 (21003 FY3ITE NEHRP 2000 (FEMA 368)°l A& Hl 284
°of F71 r7F A 2122 FIAE 71, Rt ATHE, 4 (2.12)0F2 AME HFERL L] F
NABAs S e 1,/1, e AAEAA ARSETE 2Fo] FUHHAG. ARE o] 2F}S
ASCE/SEI 7-059A4] ®rolEo]A] ¢kol, @A) IBC 20159+ ASCE/SEI 7-1691 A% H]FZ 8 49

7718 3eshA @3 Yok

Sp1
Ty, (1+0.25h)SD5 ©2.12)
a7 A
Spi: 12F7|AAHEHIIE S
o P ES 4] WAMAE A9 SIHEHEE 44
KBCS} IBCS| M Fx 8o tha HASHES Agshs 4¢ 4vinm, wPzase] 4
AL SRR ELS thgel U 7H FBL meste g
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GAFEA S

O a,: PFAC] T3 HlFZ2Q 49

O I: FLEAF

<% 23> HFEL4A9] 7 A A A
UBC 193594 vlFxQ 49 S71AH A=

salAael e ATE o) vTzasel

O R: MFz8zke] A4=d

FA5L el AZsAT 9ol AA

O 0485, TEXR7IES (Effective Peak Acceleration, EPA)
O 1+2z/h: EPAC] O

3 %2 E

S)

olo] W2 HF7}45 S (Peak Floor Acceleration ,PFA)

5% 4

RER

2l

%——‘% (3 a, : Component
Amplification Factor
. | .
@ Vertical Amplificatiort-- ; :
Factor: (1 4+22) i | @ Ry : Compo'nent'
h \ '----+-q4+Response Modification
t- = factor
| Period T "|‘ 'lll
Pesign Response Spectrum ' H
I L
i M E Displacement
\————»@ EPA : 0.4S 4

<713 2.3> Considerations to determine the seismic design force of nonstructural elements
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Hl7ze s WA AgEE S7H8AseS F2 Bl7x847F e Peak Floor

Acceleration (PFA)Z ZAH =], ©] PFATE AF=9 1777, B4y 22 354

of?
o
filo

WSo| = EF35ta, HA7FA = @3] Effective Peak Acceleration (EPA)S} A5 E 9
Zool wet AxbEd. PFAY FAZEZAF(1+2z/h)e gt 7€ AFE(Fathali and
Lizundia 2011, Fathali and Lizundia 2012, Chen et al. 2016)°] WEZW, HZE Fold W&
PFAS] FZAIFE ZAF7IQ &2 AFEo dal Ao Aaelr] Wi, tiks AFEo
= AgetA Fevdal RuHa ok =

71202 I Ao= 2.5(flexible component), ©]3+Y ™+ 1.0(rigid component) > Z A|A]3}A]

& HlFxzaLe SEHSIFAT o= F71 0.062E

gk, o] 2 AAIE FEMA 222A00 A& FXA9 BT AE Agow 71Aste] e gho
2 Aojz Azfolr] Wi, BlFRa A0 HAFo] Fr)o] n A= Gk

JA FstE= A At & 5 Uk

ook
filo

w38 st

agjstedof gt

= Az Yol BAASES 724
stal ek 1971 RARE Adlads WA BddSee] 53 B AHys)rt By st
HddFEd g WIZSIFY ZEIHES THst= HeJ Alfred E.Alquist Hospital
Facilities Seismic Safety Act(©]3} Afred Act)7} AlYHJT. 18]al o] 2 Ay
ol HZA7)¥=(Office of Statewide Health Planning and Development, OSHPD)S] #&s}o
FEHIAH.

Afred Act A3 F HAASHE] WIS Fds 71T = AAAT, 1994 24
g =g A AR A Foj= FERAG Iafol Hls BlFEA L] Hs)rF 2 skAl A EHA
H At oo wel A EYol F= Afred ActE &35t Senate Bill 1953(1994, SB 1953)2
Attt SB 19539 whel AExy ol Yo BE ¥ AEde 7284 ¥ BTRQ
A9 A% EF7F ALHAY. F2A A5 E7< SPC(Structural Performance Category)$}t Hl
TZ2A5 E7F< NPC(Non-structural Performance Category)© 22t 1~55w9 5719 AFE

FAGOE WAtk 44T Wge <= 233 Aok
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<¥ 23> OSHPDOIA AoH HAUYAZE 724 & vFx2A9 TFo s o

BEEF| T8 cha

1973\ oo A HN M, F32 o] A= A=,

SPC 1

o 2008714 SPC 253 0.2 A3Fx|oof 3}

e 1973 d o] Hol MAAEHUCH, Afred ActA 2 SHAHY %3S F43HA R AE
SPC 2 o 73t X Zlo) AR o882 AlFo Age] U= AE

20303 7FA] Afred Act A7 tHR o] &S F435 e oF &
o 2o A ZALAA LA HET R EZTZE A= A5

e 19943 o] Hol HAEU oM, Afred ActXF FHAH %3S
o A3t Aol FFAR o mAHI 2 A Fol Agke] Je AE.
° 2030%d o] F7}A] ARgo] T}

e Afred Act A% AP %8S F3l= AE.

SPC 4 o 743 AR A1 oJaAu]2~ AFo Agke] A+= AE.
° 2030%d o] F7tA] ARgo] T

o Afred Act AR M 28& F43= HAE.

SPC 5 |+ 73t Az AFdAQ mAMul2 AFo] 7es HE.

0 20301d o]F % A glo] Argo] 7hE.

N
)
P‘L
rr
Al
il

TFzA) | SPC 3

NPC 1 |» THE NPC HIFZ 84 AA7|ES S$F3A R3le AE.

o T2, BV, SAAHR 5o AH|7} CBC(California Building Code) Part 2, title 24

NPC 2 | o we&} H2Ho] s A&,

° 200297k & 5

* NPC 298] 7]&& FFoH, 4, d3434, TAY oA ¥lFx847)
A

w iz | NPC 3 | Part 2, title 240 w2t A2E A=
- e 2008 7R B =F9 &2V} 715
NPC 4
=t} od
&

=
5 gl wet 20208 == 20309744 £ S A7 7hs
* NPC 4°] 7|&< BA2E ] BEede A% 243 v T Ee] Tt
NPC 5| 53 A=

© 2030 d7bA B S5O FA7 7S

A% YY)
o
o
o)
©
A
ol
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r]I.
S
=4
oX
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=
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#4852 9
H] 8-(repair cost), =T7|ZH(repair time), FTRHF o] FAYT Z-E(probability of unrepairable

permanent drift) 522 AAA Y HojaH Aol o3 FEE}.
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<E 24> 47 53X A5 FFNETAP training workshop)

Performance Measure Design Earthquake MCE
Median Repair Cost 5% 10%
90th percentile Repair Cost 10% 20%
Median Repair Time 30 days 60 days
90th percentile Repair Time 60 days 120 days
Probability of Unrepairable Permanent Drift 1% 3%
Probability of Unsafe Placard 5% 10%
Probability of Collapse 2% 5%
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atal ATk AEFEY] categoryw &%l wet UH™ &= wet BA7bsAEE B
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HA, AAAEH JA g2 AL FA, S&=, Frits 2 A Eol ek |
AAE =& FASAT oF WAAANAE vl 47 SiE AL, UBC 19739
A HAA, UBC 1985914 olFutso]l F71= 1AL, IBC 20009 WXIAA Y vT-x28
2+ IBC 20159} KBC 20167 TYg A= ZAE .
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RVS Z=Z 132 Techniques for Rapid Assessment of Seismc Vulnerability (Scawthorn,
1986)°l 4 S =2 FHJTh ©]|F FEMA 154 Rapid Visual Screening of Buildings for
Potential Seismic Hazards: A Handbook (FEMA, 1988a)¢] H A2 A|Z}o] = Ut}h. FEMA 154
T 108453 RVS Z2 I35 T3 70,0007 ©]/4e] HES Hrlstst] AHEE A S (FEMA
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Rapid Visual Screening of Bulldings for Potential Seismic Hazards

Lewvel 1

FEMA& P-154 Deta Sollection Form HIGH Seismicity
Addreay;
Fr
O byar D £
Building Kama:
Usn:
Ladstudec Loagitude:
PHOTOGRAPH da: e
g |el: DatelTimo:
He. Storex:  Abinis Dmde Sedonw Timta: ¥oor Buit 0 et
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Additicas; [0 tone L) Yas, Yool Bt
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héurrid o Schonl O Grvemmert
Ly Wachane  Resderial, Slnks
seiTwe: & OB O o [E Cein
Hird  Bep  Dasss  SH SoB Poor TLA assae Tyw D
Rock Fek  Gal Sl Sl S
Gewlogie Hazerds; Lapal YawhaOHH Larcibe VeaMioDhE Sud Fugt: e
[ | [ Asfnsory: ] Pounding  [] Faling Hzarsa b Tabar fasent Biking
magulantios: [ Wertical et i}
T I O Plam [tioe) i
- i T T |Exterec Falling. O Unbsmed Chimneys [ Hamy SSddng o2 Hamy Yanes
| Lo L [ 0 Pemgens 0 fipperdage:
[ e
COMHENTS:
SHETCH L1 Aodmaren] siatchas o commienty o0 saparns pags
BASIC SCORE, MOINFIERS, AND FINAL LEVEL 1 SCORE, 51
LA BLILBNG TEFE Pahbici | wn | WA | w3 | s = E1 ] FT 3] =] IS RER Bwa | ubsi [ i
(2 Y W 1 i [ [ rm isdd | nE L] i
| i L L3}
Bamc Soare % | A2 | 2% | 20 | 2% | 2K | 2k | AT | 48 | 28 | k2 | W& | WA | LF | &F | 4 | 18
Severe Verbes nmguirty, 1| A2 | b2 [z a0 [ -8 [ 0 |-t | 4 [ op | 0 [ or |10 | ae | e | a8 | 07 | WA
Woaderaie Verbea Imsgaianty, 1 ar | ar | of | s | oo | ar |oe | a8 | as | e | Qs | s | 48| 08| a8 | a4 | W
[ —— Av | an | g | a8 [0 | 4 | a7 | a6 | an | 48 | o5 |40 | an | ar | A7 | o | w
[ 01 | -un [ om | a0 | -ns | an [ e | 92| o4 | a7 [ a1 |3 | a3 | a8 | as | oe |
Postlertmink o | 1e | ax | am | v | oan | e | omw | oew | 0 | o | oxe | e | ed | aw | mw | 12
Sol Tpe A or B o | 93 | o4 | a4 | o | @t | oo | as | o4 | @3 | 03 | ee | a4 | 08 | @8 | 03 | 03
S0l Typa E (1-3 simrin} 0 | B2 | oo | 43 | o4 | a2 | ot | e | 0B | &9 | 02 | &F | G0 o | a8 | a3 | -0A
50 Types E [ i oy | a8 | b | o8 | e | e | ocow | 9w | a5 | &7 | as | owa | e |os | g8 | .oz | oW
[ 1) | a8 | 07 | &5 | 05 | op | 08 | £5 | 03 | 03 | @3 | 0 | @2 | 0F | &1 | oF | I»
FINAL LEVEL 1 SCORE, v 2 Sen
EXTENT OF REVIEW OTHER HAZARDS ACTHON REQUIRED
i e e | Bt oo | T s saninn R
b b e on Wan erhnzwn FEAAR buskey g o1 slber buikey
Cvamtbogs Resdeand: [] Yoo E“D [ Pauinbrg pretasial fusiess 5,2+ Wiat, o6 Heies i Lol e
Jall Fypa Rogrex wet-of, d ko) Y, phey hamandy present
Genlegiz Hazards Boarge: § i from tokst ad jasasd MNa
Cantet Perces Lt Bt i e ed
B 2 kit b [ ¥as, sonsnech haards m"::ulmﬂzmwj
LEVEL 2 SCREENING FERFORMED? Sagndicant dwmagalivteroraton .
Hasabocknsl hazarde? [ Yes O He [ Ha. r nareterkend hazarsr deetfed [0 D6
[ canwaf be | eresnar shal mate the folawmg LA = £ Tar ke Tt E TR, = (k= Mo o
Ligeix, Ve T BT e I t Ty SR OA] LA KA i L T S ) F-IW‘.:H\J L = Fhex o (A RERT
B = Snewl s EW = Shew well T=Tly LN = g rd = S raprrnge
Figure 1-1 v Level 1 Data Coflection Form for High setsmicity region,
1-2 1: Introduction FEMA P-154

<719 2.4> FEMA P-1549] A A|&3&}= level 1 post earthquake data collection form

- 169 -




Rapid Visual Screening of Buildings for Potential Seismic Hazards
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Figure 1-2 RS Level 2 Optional Dats Colledion Form for High seismicity region.
FEMA P-154 1: Introduction 1-3
<719 2.5> FEMA P-1549] 4 A| &3} level 2 post earthquake data collection form
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2. U9t AN AFE DA 4

A P g

2018 2 6 HAAZA 23A] 504l 3 E FE(M,) 6.09, EWE TFE(M,) 6499
Aol tint A Ao BAFATE Y] AXE <Y 2.6>004 YERFRO] (24.14 °N,
121.69 °E) Z°l& 10.0kme]l ™, SHAAHOZHE HF5Z£OZ 183kmEZ A HoA 1Y
SEATE A Aol A ZAEH MMI I=E T(very strong)Z RIE T B AT AE 3
Ao g ARAN LS o} AT AF-S ZAl(reconnaissance)3t S Th.

Earthouake No,: 10022

Ornigin tine (Taiwan Standand Tire: GMT+08:00):
260018 2350426

Location: 24.14N, 121 558

ie. 183 krn NNE of Hualien County

Depth - 100 km

Magnirude{ML). 6.0

Liocal Lasgest Infensity |

Copteul Healion Coenty T Centeal Changhws County 3
Yilan Cousty T Centsl Yurlin County 3
Hantoy Coxty 3 Conteal Clasy City 3
Taschung City 4 Cantsl Now Taipai City 3
Yunlin Comuky 4 haoli Connty 3
Tecaruan Ciby 3 Taznan City 3
Contral Tilan, County 3 Canteal Hamoby City 2
Hanehu County ¥ Centesl Miach County 2
Taiharg Cemnty ¥ Centeal Taichung City 2
Tasped City 3 Cental Reehug City 4
Cantrsl Taapas City 3 Haw Taaps City s
Centisl Haredu Comty 3 New Taipes City 2
Haw Tuipei City 3 Kaehsiung City 3
Centol Wardon Comnty ¥ Centm] Taitong Comty 2
Chasy Comnty 5 Cantual Tomaa City !
Chaxghus County 3 Pioghisg County a

<19 2.6> WRt714A AR 8.of

siriA e g Qe & 4719 AFEol TAHANSH, F 3029 AMEA T 178 0] A
3+ Th. Taiwan Residential Earthquake Insurance Fundv SFAIA| OS2 Q18] FAHASZE O

3k A Aol ) E F NT$137 million (US$4.7 million) .2 FA 31 9t}

4) source: Central Weather Bureau, CWB
5) source: United States Geological Survey, USGS
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o] W) 24 A 7] Z(seismic force requirement, SFR)-S 197410 o2 AAHJQow, n)=
o] UBCE 7I¥te = whEo] At 19851 HAIFZAIE AZlo]&, A o gk A57F &
TR, T AR 19890l SFRe 7HEE~HER Y g FAA Q] HEo] A
A Dot AR tha AN Z JAAE 1999 Chi-Chi A o]F, ARAFHL 7]E9 4
A7 obd 22 FAde] WIS AsEATHEA = 419 AFHor F8). <19
2.7>% 2011 71 iRkl WA ANA AN SHE 4719 AT tigk AGAFE
Uetdth SElvete] A9 AXFEE IR Urd AAFY dE AYAFE SR

S:"" for 2%/50 .S'I'" for 29%/50
10g e 055y
0sp P 4 05g
08y 3 0450

arg 0dg

<719 2.7> Seismic hazard map for 2%/50 (about 2,400years)

<29 28> Winte] AAZAER S Yehih. syl dAZHEHS 701F F7

O A&F7] 2,400 9] oA AL
O Ft=o A% AAATF 0.22gAHE
O Ut sAAHe ALAIATY 1) GF7|=HAEH Ui AGAFE 1.0g, 127F7]

= EH g AGAFE 05588 AHE



Spectral Acceleration (g)

Sﬂs_ a-s

¢ .

Design spectrum S,p

R i
Spr=F5¢ " |Su/T
045,

T <027,
02 <T<T, I Sy
?:}{ T < :Sj_l} with Tﬂ = j_m
I>2351,

0.45ps

02Ty Ta 10

257,

Period (sec)

<719 2.8> Design spectrum of Taiwan building code

Spe=1.73 times

Korea (seismic zone | }'
Tawain (Hualing)
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:
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F T
2 i
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<19 2.9> =3} Uvte] A AHEY v W
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<I¥ 29> 99 HEer A2 = dinke] WIAA A AN AARE A2

2 MEF itk e WAXAERIEEE BT HALIEANEERTG A 7719

EI.:..

oA Z AL & & Utk Uit SRV EAAHEY JEEE o] G| AAAHE
4 7SR 2730 o, 1237 AAAHEY VMEE AH9 tivko] gharRo) 3.754)

=0 gt dmRn AR Gol7] W] AALAERIIEET 52 Ao® ATHET

& F Aok AR JGH ATt Mg A HoAMrbEErE & A1 oy, 2
3 BZ=L7A 9] AMtzA wel xpolr AT & k. <1 2.10>= PGAV} 0.3g°]%

Ao] 9A 9t AU olEE £EE Aoltt AT ZALE AT FAAH 2
el Al SHE PGAE 044gE ZALE LI, PGA7F 03gold 7158 #F40A 7HE &7

728 A7te] 4

A
rlo
Z

SHEO T ZAE T}

<F 25> U sAAe] ANBZ2E A ISR} A%

Station PGA(g)
Distance (km) Intensity
ID Name NS EW Vert
ETL Tailuge 7.07 0.49 0.23 0.17 7
ENA Nan-ao 31.92 0.44 0.25 0.08 7
HWA Hualien City 20.13 0.44 0.30 0.21 7
ETM Tongmen 28.09 0.34 0.27 0.13 6
NLD Luodong 59.36 0.10 0.04 0.03 5
EHP Heping 19.20 0.10 0.11 0.09 5
WHF Hehuanshan 42.48 0.08 0.12 0.03 5
TWD Xiulin 11.07 0.18 0.20 0.15 5
ENT Niudou 56.05 0.04 0.05 0.02 4
CHNS Caoling 119.56 0.02 0.04 0.01 4
TWT Deji 55.01 0.03 0.02 0.01 4
NNS Nanshan 45.29 0.08 0.03 0.01 4
BAC New Taipei City 97.98 0.01 0.01 0.01 3
TAP Taipei City 100.69 0.01 0.01 0.00 3
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> Hualien City { HWA ) Intensity : 7 Tailuge [ ETL ) Intensity : 7

ENA Station @ S ot ST iy Srmpas mionais, (00 T
Lodation | 34 HCHL W1 AE STatien | 1N, 1 AVE = Laatian | 34004, 171 8E Ssatien | 24 SN, 13 ATE
PG.‘\=044§G¢S) = :_I.w..?m._m_ (1] Doviance  20.13 b Asmusth | 2299 A _n,,-.s.lu.nn- Magneade 45 e T . A 10408 =
~ . o) g | o IWTAT gu
,, ! ‘*“ ' - *
{5 me Eﬁi e
{o] = E
% B i
2l WTo0ay \ ed
ETL Station @ i I o *- -
PGAZ(.49g (NS) o | = vV _
i -4 Epicenter T O i s s T
< = [Hualien City (HWA)] [Tailuge (ETL)]
Nan-ao ( ENA ) """“’,,',‘3{,..,,, o o Tongmm (ETM ) Iniumlty B i
TR B o
= T ] o e -
ETM Station ™% 4.__._ % *
- =
PGA=0.34g (NS) :s HWA Station Eg‘g e Ef e
& i
PGA=0.44g (NS) i %_ o e |
® = 2 B o
o :;i EH e :i - *
Ll a ® = = & u'- L. m. b w s o= oa ’-';m:- e i"' '_"
[Nan ao {]:.NA}] [Tongmen {ETM)]

[ Station location recorded more than PGA 0.3g]

<719 2.10> PGA 0.3g°o)4o] 712" #=49 A R uld o] g

A 2AEE AT AHS S-AAY ZAR, <Y 2.11>8F 2o S-AIHAN =
BE ANIRE o] gt 2HEHEA S FYsHAT

Hualien City ( HWA ) Intensity : 7

Earthquake Information ;'EMT-PN} Station Information (GMT+08)
Origin Time - 2018/02/06 Trace Start Time : 20180206 23:50:29
Location : 24.14°N, 121.69°E Location : 23.98°N, 121.61°E
Dapth : 10.0km , Hllﬂnlh.ldl 6.0 Distance : 20.13 km, Azimuth - 22.89"
PREV 304 MEXT
Z Max
2001 208.88 gal
100
o
400 -
200 1
=300 -
£ %7 ns M
E W01 43433 gal
= 200
v 0 ¥
ht
o _m.
400
500
4907 Ew Max
2004 397.36 gal
n [’
200 1
1] 10 0 a0 40 50 60 70 Bo 80 100 110

second Central Weather Bureau

<71¥ 2.11> Seismic wave recorded at Hualien City (HWA)
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[No. 1 building after collapse, using a parking lot] [Fracture of upper joint of 1% story column({Feb 9, 16:00)]

<73 2.13> Wuju Wusu building®] B3 A, = & Az

<19 2.13>2 Wuju Wusu Building®] &3 A, &, & Aot g A5ES 15 7

AR AR ols) £ wol wae] Aol stobd, FHaFel s Bz} BT 2
ox pAHEY Y A%Ze] FUrlFe] FEoR JeUA Ao It DS
ool <IY 21453 Bo] 1l FE& FEAAA FHAUNYFHL R AF o] FHUY
YHE F7iuol, AZRe] TAFHe] AFE Yxow BWA UAH Yyox ByH
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O Platinum Double Star Building
Platinum Double Star Building 7% FAAZFECIH, 135S TALLE AEste =Y

2z=2 s}

[No. 2 building after collapse, using a parking lot] [Collapse of whole of 1# story calumns]

<719 2.15> Platinum Double Star Building®] &3 A, &, & AR
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O Yunmen Tsuiti Building
Yunmen Tsuiti Building% 2%, €% % 249 A" HAdE dE5EH, 159 2y
Tz Jd ERETxE 7IH. <19 2

AzEo] BHzog ¢ 305 7} 7| LA AZEo] 237} dAYstTh

[No. 3 building before collapse from Google Map] [No. 3 building after Hualien earthquake] [No. 3 building afier collapse, using a parking lot]

<Z1% 2.17> Yunmen Tsuiti Building® 53 #A, &, & Az
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O Marshal Hotel

Marshal Hotel> 113 <sHtA|AdolH, 139 HPx T2 FHE 98] EHTFEE 71X
oottt ASEe] 52 d5=e] BV R¥A FEE TdIde HolH, oHT A=
=2 <O9 218> ol
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[Ne. 4 building before collapse from Google Map)| [No. 4 building after Hualien earthquake] [No. 4 building after collapse, using a parking lot]

<719 2.18> Marshal Hotel®] 53 Z, &, & AR
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<% 26> W AR o5 £4W AFE He)

No. Structural System Tag Observation
c1F 15 =AM A9ad BA (45T
1 | 6-stories piloti-structure - e AE7]5F ZIYEYAY HEE I3 A (F HFY
s71)

e 537} @23t Platinum Double Star Building¥} H| 23 7%
2 | 7-stories piloti-structure | Yellow | » 15 7] 53 2332 Hﬂoﬂ/ﬁ AGHFE T

13 75 YR E HIRARE AAH &
4-stories moment - le 7]?&]- =5 ZHF]QA idds 44
3 resisting frame Yellow | * A3} 15 7]&olA A+<d #54
cASE FRREAS ANE AAN E
A 10-stories moment Yellow | ° 2% 71 ZZ*»H%‘—*% oA Mg A
resisting frame . Yellow tagE 7l é% ol o, AX93 S ¢H
| SE 324K FBEE @ ooy el wdol FAF
5 izts‘l’;:g“;ffnf:t Yellow % N5 2AAN G Agnd B
* 1T TEHAE YANE AAY =

[Overview]  [Shear crack at colummn] [Shear crack atmasonry]  [Connection failure]

<I9 219> 1M AFE AT ZAF AR

[Overview]  |Shear crack at column (temporary supports)]  [Shear crack at masonry|

<138 220> 2¥H AZE A3 FAF AR

[Overview][Damage at 1" story column | [Flexural crack at underground structure]

<9 221> 3 AZE A 24 AR
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Y &8

[Overview] |"ﬁ:lluw tag] [shuarcrar:k at 24 story colunn] [shearcrack at stairway]

<3¥ 222> 4 AFE AIS AR AR

[Overview] [Floor crack at 1*', 2™ and 3 story] [shear crack at 19 story column and supports |

<19 223> 5¥ A= AR 24 AR

<9 2.24>% red tag7} F2HE Far Eastern Department Store®l T X3l A3 FA}

I3 Aloltt. slg A= EE 1250H, FRAZHE

ZE2 159 25 71ed Kol s steel jacketing®} steel brace

£ o] &3 W EA o] F 2W XPEHJT. A GA] T AFHES red tagE WOl Yol
HAskaL AATH

<9 225>2 6¥ AFEY 7wl Uiz SAFEE IS Aot 7lsF A= oF Im
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D32 o] AMEH ZAegE FAAT 7T WAEITY 4L of 25mm o, WHEZY AA
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Fo] T Mol At FHITIAYES dithrt g2hEo A

=250 o, =29 T2 4" =

=

ol
N
i
oy
fu}
2
o
=
Y
i
i
o

N
<aY 226> AGAZE 45 UFolA BGF Aotk AT ARl A £
g WS 2 RS & Qer, 233 339 WA £PgEs mEA, 45 A%
Aol £gEt B AASA ok AUEAEEN T4 BL5E SEAE @Y Wy
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Evidence of steel jacketing]

——

[Nonstructural component damage (celling system)]

<Y 226> 6¥ AZFE AFHE & vF2AEZA) =473
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A LS
0.5 : suand
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l . i
0.0 I l Lo l I I I I l I | l
00 01 02 03 04 05 06 07 08 09 10 114 12 13 14
Story Drift Ratio (%)
<19 2.63> A A Ho SHEYN (S
< 215> A9 AeSE B A (G
=7} W zzhd e
23 (m) i 10 LS CcP
(m) %)
1= 3.3 0.023 0.707 NG NG OK
2= 3.3 0.023 0.694 NG [0 OK
3= 3.3 0.008 0.254 0 [0 OK
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1) Asrd

2 A =x9 ASEEL VHAIE AREHUT stll(Bilinear elasto-plastic model with
kinematic strain hardening) =@ Hol| AR AL conl(Trilinear concrete model) & -2
ZAA S A8 = A3l con2(Non-linear constant confinement concrete model) B2 F =T
Eo ARGHAT. stil o= GAAT (B), 358 4% (o) 2 HE A3t v/l | ()9
M ZFA w7 W47 B 83 conel ERO A 27 A (B), &F A= (), AU A
L AF BE (f o) Ul 7FA wl7] B2 D831 conc2 P9
D, A7 A= (f), At A=A HMIE (¢,) B THFEH AT (09
dl 7hA e sl Basth AE AR mde) 24E ofdle T AU

<3 2.18> Zeus-NLOl H&H A5 =4 2 EAX

Az =d 71% B2
E 200,000 N/mm?
stl1(rebar) o, 240 N/mm?
" 0.02
E, 786.9 N/mm?
fe 1.398 N/mm?
conl(masonry)
E, -10,000 N/mm?
fr{%sidual 0.001 N/mm2
f,c 21 N/mm?
fi 2.1 N/mm?
con2(concrete)
€co 0.002
k 1.0
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7%, B, 2899 A4 33Y ©AaA cubic 8471 AREEAT HAE F3F 4S9
& A BRIl APEl JFEH(Lmass)7t AHEHATH 7150 2HE ] A H2EA

JE ANAE Degas)7t AEHAT. RE T Hdes)7t ALHYoT Sne) g

<% 2.66> Zeus-NLo 8% O™ ZF7F (Elnashai et al. 2008)
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Zeus-NL AZES|ojols EX3ES Hoss Ao glomz wAgsE 2
F71 1g Ades <398 242>7 2

Hatzor YYstan. Bxstss A3

o] Hgso] 72 A Eejalnt.

0265wl 0103wl

0103wl 0265wl 0. 265wL
» L]
L
- -
] Limeass & node
<39 267> 57 AHAE
4 sl =l A
A2 A8 nHA AL APSTL 2A DHFI] A <
stk 24 LHF]

Zeus-NL 3l|4 == o]

5712} midas geno.Z =

3 1
(r)E 4 2.14< &3 73
T, = Cph** (2.14)
o 7] A,
Cr =0.085 : A& EWE &%
=0.073 : ATEZIYE RUE T2 AT HAMNMA =%
=0.049 : I 9 O E BE AFE
h, : AFEY YHOZRE HAS7HA 9 AA=o] (m)
A

9x 23 Fo 4
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1, = 01N (2.15)

#Z Hwd Folth 4 (2.14) oA ¢, E 00492 HE3AT /X A A} Zeus-NLo
o3 THFV)= 027482 2] (2.14) o o3 nHFr|9F FAFSHAl UERETE midas Genoll

IHFF7E 0322622 FAF HAoW ZA AHFF7]23 Zeus-NLol| 2% 1{F7]9
Hg) oa =A ZAEAT <IE 2.43>2 Zeus-NLF} midas Genoll 2|3 = &/ (Mode
Shapes)S HIw 3 ZHoltt Z mo] tidh el me o] {fAZ Aoz Ho}
Zeus-NLO] 3|4 R H|AdEg 54 sj4s F3st7]d etdsiota Aasiit

<3 220> FAF ALFF7] Hlw

Period (sec)
M
ode (2.94) (2.95) Zeus-NL midas Gen
1 0.2748 0.3226
2 0.2735 0.3 0.0866 0.1070
3 0.0495 0.0676
3

Story

—&—model (Zeus-NL)
—@— mode2 (Zeus-NL)
—A&A— mode3 (Zeus-NL)
--{F-- model (midas Gen)
---O-- mode2 (midas Gen)
--Z%-- mode3 (midas Gen)
L L

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

Modal Displacement

<% 268> Z=gHd vl

- 216 -



(5) A AA

)
)
=
lo
X

T
2t
o
offt
N
Jhu
o
k]
ry
L
ol)lr

X
23
Mo
offt

2
Q)
2
&
o
N
o
5]
c
5
8
e
g

S
n)
o
An)
S
rlo
L
ol)lr
N
18
o

ZH5E 10km oJWelA SA8E 7|Eolth FxE td Bldd SHE Brisr] flaiA
WAoo g ATS AREEF HolE S ARRSHAIT, ZAE Ao 3 FFS ok st
+ 5483 AF 293 AREE HolHT S AMESTH B AFoAE HSFE E4d ARE
He gEvi/iEsY 28 HolEE =357 sl A9 AntE oy wol UyEd
ARk sl S8 &2 34 (Incremental Dynamic Analysis, IDA)= 33l H T A A
Aul= FHo A ¥E 7} X (Peak Ground Acceleration, PGA)E 0.05gol A4 0.6g7+A] 0.05g 7+4 S
2 zHst F 120709 A (10x12)00] tiste] wHE2Q1 A Y F2 dfado] AT

< 221> 28 52 40 g8 QA

Earthquake Recorded Motion
EQ ID
Name Year M PGA (g) PGV (cm/s)

No.1 Northridge 1994 6.7 0.52 63
No.2 Northridge 1994 6.7 0.48 45
No.3 Duzce, Turkey 1999 7.1 0.82 62
No.4 Hector 1999 7.1 0.34 42
No.5 Imperial Valley 1979 6.5 0.35 33
No.6 Imperial Valley 1979 6.5 0.38 42
No.7 Kebe, Japan 1995 6.9 0.51 37
No.8 Kobe, Japan 1995 6.9 0.24 38
No.9 Kocaeli, Turkey 1999 7.5 0.36 59
No.10 Kocaeli, Turkey 1999 7.5 0.22 40
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<% 220> 2 FH A4 23 A Fnas

PGA Maximum Inter-story Drift Ratio (%)

(® | No.l | No.2 | No3 | Nod4 | No.5 | No.6 | No.7 | No.8 | No9 | No.10

0.05 0.493 | 0.423 | 0.446 | 0.059 | 0.415 | 0.486 | 0.502 | 0.473 | 0.423 | 0.033

0.1 0.544 | 0.525 | 0.545 | 0.513 | 0.503 | 0.488 | 0.546 0.55 0.495 | 0.428

0.15 0.701 | 0.617 | 0.482 | 0.765 | 0.659 | 0.979 | 0.551 | 0.445 | 0.598 | 0.482

0.2 0.946 | 0.701 | 0.767 | 0.635 | 0.692 | 0.989 | 0.779 | 0.632 | 0.682 | 0.573

0.25 0.989 | 0971 | 0.636 | 0.740 | 0.785 | 0.864 | 0.658 | 0.767 | 0.841 | 0.620

0.3 1.015 | 1.306 | 0.722 | 0.927 | 0.987 | 0.929 1.16 0.834 | 0.938 | 0.546

0.35 1.201 1.530 | 1.094 | 0.792 | 1.166 | 1.086 | 1.239 | 0.971 1.338 | 0.626

0.4 1.247 | 1.674 | 1.204 | 1.075 | 1.278 | 1.186 2.16 0.861 1.510 | 0.709

0.45 1.220 | 1.859 | 1.193 | 0.929 | 1.480 | 1.200 | 2.511 | 0.881 1.420 | 0.750

0.5 1.542 | 2.023 | 1.178 | 1.168 | 1.662 | 1.178 | 2.736 0.99 1.519 | 0.774

0.55 1.964 | 1.852 | 1302 | 1.070 | 1.927 | 1.279 | 3.002 | 1.091 1.413 | 0.815

0.6 2.524 | 2.454 | 1389 | 1415 | 2.147 | 1.401 | 3.062 | 1.203 1.685 | 0.796
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<¥ 223> PGAC| ME SGuAEE ZZEERD E4E
Reaching or exceeding each limit state with respect to PGA (%)
PGA (g

10 LS CP
0.05 48.40 9.03 0.94
0.1 87.66 17.14 0.48
0.15 91.74 36.58 4.56
0.2 97.78 54.38 8.57
0.25 98.72 61.53 11.23
0.3 99.37 75.69 24.12
0.35 99.80 86.55 39.13
0.4 99.80 90.25 52.60
0.45 99.62 89.01 54.14
0.5 99.80 92.32 61.86
0.55 99.82 93.41 65.88
0.6 99.95 96.65 76.26

=9 B3XAMF FF olLS, CP) AF 15, 25, 35 22 &4FE0] & Aoz F
A QY. wetA StuAAE ZZEERIED S giAF R 153 250 A
g Ao Z HriER o FHeks (15, 23)0l tis] WAERAE AAstsE Aol &35 A

o2 At
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<3 227> B} & 2|

PN
T

Z]

ol
o
ofy
2

FTSEEE ) say | sem | smw | a=a | a9w | a9
@ | e @ e | e | e
= 13101.40 5228.20 3991 13101.40 100.00 13101.40 100.00
= 7918.26 3534.35 44.64 7918.26 100.00 7918.26 100.00
= 3134.80 3134.80 100.00 3134.80 100.00 3134.80 100.00
e FE 0 LS(AHekA)
<E 228 27 F RA FAE A AsrE BU A3} (U
| FER &N | . s s ) s s )
A% | Fed | FEw | 90| F9% | S
@ | e | o | e |
= 12999.37 8162.89 62.79 12585.29 96.81 12999.37 100.00
= 7838.19 4847.37 61.84 6297.07 80.34 7838.19 100.00
= 2978.77 1939.92 65.12 2978.765 100.00 2978.765 100.00
AeTE  LS(AHAA)
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Probability (P)

1.0

08 -

———— o — =

/.—’. ’D"—D___D— . i . a
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_ . / _ -
/D___D/ ./ \. o
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/ / 7
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4 o / s J
7 = A /A
O 0 / " %
5 A
o’ —m< Befor RC Jacketing(I0)
O~ - A —@— Befor RC Jacketing(LS)
, _ .\ —A—Befor RC Jacketing(CP)
/ s A - O- After RC Jacketing(10)
- -0 A/A L - O- After RC Jacketing(LS)
/ // A-- A - /- After RC Jacketing(CP)
el = NN - T I I 1
0.2 0.3 04 0.5 0.6
PGA (g)

<39 278> SEEA 27 A3 B Fo A FHE By

230> 9T B & E4FEE Ao ddiAt

Damage probability reduction each limit state with respect to PGA

PGA (2)
1 (0) LS CP
0.05 0.1441 0.0045 0.0081
0.1 0.3495 0.0551 0.0099
0.15 0.0429 0.1357 0.0319
0.2 0.1034 0.2884 0.0660
0.25 0.0636 0.2570 0.0728
0.3 0.0347 0.2839 0.1708
0.35 0.0268 0.2743 0.2483
0.4 0.0178 0.2485 0.3410
0.45 0.0060 0.1249 0.2435
0.5 0.0009 0.0624 0.2046
0.55 0.0003 0.0327 0.1326
0.6 0.0006 0.0332 0.1503
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“r A --e--2F(LS)
- sl
o 3F(LS)
0.0 1 1 1 { i
0.0 0.1 0.2 0.3 0.4 0.5 06
PGA (g)
(b) LS Level
1.0
—=— IF(CP)
--@--2F(CP)
0.8 - A~ 3F(CP)
=
> 06|
E
[+~
]
<
= 04
02k
0.0 Aok
0.0 0.1 0.2 0.3 0.4 0.5 0.6
PGA (g)
() CP Level
<% 280> A F o)Al TREO 28 XA FHobw 2
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44, A L 72 TF AREAHIE 7H S

1. AXEAH 7] A9
E4H7ME Axo] Ao FAYA oAdE e 73 A &4 (economic loss)ol v U
&l (casualties), &7 7]ZHdowntime) T Z-2 A Zlof| o3 HAZFF &4dol digk 234E 4
7Vet= AS Z3t} 1975 US Nuclear Regulatory Commission®] 4] Reactor Safety Study®)<d
E Fste, dAY WAL TA FEoll oF A3, AR, A E AdE=E HUtst

71 ANZESIHA A EAH T AR EHJ Y o] AEF2E tis]d 19783 Cornellnl 9|

o

<3% 256-E YMAQ AWEAGIY HHS BEd Aol AAEAYT} BYe 2

O Hazard Modeling: AAF7IE Ao ZA= 9 WS AASIY, A5=9 7 &
A xe] &l e} AHESES 1 # 3 X HkE5 A4 (e.g. design spectrum, earthquake data)

O Inventory Modeling: AEFE2] FXAI2H, 2, &5 A8dSF Fo w2 724 2
HlFz2A e ndy HH

O Fragility Assessment: ¢|’3%|= hazardol] t3 AFHE<

O Loss Assessment: <730l 23t AZFE2o] HAAXEA, AW, 57| H7}

b

A7}

[ Earthquake ] )
+ [ Economic value ]
[ Aftenuation ] ~— [ Ground shaking ] == [ Economic loss ]
+ " Physi |
e Physical Damage
[ Soil amplification ] — I ' :
- [ Building inventory ] + [ Casualties ]
7Py [ Economic value ]
E d —
P mmmmmmm T e

<9 281> YukEQl AXEAHILe] BH

P(Loss = x) f P(Loss = z|D= DS,)P(D= DS|F,6,a) P(F5,dlS,) P(S,)dz (2.23)

<2 323> 919 AAEAHE AH S FHoR

]:L=l

A Aot AAE Sl o A

8) WASH-1400
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4% (damage state, DS)®Il

ARNEAGINE 3

T

o

]
N
ol

p
=)
L
lo
il
-
ShA
i,
v
N
12
e
Ho
N
™
(b
112
ftlo
o
N
ol
rlr
ol
L
rlo
Y
A

AAA N wet AFES &3 r(fragility function)g A olste] A xE&AS Prigirt. HhH,

oA ANEHS HUsl= W (system based method), AHFE ©9 A N&EAF 7L
2> AFE9 F2A 2 vFEAG 2 EAgHAA AXEAE H7EsteE W (component
based method)Z TEEZ 4 At} <& 220>F 7|E AXEAH7F PHE s Heg A
ojth, E Ao A= system based method & V|=2] HAZUS-MHE A}H83}% 2™, component
based method & 7]=7¢] FEMA P-58< A83tth F W22 open source® H/Ado] &0l
itk SHol Qlo] B AFolA AREER o, AFAXTECIHE o] 88t StuHdEE9
AXNELHME T AT

<¥ 232> 7|E A XL£AG 7 HHE A

Loss
Tool Region : q . _|Availability
Measure Level Economic | Economic |Casualties
Loss Loss
ABV
(Assembly-Based
o Spectral Component ) )
Vulnerability) California (0] X X X
parameter based
[Porter and
Kiremidjian, 2001]
EPEDAT (Early
Post-Earthquake
Spectral North
Damage Assessment System based . (0] (0] (0] X
parameter America
Tool)
[Eguchi et al., 1997]
Spectral
HAZUS-MH North
parameter System based ) o O o o
[FEMA, 2004] L ) America
Seismic intensity.
LNEC]Ioss Spectral
System based| Europe (0) X (0] X
[Campos et al. 2006) parameter
MDLA (MATLAB L .
Seismic intensity
Damage and Loss Component . .
i Structural California o X X o
Analysis) [Muto et based
response
al. 2008]
Seismic intensity
PACT (FEMA P-58) Component North
Structural . (0] X (0] (0]
[FEMA, 2012] based America
response
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2. HAZUS W E<S o|8% JudsEY AJNELHT}

7}. HAZUS-MH £4%7F By &

HAZUS-MHol| A 3 7}38= economic losst= AF= &40 28k direct economic loss®} &
ARAIZE, D<A 52 183 indirect economic loss® YiETh . Ao A= FEMA P589
A=A P 7 e} vlwslr] 98, ASE £ 23 direct economic lossTt H7E 3 351Y
S, direct economic lossE repair cost(5~E| H]-&)Z A 2]} 3t}

Repair cost®! total cost of building damage(CBD)= % 33709 occupancy classoll T3l 2

(2.24)S o] &3t ALtAT A ZFES occupancy classe 2AAZ, gudFHEo A&
AS Hrtstr] s A 2.24)904 i=32Y AE AHEstE "
CBD= ), CBD, (2.24)

Occupancy class il ™3} total cost of building damage(CBD:)+= T2 2] H]-&(cost of
structural damage, CS)et vHlFZzA 2] 4=E]4] E(cost of nonstructural damage, CNS)o o=z

2 (2.25)% #Zo] Attdn.
CBD, = CS,+ CNS, (2.25)

TZA9 2882 occupancy class7} iQ] AFE°] EAF damage stated W Ho|H =
TZA FEBIL(CY, ) o2 24 (226)% Zo| A4HET. HAZUS-MHOIA = FZ2A) 9]
damage stateE % 5T 7l(none, slight, moderate, extensive, complete)Z T-&3}3tTh -2 H] 80|
WA 5= damage state= noneS A3 F 4TA|C]ZE damage state”} slight(ds=2)%-E]

complete(ds=5)7H4] @Bkl TzA ] FElul g ATt

5
Cs. =Y, CS,. (2.26)

ds =2

7} damage stateoll TH3F FEAS] FEHE, (Y, & occupancy classoll Wt BoH
building replacement cost(BRC;), 2} damage state®] w3 FZA o Aol AT S E
(POSTR,, ;), 3ld damage stateoll tH3t 729 TR &(RCS, ) Ho= 23} o] ALt
Hot.

Cs,

ds,i

= BRC, < POSTR,, , < RCS), , 2.27)
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HlFzA el A9, A 7IEER7 vHlF2Ae "y vFRAR FES FEul &
< A4t AP FERACd g FeEng AEHAs vlsstA Jdso 2
damage state®l] W 7FEERT Bl FEA 9 FEHS(CNSA)H | vlF2A e ot

SN E(ONSD)E 22 4 (2.28), 4] (2.29)& o]&3te] A4tdt)

5
CNSA, = Y, CNSA,, ; (2.28)
ds=2
5
CNSD,= Y CNSD,, (2.29)
ds =2

3. FEMA P-58 WHES& o] &3 StuAdFEL A& H7)

FEMA P-58 W &S ATC-58 project® 7NT¥ HFH O

h
=
03
al
A
e
2
)
et
P
>
o
N
il

2xoz o},
O Step 1: Define Seismic Hazard (hazard analysis) - intensity-based, scenario-based,
time-based (ground shaking)
O Step 2: Develop structural performance model - include loss assessment model (building
inventory)

O Step 3: Analyze structural performance - predict structural response (Physical Damage)

O

Step 4: Analyze loss - quantify consequences of the component damage (Economic loss)

O Step 5: Evaluate building performance - decision making or rating

Step 2
Step 1 Develop
Define Seismic Structural

Step 4

Analyze Loss

Hazard Performance
Model

>

[FEMA P-58 flowchart]

E,,r .
.-a ==

[SaraTarat oot | [Pgrmg]

3
=
T

) Eastion]

[Hazard curve for T=0.62s] [Structural or nonstructural component mventory data] [Analysis] [Seismic loss]

—

<719 2.82> FEMA P58 A 7<2%7t 74
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StudEEe &4 Hrtslr] A Wi vlF=A o i inventory dataw ofefe] F &}

2t FEMA P-589A4 = & =E<] Education Occupancy®l] i3] Hl7ZAE W #3

ARE ABFHT YO olSelE Ay B A Tz U ARE AFHT glouk,
2 dFdAME A5 HlFxzasd A ANEL S Fristaa dg. 72w AFH
© @ = FJEZRIC R Hol lof, o] & ot el o] mEIHE G2 HEs o,
5089 (YIS 72 I3 AFES inventory dataE TSR HIFERAE FZ2A)
9} v 7R 2 B F A 9] fragility curve$} repair cost”} inventory data®ll 3Z3HE T
<E 233> fuwAF=o FEA H wFEAe wH
. 50th Percentile .
Component Type Unit of Measure R Calculated Quantities
Quantity
Gross area SF 36,400 36,400 ft2 3,382 m2
Volume CF per 1 gsf 13.370 468,668 ft3 13,781 m3
Cladding
Gross wall area SF per 1 gsf 0.750 27,300 ft2 2,536 m2
Windows or glazing area 100 SF per 1 gsf 1.1E-03 4,004 ft2 372 m2
Roof area - total SF per 1 gsf 0.680 24,752 ft2 2,300 m2
Interior partition length 100 LF per 1 gsf 5.6E-04 2,038 ft 621 m
Ceramic tile floors SF per 1 gsf 0.079 2,876 ft2 267 m2
Ceramic tile walls 100 LF per 1 gsf 1.4E-04 5010 ft 155 m
Ceilings
Ceiling - lay in tile percentage % 95% 2,732 fi2 254 m2
Ceiling - gypsum board percentage % 3% 86 ft2 8 m2
Ceiling - exposed percentage % 2% 58 ft2 5 m2
Stairs FL per 1 gsf 7.0E-05 2.548 ft 0.777 m
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inventory data(°}efje] ™

WAFES v F2Ae HH| g inventory dataz= ©}

AR R)E o

floor acceleration)E ©]-83}%], component fragility?} Hlnl g 2 2z} dH|F 2z A RE=HS

BH71sk = At oo StuAEFE F 7H A=E9

3

ey

gstel A

AEABNE FBsA

<E 234> AFARC) Y SawAFEe] T2 L vTRAY A
. Interior |Ceramic |Ceramic Colige .
Econom Floor | Gross | Volu - Roof . . . — Stai
Staf . to1 Spd Window partition | tile tile o Ceiling - e
NoJ. |ic Loss Area area me |Gross wall area Ceiling — Ceiling - | rs
ion| y| n S length | floors | walls ... | gypsum
(W) m2) | (m2) |(m3) area (m2) lay in tile exposed |(m)
area (m) (m2) (m) board
(m2) (m2) (m2)
(m2) (m2)
DK]|36,048, 0.71
1 ; 0 4117 780 3121)12719 2341 343 2122 573 247 143 234 7 7
DK]|36,048, 1010 0.57
2 I 0 219 1239 2479 : 1859 273 1683 455 196 114 186 6 4 0
DK|32,641, 0.31
3 2|15 689 1377, 5612 1033] 151 936 253 109 63 103 3 2
J 00| 6
DK|14,580,0| 1.56
4 I 00 4137 1698 679327683 5095 747 4619 1248 537 312 510 16 11 )
DK|19,800,0 0.82
5 I od 3(26| 1193 3580/ 1459 2685 394 2435 658 283 164 269 8 6 )
DK|49,870,0| 0.75
6 i od 3 (24| 1102 3305|13468) 2479 364 2247 607 261 152 248 8 5 9
MK|20,400,0/ 0.75
7 L 0 3 (24| 1102 3305|13468) 2479 364 2247 607 261 152 248 8 5 9
" MK|16,995,
L 0
MK|6,100,0! 1.07
9 L 617 780 468219079 3511 515 3184 860 370 215 351 11 7 5
MK21,230, 0.67
10 L 0 41|16 734 293811971 2203] 323 1998 540, 232 135 220 7 3 5
MK|29,594,0 1.09
11 L 00 4126| 1193 477419453 358 525 3246 877 377 219 358 11 8 P
US|6,554,00 1.05
12 N 0 5120 918 459018705 3443 505 3121 843 363 211 344 11 7 4
usS
13 550,000 - | -
N
US|10,000, 0.67
14 4116 734 293811971 2203] 323 1998 540, 232 135 220 7 3
N 00| 5
US|9,991,00 0.79
15 N 5115 689 3443114029 2582 379 2341 632 272 158 258 8 5 |
US|19,971,6 0.54
16 N 0 2126| 1193 2387 9727 179 263 1623 439 189 110 179 6 4 g
US|123,789, 0.63
17 N 00 3120 918 2754/11223 2066 303 1873 506 218 126 207 7 4 5
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Accclerntion {gal)

4. AQNEARI A3 B 24

<19 283> A XAEAG ] AHLH AR AR

WA Z(MKL), &4HUSN), SA 2 (DKHAZ40lA SAHF 3714 dolE= EW, NS,
Vertical W&oz F 97|ty 24 AZF=o dhall 332olA SAHE AAS4L HolHE
ground shaking Hl°|El 2 &&3}%

[BEALE AFX| TS B4
_ A2 (NIEREATEY BED) 24 0188 BE S¥e (NENEATE BED)
ta
T MKL E MKL N MEL U USN_E USN_N USN_U DKI E DKI N DKI U
epi_dist.(km) 3.89 589 389 823 E23 823 2213 2213 2213
PGA(g) 2822 2813 1721 4337 3832 216 346 98.5 710
Sa(z) 0.828 0.827 0.835 1.733 1.568 0.783 0283 0292 0.153
Sd{mm) 13501 16.626 4509 19.133 11481 7351 4903 7.631 6.352
5 MEKL_E o L USN_E j::l DKJ_E
MKIL_N 4 DKI N
100 b MEKL U W00 b 300 DK L
Ll é: b 'E LR +
-i00 a0 | 0
300 1] 500
L 0 20 <0 0 3 an
Time (sec) Time {sec) Time (e}
[SAI2] (MK L)X|EIH|0]E]] [ELHUSN)XIZIE0]E]] [H™2|(DK)X|EIE0|Ef]

OpenSeesE ©] &3l FHE-52 34 (IDA, Incremental Dynamic Analysis) 3§ 3tH T S8

FAMAIA A F kel PGA (Peak Ground Acceleration)S 7|22 0.1gHE 0.05g{tA4 0=

1.5g7kA A TE scalingdte] 84 w3kt 2+ S¥ SIS VI(IDR, Interstory Drift

Ratio), & tZ7F4 =(PFA, Peak Floor Acceleration)E ©]83}% FEMA P-58°A4 A&

ahi

ZA 2 B]FZ 8 49] component fragility®} Bl nl3}] damage assessment®} loss assessment =

et
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s 4 2 3H(IDR)

PGA (2)

=
| I I 1 | I I 1 I =
= = 8 - - = = o e - =
- e L i i ri - - = =k =

n.ﬁ_w,_.“..ph_.u_.”q,“.,m.._..
S T T e A . () uoneaaPy 100y Yrag
(%) oney P Sosaau) ’

PGA (g)

<d9 285> WS EY FE5HA ZAI(PFA)
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FEMA P-58°l4 & 2 #xQ84 9 H|FZxQ40 Ut fragility parameter®} repair cost

-~
-

parameterE A &stal vk W SfudFE=d 7P FARE FE2A B BT84 E YR

%, olgfe} o] 7t 8 AR fragility parameter®} repair cost parameterE 3 2] 3 T}
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O7d st EE2] A Z<&4 (damage ratio)S H7FeH 23, PGA 0.25g0A 1.25%Ath A

o] BEZAA, 2) AFE component fragility 2}°], 3) AZFE ZAYHM|F2L4) E8AA, 4)
]

A5E TEHARIY 22 58 A4 7 Utk o|F AFE T3 AA AzxlE&AddoelH e}
Aoz A& X WEAH OB E calibrationdt= ¥4 o] HQsltha AlgHT

m 1F
m 2F
m 3F

<19 2.87> G uASHEe) 58 FEnlE (PGA=0.259)

N

e ATH = EIWMAAr G o SRS iR L S e E Y

<9 288> U uAFES 84 21§ (PGA=0.25g)
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o
moment frame(C1M)®ll

<713 289> At AZSEL] 24

4

S AEHES HAZUS-MHOA| A F3Sk=  building  inventoryol 4]

FAR T2

T2 48 (PGA=1.5g)

low-rise

concrete

7FZIt). Structural fragility curve2}

nonstructural drift sensitive fragility curvex= 7|EZ O = spectral displacement (Sd)ell

fragility

curve’} A= o]
acceleration (Sa)oll tiall AlFH T CIMol W3t POSTR(TZA <£/F8E), PONSD(H S ®1%F

N T2A £488) PONSACIEENZ W 724 £438)E ofle ®9) 2rdAe A

91:_]1,

nonstructural

drift

Ad ol E: Sd=13.591mm, Sa=0.828g A}&).

sensitive

fragility curves

<¥ 236> W StuwAEES F2A F v FEA ANELHT}

spectral

Structural Seismic Fragility Curve Parameters - High Code (3d) CinM
Slight hioderate Extensive Complate
Iviesdian Beta hiedian Beta hiedian Beta hiedian Beta
1.5 0.68 3 0.67 o 0.68 24 0.81
38.10 0.68 1620 0.67 22860 0.68 60060 0.81
6.48% 0.50% 0.00% 0.00%
Nonstructural Drift-Sensitive Frapility Curve Parameters - High Code (3d)
Slight hpderate Extensive Complats
hiedian Beta hiedian Beta hdedian Beta hiedian Beta
0.72 0.84 144 0.88 4.3 0.9 9 0.88
1829 0.34 36.38 0.88 114.30 0.9 228.60 0.88
36.19% 13.03% 0.90% 0.07%
Nonstructural Acceleration-Sensitive Fragility Curve Parameters - High Code (82, g)
Slight Moderats Extensive Complats
hiedian Beta Miedian Beta Miedian Beta Miedian Beta
0.3 0.63 0.6 0.68 12 0.66 24 0.66
9323% 63.21% 28.70% 5.34%
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HAZUS-MHo| Al & 3370 2] occupancyoll T3l A Z=4S H71sH7)

Pr

g dHolHE A3t
3 9tk o] F stwHEFES EDUIC 43t HAZUS-MHZ +3F thddEFE2] damage
ratio= 2.12%% AA A EAR] 0.52%9F oF 4.18] Aol E B T3 FEMA P-58ETH 2
Al 27 BT A & 5 Atk e &k Alo] & & UARE, HAZUS-MHE
A7 e 2 AzEAS Hriskes Welo]lr] Wi
o}, 3FARE, FEMA P-58% RImAl A ZE4S Hrlskes B2 o] wi¢ g1 i3site A4
o] At

¥ 237> Ui stuAdE9] 4g|n]& (HAZUS)

Occupancy TZA il i H| T2 A A A
Label Class %) H| 2R H| 27| % %
(%) (%)
EDU1 Schools 0.04 1.15 0.93 2.08 2.12
5. &4
B AeME gudEFEe sk HAZUSS FEMA P58S H&3 AXEAH7LE 33}
Rk AES Aty a3 2o
O AXEAH7MYA L A 4GAE FAAEHADA: seismic hazardd o], 2GA: AS5E
Zd ] (inventory data), 3GAl: AFE E4H7L, 4G4 AF5E E4F7N. 7S ARE
A7 WHLE FA| system-based method®} component-based methodZ U&= 4 ATh 9]
%, FEMA P-58-2 component-based method, HAZUS-MH+ system-based method& TH3% &
T e WHoE, B dAFdAe FUHA WS ol &8st FudEEo AXELR T
£ F¥sA
O ¢

WASFEE IS E v FERAI~FoO] HEStEE, FE5E A& o HH|
2 ol &3ty AWNELRIIE s8] Solstthar & 4 3tk FEMA P-589] 4
AA AREARRT oF 2388 TA StuwAdEEo AWEAS HrisAEd, F3F

g Aol xF 177)0] Wi AXNEAHGIIE B3 calibrationst= #HAFo] B Qs
HAZUS-MH®| 73-%- FEMA P-58X T} ItASHA AXEL RS HrEd = YA AA
AR LA Mol 9 3p= ¢F 412 T4 wo1, o7 Aol thdh calibrationd 7 0]
APt @Exlol Avty & & Yo

O SwAFEe ARA AL o] (T
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H3Z. moln=2E dist ALZX7|H LR A

olr

X+ 0z

14, AA AZgsALE E3-E4 dHolgu|ols 75
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L( ) ZIHC(F ($17¢1) HF n n7¢) + Zzln-f 7’¢ (3.4)

t=1li=1
o= argmax L(0)

old HeFAWHE delug 9o #HS dofof FHEo| s, o ¢ IS LIS
s Z-g3t= Wo] IFM I CML ©Jth IFM 2 dlolEle] Ex7} ofWl 4= (Gaussian,

student-t, .)& WET3 7F4E st FEv|H #&& F8le Aoli, CML & HEF3 F4
Z
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< 37> AFAZ FERAY EHT F LY

AEHS TZAY &4 ®) A2 &4 ®)
A9 28,134,792 358,196,047
A10-3 5,814,717 10,647,097
A16-2 12,150,000 94,936,149
A24-1 2,739,662 3,082,717
A24-2 2,203,641 3,464,625
A24-3 3,859,350 11,197,833
A24-5 4,049,936 7,740,706
A25-4 1,727,178 1,943,452
A27 398,400 398,400
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1 1 0
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0.0257 0.0833 0.058
0.2407 0.25 0.01
0.4458 0.5 0.054
0.1430 0.25 0.107
0.3271 0.4167 0.09
0.4228 0.5 0.07
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1. USRC (United States Resiliency Council) Rating System

7}. USRCY] 718

United Stated Resiliency Council (USRC)= A X 2 Z]E} AR )7 TAYSHAS we] A
=9 ATE Hrtsto, AES PSS ¢ olHS T35S AAY F A= JAEE &
Ast7] 913k A = Ao
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(USGBC)©| A& 7}s3gh

USRC+ US Green Building Councill
e sl & Aglel] w5 w A Bl 7Er A
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AHE FRFoEN HA 5 A" AFAe FASHA E

TES AEStE AL ot WAL} <O¥33>9 SARE XTI
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[ Qumer determines type of Rating desired J

&mamgag;usﬂ{:{ml? ]

kL J
[ CRP perfarms engineering evaluation

!

[ CRP determines preliminary USRC Rating

N

| Crwrier submits Rating apphcation ]

I
L s

Transaction Rating Verified Rating
'; w
USRC randomly - ™ -
performs USRC determines LUSRC determines
technical review completeness of completeness of
of evaluation apphcation application
', . e
r’ w
USRC determines
whether technical or
elevated review is
required

L

+
[ USRC randomly performs ]

technical or elevated review

L L 4
LUSRC issues LSRG issues or denies
Transaction Rating Verified Rating

<719 3.3> USRC Rating Process <A1 %=

t}. Rating Types

Rating Type<> Transaction Rating®} Verified Rating®. 2 W X1t} Transaction Rating
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shlEth. ¥ Verified Rating> A& Y7 F7/H=™ USRC A3FE A 7o we} v
g Aol ARESZ] 97 Aot o] TEE Y=Y F flew s5dntth USRC A= A

2}. USRC Certifed Rating Professionals (CRP)
Rating System-2 USRCOl ¢Jsl B7tE A2 == 71EF AAA s et A& P4

HI7LelE 43S 2t USRC CRPOl 9J3] &&= ojof gitd. CRP7} H7] #1384+ USRC ¢!
KIS 5 AAE Hrpa AFS vt olBd AdFS 53] ¥3 CRP+= USRCZ}
2 7Y AE AN €84, AFAE AT T AES I

v}, Engineering Evaluation

USRCE B3 53 AEe 45 U #9718 47 228 5 At Pgolth 5 o

v e AT

USRCE A=H Swol thell 7ol 3t HEE o 1 =039 F24& #edth
Ykz 02 7} USRC CRP= BA e A7 H= 552 Fd et H<do] . USRCY
71% ZE+ USRC Certified Rating Reviewers (CRR)®l| ]3] o] Fo{X T} CRRS Az 9 7]
Bl A Azt 2T F e FERES HUEE 10d ol AT
Hoh x93 Ve HF A A4 FA- o] MAYSIH USRC Rating Revie Committee
(RRO)°l A2l& 9 & stA I RRCE A AAAEE 9otste ol 55 AESHA
3l CRPO mlE Twol td 7«€d AEE 97T A3 Z=th
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A}, Elevated Review
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ASCE 319 A2l¥ Soft /Weak storyS Zt= &
20003 olAol] AAY ~€d mHE =Y AE

M 2z Axw

© O O O

ASCE 41-13°] 2]¥ Common bulding type®] o} A1} ASCE 41-139] Tier 1 A2}E
B WUrE g e AE

USGS =% CDMG A =oA Z2AHE Fagh A A5t 9

jaicih

ol 9}

rr

35F ol A=

O

o}, USRC Building Rating System®] 5%

ftlo

Rating System< Al Z-& R ol Xt 7] &9 Engineering H71e}F 3] DS AdAA
zr13)th. webA] Rating SystemS A3 ALgatE ™ 71E] Hrrb o wd y&3 spt
M 2 e tg o]syt E L3l USRC Building Rating System< ©] &2 (Safety /

17
o=

Damage expressed as Repair Cost / Recovery expressed as Time to Regain Basic Functions) 37}

Ao 5Fe WS B AT

O Safety

Safety SFE A% WA F AR AR YRS 0, AnE At 24 FeAL 4

Safety Rating

Injuries and blocking of exit paths unlikely
Expected performance resulls in conditions that are unlikely to cause injuries or
io keep people from exiting the building.

Fedkdd

Sarious injuries unlikely

iy doche Expected performance resulls in conditions that are unlikely to cause serious
injuries.
*hk Loss of life unlikely

Expected performance resulis in conditions that are unlikely to cause loss of life.

Loss of life possible in isolated locations
%% Expected periormance results in conditions associated with partial collapsa or
falling objects that have potential to cause loss of life at locations within or

around the buillding.

Loss of life likely in the building
Expected performance results in conditions associated with bullding collapse,
which has a high potential to cause loss of life within or around the building.

<713 3.4> Safety Rating 7] 3%
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Damage sw-< A LASE AES FEstr] A vlE A™Es vgstr] Wl H7ot
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Damage Rating

Fededede g Minimal Damage
Repair Cost likely less than 5% of building replacement cost

kkkk Moderate Damage
Repair Cost likely less than 10% of building replacement cost.

ek Significant Damage
Repair Cost likely less than 20% of building replacement cost.

*k Substantial damage
Repair Cost likely less than 40% of building replacement cost.

* Severe Damage
Repair Cost likely greater than 40% of building replacement cost.

NE Mot Evaluated
Repair Cost has not been evaluated.

<73 3.5> Damage Rating 7|&%

O Recovery

Recoverys F54 245 & AUA7L Beje) 715¢ 9ia) ARl Sol2 & e
7FA1 9] of| 2 AlZFo]th Recovery Ratings Z Q3 & 35t £ okd dS AAS
AL ARgol ThsskrZbA o] Ha Alzbe YEHZIE . o] 52 Ve &) AR
1he AQAR F gl (9 dzeh AB e &4 == A, A9 B Fu)

o 82% 4EAE gt

N

oj

Recovery Rating
Immediately to days
*hkkkk Expected performance will likefy result in people being able to quickly re-enter
and resume basic functionality of the building from immediately to a few days,
excluding external factors.
— Within days to weeks
Expected performance may result in delay of basic functionality for days to
weeks, excluding external factors.
p— Within weeks to months
Expected performance may result in delay of basic functionality for weeks to
months. exciuding external factors.
Wik Within months to a year
Expected performance may result in delay of basic functionality for months toa
year.
5 More than one year
Expected performance may result in delay of basic functionality for at least ane
year or more.
NE Mot Evaluated
Time to regain basic function has not been evaluated.

<71¥ 3.6> Recovery rating 7| &%
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2. REDi Rating System

7}. REDIS] 7l &

A "o} o]#g EAIF-S s|23l7] 918 Resilience-based Earthquake Design Initiative(REDI)

7F MEE A O™ o]= “resilience-based earthquake design”¥} “beyond-code”& T & T}

L}, REDI Roadmap to Resilience

REDI Z# 9 3+ A HAdYo] =& AT oA Fasithe AL d8Frh
REDI 532 (Platinum / Gold / Silver) 37FA S32Z UHA =Y, olE I53HHA
(Organizational Resilience, Building Resdilience / Ambient Resilience)e] 37}A] Z}E|aLg]ol A Z+

Zte] F1Ee BEA AT

Organizatio nal Resilience:
Cortingeney plated g For wtility

Mirnimize ex pected dam age to grcharal, : : 3 o
chi anaption and business ottty

atchitecharal and MEP componerts
through erhance d design

Fram ework

Loss Assessment: : . Amhient Resilience:

E-raluate finaticial losses and Reduce risks thet external eatheoake-
dovarrtise e to evaluate asccess of the itnchaeed haz arde dam age bl ding o
design and plaring meanyesin regtict ate a.ccess{

meeting the resilience objectives

<Z1¥ 3.7> REDi Framework
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(1) Building Resilience
=2 &3l 71 Base Isolation Y Energy dissipating system< 3] W33 om,
AR S zhs dHolEHE whEojdity =3 HI T2 74 840 thdk AR /A 3y
= pEEAT. 18 Al Fx2F Al 3 AXS HiR o FHFE AlEdolAde]
HE S Z M Engineer= A oA HAES AFS QX OZ o] 7Hs3lF
olg gt WAL 7|EL FEE VN E AAE AEESC v o 2 JfE de T A
o, AAHoE A 7t5 =S AAT F UEE Ao Al thd DemandE

Aglslal HlFE 849 Capacitys 5 H2EH lossg 43 sl=5 3o

(2) Organizational Resilience

EdE AEe 7Ise AFs] Hel Aeyes ARt A& A A&z A7 8 ARt

o mS, AH A F oA o] ABS BEY 5 Y= 2AL FA5] S8 Axe] Al
]

AT AL JHE T3 & 7 e M2 A= AR
e A dFe vRvde Aot AdEo] FAFHAY, I FHE FiH B2 2 dE
o AE € +F Ae e= ol
A @A HZ & 5 AofoF HFol AYes Ade HLES D 5 7] wWEdd el
AOlE A8 HA T a3t

}. REDi Rating system

REDi Rating system®] 397 552 <I1¥ 3.8>3 #Zo] YEdt}. Gold ¥ Platinum 55
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Baseline Resilience Objectives
for Design Level Earthquake

Platinum
Drowr mtimues
Immediate Re-Ocoupaney (Green Tag expectad)
and

Functional Recovery = 72 hours

Direct Financial Loss:
5 cenario Expected Loss = 2.5%

Occup ant Sadeidy:
Physical irgury due to faihire of building components unlikely

G'O].d Drow matime:

Inumediate Re-Ocoupancy (Geen Tag expected)
and
Functional Recovery = 1 month'

Direct Financial Loss:
Secenario Expected Loss = 5%

Oceupant Safeiy:
Physical inury due to faihire ofbuilding components unlikely

Silver

Drow naimue:
Re-Occupancy = & months (Vellow Tag possible)
and
Func tiomal RBecovery < & months!

Direct Financial Loss:
Scenario Expected Loss = 10%%

Oceupant Safeiy:
Physical inury may ocour from falling companents (but not stue taral collapse),
fatalities am unlikely

<713 3.8> Redi Rating system

RED1 Resilience Objectives

Platismami

Ciodd

Silver

"

Confidence level (%)

Direct Anancinl losses as % of building value (does not include business inteérroption)

1] b 14 25

100 | f - :

o0 |
&0
70
6 |
30 4
40 |
30

] L L L

] ] I ]
Jdays | month 6 months | year

Time to achieve functional recovery after carthquake

<713 3.9> Code®} Redi Rating SHo W& AES EFAZ vlw
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3. WHO/PAHO Rating System

7}. Hospital Safety Index

Hospital Safety Indext= §3 2 AsiA WAY 7les FdA717] A AMAZAJ] =9
o A 7= ATt World Health Organization (WHO)E= o] A& 251d o] A3ty A YL3A
© ™, Pan American Health Organiztion (PAHO)3} 20080l 502 WESIFHTE o] Al 2H
< Al B S dud e AxE YEr] s AEE AT o] By
ol 7es AT F gt B2 AMgEo] A3 AHeA H7] wiiEo] oy A"
0% FasHA 5.

“Safe Hospital” B ALl 2 Al o] G Whe FoxE HAo dsHA HZ 753t
1 7ol FAHE Aldelth HYY AEKHAR] e HdEY k. a3 A" 2 A
H, £2RF9 7184, B &5 Ad @8 59, f@ g s 2 EFE R o
&3 gad AT old st 8A4AE wWEA Hristr] s JidE Aol HE=E
Hospital Safety Index ©|T}. ©
B kA e A #E] sYS FdATIEE Zad S 4elFTh Hospital
Safety Index+= MY S HI7IgA sAlo HU &4 o8 AHE UES A HA
gt 72 9 HFEA Y] b T8 BUE BIAA Be] B HES 9A B2 35Ut

—_L
E]
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L}. Hospital Safety Index 2] 714
# %2] Hospital Safety Index= PAHO ¢} WHOO| 2] tjekst Eoko] HEVIEH A

)

2008\ Aol EESUTE Hospital Safety Index= FAN7FA] 350071 ©]/de] A9 LS 3
Z¥et=d ARgo] HAY. 22y A7 =7tel A= Hospital Safety Index”} sl Ao &4

= WhFshA] Es) iAol Fesita At dE o B 99 e £,
7% ANA, 29 2 &29] Bekss Hrkste HY FUHE AldksiH, A AMAS] dEod A
848 F AEE gAsHY. O 2= A Hospital Safety Index= A AA 2] =7}l A
B e B AwrtEd do=E Qs AR EHAT

T}. Hospital Safety Index -8
Hospital Safety Indexi= A 27}A EF(General information about the hospital/Safe

Hospitals Checklist) ] %218 AXIt}.
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General information about the hospital

Aol B7F i BEe A7 8 29 Sl td It FEIF dEn
pZs

IR FE A o5 F&, A=A, F93 B/ Ad A FH9 olF, A

of @A W) Yol A As|olA 2o} et

[¢]
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o

LJ:_

I

GENERAL INFORMATION ABOUT THE HOSPITAL

. Name of the hospitali.......coii s s s rees s st

BUIIOERE sniicmin s inonsio mh g i g T R BT S 8 g R PRA FA E E

. Names of hospital senior managers (e.g. chief execurtive, medical direcror, nursing director, admin-

T A T T B s s T S e S i e

4. MNames and contact derails of hospita] emergency/disaster managers (c.g. chair of cmergency/

disaster management Commirtee, coordinaror, manager cf‘securjr}rfﬁrc SETVIDEE)S i i sbvannaniints

.. Telephone (include atealcity code): .....oomnmmsmimmniosnssmss s msss s smss s sissas seassanssnsassass

OO 2 . i mmmm i i s s i i = s S e 5 i b B i
Towal mamberobbeds: i s asss i
Average bed occupancy rate (in normal situations): ...,
Total number of personnel: ...
a. Number of clinical staff (e.g. physicians, nurses, medical rechnologists) ....ccoovceininneciencan.
b. Number of nonclinical staff (e.g. execurive management, administration, engineers, informa-

don:techoalogy) oo ama i ar a  E  R a a  B

. General description of the hospital: e.g. institution to which it belongs (e.g. ministry, private

entity, university), type of establishment (e.g. tertiary referral hospital, specialized services), role in
the nerwork of health services, role in emergencies and disasters, type of strucrure, toral population

served, catchment area (routine services/emergencies and disasters) B1C. .o vcomceneersssenecoans

<71¥ 3.10> General information about the hospital 2]
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(2) Safe Hospital Checklist
of AAY2EL B Ael B At TS A Ao A g M2 AlE T
g vl TS sh7] s AFEERT Aq7]ddlE F 1517EA1 Y] o] XFEW, O 595
(low/average/high)Z AT AZE2E+= IA 4714 REZE UHF Y (Hazards affecting
the safety of the hospital and the role of the hospital in emergency and disaster
management/Structural safety/Nonstructural safety/Emergency and disaster management)
O Module 1 : Hazards affecting the safety of the hospital and the role of the hospital in

emergency and disaster management

9] %

rr
we

y5e] A Aste 54

o

3
= =

DO

o] RES WU obd EE S 4P E 5 9
e

o}

et

Module 1: Hazards affecting the safety of the hospital
and the role of the hospital in emergency and disaster management

Hazard Level Should the hospital
Hazard level he puepated Obiserytions
1.1 Hazards No respond to this {evaluator's
o hazard? comments)
hazmed. | 1w ol If yes, mark the box.
1.1.1 Geological hazards
Earthquakes
Refer to regional and local hazard maps or other hazard

informatian, and rate the level of earthquake hazard for the
haspital's lacation (including ¢ reant area) in terms of
geptechnical soil analyses. Determine whether the hospital D D D D D
should be prepared to respond to an emergency ¢ Fster
due to earthaquakes (based on axposure of the catchment
population or the specialized role of the haspital far the treat
ment of injured patients)

Volcanic activity and eruption

fefer to regional and local hazard maps or other hazard infor
rmation, and rate the level of volcanic hazard for the hospital's
|location. This should take into account prosimity to volcanoes,
walcanic activity, routes of lava flow, pyroclastic fiow and ash D D D D D
fall. Determirse whether the kaspital should be prepared w
respond to an emargency of disaster due 10 volcanic activity
and eruption (based an expoture of the catchment papula
tion or the specialized role)

Diry mass movement - landslides

Refer to regional and local hazard maps o other hazard infor
mation for the region, and rate the level of landshide hazand
fior the hospatal’s lecation. Note that landslides may be caused I:I I:I I:I I:l [:]
by unstable soils. Determine wheather the hospital should

be prepared to respond to an emergency or disaster due 1o
landslides (based on expasure of the catchment population)

Tsunamis

Refer to regional hazard maps or other hazard informatian,
and rate the level of tsunami hazard caused by submaring
seismic or volcanic activity for the haspital's location. Deter |:| |:| D |:| |:I
mine whethar the haospital should be prepared 1o respond
ta am emergency or disaster due to tsunamis (based an
exposure of the catichment population),

Other geological hazards (e.g. rockfalls, subsidence, debris
and mudflows
Refer to regional and local hazard maps or other hazard in
formation o identify other geological phenomena not listed D D D D D
above. Specify the hazard and rate the cormesponding hazard

leved for the hiospital. Determinge wheather the haspital should
be prepared to respond to an emengency or disaster due o
the identified geological hazards (based on expasure of the
catchment papulation)

<Z1% 3.11> Safe Hospital Checklist %2 (Module 1)
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O Module 2 : Structural Safety

o] REAE Mol F& AN BaHG B s FEIAS wol

AsAol izt J7HE T

Aol QA E ofgA Felvt HAEA A Tl
A e A B

Module 2: Structural Safety

2.1 Prior events affecting hospital safety

low | Aveage | High

(evaluators’ comments)

1. Prior major structural damage or failure of the hospital building(s)
Salery ratings: Low = Major damage and na repaies: Average = Moderate
damiage and bulding only partially repaired: High = Minor or no damage of
trealding fully repaied

IF SUICH AN EVENT HAS NOT DCCURRED IN THE VONITY CF THE HOZPITAL
LEAVE BORES BLANK AND PROVIDE COMMENT

.

2. Hospital built and/or repaired using current safety standards
Safety rtings: Lowr = Cument safety standands nof aophed: Average = Curent
saifety standardy partiolly dpplied: (High = Curment safety standards ly appfied

3. Effect of remodelling or medification on the structural behaviour of
the hospital

Safely mtings: Low = Major rermodelling or modificatians have been carled
oult with magjor compromising effect on the performance of the stuctune; Ay
erage = Moderate remodeting andeor modifcations with rminor effect on the
pefformance of the structure: High = Minar remodeiing andyor modifications;
o modifications were cormed out; o major remadeliing and/or modifcation
enhancirg the strucfund behaviour or having mo negetive effect

2.2 Building integrity

4. Structural system design
Salety ratings: Low = Poor strucfune! Systerry design Average = Moderate
structure Syiterr dessign; High = Good spructural systern desigr,

5. Condition of the building

Safely rmtings Low = Crocks o the ground dnd first floars; Major deterion:-
tican caused by weathering or normal ageing; Averoge = Some detenionation
corusedd amly by weathering ar narmal ageing: High = No deternonation or
crocks chserved.

&, Condition of the construction materials

Safety ratings: Low = Rut with Sakirg: crocks larger than Smrm {cancreta),
excesiive deformations Steel and wood): Average = Crocks between Land 3
rmm present {concrete), moderate and visible deformations fieed and wood)
o rust with no faking; High = Cracks less than | mm fconcretey, no visible
defarmations; no rust

7. Interaction of nonstructural elements with the structure

Salery ratings: Low = Partition walls rigldly attoched to the structure sus-
pended ceilings of focudes inferocting with the structves, domoge would
ave significant effect on the striciure Average = Same of the preceding
riarmstrectid elerrenits infermcting with the strociures, domoge would nod
affect the structure: High = There dre no honstructueal slemenits alffecting the
sfrLictiine

8. Proximity of buildings (for earthquake-induced pounding)

Safely ratings: Low = Separation is less than 0.5% af the heaght of the shovter
of tea adforent buildings; Avercge = Sepawation Js between (0.5% grd 1 5% of
the height of the thorter of two ediccent buildings; High = Separation i mose
thary 5% af the height of the shorter of hwo adiocent buddings

1F THE HOSPITAL (5 NOT IN & HIGHAODERATE SEISMIC JOME, THEN LEAVE
BOXES BLANK ANG PROVIDE COMMENT

00y

<719 3.12> Safe Hospital Checklist %]
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O Module 3 : Nonstructural Safety
Bols FRe 9871717 9] WEel mFzA e Wbt Fastch g )

d EUT, A/EEEA A, o577, AR B AN §FT 0] v EAC 23En.

Module 3: Nonstructural safety

19. Major damage and repair of nonstructural elements
Sofety mtings: Low = Mujor damoge and no repais completed; Avenage =
Moderate damage, bullding oniy partially repaired, Highy = Minorar no dam

age. orbuilding il repaived, D D [:l

1F SUCH AN EVENT HAS NOT DCCLARRED i THE WICINITY CF THE HOSPTAL
LEAWE BOXES BLANK AND PROVIDE COMIMENT

20. Condition and safety of doors, exits and entrances

Sofety mtings: Low = Ooors, exits ond entrances in poar condition, subject
todamogewhich would impede the function of this and ather elements,
syiterns or opetations; entrance width i fess than 1 15cm; Average = i foir
candition, subject to demage but damage wowld not impede the functian of D D E]
thit grad other elements, systermns o operotions, ar entrance width is less than
I Tacme High = In good condition, no of miror potentiol for dirnage thar
wounlkd impede the funchion of this and other elements, systerms o operations,
and entrance widlth is egual 1o or karger than 115¢m

21. Condition and safety of windows and shutters

Safery mtings: Low = Windows and sfutters in poor condition, subyect 1o
damage which would impede the function af this and other slermenty,
systems or operations {eg. weak rotective glazing): Averoge = In faiv condi-
tion, subject to dormage bul domage wouwld not impede the funciion of this |:| [] D
and other elermenty, systems or operatians; High = In gaod conditian, no o
i poteatiol for dirmage that would impede the furction of this and atter
elements, systerns or opemmtions profective gloss feq. pohyeorbonare glazing,
bizst filii hos been added I criticol waards.

22. Condition and safety of ather elements of the building envelope
{e.g. outside walls, facings}

Sofery mtings: Low = Buiiding erveldpe in oo condition. sutyect o domgge
which woldd impede the fmction of this and cther elerments, systerms o D D m
operotions; Averdge = In faircondition, sutyect 1o domage but damage woud

ript impede the function of this and otfer slerments, spsterms or operatians;
High = In good candition. no af minoe potential for damoge that would
impede the furction of thiv and other elementy, systems or operatiant.

23, Condition and safety of mofing

Sofery motings: Low = Roafing i poot condition. sutyect fo damage which
wiald irmpedie the fumction of this and cther efermenty, Syshers or opengtions
Avergge = i fair condlifion, subyect to domage bul damadge 0 elementfy) D D [:l
wead notimpede the funcion of this and other elements, systenms of opens
tian; High = In good condition, no or minor potential for domoge that woudd
impede the furction of thiv and other elementy, systems or operatiant.

24, Condition and safety of railings and parapets

Safety artings. Low =Railings dnd pardpets in poor condition, sulyec! fo dam-
age wiilch would impede the function of this and other elements, systems or
operotions, Averdge = Subject todamage but damage to elerment (i) would D l:] D
not impede the funetion of this and otfer slermenty, geterms or aperotians
High = Na or mimor potential for darrage that wouwld impede the function of
this ard other elements, systems of operations.

25. Condition and safety of perimeter walls and fencing

Safety rtings: Low = Penmeter wall and fencing i poor condition, subject to
darmage which would impede the function of this and other elements, systerns
or epertiong Averdge = I fir condition, subyect to domoge but demage to D D D
efermertts) would notimpede the function of this and other elernents systerms
or opertions: High = in good candition, mo ar menor potential for darmage that
would impede the function of this and cther slernents, Systorns or operations

<713 3.13> Safe Hospital Checklist %2} (Module 3)

- 272 -



O Module 4 : Emergency and disaster management
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Module 4: Emergency and disaster management

f

e
of
e

o
oF

4.1 Coordination of emergency and disaster man-
| agement activities

Observations
(evaluators’ comments)

112. Hospital Emergency/Disaster Committee

Safety ratings Low = Committes doss not exist, or 1-3 departments or
disciplines represented; Average = Comimittes exists with 4-5 depart-
mients ar disciplines representad, but is not fulfiling functions effectivehy,
High = Committee exists with & or more departments or disciplines
represented and |5 fulfilling functiors effectively,

113. Committee member responsibilities and training

Safety ratings Low = Committee does not exist ar membsers are untrained
and respansibilities not assigned; Average = Members have recaived
training and have been afficially azsigned; High = All membsers are trained
anidare actively fulfilling their rales and reiponsibifities

114, Designated emergency and disaster management coordinator
Safety ratings Low = There is no staff member who has been assigned
responsibilities as the emergency/disaster mandgement coordinator;
Average = Emergency/disaster management coordination fasks have
been assigned 1o 2 staff member; but it is not his/her main task; High =
& staff member it assigned the emergency and disaster maragement
cocrdination respansibilities as histher main task, is fulfilfing the mle of
implementing the hospitals preparsdness programme

115, Preparedness programme for strengthening emergency and disas-

ter response and recovery

Safety ratings Low = A programme for strengthening preparedness, re-
spanse ard recovery does not exist o, if it exists, no preparedness activi
tles are being implementad; Average = & programime for strenigthening
preparedness, respanss and recovery exsts and some activities are being
implernented; High = A programme: for strengthening preparedness,
response and recovery is being fully implemented under the leadership
of the Hospital Emergency/Disaster Committee

116. Hospital incident management system

Safety ratinge Low = No arfangemnents for hospital incident management
exizt; Average = Staff assignad to key hospital Incidert management
pasitions but with o written procedures to operationalize its functions;
High = Hospital incident management procedures exist and are fully
operational with properly trained personne| toassume different coarding
tion rales znd responsibifities.

117. Emergency Operations Centre (EQOC)

Safety ratings Law = The EOC Is not designated ar is In an unsate ar
insecurs lacation; Average = The designated EOC ks in a safe, secire and
acressible location, but would have limited operational capacity mmedi-
ately inan emergency; High = The EOC s ina safe, secure, and accessible
lescation with immediate operational capacity.

118, Coordination mechanisms and cooperative arangements with
Iocal emergency/disaster management agencies

Safety ratings Low = Mo armangements exist, Average = Aangemsants
exist but are nat fully operational; High = Arangements exist and are fully
operational.

119. Coordination mechanisms and cooperative arrangements with the
health-care network

Safety ratings Low = Mo arfangemienits exist; Average = Arrangemsants
exist but are nat fully operational; High = Arrangerments exist and ane fully
operational.

[]

[]

[]

<713 3.14> Safe Hospital

Checklist 2] (Module 4)
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2}. Module scoreE 53+ Hospital Safety Indexe] Al4h

BI7FAFEL Checklist] HI©]E|E Safety index Calculatordl]l Z-&A]A 2t ZES] H4

il

AAFRIS. Calculator= ZF @5, AlA, 319 BE| 7teAE& @3l Hospital Safety Index
#e g ZmEEE HEE @2 42 094 1Akl ghE ZEa, 0~0.35 ARl #E
7 7% a, 0.36~0.659 @S 7HE A b, 0.66~19 @S JHE A o2 EREAT. AY
ojyf =7k QMBA AFE ZIEHY, EE Bl A&, Hud F Jde FFH
Hospital Safety Index® WHEo{oF 3t} Hospital Checklist Module Index™= W2 A Ho o}

HEAE B 5 Ak o] ABAL BeH g F b mdo] gtk

(il
A

O Model 1 (X7 2 &) F2

f
n U

o] F&3)
- Module 2 : 50%
- Module 3 : 30%
- Module 4 : 20%

O Model 2 (7hol &3lA 9be wE Ao
- Module 2 : 33.33%
- Module 3 : 33.33%
- Module 4 : 33.33%

B HA Q] Safety index FA 99 F71A mdo wel 2+ RE O indexite 2F3+

el Al ®5H, 2o o E 0~035 Atolo] #e 7HE AL A, 036~0.659 @S JHE A
¥ B, 0.66~19] < 7Hd A5 CE EREAC

Table 1: General recommendations for intervention

Safety index Classification What should be done?

Urgent intervention measures are needed. The hospital is unlikely
to function during and after ermergencies and disasters, and the
0-0.35 C current levels of safety and emergency and disaster management
are inadequate to protect the lives of patients and hospital staff
during and after emergencies or disasters.

Intervention measures are needed in the short term. The hospital’s
current levels of safety and emergency and disaster management
0.36 - 0.65 B are such that the safety of patients and hospital staff, and the
hespital's ability to function during and after emergencies and
disasters, are potentially at risk.

It is likely that the hospital will function in emergencies and
disasters. It is recommended, however, to continue measures to
0e6-1 A improve emergency and disaster management capacity and to
carry out measures in the medium- and long-term ta imprave the
safety level in case of emergencies and disasters.

<713 3.15> Hospital Safety Indexdtel @& 55 EF
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4. 2724
B

ol e M2 o2 2918 13 AR YA SR ol e ATFE 3
3 T USRC, REDi, WHO/PAHO 2] 37}A] WA Aol tg d+& X&gstd 1 2

= et 2
O USRCE A& Az 9 AdAAsir7 BAysRS wo] A& YIS Lgr] 93
F< Uehith USRCY S5 H7IE 154019 BH S Ea) AlF
o su<= S8 THH Safety TE2> A WA F AE QFE Usts #, A=
E

n
B
l
X
(U8]
N
X

G
O REDix= Azlo] WA S o ©@<wd] dE AFAY AHS Hidte As FHO=E
st Zlo] oid, AEd &4 &4e HAsIetn 6 dig BUHE e HeA
HA Code2t+= ZFo|3dtt}. REDi+= Platinum, Gold, Silver® 37} 592 YR A a1, o]
AL 89 3717 FleElaglol Aol Bt Axel] whel viA @k Building Resileiencel
Me Ad=ol &40 e 77 F2 ol Fo A, HFxA Y &4 JA o] 1y

T}, Organizational Resiliencedl A& =0l &4< A<= W I &= 7R Al

rr
A
il
1o
Yo
s
rioy
o
ftlo
E
)
ol
X
it

ANZEE Wrdste] H7E7F =™, Ambient Resilience
o dE F A S 1A He olfre AEo] 45 dMEs W, A= gA A
o] 7hsdlioF Bl AEe AitE HASE & 7] WEolth

O WHO/PAHO = Aol dojus I F5F FAs|opet sh= 1
A& H718L7] 913 Hospital Safety IndexE 7H'&3} ST} Hospital Safety Index= 0~1 A}
ole] e ZHA HH, 0~0359 e JHITHE C5HF, 036~0.659 @& 7HXttd BE
a, 0.66~19] #< Zretd AT A "tk E=3F o] Safety Index+ 37HA EEE
H7b7t HA ==, Module 12 HA9 b =& 75 4FS & T v 9F 2
Wi Ay EAS HYstal, Module 2+ W0l 8 AdA BAERT B2 <
AdE TP e F2FQ AL S BAD 7 A=A ts) HI7HETh Module 32 H

TZAAEZ17], 4T o)l g HI7HE . 4 EEANAE 0~0359] Fe 7RI
2l
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3d. & F8H& dHolE 7 T

B dAFdAMes d5EY ANEL] FEnl&e E45t, Algdeldrwt &S
H

e EY & Yt WHES AASAT. AA AQEAelEE AT oF tnd
2o el 88 AHSSYon, ABdolasw SUFFE HAZUSE ol §3te] =E319
o A4 AQEAHlEt axdEE sl JA @u AA FeHngoRi HsHol
oiH, B 260 (AP BF AAELR WA ANE AFE 229D

SN EAREE AEEA QT HAZUSS AEE Azmwd uk 24855 ALa
bl

=Ed &4 HolAY

EAg o TR AAE, AZFHE U] E(repair cost)= T A H]&(replacement
cost)E Uit k% damage ratio(%)E FYH7] wWEoll, AFAXA o3 SuAFE T
}J=ol thgt damage ratioZ A2 SIHTE T FE2] replacement costE 4F
Astr] feld S 2 WA g BRI destnw, AFA o E4AHlEYE &
HE AFES T 36dolAR, S 2 WA iz BRI A= 1871 AFE g
damage ratios =ZsIATIN0. TS StudFE9 YA E HAHAWIIEEe} AHE

7HEEE USGSE| HolHE o] &35t <3 3.9>0 st

=
op
ftlo
R
™~
o
oN

<3 39> 18/ gudFEol that AXAE 2 damage ratio
No. Location Num. of Stories PGA(g) Sa(g) Damage Ratio (%)
1 Yangsan 4 0.05 0.12 0.340
2 Yangsan 4 0.05 0.12 0.319
3 Pohang 4 0.06 0.16 1.081
4 Ulsan 4 0.08 0.21 0.102
5 Pohang 2 0.08 0.22 2.219
6 Gyeongju 4 0.09 0.23 0.201
7 Pohang 2 0.09 0.25 1.361
8 Ulsan 4 0.10 0.25 0.322
9 Gyeongju 3 0.12 0.26 4.849
10 Ulsan 2 0.12 0.29 0.783
11 Ulsan 4 0.11 0.29 0.677
12 Ulsan 3 0.11 0.29 0.578
13 Gyeongju 2 0.12 0.30 0.070
14 Ulsan 5 0.11 0.31 0.146
15 Gyeongju 4 0.14 0.34 0.580
16 Gyeongju 3 0.15 0.38 1.413
17 Gyeongju 3 0.18 0.48 0.652
18 Gyeongju 4 0.18 0.48 1.044

9) A&d, stuwAdFe] FAH 24 ° o= B3 AF, Sduistn AL =8, 2004
10) 224, 20149 F3AFE F3E FAH 24, 201
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1}, HAZUS?| €437} W E

=

HAZUS-MHO A ¥ 7}38}+= economic losst= A=E €49 2|3t direct economic loss2t &
ARAIZE, G494 52 133 indirect economic loss® Uirth E AT A= AR 2%

1S, direct economic lossE

ol

2 A4 1H ¥ direct economic loss¥t H7IE 3
repair cost(Te|H-&)= “F o5ttt

Repair cost®! total cost of building damage(CBD)= % 33709 occupancy classol T3l 2
32& o] g3t AAtEAT A FES] occupancy classt 2HA R, StudEHES] A&

& ks Al 4 GeelA =29 A9 AEsd A

CBD=)CBD, (3.6)

Occupancy class i TH$+ total cost of building damage(CBD))+= TZA 2] 4=2]4] &(cost of
structural damage, CS;)¢} BlFZ2A9] g|H] &(cost of nonstructural damage, CNS)% o=

21 3.7 Zo] Astdt.
CBD, = CS,+ CNS, 3.7)

TZA9 2882 occupancy class7} 1%l AFE°] EA 3 damage stated o Ho|H =

TZ2=A RS,

ds,i

)2l oz 2 (2343 o] A4tEth. HAZUS-MHOAAME F=2A) <]
damage stateS % 5T 7l(none, slight, moderate, extensive, complete)= T-&3}3tTh 48] H| 80|
A E = damage state= nones A 9§ F 4T@A|o]ZZ, damage state”} slight(ds=2)%-E

complete(ds=5)7} 4] skl TEA Fe &L AT

5
CS =Y, CS,. (3.8)

ds=2
7} damage stateo] THE FEAC] FEHlE, (5, ;2 occupancy classol wEk Heo|H
building replacement cost(BRC;), 2} damage state®] w3t FZAo <£go] AT FE

(POSTR,, ), 3l damage stateo] Wt T2 FEH&(RCS, ) H22 2 3.9 ol

AL

Cs,

ds,i

= BRC, % POSTR,, , < RCS} , (3.9)
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damage stateol] 3t 7FESERIZE HlFEA S Y HE(CNSA)H WU vl F=2A o i
SN E(ONSD)E 242 4] (3.10), 2] (3.11)& o] &3t A4t

rok

3=

CNSA, = Y, CNSA,, ; (3.10)
ds=2

CNSD, = Z CNSD,, ; (.11)
ds =2

B dFdAM e SadSE9 HAZUSE °| &3 E4%rE =& s, WIAAZ o
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o
1
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rlr
it
rly
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Ay
it
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o £2850 POl =S A% wolXet WHE D A

Bayesian updating method:= ©] €713 AH7} A AEHo] A FHZ FAcko] HQ
@ ForEAC QAN BEO)F FAshe AgHTh v A4 B39

74Al AR} YUhE, B4E 4 (3.12)2 EHFE Bayes’s TheoremS ©] 83 424 (update)

o

/Wfﬂdmfwme (3.12)

— 00

fl

AZNA )= AR ZE L =8 (prior probability density function), /()= AFESELUET

“~(posterior probability density function), P(e|f)= E7F 0 du] AA doly 7} &

B 5oy 7teAS YE= =35 (likelihood function)®]t}. EHEX O 2 =3 4+= L
0= eI,
HE A4 HolE] e BEA xl, x2, . el ZFOIDE, o] FEAv} BT XZH

FEolgt 7HAdYgH #AZSA & AW FEE =5 (probability

B g 5 3le w39
density function, PDF)Q] fx(x)2 YEFE & Utk =3 Fx o vz
AAGolE] 7} #=E FEQ P(e|f)x= 2 B.13)E HYT 4 At

Plel0)= ﬁfX@ilG)dx (3.13)
1=1
T3 R AREEYUEFFIE £0) M, A Ga3)d wheEt AR EUETFE oty

f'(0)ao

{ijX@%eym:
/m[fhgmmm

—ooli=1

=kLO)f (6) (3.14)

J0)=
f'(0)ap

oA71A k= A3 AL, LOE SEFFE 247 4 (3.15), 4 3.16)2 AJHrTh

= { / jo 1:[1 S xlz,10)f (e)de} _ (3.15)
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LO)= H Fxlz:10) (3.16)

B

o
B AN

Bayesian updating methodE ©]-&3te &AITE HulolEsy] A= s
A 27350 WE damage ratio®] BEE FAXHOE FASIHoF gt USGSO) A
A3t AXAEE & F Ae T AFEY JMFe 50347001 A, o] F ~IAEYV}
0.10gmI ¥l Stw A== 408070 = A7t A9 gty A9 = Jou= At
St AdEE

o] g3t, XX HxE 0.1g7d'7-ﬂ13 Uro] AFEEE o] 83 damage ratio®]

Moo
Wﬁaéﬁ

rr

—
0
N

HE-TFEETE 0.1g01 3] Studs= F 954789k E4duelErt gl

i:': il

) ;

<3# 3.10> FudFHE9 AN ©E damage ratio?] HTEXE AlF

Sa (g) Median loss (%) Sigma COv
0.1 0.317 0.00002 0.00702
0.2 1.651 0.00033 0.01998
0.3 3.738 0.00093 0.02477
0.4 6.256 0.00169 0.02699
0.5 8.995 0.00253 0.02808

10
95th Percentile
——HAZUS Prior
g [—=— Data_likelihood

—+— Posterior 0.3
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<738 317> wo] X ¢ dHolES HeH
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FOANAEE T UXAEAVE HA & 80dH “SannAl F HAAE Y FZES O
o2 AFAZ i HAZUSS} FEMA P58S AL3l &EAHE 3519t

Pssol A9, AAl AREMnT of 2380 A FAFEY AWEAL B

T ATE T3 AHAel 2o gk AXELAHIFAA S o] 83Fe] Bayesian update”]
&

3t A 2AEAETY] dUolE HAHo] BRsity AleHT)

T3 AS5E WA TATE Aol we}, FX(safety), 7] B]-8(repair cost), &

N
N

(downtime) 5O 2 FE3}a] H7}3= USRCY REDi rating system©] $HXH o] =
T Atk B dAFNAE A5EY AXHGERE ANELA7RA] &5t A xEA7)
T W RAZTATE Brtete ZEd Y-S AASRL, FuAFES WFoE FHHE

S AN & o2 UiF &E(damage ratio)S T3l UG5S H7sI T
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RE 1. 8238 AQALE dolE o]~

[HAZUS]

O Structural Fragility Curve Parameters - High-Code Seismic Design Level

Building Properties

Spectral Displacement (cm)

Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wil 427 320 1.27 0.80 3.84 0.81 12.80 0.85 32.00 0.97
w2 732 549 2.18 0.81 6.58 0.88 21.95 0.90 54.86 0.83
S1L 732 549 3.30 0.80 6.58 0.76 16.46 0.69 43.89 0.72
SIM 1829 1372 5.49 0.65 10.97 0.66 27.43 0.67 73.15 0.74
S1H 4755 2852 8.56 0.64 17.12 0.64 42.80 0.65 114.12 0.67
S2L 732 549 2.74 0.81 5.49 0.89 16.46 0.94 43.89 0.83
S2M 1829 1372 4.57 0.67 9.14 0.67 27.43 0.68 73.15 0.79
S2H 4755 2852 7.14 0.63 14.27 0.63 42.80 0.64 114.12 0.71
S3 457 343 1.37 0.81 2.74 0.82 8.23 0.91 24.00 0.90
S4L 732 549 2.18 0.89 439 0.89 13.16 0.98 38.40 0.87
S4aM 1829 1372 3.66 0.77 7.32 0.72 21.95 0.70 64.01 0.89
S4H 4755 2852 5.72 0.64 11.40 0.66 34.24 0.69 99.85 0.77
CIL 610 457 2.29 0.81 4.57 0.84 13.72 0.86 36.58 0.81
CIM 1524 1143 3.81 0.68 7.62 0.67 22.86 0.68 60.96 0.81
ClH 3658 2195 5.49 0.66 10.97 0.64 32.92 0.67 87.78 0.78
C2L 610 457 1.83 0.81 4.57 0.84 13.72 0.93 36.58 0.92
C2M 1524 1143 3.05 0.74 7.62 0.77 22.86 0.68 60.96 0.77
C2H 3658 2195 4.39 0.68 10.97 0.65 32.92 0.66 87.78 0.75
PC1 457 343 1.37 0.76 2.74 0.86 8.23 0.88 24.00 0.99
PC2L 610 457 1.83 0.84 3.66 0.88 10.97 0.98 32.00 0.94
PC2M 1524 1143 3.05 0.77 6.10 0.81 18.29 0.70 53.34 0.82
PC2H 3658 2195 4.39 0.64 8.79 0.66 26.34 0.68 76.81 0.81
RMIL 610 457 1.83 0.84 3.66 0.86 10.97 0.92 32.00 1.01
RMIM 1524 1143 3.05 0.71 6.10 0.81 18.29 0.76 53.34 0.75
RM2L 610 457 1.83 0.80 3.66 0.81 10.97 0.91 32.00 0.98
RM2M 1524 1143 3.05 0.71 6.10 0.79 18.29 0.70 53.34 0.73
RM2H 3658 2195 4.39 0.66 8.79 0.65 26.34 0.66 76.81 0.72
MH 305 305 1.22 0.91 2.44 1.00 7.32 1.03 21.34 0.92

O Structural Fragility Curve Parameters - Moderate-Code Seismic Design Level
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Building Properties

Spectral Displacement (cm)

Height Slight Moderate Extensive Complete

Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 427 320 1.27 0.84 3.18 0.86 9.80 0.89 24.00 1.04
w2 732 549 2.18 0.89 5.44 0.95 16.81 0.95 41.15 0.92
S1L 732 549 3.30 0.80 5.69 0.75 12.90 0.74 32.92 0.88
SIM 1829 1372 5.49 0.65 9.50 0.68 21.49 0.69 54.86 0.87
S1H 4755 2852 8.56 0.64 14.81 0.64 33.55 0.71 85.60 0.83
S2L 732 549 2.74 0.93 4.75 0.92 12.80 0.93 32.00 0.93
S2M 1829 1372 4.57 0.70 7.92 0.69 21.34 0.69 85.60 0.89
S2H 4755 2852 7.14 0.66 12.37 0.64 33.27 0.69 18.01 0.80
S3 457 343 1.37 0.88 2.39 0.92 6.40 0.97 28.80 0.89
S4L 732 549 2.18 0.96 3.81 1.00 10.26 1.03 48.01 0.92
S4M 1829 1372 3.66 0.75 6.35 0.72 17.09 0.72 74.88 0.94
S4H 4755 2852 5.72 0.66 9.91 0.67 26.67 0.70 27.43 0.90
CIL 610 457 2.29 0.89 3.96 0.90 10.67 0.90 45.72 0.89
C1IM 1524 1143 3.81 0.70 6.60 0.70 17.78 0.70 65.84 0.89
ClH 3658 2195 5.49 0.66 9.50 0.66 25.60 0.76 27.43 0.91
C2L 610 457 1.83 0.91 3.86 0.97 10.59 1.03 45.72 0.87
C2M 1524 1143 3.05 0.81 6.43 0.77 17.65 0.73 65.84 0.91
C2H 3658 2195 4.39 0.66 9.25 0.68 25.40 0.70 18.01 0.87
PCl 457 343 1.37 0.89 2.39 0.92 6.40 0.97 24.00 1.04
PC2L 610 457 1.83 0.96 3.18 1.00 8.56 1.03 40.01 0.88
PC2M 1524 1143 3.05 0.82 5.28 0.79 14.25 0.75 57.61 0.93
PC2H 3658 2195 4.39 0.68 7.62 0.69 20.52 0.77 24.00 0.89
RMIL 610 457 1.83 0.96 3.18 0.99 8.56 1.05 40.01 0.94
RMIM 1524 1143 3.05 0.81 5.28 0.82 14.25 0.80 57.61 0.89
RM2L 610 457 1.83 0.91 3.18 0.96 8.56 1.02 24.00 0.93
RM2M 1524 1143 3.05 0.81 5.28 0.80 14.25 0.75 40.01 0.88
RM2H 3658 2195 4.39 0.67 7.62 0.69 20.52 0.70 57.61 0.86
MH 305 305 1.22 0.91 2.44 1.00 7.32 1.03 21.34 0.92
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O Structural Fragility Curve Parameters - Low-Code Seismic Design Level

Building Properties

Spectral Displacement (cm)

Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
W1 427 320 1.27 0.93 3.18 0.98 9.80 1.02 24.00 0.99
W2 732 549 2.18 0.97 5.44 0.90 16.81 0.89 41.15 0.99
S1L 732 549 3.30 0.77 5.26 0.78 11.13 0.78 27.43 0.96
S1IM 1829 1372 5.49 0.68 8.74 0.78 18.54 0.85 45.72 0.98
S1H 4755 2852 8.56 0.66 13.64 0.70 28.91 0.76 71.32 0.92
S2L 732 549 2.74 0.96 4.39 0.89 10.97 0.86 27.43 0.98
S2M 1829 1372 4.57 0.70 7.32 0.73 18.29 0.85 45.72 0.98
S2H 4755 2852 7.14 0.66 11.40 0.67 28.52 0.74 71.32 0.92
S3 457 343 1.37 0.98 2.21 0.99 5.51 1.01 15.01 0.90
S4L 732 549 2.18 1.05 3.51 0.98 8.81 0.89 24.00 0.98
S4M 1829 1372 3.66 0.76 5.87 0.78 14.68 0.90 40.01 0.99
S4H 4755 2852 5.72 0.70 9.14 0.75 22.89 0.90 62.41 0.98
S5L 732 549 1.65 1.11 3.30 1.04 8.23 0.99 19.20 0.95
S5M 1829 1372 2.74 0.77 5.49 0.79 13.72 0.87 32.00 0.98
S5H 4755 2852 4.27 0.70 8.56 0.73 21.39 0.89 49.94 0.97
CIL 610 457 2.29 0.95 3.66 0.91 9.14 0.85 22.86 0.97
CIM 1524 1143 3.81 0.70 6.10 0.74 15.24 0.86 38.10 0.98
ClH 3658 2195 5.49 0.70 8.79 0.81 21.95 0.89 54.86 0.98
C2L 610 457 1.83 1.04 3.48 1.02 9.02 0.99 22.86 0.95
C2M 1524 1143 3.05 0.82 5.82 0.81 15.04 0.81 38.10 0.99
C2H 3658 2195 4.39 0.68 8.38 0.73 21.67 0.84 54.86 0.95
C3L 610 457 1.37 1.09 2.74 1.07 6.86 1.08 16.00 0.91
C3M 1524 1143 2.29 0.85 4.57 0.83 11.43 0.76 26.67 0.98
C3H 3658 2195 3.30 0.71 6.58 0.74 16.46 0.90 38.40 0.97
PCl1 457 343 1.37 1.00 2.21 1.05 5.51 1.12 15.01 0.89
PC2L 610 457 1.83 1.08 2.92 1.03 7.34 0.98 20.02 0.96
PC2M 1524 1143 3.05 0.81 4.88 0.79 12.22 0.84 33.32 0.99
PC2H 3658 2195 4.39 0.71 7.04 0.75 17.60 0.89 48.01 0.98
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O Structural Fragility Curve Parameters - Pre-Code Seismic Design Level

Building Properties

Spectral Displacement (cm)

Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 427 320 1.02 1.01 2.54 1.05 7.85 1.07 19.20 1.06
W2 732 549 1.75 1.04 4.34 0.97 13.44 0.90 32.92 0.99
S1L 732 549 2.64 0.85 4.19 0.82 8.89 0.80 21.95 0.95
S1M 1829 1372 4.39 0.70 7.01 0.75 14.83 0.81 36.58 0.98
S1H 4755 2852 6.86 0.69 10.92 0.71 23.14 0.85 57.05 0.93
S2L 732 549 2.18 1.01 3.51 0.96 8.79 0.88 21.95 0.98
S2M 1829 1372 3.66 0.73 5.84 0.75 14.63 0.80 36.58 0.98
S2H 4755 2852 5.72 0.70 9.12 0.70 22.83 0.84 57.05 0.91
S3 457 343 1.09 1.06 1.75 1.03 4.39 1.07 12.01 0.89
S4L 732 549 1.75 1.11 2.82 1.03 7.04 0.99 19.20 0.98
S4M 1829 1372 2.92 0.81 4.70 0.80 11.73 0.94 32.00 1.00
S4H 4755 2852 4.57 0.73 7.32 0.75 18.31 0.90 49.94 0.97
CIL 610 457 1.32 1.20 2.64 1.11 6.58 1.08 15.37 0.95
CIM 1524 1143 2.18 0.85 4.39 0.83 10.97 0.94 25.60 0.99
ClH 3658 2195 3.43 0.72 6.86 0.75 17.12 0.92 39.93 0.96
C2L 610 457 1.83 0.98 2.92 0.94 7.32 0.90 18.29 0.97
C2M 1524 1143 3.05 0.73 4.88 0.77 12.19 0.83 30.48 0.98
C2H 3658 2195 4.39 0.71 7.01 0.80 17.55 0.94 43.89 1.01
PC1 457 343 1.47 1.11 2.79 1.09 7.21 1.07 18.29 0.93
PC2L 610 457 2.44 0.86 4.65 0.83 12.04 0.80 30.48 0.98
PC2M 1524 1143 3.51 0.73 6.71 0.75 17.32 0.92 43.89 0.97
PC2H 3658 2195 1.09 1.19 2.18 1.15 5.49 1.15 12.80 0.92
RMIL 610 457 1.83 0.90 3.66 0.86 9.14 0.90 21.34 0.96
RMIM 1524 1143 2.64 0.73 5.26 0.75 13.16 0.90 30.73 0.95
RM2L 610 457 1.09 1.14 1.75 1.14 4.39 1.17 12.01 0.98
RM2M 1524 1143 1.47 1.14 2.34 1.10 5.87 1.10 16.00 0.93
RM2H 3658 2195 2.44 0.87 3.91 0.83 9.78 0.91 26.67 1.00
MH 305 305 3.51 0.74 5.61 0.75 14.10 0.91 38.40 0.96
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O Equivalent-PGA Structural Fragility Curve Parameters - High-Code Seismic Design Level

Building Properties Equivalent-PGA (g)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
W1 168 126 0.26 0.64 0.55 0.64 1.28 0.64 2.01 0.64
W2 288 216 0.26 0.64 0.56 0.64 1.15 0.64 2.08 0.64
S1L 288 216 0.19 0.64 0.31 0.64 0.64 0.64 1.49 0.64
S1IM 720 540 0.14 0.64 0.26 0.64 0.62 0.64 1.43 0.64
S1H 1872 1123 0.1 0.64 0.21 0.64 0.52 0.64 1.31 0.64
S2L 288 216 0.24 0.64 0.41 0.64 0.76 0.64 1.46 0.64
S2M 720 540 0.14 0.64 0.27 0.64 0.73 0.64 1.62 0.64
S2H 1872 1123 0.11 0.64 0.22 0.64 0.65 0.64 1.6 0.64
S3 180 135 0.15 0.64 0.26 0.64 0.54 0.64 1 0.64
S4L 288 216 0.24 0.64 0.39 0.64 0.71 0.64 1.33 0.64
S4M 720 540 0.16 0.64 0.28 0.64 0.73 0.64 1.56 0.64
S4H 1872 1123 0.13 0.64 0.25 0.64 0.69 0.64 1.63 0.64
CIL 240 180 0.21 0.64 0.35 0.64 0.7 0.64 1.37 0.64
CIM 600 450 0.15 0.64 0.27 0.64 0.73 0.64 1.61 0.64
CIH 1440 864 0.11 0.64 0.22 0.64 0.62 0.64 1.35 0.64
C2L 240 180 0.24 0.64 0.45 0.64 0.9 0.64 1.55 0.64
C2M 600 450 0.17 0.64 0.36 0.64 0.87 0.64 1.95 0.64
C2H 1440 864 0.12 0.64 0.29 0.64 0.82 0.64 1.87 0.64
PCl1 180 135 0.2 0.64 0.35 0.64 0.72 0.64 1.25 0.64
PC2L 240 180 0.24 0.64 0.36 0.64 0.69 0.64 1.23 0.64
PC2M 600 450 0.17 0.64 0.29 0.64 0.67 0.64 1.51 0.64
PC2H 1440 864 0.12 0.64 0.23 0.64 0.63 0.64 1.49 0.64
RMIL 240 180 0.3 0.64 0.46 0.64 0.93 0.64 1.57 0.64
RMIM 600 450 0.2 0.64 0.37 0.64 0.81 0.64 1.9 0.64
RM2L 240 180 0.26 0.64 0.42 0.64 0.87 0.64 1.49 0.64
RM2M 600 450 0.17 0.64 0.33 0.64 0.75 0.64 1.83 0.64
RM2H 1440 864 0.12 0.64 0.24 0.64 0.67 0.64 1.78 0.64
MH 120 120 0.11 0.64 0.18 0.64 0.31 0.64 0.6 0.64
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O Equivalent-PGA Structural Fragility Curve Parameters - Moderate-Code Seismic Design

Level
Building Properties Equivalent-PGA (g)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 168 126 0.24 0.64 0.43 0.64 0.91 0.64 1.34 0.64
W2 288 216 0.2 0.64 0.35 0.64 0.64 0.64 1.13 0.64
S1L 288 216 0.15 0.64 0.22 0.64 0.42 0.64 0.8 0.64
SIM 720 540 0.13 0.64 0.21 0.64 0.44 0.64 0.82 0.64
S1H 1872 1123 0.1 0.64 0.18 0.64 0.39 0.64 0.78 0.64
S2L 288 216 0.2 0.64 0.26 0.64 0.46 0.64 0.84 0.64
S2M 720 540 0.14 0.64 0.22 0.64 0.53 0.64 0.97 0.64
S2H 1872 1123 0.11 0.64 0.19 0.64 0.49 0.64 1.02 0.64
S3 180 135 0.13 0.64 0.19 0.64 0.33 0.64 0.6 0.64
S4L 288 216 0.19 0.64 0.26 0.64 0.41 0.64 0.78 0.64
S4M 720 540 0.14 0.64 0.22 0.64 0.51 0.64 0.92 0.64
S4H 1872 1123 0.12 0.64 0.21 0.64 0.51 0.64 0.97 0.64
CIL 240 180 0.16 0.64 0.23 0.64 0.41 0.64 0.77 0.64
CIM 600 450 0.13 0.64 0.21 0.64 0.49 0.64 0.89 0.64
CIH 1440 864 0.11 0.64 0.18 0.64 0.41 0.64 0.74 0.64
C2L 240 180 0.18 0.64 0.3 0.64 0.49 0.64 0.87 0.64
C2M 600 450 0.15 0.64 0.26 0.64 0.55 0.64 1.02 0.64
C2H 1440 864 0.12 0.64 0.23 0.64 0.57 0.64 1.07 0.64
PC1 180 135 0.18 0.64 0.24 0.64 0.44 0.64 0.71 0.64
PC2L 240 180 0.18 0.64 0.25 0.64 0.4 0.64 0.74 0.64
PC2M 600 450 0.15 0.64 0.21 0.64 0.45 0.64 0.86 0.64
PC2H 1440 864 0.12 0.64 0.19 0.64 0.46 0.64 0.9 0.64
RMIL 240 180 0.22 0.64 0.3 0.64 0.5 0.64 0.85 0.64
RMIM 600 450 0.18 0.64 0.26 0.64 0.51 0.64 1.03 0.64
RM2L 240 180 0.2 0.64 0.28 0.64 0.47 0.64 0.81 0.64
RM2M 600 450 0.16 0.64 0.23 0.64 0.48 0.64 0.99 0.64
RM2H 1440 864 0.12 0.64 0.2 0.64 0.48 0.64 1.01 0.64
MH 120 120 0.11 0.64 0.18 0.64 0.31 0.64 0.6 0.64
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O Equivalent-PGA Structural Fragility Curve Parameters - Low-Code Seismic Design Level

Building Properties

Equivalent-PGA (g)

Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
W1 168 126 0.2 0.64 0.34 0.64 0.61 0.64 0.95 0.64
W2 288 216 0.14 0.64 0.23 0.64 0.48 0.64 0.75 0.64
S1L 288 216 0.12 0.64 0.17 0.64 0.3 0.64 0.48 0.64
S1IM 720 540 0.12 0.64 0.18 0.64 0.29 0.64 0.49 0.64
S1H 1872 1123 0.1 0.64 0.15 0.64 0.28 0.64 0.48 0.64
S2L 288 216 0.13 0.64 0.17 0.64 0.3 0.64 0.5 0.64
S2M 720 540 0.12 0.64 0.18 0.64 0.35 0.64 0.58 0.64
S2H 1872 1123 0.11 0.64 0.17 0.64 0.36 0.64 0.63 0.64
S3 180 135 0.1 0.64 0.13 0.64 0.2 0.64 0.38 0.64
S4L 288 216 0.13 0.64 0.16 0.64 0.26 0.64 0.46 0.64
S4M 720 540 0.12 0.64 0.17 0.64 0.31 0.64 0.54 0.64
S4H 1872 1123 0.12 0.64 0.17 0.64 0.33 0.64 0.59 0.64
CIL 240 180 0.13 0.64 0.17 0.64 0.28 0.64 0.45 0.64
CIM 600 450 0.11 0.64 0.18 0.64 0.34 0.64 0.53 0.64
CIH 1440 864 0.1 0.64 0.18 0.64 0.35 0.64 0.58 0.64
C2L 240 180 0.12 0.64 0.15 0.64 0.27 0.64 0.45 0.64
C2M 600 450 0.12 0.64 0.17 0.64 0.32 0.64 0.54 0.64
C2H 1440 864 0.1 0.64 0.15 0.64 0.27 0.64 0.44 0.64
PCl1 180 135 0.14 0.64 0.19 0.64 0.3 0.64 0.52 0.64
PC2L 240 180 0.12 0.64 0.19 0.64 0.38 0.64 0.63 0.64
PC2M 600 450 0.11 0.64 0.19 0.64 0.38 0.64 0.65 0.64
PC2H 1440 864 0.12 0.64 0.17 0.64 0.26 0.64 0.44 0.64
RMIL 240 180 0.11 0.64 0.17 0.64 0.32 0.64 0.51 0.64
RMIM 600 450 0.09 0.64 0.16 0.64 0.33 0.64 0.53 0.64
RM2L 240 180 0.13 0.64 0.17 0.64 0.25 0.64 0.45 0.64
RM2M 600 450 0.13 0.64 0.15 0.64 0.24 0.64 0.44 0.64
RM2H 1440 864 0.11 0.64 0.16 0.64 0.31 0.64 0.52 0.64
MH 120 120 0.11 0.64 0.16 0.64 0.31 0.64 0.55 0.64
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O Equivalent-PGA Structural Fragility Curve Parameters - Pre-Code Seismic Design Level

Building Properties

Equivalent-PGA (g)

Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
W1 168 126 0.18 0.64 0.29 0.64 0.51 0.64 0.77 0.64
W2 288 216 0.12 0.64 0.19 0.64 0.37 0.64 0.6 0.64
S1L 288 216 0.09 0.64 0.13 0.64 0.22 0.64 0.38 0.64
S1IM 720 540 0.09 0.64 0.14 0.64 0.23 0.64 0.39 0.64
S1H 1872 1123 0.08 0.64 0.12 0.64 0.22 0.64 0.38 0.64
S2L 288 216 0.11 0.64 0.14 0.64 0.23 0.64 0.39 0.64
S2M 720 540 0.1 0.64 0.14 0.64 0.28 0.64 0.47 0.64
S2H 1872 1123 0.09 0.64 0.13 0.64 0.29 0.64 0.5 0.64
S3 180 135 0.08 0.64 0.1 0.64 0.16 0.64 0.3 0.64
S4L 288 216 0.1 0.64 0.13 0.64 0.2 0.64 0.36 0.64
S4M 720 540 0.09 0.64 0.13 0.64 0.25 0.64 0.43 0.64
S4H 1872 1123 0.09 0.64 0.14 0.64 0.27 0.64 0.47 0.64
CIL 240 180 0.11 0.64 0.14 0.64 0.22 0.64 0.37 0.64
CIM 600 450 0.09 0.64 0.14 0.64 0.28 0.64 0.43 0.64
CIH 1440 864 0.08 0.64 0.14 0.64 0.29 0.64 0.46 0.64
C2L 240 180 0.1 0.64 0.12 0.64 0.21 0.64 0.36 0.64
C2M 600 450 0.09 0.64 0.13 0.64 0.26 0.64 0.43 0.64
C2H 1440 864 0.08 0.64 0.12 0.64 0.21 0.64 0.35 0.64
PCl1 180 135 0.11 0.64 0.15 0.64 0.24 0.64 0.42 0.64
PC2L 240 180 0.1 0.64 0.15 0.64 0.3 0.64 0.5 0.64
PC2M 600 450 0.09 0.64 0.15 0.64 0.31 0.64 0.52 0.64
PC2H 1440 864 0.1 0.64 0.14 0.64 0.21 0.64 0.35 0.64
RMIL 240 180 0.09 0.64 0.14 0.64 0.25 0.64 0.41 0.64
RMIM 600 450 0.08 0.64 0.13 0.64 0.27 0.64 0.43 0.64
RM2L 240 180 0.11 0.64 0.14 0.64 0.21 0.64 0.35 0.64
RM2M 600 450 0.1 0.64 0.13 0.64 0.19 0.64 0.35 0.64
RM2H 1440 864 0.09 0.64 0.13 0.64 0.24 0.64 0.42 0.64
MH 120 120 0.09 0.64 0.13 0.64 0.25 0.64 0.43 0.64
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O Nonstructural Drift-Sensitive Fragility Curve Parameters - High-Code Seismic Design Level

Building Properties Spectral Displacement (cm)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
W1 427 320 1.27 0.85 2.57 0.88 8.00 0.88 16.00 0.94
W2 732 549 2.18 0.87 4.39 0.89 13.72 0.96 27.43 0.94
S1L 732 549 2.18 0.81 4.39 0.85 13.72 0.77 27.43 0.77
S1M 1829 1372 5.49 0.71 10.97 0.72 34.29 0.72 68.58 0.80
S1H 4755 2852 11.40 0.72 22.83 0.71 71.32 0.74 142.65 0.77
S2L 732 549 2.18 0.84 4.39 0.90 13.72 0.97 27.43 0.92
S2M 1829 1372 5.49 0.71 10.97 0.74 34.29 0.74 68.58 0.84
S2H 4755 2852 11.40 0.71 22.83 0.71 71.32 0.72 142.65 0.78
S3 457 343 1.37 0.86 2.74 0.88 8.59 0.98 17.15 0.98
S4L 732 549 2.18 0.93 4.39 0.94 13.72 1.01 27.43 0.99
S4M 1829 1372 5.49 0.80 10.97 0.76 34.29 0.76 68.58 0.93
S4H 4755 2852 11.40 0.72 22.83 0.72 71.32 0.79 142.65 0.91
CIL 610 457 1.83 0.84 3.66 0.88 11.43 0.90 22.86 0.88
CIM 1524 1143 4.57 0.72 9.14 0.73 28.58 0.74 57.15 0.84
ClH 3658 2195 8.79 0.71 17.55 0.71 54.86 0.78 109.73 0.88
C2L 610 457 1.83 0.87 3.66 0.88 11.43 0.97 22.86 0.99
C2M 1524 1143 4.57 0.84 9.14 0.82 28.58 0.74 57.15 0.81
C2H 3658 2195 8.79 0.71 17.55 0.72 54.86 0.74 109.73 0.85
PCl1 457 343 1.37 0.82 2.74 0.91 8.59 0.95 17.15 1.03
PC2L 610 457 1.83 0.89 3.66 0.93 11.43 1.03 22.86 1.04
PC2M 1524 1143 4.57 0.87 9.14 0.83 28.58 0.77 57.15 0.89
PC2H 3658 2195 8.79 0.73 17.55 0.73 54.86 0.77 109.73 0.89
RMIL 610 457 1.83 0.89 3.66 0.91 11.43 0.97 22.86 1.06
RMIM 1524 1143 4.57 0.81 9.14 0.86 28.58 0.80 57.15 0.81
RM2L 610 457 1.83 0.85 3.66 0.87 11.43 0.95 22.86 1.03
RM2M 1524 1143 4.57 0.82 9.14 0.84 28.58 0.76 57.15 0.80
RM2H 3658 2195 8.79 0.71 17.55 0.73 54.86 0.73 109.73 0.85
MH 305 305 1.22 0.96 2.44 1.05 7.62 1.07 15.24 0.93
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O Nonstructural Drift-Sensitive Fragility Curve Parameters - Moderate-Code Seismic Design

Level
Building Properties Spectral Displacement (cm)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 427 320 1.27 0.89 2.57 0.91 8.00 0.90 16.00 1.04
W2 732 549 2.18 0.94 4.39 0.99 13.72 1.00 27.43 0.90
S1L 732 549 2.18 0.84 4.39 0.83 13.72 0.79 27.43 0.87
SIM 1829 1372 5.49 0.71 10.97 0.74 34.29 0.85 68.58 0.95
S1H 4755 2852 11.40 0.71 22.83 0.74 71.32 0.84 142.65 0.95
S2L 732 549 2.18 0.93 4.39 0.99 13.72 0.96 27.43 0.92
S2M 1829 1372 5.49 0.74 10.97 0.74 34.29 0.85 68.58 0.96
S2H 4755 2852 11.40 0.72 22.83 0.73 71.32 0.80 142.65 0.94
S3 457 343 1.37 0.93 2.74 0.98 8.59 1.01 17.15 0.94
S4L 732 549 2.18 1.00 4.39 1.06 13.72 0.99 27.43 0.96
S4M 1829 1372 5.49 0.77 10.97 0.80 34.29 0.95 68.58 1.04
S4H 4755 2852 11.40 0.73 22.83 0.82 71.32 0.93 142.65 1.01
ClL 610 457 1.83 0.93 3.66 0.96 11.43 0.94 22.86 0.88
CIM 1524 1143 4.57 0.77 9.14 0.76 28.58 0.87 57.15 0.98
ClH 3658 2195 8.79 0.74 17.55 0.80 54.86 0.94 109.73 1.03
C2L 610 457 1.83 0.96 3.66 1.00 11.43 1.06 22.86 0.95
C2M 1524 1143 4.57 0.84 9.14 0.81 28.58 0.83 57.15 0.98
C2H 3658 2195 8.79 0.73 17.55 0.76 54.86 0.89 109.73 0.99
PC1 457 343 1.37 0.94 2.74 0.99 8.59 1.05 17.15 1.08
PC2L 610 457 1.83 1.00 3.66 1.06 11.43 1.07 22.86 0.93
PC2M 1524 1143 4.57 0.85 9.14 0.83 28.58 0.92 57.15 1.00
PC2H 3658 2195 8.79 0.74 17.55 0.79 54.86 0.93 109.73 1.02
RMIL 610 457 1.83 1.00 3.66 1.06 11.43 1.12 22.86 1.01
RMIM 1524 1143 4.57 0.88 9.14 0.85 28.58 0.84 57.15 0.98
RM2L 610 457 1.83 0.96 3.66 1.02 11.43 1.10 22.86 0.99
RM2M 1524 1143 4.57 0.88 9.14 0.83 28.58 0.81 57.15 0.98
RM2H 3658 2195 8.79 0.73 17.55 0.76 54.86 0.88 109.73 0.99
MH 305 305 1.22 0.96 2.44 1.05 7.62 1.07 15.24 0.93
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O Nonstructural Drift-Sensitive Fragility Curve Parameters - Low-Code Seismic Design Level

Building Properties Spectral Displacement (cm)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
W1 427 320 1.27 0.98 2.57 0.99 8.00 1.02 16.00 1.09
W2 732 549 2.18 1.01 4.39 0.97 13.72 0.93 27.43 1.03
S1L 732 549 2.18 0.86 4.39 0.84 13.72 0.88 27.43 1.00
S1M 1829 1372 5.49 0.74 10.97 0.89 34.29 0.99 68.58 1.05
S1H 4755 2852 11.40 0.75 22.83 0.87 71.32 0.97 142.65 1.04
S2L 732 549 2.18 1.01 4.39 0.94 13.72 0.94 27.43 1.03
S2M 1829 1372 5.49 0.77 10.97 0.87 34.29 0.99 68.58 1.05
S2H 4755 2852 11.40 0.74 22.83 0.86 71.32 0.97 142.65 1.05
S3 457 343 1.37 1.03 2.74 1.02 8.59 0.96 17.15 0.99
S4L 732 549 2.18 1.09 4.39 0.99 13.72 0.96 27.43 1.03
S4M 1829 1372 5.49 0.83 10.97 0.95 34.29 1.04 68.58 1.07
S4H 4755 2852 11.40 0.84 22.83 0.95 71.32 1.05 142.65 1.07
CIL 610 457 2.18 1.14 4.39 1.04 13.72 0.98 27.43 1.01
CIM 1524 1143 5.49 0.84 10.97 0.95 34.29 1.03 68.58 1.07
CIH 3658 2195 11.40 0.84 22.83 0.95 71.32 1.03 142.65 1.06
C2L 610 457 1.83 0.99 3.66 0.96 11.43 0.90 22.86 1.01
C2M 1524 1143 4.57 0.79 9.14 0.88 28.58 0.99 57.15 1.06
C2H 3658 2195 8.79 0.87 17.55 0.96 54.86 1.02 109.73 1.06
PCl1 457 343 1.83 1.08 3.66 1.05 11.43 0.95 22.86 0.99
PC2L 610 457 4.57 0.84 9.14 0.87 28.58 1.00 57.15 1.06
PC2M 1524 1143 8.79 0.79 17.55 0.93 54.86 0.99 109.73 1.07
PC2H 3658 2195 1.83 1.13 3.66 1.08 11.43 0.95 22.86 1.00
RMIL 610 457 4.57 0.88 9.14 0.92 28.58 1.00 57.15 1.06
RMIM 1524 1143 8.79 0.83 17.55 0.96 54.86 1.02 109.73 1.06
RM2L 610 457 1.37 1.05 2.74 1.10 8.59 1.10 17.15 0.93
RM2M 1524 1143 1.83 1.12 3.66 1.04 11.43 0.93 22.86 1.02
RM2H 3658 2195 4.57 0.86 9.14 0.93 28.58 1.02 57.15 1.07
MH 305 305 8.79 0.83 17.55 0.94 54.86 1.04 109.73 1.07
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O Nonstructural Drift-Sensitive Fragility Curve Parameters - Pre-Code Seismic Design Level

Building Properties Spectral Displacement (cm)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
W1 427 320 1.27 1.07 2.57 1.11 8.00 1.11 16.00 1.14
W2 732 549 2.18 1.06 4.39 1.00 13.72 0.93 27.43 1.01
S1L 732 549 2.18 0.90 4.39 0.87 13.72 0.91 27.43 1.02
S1IM 1829 1372 5.49 0.80 10.97 0.92 34.29 0.99 68.58 1.06
S1H 4755 2852 11.40 0.79 22.83 0.89 71.32 1.00 142.65 1.07
S2L 732 549 2.18 1.06 4.39 0.97 13.72 0.96 27.43 1.04
S2M 1829 1372 5.49 0.80 10.97 0.90 34.29 1.02 68.58 1.06
S2H 4755 2852 11.40 0.79 22.83 0.89 71.32 0.99 142.65 1.06
S3 457 343 1.37 1.11 2.74 1.05 8.59 0.96 17.15 1.00
S4L 732 549 2.18 1.12 4.39 1.00 13.72 0.99 27.43 1.05
S4M 1829 1372 5.49 0.86 10.97 0.99 34.29 1.06 68.58 1.10
S4H 4755 2852 11.40 0.88 22.83 0.99 71.32 1.07 142.65 1.09
CIL 610 457 2.18 1.18 4.39 1.06 13.72 0.98 27.43 1.03
CIM 1524 1143 5.49 0.86 10.97 0.99 34.29 1.05 68.58 1.09
CIH 3658 2195 11.40 0.88 22.83 0.91 71.32 1.05 142.65 1.09
C2L 610 457 1.83 1.02 3.66 0.98 11.43 0.93 22.86 1.03
C2M 1524 1143 4.57 0.81 9.14 0.91 28.58 1.02 57.15 1.06
C2H 3658 2195 8.79 0.90 17.55 0.99 54.86 1.05 109.73 1.10
PCl1 457 343 1.83 1.14 3.66 1.08 11.43 0.97 22.86 1.00
PC2L 610 457 4.57 0.88 9.14 0.90 28.58 1.03 57.15 1.07
PC2M 1524 1143 8.79 0.83 17.55 0.97 54.86 1.05 109.73 1.07
PC2H 3658 2195 1.83 1.19 3.66 1.11 11.43 0.99 22.86 1.02
RMIL 610 457 4.57 0.92 9.14 0.95 28.58 1.03 57.15 1.09
RMIM 1524 1143 8.79 0.86 17.55 0.90 54.86 1.04 109.73 1.09
RM2L 610 457 1.37 1.18 2.74 1.16 8.59 1.12 17.15 0.95
RM2M 1524 1143 1.83 1.16 3.66 1.06 11.43 0.96 22.86 1.02
RM2H 3658 2195 4.57 0.87 9.14 0.95 28.58 1.04 57.15 1.07
MH 305 305 8.79 0.87 17.55 0.99 54.86 1.06 109.73 1.08
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O Nonstructural Acceleration-Sensitive Fragility Curve Parameters - High-Code Seismic
Design Level
Building Properties Spectral Acceleration (g)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta Median | Beta | Median | Beta
Wl 168 126 0.3 0.73 0.6 0.68 1.2 0.68 24 0.68
W2 288 216 0.3 0.7 0.6 0.67 1.2 0.67 24 0.68
S1L 288 216 0.3 0.67 0.6 0.67 1.2 0.68 2.4 0.67
SIM 720 540 0.3 0.67 0.6 0.68 1.2 0.67 2.4 0.67
S1H 1872 1123 0.3 0.68 0.6 0.67 1.2 0.67 2.4 0.67
S2L 288 216 0.3 0.67 0.6 0.67 1.2 0.67 2.4 0.67
S2M 720 540 0.3 0.69 0.6 0.66 1.2 0.66 24 0.66
S2H 1872 1123 0.3 0.68 0.6 0.66 1.2 0.65 2.4 0.65
S3 180 135 0.3 0.68 0.6 0.67 1.2 0.67 2.4 0.67
S4L 288 216 0.3 0.68 0.6 0.68 1.2 0.67 2.4 0.67
S4M 720 540 0.3 0.67 0.6 0.65 1.2 0.66 24 0.66
S4H 1872 1123 0.3 0.67 0.6 0.66 1.2 0.65 24 0.65
CIL 240 180 0.3 0.68 0.6 0.68 1.2 0.67 24 0.67
CiM 600 450 0.3 0.68 0.6 0.68 1.2 0.66 2.4 0.66
ClH 1440 864 0.3 0.66 0.6 0.66 1.2 0.66 24 0.66
C2L 240 180 0.3 0.69 0.6 0.67 1.2 0.66 24 0.64
C2M 600 450 0.3 0.7 0.6 0.65 1.2 0.65 24 0.65
C2H 1440 864 0.3 0.68 0.6 0.66 1.2 0.65 24 0.65
PC1 180 135 0.3 0.74 0.6 0.67 1.2 0.67 24 0.64
PC2L 240 180 0.3 0.68 0.6 0.67 1.2 0.67 24 0.67
PC2M 600 450 0.3 0.68 0.6 0.65 1.2 0.66 24 0.66
PC2H 1440 864 0.3 0.67 0.6 0.65 1.2 0.65 24 0.65
RMIL 240 180 0.3 0.7 0.6 0.67 1.2 0.67 2.4 0.63
RMIM 600 450 0.3 0.72 0.6 0.66 1.2 0.65 2.4 0.65
RM2L 240 180 0.3 0.7 0.6 0.66 1.2 0.67 2.4 0.64
RM2M 600 450 0.3 0.72 0.6 0.65 1.2 0.65 24 0.65
RM2H 1440 864 0.3 0.7 0.6 0.65 1.2 0.65 2.4 0.65
MH 120 120 0.3 0.65 0.6 0.67 1.2 0.67 2.4 0.67
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O Nonstructural Acceleration-Sensitive Fragility Curve Parameters - Moderate-Code Seismic

Design Level

Building Properties Spectral Acceleration (g)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 168 126 0.25 0.73 0.5 0.68 1 0.67 2 0.64
W2 288 216 0.25 0.68 0.5 0.67 1 0.68 2 0.68
S1L 288 216 0.25 0.67 0.5 0.66 1 0.67 2 0.67
SIM 720 540 0.25 0.66 0.5 0.67 1 0.67 2 0.67
S1H 1872 1123 0.25 0.66 0.5 0.68 1 0.68 2 0.68
S2L 288 216 0.25 0.66 0.5 0.66 1 0.68 2 0.68
S2M 720 540 0.25 0.66 0.5 0.65 1 0.65 2 0.65
S2H 1872 1123 0.25 0.65 0.5 0.65 1 0.65 2 0.65
S3 180 135 0.25 0.67 0.5 0.66 1 0.65 2 0.65
S4L 288 216 0.25 0.66 0.5 0.66 1 0.66 2 0.66
S4M 720 540 0.25 0.65 0.5 0.65 1 0.65 2 0.65
S4H 1872 1123 0.25 0.65 0.5 0.66 1 0.66 2 0.66
ClL 240 180 0.25 0.67 0.5 0.66 1 0.66 2 0.66
CIM 600 450 0.25 0.66 0.5 0.65 1 0.63 2 0.63
CIH 1440 864 0.25 0.65 0.5 0.67 1 0.67 2 0.67
C2L 240 180 0.25 0.68 0.5 0.66 1 0.68 2 0.68
C2M 600 450 0.25 0.67 0.5 0.64 1 0.67 2 0.67
C2H 1440 864 0.25 0.66 0.5 0.65 1 0.65 2 0.65
PC1 180 135 0.25 0.68 0.5 0.67 1 0.66 2 0.66
PC2L 240 180 0.25 0.66 0.5 0.66 1 0.65 2 0.65
PC2M 600 450 0.25 0.65 0.5 0.65 1 0.65 2 0.65
PC2H 1440 864 0.25 0.64 0.5 0.65 1 0.65 2 0.65
RMIL 240 180 0.25 0.68 0.5 0.67 1 0.67 2 0.67
RMIM 600 450 0.25 0.67 0.5 0.64 1 0.67 2 0.67
RM2L 240 180 0.25 0.68 0.5 0.66 1 0.67 2 0.67
RM2M 600 450 0.25 0.67 0.5 0.64 1 0.67 2 0.67
RM2H 1440 864 0.25 0.66 0.5 0.64 1 0.64 2 0.64
MH 120 120 0.25 0.65 0.5 0.67 1 0.67 2 0.67
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O Nonstructural Acceleration-Sensitive Fragility Curve Parameters - Low-Code Seismic Design

Level
Building Properties Spectral Acceleration (g)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 168 126 0.2 0.71 0.4 0.68 0.8 0.66 1.6 0.66
W2 288 216 0.2 0.67 0.4 0.67 0.8 0.7 1.6 0.7
S1L 288 216 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
SIM 720 540 0.2 0.66 0.4 0.68 0.8 0.68 1.6 0.68
S1H 1872 1123 0.2 0.67 0.4 0.65 0.8 0.65 1.6 0.65
S2L 288 216 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S2M 720 540 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S2H 1872 1123 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S3 180 135 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S4L 288 216 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S4M 720 540 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S4H 1872 1123 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
CIL 240 180 0.2 0.65 0.4 0.68 0.8 0.67 1.6 0.67
CIM 600 450 0.2 0.64 0.4 0.68 0.8 0.67 1.6 0.67
CIH 1440 864 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
C2L 240 180 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
C2M 600 450 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
C2H 1440 864 0.2 0.67 0.4 0.67 0.8 0.67 1.6 0.67
PC1 180 135 0.2 0.66 0.4 0.67 0.8 0.66 1.6 0.66
PC2L 240 180 0.2 0.64 0.4 0.66 0.8 0.65 1.6 0.65
PC2M 600 450 0.2 0.64 0.4 0.66 0.8 0.66 1.6 0.66
PC2H 1440 864 0.2 0.65 0.4 0.67 0.8 0.66 1.6 0.66
RMIL 240 180 0.2 0.64 0.4 0.67 0.8 0.66 1.6 0.66
RMIM 600 450 0.2 0.64 0.4 0.67 0.8 0.67 1.6 0.67
RM2L 240 180 0.2 0.66 0.4 0.66 0.8 0.66 1.6 0.66
RM2M 600 450 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
RM2H 1440 864 0.2 0.64 0.4 0.68 0.8 0.68 1.6 0.68
MH 120 120 0.2 0.64 0.4 0.67 0.8 0.67 1.6 0.67
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O Nonstructural Acceleration-Sensitive Fragility Curve Parameters - Pre-Code Seismic Design

Level
Building Properties Spectral Acceleration (g)
Height Slight Moderate Extensive Complete
Type roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 168 126 0.2 0.72 0.4 0.7 0.8 0.67 1.6 0.67
W2 288 216 0.2 0.66 0.4 0.67 0.8 0.65 1.6 0.65
S1L 288 216 0.2 0.66 0.4 0.68 0.8 0.68 1.6 0.68
SIM 720 540 0.2 0.66 0.4 0.68 0.8 0.68 1.6 0.68
S1H 1872 1123 0.2 0.68 0.4 0.68 0.8 0.68 1.6 0.68
S2L 288 216 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S2M 720 540 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S2H 1872 1123 0.2 0.65 0.4 0.67 0.8 0.67 1.6 0.67
S3 180 135 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S4L 288 216 0.2 0.66 0.4 0.68 0.8 0.68 1.6 0.68
S4M 720 540 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
S4H 1872 1123 0.2 0.66 0.4 0.68 0.8 0.68 1.6 0.68
CIL 240 180 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
CIM 600 450 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
CIH 1440 864 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
C2L 240 180 0.2 0.66 0.4 0.68 0.8 0.68 1.6 0.68
C2M 600 450 0.2 0.66 0.4 0.68 0.8 0.68 1.6 0.68
C2H 1440 864 0.2 0.68 0.4 0.68 0.8 0.68 1.6 0.68
PC1 180 135 0.2 0.65 0.4 0.67 0.8 0.67 1.6 0.67
PC2L 240 180 0.2 0.64 0.4 0.67 0.8 0.67 1.6 0.67
PC2M 600 450 0.2 0.65 0.4 0.67 0.8 0.67 1.6 0.67
PC2H 1440 864 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
RMIL 240 180 0.2 0.64 0.4 0.67 0.8 0.67 1.6 0.67
RMIM 600 450 0.2 0.65 0.4 0.67 0.8 0.67 1.6 0.67
RM2L 240 180 0.2 0.67 0.4 0.66 0.8 0.66 1.6 0.66
RM2M 600 450 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
RM2H 1440 864 0.2 0.65 0.4 0.68 0.8 0.68 1.6 0.68
MH 120 120 0.2 0.66 0.4 0.67 0.8 0.67 1.6 0.67
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[SYNER-G]

Construction ) ) Intensity Slight Moderate Extensive Complete
- Height Region -
el casure Mean stD Mean stD Mean stD Mean stD
Euro-Mediterranean Regions (
Masonry 2 . Sd(TLS)(m) 0.003 0.001 0.004 0.001 0.009 0.003 0.013 0.005
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 4 . Sd(TLS)(m) 0.006 0.001 0.008 0.002 0.012 0.004 0.016 0.006
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 2 . Sd(TLS)(m) 0.003 0.001 0.004 0.001 0.013 0.005 0.019 0.008
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 4 . Sd(TLS)(m) 0.006 0.001 0.008 0.002 0.017 0.006 0.023 0.009
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 2 . Sd(TLS)(m) 0.228 0.027
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 2 . Sd(TLS)(m) 0.228 0.027
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 2 . Sd(TLS)(m) 0.003 0.001 0.004 0.001 0.012 0.005 0.017 0.007
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 2 . Sd(TLS)(m) 0.003 0.001 0.004 0.001 0.012 0.005 0.017 0.007
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 2 R Sd(TLS)(m) 0.228 0.027
Greek, Italy, Slovenia, Turkey)
Euro-Mediterranean Regions (
Masonry 2 R Sd(TLS)(m) 0.228 0.027
Greek, Italy, Slovenia, Turkey)
Reinforced Euro-Mediterranean Regions (
2 Sd(TLS)(m) 0.016 0.004 0.022 0.008 0.045 0.02 0.13 0.077
Concrete Greek, Italy, Turkey)
Reinforced Euro-Mediterranean Regions (
5 Sd(TLS)(m) 0.03 0.008 0.041 0.015 0.063 0.027 0.15 0.085
Concrete Greek, Italy, Turkey)
Reinforced Euro-Mediterranean Regions (
8 Sd(TLS)(m) 0.044 0.012 0.062 0.022 0.083 0.032 0.168 0.089
Concrete Greek, Italy, Turkey)
Reinforced Euro-Mediterranean Regions (
2 Sd(TLS)(m) 0.016 0.004 0.021 0.006 0.039 0.017 0.059 0.028
Concrete Greek, Italy, Turkey)
Reinforced Euro-Mediterranean Regions (
5 Sd(TLS)(m) 0.03 0.008 0.039 0.013 0.057 0.022 0.076 0.034
Concrete Greek, Italy, Turkey)
Reinforced Euro-Mediterranean Regions (
8 Sd(TLS)(m) 0.03 0.008 0.039 0.013 0.057 0.022 0.076 0.034
Concrete Greek, Italy, Turkey)
Masonry Italy Sd(TLS)(m) 0.002 0.002 0.004 0.003 0.011 0.012 0.019 0.022
Masonry 1,2 Italy Sd(TLS)(m) 0.012 0.012 0.03 0.047 0.036 0.034
Masonry 1 Lisbon - Portugal Sd(TLS)(cm) 1.15 2 2.31 4.02 4.33 7.53 10.11 17.58
Masonry 2 Lisbon - Portugal Sd(TLS)(cm) 2.04 3.55 4.19 7.3 8.09 14.07 18.87 32.82
Masonry 3 Lisbon - Portugal Sd(TLS)(cm) 2.66 4.62 5.66 9.85 11.27 19.59 26.29 45.72
Masonry 4 Lisbon - Portugal Sd(TLS)(cm) 3 522 6.7 11.65 13.87 24.11 32.35 56.27
Masonry 5~7 Lisbon - Portugal Sd(TLS)(cm) 2.85 3.37 6.717 8.01 14.71 17.39 3433 40.58
Masonry 8~15 Lisbon - Portugal Sd(TLS)(cm) 3.71 4.39 9.66 11.41 22.29 26.35 52.02 61.48
Masonry >15 Lisbon - Portugal Sd(TLS)(cm) 5.94 7.02 15.45 18.27 35.67 42.16 82.23 98.38
Masonry 1 Lisbon - Portugal Sd(TLS)(cm) 1.25 1.79 2.51 3.59 5.02 7.18 11.72 16.76
Masonry 2 Lisbon - Portugal Sd(TLS)(cm) 2.24 3.22 4.52 6.46 9.13 13.05 21.27 30.4
Masonry 3 Lisbon - Portugal Sd(TLS)(cm) 2.55 2.86 5.19 5.82 10.6 11.89 24.67 27.67
Masonry 4 Lisbon - Portugal Sd(TLS)(cm) 2.94 33 6.06 6.79 12.55 14.08 29.14 32.68
Masonry 5~7 Lisbon - Portugal Sd(TLS)(cm) 3.72 4.17 7.79 8.73 16.44 18.44 38.08 42.72
Masonry 8~15 Lisbon - Portugal Sd(TLS)(cm) 5.05 5.66 10.82 12.13 23.44 26.29 54.09 60.68
Masonry >15 Lisbon - Portugal Sd(TLS)(cm) 8.08 9.06 17.31 19.42 37.51 42.07 86.55 97.08
Masonry 1 Lisbon - Portugal Sd(TLS)(cm) 1.23 1.71 247 343 5.75 8 14.39 20.01
Masonry 2 Lisbon - Portugal Sd(TLS)(cm) 2.21 3.08 4.52 6.29 10.44 14.52 25.98 36.13
Reinforced .
3 Lisbon - Portugal Sd(TLS)(cm) 3.52 3.9 9.13 10.12 15.47 17.15 38.69 42.87
Concrete
Reinforced i
4 Lisbon - Portugal Sd(TLS)(cm) 3.71 3.21 8.88 7.69 17.26 14.94 43.16 37.34
Concrete
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Construction ) ) Intensity Slight Moderate Extensive Complete
- Height Region -
e casure Mean stD Mean stD Mean stD Mean stD
Reinforced i
5~7 Lisbon - Portugal Sd(TLS)(cm) 4.87 4.21 11.42 9.88 24.37 21.09 60.93 52.71
Concrete
Reinforced .
8~15 Lisbon - Portugal Sd(TLS)(cm) 5.58 4.83 13.96 12.08 30.46 26.36 76.16 65.89
Concrete
Reinforced .
>15 Lisbon - Portugal Sd(TLS)(cm) 8.94 7.73 22.34 19.33 48.74 42.17 121.86 | 105.43
Concrete
Low
Masonry Ri Istanbul - Turkey Sd(TLS)(cm) 2.94 3.79 7.03 9.97 16.48 25.28 32.25 47.95
ise
Low
Masonry Ri Istanbul - Turkey Sd(TLS)(cm) 22 2.84 5.47 7.75 13.19 20.23 25.8 38.36
ise
Mid
Masonry Ri Istanbul - Turkey Sd(TLS)(cm) 3.83 3.05 9.58 7.62 19.16 15.24 44.58 49
ise
Mid
Masonry Ri Istanbul - Turkey Sd(TLS)(cm) 3.36 2.67 7.89 6.74 17.37 18.18 36.37 49.19
ise
Masonry 1 Lisbon - Portugal Sd(TLS)(cm) 1.25 1.79 2.51 3.59 5.02 7.18 11.72 16.76
Masonry 2 Lisbon - Portugal Sd(TLS)(cm) 2.24 32 4.52 6.46 9.13 13.05 21.27 30.4
Masonry 3 Lisbon - Portugal Sd(TLS)(cm) 2.55 2.86 5.19 5.82 10.6 11.89 24.67 27.67
Masonry 4 Lisbon - Portugal Sd(TLS)(cm) 2.94 33 6.06 6.79 12.55 14.08 29.14 32.68
Masonry 5~7 Lisbon - Portugal Sd(TLS)(cm) 3.72 4.17 7.79 8.73 16.44 18.44 38.08 42.72
Masonry 8~15 Lisbon - Portugal Sd(TLS)(cm) 5.05 5.66 10.82 12.13 23.44 26.29 54.09 60.68
Masonry >15 Lisbon - Portugal Sd(TLS)(cm) 8.08 9.06 17.31 19.42 37.51 42.07 86.55 97.08
Reinforced .
1 Lisbon - Portugal Sd(TLS)(cm) 1.43 1.58 3.58 3.97 5.73 6.35 13.25 14.69
Concrete
Reinforced .
2 Lisbon - Portugal Sd(TLS)(cm) 2.58 2.86 6.45 7.14 10.6 11.75 24.79 27.47
Concrete
Reinforced .
3 Lisbon - Portugal Sd(TLS)(cm) 3.44 3.81 8.6 9.53 14.61 16.19 34.6 38.34
Concrete
Reinforced .
4 Lisbon - Portugal Sd(TLS)(cm) 3.55 3.07 8.25 7.14 15.74 13.62 37.83 32.73
Concrete
Reinforced i
5~7 Lisbon - Portugal Sd(TLS)(cm) 4.57 3.95 9.52 8.24 21.33 18.45 52.17 45.14
Concrete
Reinforced i
8~15 Lisbon - Portugal Sd(TLS)(cm) 5.07 4.39 11.42 9.88 25.39 21.96 63.47 5491
Concrete
Reinforced .
>15 Lisbon - Portugal Sd(TLS)(cm) 8.12 7.03 18.28 15.81 40.62 35.14 101.55 87.86
Concrete
Reinforced .
1 Lisbon - Portugal Sd(TLS)(cm) 1.43 1.59 3.58 3.97 5.73 6.35 14.33 15.88
Concrete
Reinforced .
2 Lisbon - Portugal Sd(TLS)(cm) 2.61 2.89 6.8 7.54 10.89 12.07 27.22 30.16
Concrete
Reinforced .
3 Lisbon - Portugal Sd(TLS)(cm) 3.52 39 9.13 10.12 15.47 17.15 38.69 42.87
Concrete
Reinforced i
4 Lisbon - Portugal Sd(TLS)(cm) 3.71 3.21 8.88 7.69 17.26 14.94 43.16 37.34
Concrete
Reinforced .
5 Lisbon - Portugal Sd(TLS)(cm) 4.87 4.21 11.42 9.88 24.37 21.09 60.93 52.71
Concrete
Reinforced .
8~15 Lisbon - Portugal Sd(TLS)(cm) 5.58 4.83 13.96 12.08 30.46 26.36 76.16 65.89
Concrete
Reinforced .
>15 Lisbon - Portugal Sd(TLS)(cm) 8.94 7.73 22.34 19.33 48.74 42.17 121.86 | 105.43
Concrete
Reinforced High
. Istanbul - Turkey Sd(TLS)(cm) 11.19 8.27 27.98 20.67 48.05 42.49 108.93 | 123.67
Concrete Rise
Reinforced High
. Istanbul - Turkey Sd(TLS)(cm) 8.62 6.86 24.99 24.06 40.12 44.1 90.92 115.47
Concrete Rise
Reinforced Low
. Istanbul - Turkey Sd(TLS)(cm) 3.34 3.67 6.75 7.54 16.87 18.84 33.43 36.75
Concrete Rise
Reinforced Low
. Istanbul - Turkey Sd(TLS)(cm) 2.83 3.42 5.45 6.18 12.92 13.3 28.81 36.01
Concrete Rise
Reinforced Mid
. Istanbul - Turkey SA(TLS)(cm) | 5.75 457 1437 | 1143 | 28.75 | 22.86 | 66.87 | 73.49
Concrete Rise
Reinforced Mid
X Istanbul - Turkey Sd(TLS)(cm) 5.03 4 11.83 10.11 26.05 27.26 54.55 69.28
Concrete Rise
Reinforced High
. Istanbul - Turkey Sd(TLS)(cm) 11.19 8.27 27.98 20.67 48.05 42.49 108.93 | 123.67
Concrete Rise
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Construction ) ) Intensity Slight Moderate Extensive Complete
- Height Region -
e casure Mean stD Mean stD Mean stD Mean stD
Reinforced High
. Istanbul - Turkey Sd(TLS)(cm) 8.62 6.86 24.99 24.06 40.12 44.1 90.92 115.47
Concrete Rise
Reinforced Low
. Istanbul - Turkey Sd(TLS)(cm) 3.34 3.67 6.75 7.54 16.87 18.84 33.43 36.75
Concrete Rise
Reinforced Low
. Istanbul - Turkey Sd(TLS)(cm) 2.83 3.42 5.45 6.18 12.92 13.3 28.81 36.01
Concrete Rise
Reinforced Mid
. Istanbul - Turkey Sd(TLS)(cm) 5.75 4.57 10.07 8.01 23 18.29 55.66 61.18
Concrete Rise
Reinforced Mid
. Istanbul - Turkey Sd(TLS)(cm) 4.32 3.43 8.88 7.58 19.54 20.45 48.56 61.66
Concrete Rise
Reinforced .
1 Lisbon - Portugal Sd(TLS)(cm) 1.46 1.69 3.66 422 5.86 6.76 13.55 15.64
Concrete
Reinforced i
2 Lisbon - Portugal Sd(TLS)(cm) 2.64 3.04 6.59 7.61 10.85 12.51 25.36 29.26
Concrete
Reinforced i
3 Lisbon - Portugal Sd(TLS)(cm) 3.51 4.06 8.79 10.15 14.95 17.25 35.39 40.84
Concrete
Reinforced .
4 Lisbon - Portugal Sd(TLS)(cm) 3.76 3.68 8.73 8.55 16.66 16.31 40.04 39.21
Concrete
Reinforced .
5~7 Lisbon - Portugal Sd(TLS)(cm) 4.83 4.73 10.08 9.87 22.57 22.1 55.22 54.08
Concrete
Reinforced .
8~15 Lisbon - Portugal Sd(TLS)(cm) 5.37 5.26 12.09 11.84 26.87 26.31 67.18 65.79
Concrete
Reinforced .
>15 Lisbon - Portugal Sd(TLS)(cm) 8.59 8.42 19.35 18.95 42.99 42.1 107.49 | 105.26
Concrete
Masonry 4 Italy Sd(TLS)(m) 0.004 0.001 0.009 0.003 0.022 0.005 0.036 0.007
Reinforced High
. Italy Sd(TLS)(cm) 8.52 4.674 15.435 7.938 20.603 | 11.875 | 43.991 | 25.106
Concrete Rise
Reinforced Low
. Italy Sd(TLS)(cm) 491 2.956 6.066 2.828 8.874 5.55 13.526 7.436
Concrete Rise
Reinforced Mid
X Italy Sd(TLS)(cm) 6.589 3.926 11.599 6.194 18.288 9.606 38.044 | 21.087
Concrete Rise
High
Masonry Ri Europe Sd(TLS)(cm) 0.509 0.178 0.76 0.351 1.264 0.899 2.589 2.536
ise
Low
Masonry Ri Europe Sd(TLS)(cm) 0.163 0.07 0.436 0.299 1.207 1.659 3.704 8.04
ise
Mid
Masonry Ri Europe Sd(TLS)(cm) 0.332 0.127 0.578 0.308 1.166 1.067 2.759 3.559
ise
High .
Masonry Ri Barcelona - Spain Sd(TLS)(cm) 0.481 0.148 0.84 0.609 2.075 1.505 3.224 2.338
ise
Mid .
Masonry Ri Barcelona - Spain Sd(TLS)(cm) 0.477 0.198 0.714 0.38 1.589 1.381 3.718 2.956
ise
Reinforced High
X FYROM Sd(TLS)(cm) 2.189 1.063 3.358 1.139 4.466 1.37 9.178 3.014
Concrete Rise
Reinforced Mid
K FYROM Sd(TLS)(cm) 0.793 0.423 1.381 0.591 1.819 0.758 3.326 1.385
Concrete Rise
Reinforced High
. Europe Sd(TLS)(cm) 8.016 3.339 13.19 7.029 19 12.507 | 41.932 | 33.343
Concrete Rise
Reinforced High
. Europe Sd(TLS)(cm) 4.434 3.215 10.002 8.691 16.518 | 17.003 | 42.947 | 51.995
Concrete Rise
Reinforced High 107.02 | 129.57
. Europe Sd(TLS)(cm) 9.659 7.004 23.687 | 20.582 | 40.097 | 41.274
Concrete Rise 9 9
Reinforced High
X Europe Sd(TLS)(cm) 0.692 0.502 1.523 1.324 2.511 2.585 6.501 7.87
Concrete Rise
Reinforced High X
X Barcelona - Spain Sd(TLS)(cm) 1.383 0.395 1.971 0.584 2.744 0.96 5.179 2.453
Concrete Rise
Reinforced High
. Europe Sd(TLS)(cm) 4.235 1.764 5.087 2.711 6.069 3.995 9.454 7.518
Concrete Rise
Reinforced High
. Europe Sd(TLS)(cm) 0.729 0.528 1.629 1.416 2.684 2.762 6.941 8.402
Concrete Rise
Reinforced High
. Europe Sd(TLS)(cm) 3.545 2.57 8.412 7.309 14.092 | 14.506 | 37.247 | 45.094
Concrete Rise
Reinforced High 113.10 | 136.93
. Europe SA(TLS)(cm) | 14.415 | 10.452 | 28.628 | 24.876 | 45.622 | 46.961
Concrete Rise 7 7
Reinforced High
. Europe Sd(TLS)(cm) 1.074 0.779 2.384 2.072 3918 4.033 10.144 | 12.281
Concrete Rise
Reinforced High
. Europe Sd(TLS)(cm) 0.13 0.054 0.215 0.115 0.311 0.205 0.677 0.538
Concrete Rise
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Construction ) ) Intensity Slight Moderate Extensive Complete
- Height Region -

e casure Mean stD Mean stD Mean stD Mean stD
Reinforced Low

. Europe Sd(TLS)(cm) 0.778 0.564 1.749 1.519 2.885 2.969 7.506 9.087
Concrete Rise
Reinforced Low

. Europe Sd(TLS)(cm) 0.247 0.179 0.543 0.472 0.889 0.915 2.308 2.794
Concrete Rise
Reinforced Low

K Europe Sd(TLS)(cm) 0.119 0.049 0.147 0.078 0.179 0.118 0.268 0.213
Concrete Rise
Reinforced Low

. Europe Sd(TLS)(cm) 0.259 0.188 0.569 0.495 0.947 0.975 2.449 2.965
Concrete Rise
Reinforced Low

. Europe Sd(TLS)(cm) 0.618 0.448 1.47 1.278 2.468 2.541 6.517 7.889
Concrete Rise
Reinforced Low

. Europe Sd(TLS)(cm) 0.173 0.125 0.384 0.334 0.631 0.65 1.617 1.956
Concrete Rise
Reinforced Mid

. FYROM Sd(TLS)(cm) 2.833 1.509 4.354 1.962 5.681 2.56 12.004 6.542
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 2.285 0.952 3.75 1.998 5411 3.562 11.946 9.499
Concrete Rise
Reinforced Mid

X Europe Sd(TLS)(cm) 1.951 1.415 4.398 3.822 7.262 7.475 18.89 22.87
Concrete Rise
Reinforced Mid

) Europe SA(TLS)(cm) | 0.42 0.304 0.94 0.817 | 1.549 | 1.595 | 4.004 | 4.848
Concrete Rise
Reinforced Mid .

. Barcelona - Spain Sd(TLS)(cm) 1.029 0.294 1.515 0.564 2.652 1.413 6.155 4.132
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 1.809 0.754 2.175 1.159 2.598 1.71 4.037 3.21
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 0.444 0.322 0.994 0.863 1.636 1.684 4.239 5.133
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 1.556 1.128 3.696 3.212 6.199 6.381 16.378 | 19.828
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 0.469 0.34 1.033 0.898 1.693 1.742 4.381 5.304
Concrete Rise
Reinforced High

X Europe Sd(TLS)(cm) 2.211 1.603 4.822 4.19 7.878 8.11 20.24 24.505
Concrete Rise
Reinforced High

. Europe Sd(TLS)(cm) 0.642 0.465 1.722 1.496 2.999 3.087 8.196 9.923
Concrete Rise
Reinforced High

X Europe Sd(TLS)(cm) 0.581 0.421 1.298 1.128 2.124 2.186 5.512 6.672
Concrete Rise
Reinforced High

. Europe Sd(TLS)(cm) 0.618 0.448 1.378 1.197 2.253 2.319 5.841 7.072
Concrete Rise
Reinforced High

. Europe Sd(TLS)(cm) 1.742 1.263 4.014 3.488 6.673 6.869 17.509 | 21.197
Concrete Rise
Reinforced High

) Europe SA(TLS)(cm) | 0.494 | 0358 | 1.099 | 0955 | 1.808 | 1.861 | 4.664 | 5.646
Concrete Rise
Reinforced Low

. Europe Sd(TLS)(cm) 0.049 0.036 0.106 0.092 0.172 0.177 0.439 0.532
Concrete Rise
Reinforced Low

. Europe Sd(TLS)(cm) 0.037 0.027 0.079 0.069 0.129 0.133 0.345 0.418
Concrete Rise
Reinforced Low

. Europe Sd(TLS)(cm) 0.037 0.027 0.093 0.081 0.143 0.148 0.393 0.475
Concrete Rise
Reinforced Low

. Europe Sd(TLS)(cm) 0.012 0.009 0.039 0.034 0.072 0.074 0.173 0.209
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 0.667 0.484 1.457 1.266 2.382 2.452 6.124 7.414
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 0.308 0.224 0.702 0.61 1.148 1.181 2.967 3.593
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 0.296 0.215 0.649 0.564 1.076 1.108 2.779 3.365
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 0.531 0.385 1.219 1.059 2.023 2.083 5.292 6.407
Concrete Rise
Reinforced Mid

X Europe Sd(TLS)(cm) 0.568 0.412 1.351 1.174 2.267 2.334 6.029 7.3
Concrete Rise
Reinforced Mid

. Europe Sd(TLS)(cm) 0.148 0.107 0.318 0.276 0.516 0.532 1.35 1.635
Concrete Rise
Reinforced

Europe Sd(TLS)(m) 0.012 0.008 0.024 0.02 0.036 0.033 0.048 0.047

Concrete
Reinforced Low

. Kosovo Sd(TLS)(cm) 1.02 0.379 1.625 0.858 4.398 4.717 12.271 15.97
Concrete Rise
Reinforced .
c . 13 Bucharest - Romania Sd(TLS)(cm) 4.94 3.395 9.891 8.063 29.281 | 22.484 | 85.328 | 84.706
oncrete

- 302 -



Construction . . Intensity Slight Moderate Extensive Complete
ial Height Region -
materia easure Mean stD Mean stD Mean stD Mean stD
Reinforced .
8 Spain Sd(TLS)(cm) 0.096 0.029 0.132 0.03 0.164 0.035 0.225 0.065
Concrete
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[FEMA P-58]

DS 1 DS2 DS3 DS4 DS5
NISTIR Demand
Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
Bolted shear tab . X Unit
B1031.001 . . Story Drift Ratio 0.04 0.4 0.04 0.4 0.08 0.4 0.11 0.4
gravity connections less
Steel Column Base Unit
B1031.011a Plates, Column W < Story Drift Ratio less 0.04 0.4 0.04 0.4 0.07 0.4 0.1 0.4
150 plf
Steel Column Base Unit
B1031.011b Plates, Column 150 Story Drift Ratio Jess 0.04 0.4 0.04 0.4 0.07 0.4 0.1 0.4
plf < W < 300 plf
Steel Column Base .
B1031.011c Plates, Column W > | Story Drift Ratio i:l: 0.04 0.4 0.04 0.4 0.07 0.4 0.1 0.4
300 plf
Welded column Unit
B1031.021a splices, Column W Story Drift Ratio less 0.02 0.4 0.02 0.4 0.05 0.4
< 150 plf
Welded column Unit
B1031.021b splices, Column 150 Story Drift Ratio Jess 0.02 0.4 0.02 0.4 0.05 0.4
plf < W < 300 plf
Welded column Unit
B1031.021c¢ splices, Column W Story Drift Ratio loss 0.02 0.4 0.02 0.4 0.05 0.4
> 300 plf
Special Concentric
Braced Frame w WF
braces, balanced . X Unit
B1033.001a . o Story Drift Ratio 0.0035 | 0.45 | 0.0058 | 0.65 | 0.0142 0.5 | 0.0283 | 0.25
design criteria, less
Chevron Brace,
Brace w < 40 PLF
Special Concentric
Braced Frame w WF
braces, balanced .
B1033.001b design criteria, Story Drift Ratio i:: 0.0035 | 045 | 0.0058 | 0.65 | 0.0142 0.5 | 0.0283 | 0.25
Chevron Brace,
Brace 41 PLF < w
< 99 PLF
Special Concentric
Braced Frame w WF
braces, balanced . . Unit
B1033.001c . o Story Drift Ratio 0.0035 | 0.45 | 0.0058 | 0.65 | 0.0142 0.5 | 0.0283 | 0.25
design criteria, less
Chevron Brace,
Brace w > 100 PLF
Special Concentric
Braced Frame w WF
braces, balanced .
B1033.002a design criteria, Story Drift Ratio Ili:: 0.0035 | 0.45 | 0.0058 | 0.65 | 0.0142 0.5 | 0.0283 | 0.25
Single Diagonal
Brace, Brace w <
40 PLF
Special Concentric
Braced Frame w WF
braces, balanced .
B1033.002b design criteria, Story Drift Ratio lli:: 0.0035 | 0.45 | 0.0058 | 0.65 | 0.0142 0.5 | 0.0283 | 0.25
Single Diagonal
Brace, 41 PLF < w
< 99 PLF
Special Concentric
Braced Frame w WF
braces, balanced .
B1033.002¢ design criteria, Story Drift Ratio Ili:lst 0.0035 | 0.45 | 0.0058 | 0.65 | 0.0142 0.5 | 0.0283 | 0.25
Single Diagonal
Brace, Brace w >
100 PLF
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NISTIR
Classification

Component Name

Demand

Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean

stD

stD

B1033.003a

Special Concentric
Braced Frame w WF
braces, balanced
design criteria, X
Brace, Brace w <
40 PLF

Story Drift

Ratio

Unit
less

0.0035

0.45

0.0058

0.65

0.0142

0.5

0.0283

0.25

B1033.003b

Special Concentric
Braced Frame w WF
braces, balanced
design criteria, X
Brace, 41 PLF < w
< 99 PLF

Story Drift

Ratio

Unit

less

0.0035

0.45

0.0058

0.0142

0.5

0.0283

0.25

B1033.003¢c

Special Concentric
Braced Frame w WF
braces, balanced
design criteria, X
Brace, Brace w >
100 PLF

Story Drift

Ratio

Unit
less

0.0035

0.45

0.0058

0.65

0.0142

0.5

0.0283

0.25

B1033.011a

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, Chevron
Brace, Brace w <
40 PLF

Story Drift

Ratio

Unit
less

0.0035

0.45

0.0092

0.3

0.0167

0.15

0.0223

0.15

B1033.011b

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, Chevron
Brace, Brace 41 PLF
<w < 99 PLF

Story Drift

Ratio

Unit

less

0.0035

0.45

0.0092

0.3

0.0167

0.15

0.0223

0.15

B1033.011c

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, Chevron
Brace, Brace w >
100 PLF

Story Drift

Ratio

Unit
less

0.0035

0.45

0.0092

0.3

0.0167

0.0223

0.15

B1033.012a

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, Single
Diagonal Brace,
Brace w < 40 PLF

Story Drift

Ratio

Unit
less

0.0035

0.45

0.0092

0.3

0.0167

0.0223

0.15

B1033.012b

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, Single
Diagonal Brace,
Brace 41 PLF < w
< 99 PLF

Story Drift

Ratio

Unit
less

0.0035

0.45

0.0092

0.3

0.0167

0.15

0.0223

0.15

B1033.012¢

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, Single
Diagonal Brace,
Brace w > 100 PLF

Story Drift

Ratio

Unit
less

0.0035

0.45

0.0092

0.3

0.0167

0.15

0.0223

0.15
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NISTIR
Classification

Component Name

Demand
Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean

stD

stD

B1033.013a

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, X Brace,
Brace w < 40 PLF

Story Drift Ratio

Unit
less

0.0035

0.45

0.0092

0.3

0.0167

0.15

0.0223

0.15

B1033.013b

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, X Brace,
Brace 41 PLF < w
< 99 PLF

Story Drift Ratio

Unit
less

0.0035

0.45

0.0092

0.3

0.0167

0.15

0.0223

0.15

B1033.013¢

Special Concentric
Braced Frame w
HSS braces,
balanced design
criteria, X Brace,
Brace w > 100 PLF

Story Drift Ratio

Unit

less

0.0035

0.45

0.0092

0.3

0.0167

0.15

0.0223

0.15

B1033.021a

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard,
Chevron Brace,
Brace w < 40 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.0145

0.0199

0.35

B1033.021b

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard,
Chevron Brace,
Brace 41 PLF < w
< 99 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.25

0.0145

0.25

0.0199

0.35

B1033.021¢c

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard,
Chevron Brace,
Brace w > 100 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.25

0.0145

0.25

0.0199

0.35

B1033.022a

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard
Single Diagonal
Brace, Brace w <
40 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.25

0.0145

0.25

0.0199

0.35

B1033.022b

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard,
Single Diagonal
Brace, Brace 41 PLF
<w < 99 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.25

0.0145

0.25

0.0199

0.35
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NISTIR
Classification

Component Name

Demand
Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean stD

stD

B1033.022¢

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard,
Single Diagonal
Brace, Brace w >
100 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.25

0.0145

0.25

0.0199 | 0.35

B1033.023a

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard,
X Brace, Brace w <
40 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.0145

0.0199 | 0.35

B1033.023b

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard,
X Brace, Brace 41
PLF < w < 99 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.25

0.0145

0.25

0.0199 | 0.35

B1033.023¢

Special Concentric
Braced Frame w
HSS braces, tapered
gusset plates &
design to AISC
minimum standard,
X Brace, Brace w >
100 PLF

Story Drift Ratio

Unit
less

0.0037

0.3

0.0075

0.0145

0.0199 | 0.35

B1033.031a

Special Concentric
Braced Frame,
design to AISC

minimum standards,
Chevron Brace,

Brace w < 40 PLF

Story Drift Ratio

Unit
less

0.0074

0.3

0.0121

0.0152

B1033.031b

Special Concentric
Braced Frame,
design to AISC

minimum standards,
Chevron Brace,

Brace 41 PLF < w

< 99 PLF

Story Drift Ratio

Unit
less

0.0074

0.3

0.0121

0.0152

B1033.031¢c

Special Concentric
Braced Frame,
design to AISC

minimum standards,
Chevron Brace,

Brace w > 100 PLF

Story Drift Ratio

Unit
less

0.0074

0.3

0.0121

0.0152

B1033.032a

Special Concentric
Braced Frame,
design to AISC

minimum standards,
Single Diagonal

Brace, Brace w <

40 PLF

Story Drift Ratio

Unit
less

0.0074

0.3

0.0121

0.0152
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NISTIR
Classification

Component Name

Demand

Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean

stD

stD

B1033.032b

Special Concentric
Braced Frame,
design to AISC

minimum standards,
Single Diagonal

Brace, Brace 41 PLF
<w < 99 PLF

Story Drift

Ratio

Unit
less

0.0074

0.3

0.0121

0.25

0.0152

0.35

B1033.032¢

Special Concentric
Braced Frame,
design to AISC

minimum standards,
Single Diagonal

Brace, Brace w >

100 PLF

Story Drift

Ratio

Unit
less

0.0074

0.3

0.0121

0.0152

B1033.033a

Special Concentric
Braced Frame,
design to AISC

minimum standards,

X Brace, Brace w <
40 PLF

Story Drift

Ratio

Unit

less

0.0038

0.3

0.0075

0.55

0.0145

0.25

0.0185

0.35

B1033.033b

Special Concentric
Braced Frame,
design to AISC

minimum standards,

X Brace, Brace 41

PLF < w < 99 PLF

Story Drift

Ratio

Unit
less

0.0038

0.3

0.0075

0.55

0.0145

0.0185

0.35

B1033.033¢c

Special Concentric
Braced Frame,
design to AISC

minimum standards,

X Brace, Brace w >
100 PLF

Story Drift

Ratio

Unit
less

0.0038

0.3

0.0075

0.0145

0.0185

0.35

B1033.041a

Special Concentric
Braced Frame w
double angle braces,
Chevron Brace,
Brace w < 40 PLF

Story Drift

Ratio

Unit
less

0.0025

0.3

0.0048

0.3

0.0112

0.3

B1033.041b

Special Concentric
Braced Frame w
double angle braces,
Chevron Brace,
Brace 41 PLF < w
< 99 PLF

Story Drift

Ratio

Unit
less

0.0025

0.3

0.0048

0.3

0.0112

0.3

B1033.041c

Special Concentric
Braced Frame w
double angle braces,
Chevron Brace,
Brace w > 100 PLF

Story Drift

Ratio

Unit
less

0.0025

0.3

0.0048

0.3

0.0112

0.3

B1033.042a

Special Concentric
Braced Frame w
double angle braces,
Single Diagonal
Brace, Brace w <
40 PLF

Story Drift

Ratio

Unit
less

0.0025

0.3

0.0048

0.3

0.0112

0.3

B1033.042b

Special Concentric
Braced Frame w
double angle braces,
Single Diagonal
Brace, Brace 41 PLF
<w < 99 PLF

Story Drift

Ratio

Unit
less

0.0025

0.3

0.0048

0.3

0.0112

0.3
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Classification

Component Name

Demand

Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean

stD

stD

B1033.042¢

Special Concentric
Braced Frame w
double angle braces,
Single Diagonal
Brace, Brace w >
100 PLF

Story Drift

Ratio

Unit
less

0.0025

0.3

0.0048

0.3

0.0112

0.3

B1033.043a

Special Concentric
Braced Frame w
double angle braces,
X Brace, Brace w <
40 PLF

Story Drift

Ratio

Unit

less

0.0025

0.3

0.0048

0.3

0.0112

0.3

B1033.043b

Special Concentric
Braced Frame w
double angle braces,
X Brace, Brace 41
PLF < w < 99 PLF

Story Drift

Ratio

Unit
less

0.0025

0.3

0.0048

0.3

0.0112

0.3

B1033.043¢c

Special Concentric
Braced Frame w
double angle braces,
X Brace, Brace w >
100 PLF

Story Drift

Ratio

Unit

less

0.0025

0.3

0.0048

0.3

0.0112

0.3

B1033.051a

Ordinary Concentric
Braced Frame w
compact braces,
Chevron Brace,

Brace w < 40 PLF

Story Drift

Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0178

0.3

B1033.051b

Ordinary Concentric
Braced Frame w
compact braces,
Chevron Brace,

Brace w, 41 PLF <

w < 99 PLF

Story Drift

Ratio

Unit

less

0.0015

0.7

0.01

0.3

0.0178

0.3

B1033.051c

Ordinary Concentric
Braced Frame w
compact braces,
Chevron Brace,

Brace w > 100 PLF

Story Drift

Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0178

0.3

B1033.052a

Ordinary Concentric
Braced Frame w
compact braces,
Single Diagonal
Brace, Brace w <

40 PLF

Story Drift

Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0178

0.3

B1033.052b

Ordinary Concentric
Braced Frame w
compact braces,
Single Diagonal

Brace, Brace w, 41

PLF < w < 99 PLF

Story Drift

Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0178

0.3

B1033.052¢

Ordinary Concentric
Braced Frame w
compact braces,
Single Diagonal
Brace, Brace w >

100 PLF

Story Drift

Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0178

0.3

B1033.053a

Ordinary Concentric
Braced Frame w
compact braces, X
Brace, Brace w <
40 PLF

Story Drift

Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0178

0.3

B1033.053b

Ordinary Concentric
Braced Frame w
compact braces, X
Brace, Brace w, 41
PLF < w < 99 PLF

Story Drift

Ratio

Unit

less

0.0015

0.7

0.01

0.3

0.0178

0.3
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B1033.053¢c

Ordinary Concentric
Braced Frame w
compact braces, X
Brace, Brace w >
100 PLF

Story Drift Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0178

0.3

B1033.061a

Ordinary Concentric
Braced Frame,
braces design to
ductile slenderness
limits, Chevron
Brace, Brace w <
40 PLF

Story Drift Ratio

Unit

less

0.0015

0.7

0.01

0.3

0.0177

0.3

B1033.061b

Ordinary Concentric
Braced Frame,
braces design to
ductile slenderness
limits, Chevron
Brace, Brace 41 PLF
<w < 99 PLF

Story Drift Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0177

0.3

B1033.061c

Ordinary Concentric
Braced Frame,
braces design to
ductile slenderness
limits, Chevron
Brace, Brace w >
100 PLF

Story Drift Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0177

0.3

B1033.062a

Ordinary Concentric
Braced Frame,
braces design to
ductile slenderness
limits, Single
Diagonal Brace,
Brace w < 40 PLF

Story Drift Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0177

0.3

B1033.062b

Ordinary Concentric
Braced Frame,
braces design to

ductile slenderness
limits, Single
Diagonal Brace,

Brace 41 PLF < w

< 99 PLF

Story Drift Ratio

Unit

less

0.0015

0.7

0.01

0.3

0.0177

0.3

B1033.062¢

Ordinary Concentric
Braced Frame,
braces design to
ductile slenderness
limits, Single
Diagonal Brace,
Brace w > 100 PLF

Story Drift Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0177

0.3

B1033.063a

Ordinary Concentric
Braced Frame,
braces design to

ductile slenderness
limits, X Brace,

Brace w < 40 PLF

Story Drift Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0177

0.3

B1033.063b

Ordinary Concentric
Braced Frame,
braces design to
ductile slenderness
limits, X Brace,
Brace 41 PLF < w
< 99 PLF

Story Drift Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0177

0.3
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B1033.063¢c

Ordinary Concentric
Braced Frame,
braces design to

ductile slenderness
limits, X Brace,

Brace w > 100 PLF

Story Drift

Ratio

Unit
less

0.0015

0.7

0.01

0.3

0.0177

0.3

B1033.071a

Braced frame, design
for factored loads,
no additional seismic
detailing, Chevron
Brace, Brace w <
40 PLF

Story Drift

Ratio

Unit

less

0.0042

0.25

B1033.071b

Braced frame, design
for factored loads,
no additional seismic
detailing, Chevron
Brace, 41 PLF < w
< 99 PLF

Story Drift

Ratio

Unit
less

0.0042

0.25

B1033.071c

Braced frame, design
for factored loads,
no additional seismic
detailing, Chevron
Brace, Brace w >
100 PLF

Story Drift

Ratio

Unit
less

0.0042

B1033.072a

Braced frame, design
for factored loads,
no additional seismic
detailing, Single
Diagonal Brace,
Brace w < 40 PLF

Story Drift

Ratio

Unit

less

0.0042

0.25

B1033.072b

Braced frame, design
for factored loads,
no additional seismic
detailing, Single
Diagonal Brace, 41
PLF < w < 99 PLF

Story Drift

Ratio

Unit
less

0.0042

0.25

B1033.072¢

Braced frame, design
for factored loads,
no additional seismic
detailing, Single
Diagonal Brace,
Brace w > 100 PLF

Story Drift

Ratio

Unit
less

0.0042

B1033.073a

Braced frame, design
for factored loads,
no additional seismic
detailing, X Brace,
Brace w < 40 PLF

Story Drift

Ratio

Unit
less

0.0042

B1033.073b

Braced frame, design
for factored loads,
no additional seismic
detailing, X Brace,
Brace 41 PLF < w
< 99 PLF

Story Drift

Ratio

Unit
less

0.0042

0.25

B1033.073¢

Braced frame, design
for factored loads,
no additional seismic
detailing, X Brace,
Brace w > 100 PLF

Story Drift

Ratio

Unit
less

0.0042

B1033.101a

Steel Buckling
Restrained Brace
(BRB), Chevron
Brace, Weight of
brace < 40 plf.

Story Drift

Ratio

Unit
less

0.4
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B1033.101b

Steel Buckling
Restrained Brace
(BRB), Chevron
brace, Weight of

brace > 41 plf and
< 99 plf.

Story Drift Ratio

Unit
less

0.02

0.4

B1033.101c

Steel Buckling
Restrained Brace
(BRB), Chevron
Brace, Weight of
brace > 100 plf.

Story Drift Ratio

Unit

less

0.02

0.4

B1033.111a

Steel Buckling
Restrained Brace
(BRB), Single
Diagonal Brace,
Weight of brace <
40 plf.

Story Drift Ratio

Unit
less

0.4

B1033.111b

Steel Buckling
Restrained Brace
(BRB), Single
Diagonal brace,
Weight of brace >
41 plf and < 99 plf.

Story Drift Ratio

Unit
less

0.02

0.4

B1033.111¢c

Steel Buckling
Restrained Brace
(BRB), Single
Diagonal Brace,
Weight of brace >
100 plf.

Story Drift Ratio

Unit
less

0.4

B1035.001

Post-Northridge RBS
connection with
welded web, beam
one side of column
only, beam depth <=
W27

Story Drift Ratio

Unit
less

0.3

0.04

0.3

0.3

B1035.002

Post-Northridge RBS
connection with
welded web, beam
one side of column
only, beam depth >=
W30

Story Drift Ratio

Unit

less

0.03

0.3

0.04

0.3

0.3

B1035.011

Post-Northridge RBS
connection with
welded web, beams
both sides of
column, beam depth
<= W27

Story Drift Ratio

Unit
less

0.3

0.04

0.3

0.3

B1035.012

Post-Northridge RBS
connection with
welded web, beams
both sides of
column, beam depth
>= W30

Story Drift Ratio

Unit
less

0.03

0.3

0.04

0.3

0.05

0.3

B1035.021

Post-Northridge
welded steel moment
connection other
than RBS, beam one
side, beam depth <=
w27

Story Drift Ratio

Unit
less

0.3

0.04

0.3

0.3

B1035.022

Post-Northridge
welded steel moment
connection other
than RBS, beam one
side, beam depth >=
W30

Story Drift Ratio

Unit

less

0.3

0.04

0.3

0.3
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DS 1 DS2 DS3 DS4 DS5
NISTIR Demand
) . Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
Post-Northridge
welded steel moment
connection other . X Unit
B1035.031 Story Drift Ratio 0.03 0.3 0.04 0.3 0.05 0.3
than RBS, beams less
both sides, beam
depth <= W27
Post-Northridge
welded steel moment
connection other . . Unit
B1035.032 Story Drift Ratio 0.03 0.3 0.04 0.3 0.05 0.3
than RBS, beams less
both sides, beam
depth >= W30
Pre-Northridge
WUF-B
beam-column joint, . . Unit
B1035.041 . Story Drift Ratio 0.017 0.4 0.017 0.4 0.025 0.4 0.025 0.4 0.03 0.4
beam one side of less
column, beam depth
<= W27
Pre-Northridge
WUF-B
beam-column joint, . . Unit
B1035.042 . Story Drift Ratio 0.017 0.4 0.017 0.4 0.025 0.4 0.025 0.4 0.03 0.4
beam one side of less
column, beam depth
>= W30
Pre-Northridge
WUF-B
beam-column joint, i X Unit
B1035.051 X Story Drift Ratio 0.017 0.4 0.017 0.4 0.025 0.4 0.025 0.4 0.03 0.4
beam both sides of less
column, beam depth
<= W27
Pre-Northridge
WUF-B
beam-column joint, i . Unit
B1035.052 . Story Drift Ratio 0.017 0.4 0.017 0.4 0.025 0.4 0.025 0.4 0.03 0.4
beam both sides of less
column, beam depth
>= W30
EBF Shear Link, no i . X
K Link Rotation Radia
B1035.061a floor beams, link w 0.04 0.3 0.06 0.3 0.08 0.3
Angle ns
< 100 PLF
EBF Shear Link, no . . .
K Link Rotation Radia
B1035.061b floor beams, link w 0.04 0.3 0.06 0.3 0.08 0.3
Angle ns
< 200 PLF
EBF Shear Link, . . .
. Link Rotation Radia
B1035.062a with floor beams, 0.04 0.3 0.06 0.3 0.08 0.3
X Angle ns
link w < 100 PLF
EBF Shear Link, X . .
. Link Rotation Radia
B1035.062b with floor beams, 0.04 0.3 0.06 0.3 0.08 0.3
X Angle ns
link w < 200 PLF
ACI 318 SMF ,
Conc Col & Bm = . R Unit
B1041.001a Story Drift Ratio 0.02 0.4 0.0275 0.3 0.05 0.3 0.05 0.3
24" x 24", Beam less
one side
ACI 318 SMF ,
Conc Col & Bm = i . Unit
B1041.001b Story Drift Ratio 0.02 0.4 0.0275 0.3 0.05 0.3 0.05 0.3
24" x 24", Beam less
both sides
ACI 318 SMF ,
Conc Col & Bm = . . Unit
B1041.002a Story Drift Ratio 0.02 0.4 0.0275 0.3 0.05 0.3 0.05 0.3
24" x 36", Beam less
one side
ACI 318 SMF ,
Conc Col & Bm = . . Unit
B1041.002b Story Drift Ratio 0.02 0.4 0.0275 0.3 0.05 0.3 0.05 0.3
24" x 36", Beam less
both sides
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B1041.003a

ACI 318 SMF ,
Conc Col & Bm =
36" x 36", Beam
one side

Story Drift Ratio

Unit
less

0.4

0.0275

0.3

0.3

0.3

B1041.003b

ACI 318 SMF ,
Conc Col & Bm =
36" x 36", Beam
both sides

Story Drift Ratio

Unit
less

0.4

0.0275

0.3

0.3

0.3

B1041.011a

MF with
SMF-conforming
beam and column

flexural and

confinement
reinforcement but
weak joints , Conc
Col & Bm = 24" x
24", Beam one side

Story Drift Ratio

Unit
less

0.4

0.025

0.3

0.3

0.3

B1041.011b

MF with
SMF-conforming
beam and column

flexural and
confinement
reinforcement but
weak joints , Conc
Col & Bm = 24" x
24", Beam both
sides

Story Drift Ratio

Unit
less

0.4

0.025

0.3

0.3

0.3

B1041.012a

MF with
SMF-conforming
beam and column

flexural and

confinement
reinforcement but
weak joints , Conc
Col & Bm = 24" x
36", Beam one side

Story Drift Ratio

Unit
less

0.02

0.4

0.025

0.3

0.04

0.3

0.04

0.3

B1041.012b

MF with
SMF-conforming
beam and column

flexural and
confinement
reinforcement but
weak joints , Conc
Col & Bm = 24" x
36", Beam both
sides

Story Drift Ratio

Unit
less

0.4

0.025

0.3

0.3

0.3

B1041.013a

MF with
SMF-conforming
beam and column

flexural and

confinement
reinforcement but
weak joints , Conc
Col & Bm = 36" x
36", Beam one side

Story Drift Ratio

Unit
less

0.4

0.025

0.3

0.3

0.3

B1041.013b

MF with
SMF-conforming
beam and column

flexural and
confinement
reinforcement but
weak joints , Conc
Col & Bm = 36" x
36", Beam both
sides

Story Drift Ratio

Unit
less

0.02

0.4

0.025

0.3

0.04

0.3

0.04

0.3
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B1041.021a

ACI 318 IMF, Conc
Col & Bm = 24" x
24", Beam one side

Story Drift

Ratio

Unit
less

0.02

0.4

0.025

0.3

0.035

0.3

0.035

0.3

B1041.021b

ACI 318 IMF, Conc
Col & Bm = 24" x
24", Beam both
sides

Story Drift

Ratio

Unit
less

0.02

0.4

0.025

0.3

0.035

0.3

0.035

0.3

B1041.022a

ACI 318 IMF, Conc
Col & Bm = 24" x

36", Beam one side

Story Drift

Ratio

Unit

less

0.02

0.4

0.025

0.3

0.035

0.3

0.035

0.3

B1041.022b

ACI 318 IMF, Conc
Col & Bm = 24" x
36", Beam both
sides

Story Drift

Ratio

Unit
less

0.4

0.025

0.3

0.035

0.3

0.035

0.3

B1041.023a

ACI 318 IMF, Conc
Col & Bm = 36" x
36", Beam one side

Story Drift

Ratio

Unit
less

0.4

0.025

0.3

0.035

0.3

0.035

0.3

B1041.023b

ACI 318 IMF, Conc
Col & Bm = 36" x
36", Beam both

sides

Story Drift

Ratio

Unit

less

0.4

0.025

0.3

0.035

0.3

0.035

0.3

B1041.031a

ACI 318 OMF with
weak joints and
beam flexural
response, Conc Col
& Bm = 24" x 24",
Beam one side

Story Drift

Ratio

Unit
less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.031b

ACI 318 OMF with
weak joints and
beam flexural
response, Conc Col
& Bm = 24" x 24",
Beam both sides

Story Drift

Ratio

Unit

less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.032a

ACI 318 OMF with
weak joints and
beam flexural
response, Conc Col
& Bm = 24" x 36",

Beam one side

Story Drift

Ratio

Unit
less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.032b

ACI 318 OMF with
weak joints and
beam flexural
response, Conc Col
& Bm = 24" x 36",
Beam both sides

Story Drift

Ratio

Unit
less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.033a

ACI 318 OMF with
weak joints and
beam flexural
response, Conc Col
& Bm = 36" x 36",
Beam one side

Story Drift

Ratio

Unit

less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.033b

ACI 318 OMF with
weak joints and
beam flexural
response, Conc Col
& Bm = 36" x 36",
Beam both sides

Story Drift

Ratio

Unit

less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.041a

ACI 318 OMF with
weak joints and
column flexural

response, Conc Col

& Bm = 24" x 24",
Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.02

0.4
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B1041.041b

ACI 318 OMF with
weak joints and
column flexural

response, Conc Col

& Bm = 24" x 24",
Beam both sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.02

0.4

B1041.042a

ACI 318 OMF with
weak joints and
column flexural

response, Conc Col

& Bm = 24" x 36",
Beam one side

Story Drift

Ratio

Unit

less

0.015

0.4

0.0175

0.4

0.4

B1041.042b

ACI 318 OMF with
weak joints and
column flexural

response, Conc Col

& Bm = 24" x 36",
Beam both sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.02

0.4

B1041.043a

ACI 318 OMF with
weak joints and
column flexural

response, Conc Col

& Bm = 36" x 36",
Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.4

B1041.043b

ACI 318 OMF with
weak joints and
column flexural

response, Conc Col

& Bm = 36" x 36",
Beam both sides

Story Drift

Ratio

Unit

less

0.015

0.4

0.0175

0.4

0.02

0.4

B1041.051a

ACI 318 OMF with
weak beams and
weak joints, beam
flexural or shear
response, Conc Col

& Bm = 24" x 24",

Beam one side

Story Drift

Ratio

Unit
less

0.0175

0.4

0.02

0.4

0.03

0.4

B1041.051b

ACI 318 OMF with
weak beams and
weak joints, beam
flexural or shear
response, Conc Col

& Bm = 24" x 24",
Beam both sides

Story Drift

Ratio

Unit
less

0.0175

0.4

0.02

0.4

0.4

B1041.052a

ACI 318 OMF with
weak beams and
weak joints, beam
flexural or shear
response, Conc Col

& Bm = 24" x 36",

Beam one side

Story Drift

Ratio

Unit

less

0.0175

0.4

0.02

0.4

0.4

B1041.052b

ACI 318 OMF with
weak beams and
weak joints, beam
flexural or shear

response, Conc Col

& Bm = 24" x 36",
Beam both sides

Story Drift

Ratio

Unit
less

0.0175

0.4

0.02

0.4

0.4

B1041.053a

ACI 318 OMF with
weak beams and
weak joints, beam
flexural or shear
response, Conc Col

& Bm = 36" x 36",

Beam one side

Story Drift

Ratio

Unit

less

0.0175

0.4

0.02

0.4

0.03

0.4
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Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
ACI 318 OMF with
weak beams and
weak joints, beam Unit
B1041.053b flexural or shear Story Drift Ratio less 0.0175 0.4 0.02 0.4 0.03 0.4
response, Conc Col
& Bm = 36" x 36",
Beam both sides
ACI 318 OMF with
B1041.061a | ook columns, Cone | pift Ratio | U | 0015 | 04 | 00175 | 04 | 002 | 04
Col & Bm = 24" x less
24", Beam one side
ACI 318 OMF with
weak columns, Conc Unit
B1041.061b Col & Bm = 24" x Story Drift Ratio less 0.015 0.4 0.0175 0.4 0.02 0.4
24", Beam both
sides
ACI 318 OMF with
B1041.0620 | ook columns, Cone | prift Ratio | U | 0015 | 04 | 00175 | 04 | 002 | 04
Col & Bm = 24" x less
36", Beam one side
ACI 318 OMF with
weak columns, Conc .
B1041.062b Col & Bm = 24" x Story Drift Ratio [l::st 0.015 0.4 0.0175 0.4 0.02 0.4
36", Beam both
sides
ACI 318 OMF with
Bl041.063a | Ok columns, Cone g hrif Ratio | U™ | 0015 | 04 | 00175 | 04 | 002 | 04
Col & Bm = 36" x less
36", Beam one side
ACI 318 OMF with
weak columns, Conc .
B1041.063b Col & Bm = 36" x Story Drift Ratio [Ii:‘:st 0.015 0.4 0.0175 0.4 0.02 0.4
36", Beam both
sides
ACI 318 OMF weak
columns w/ high Unit
B1041.071a axial load, Conc Col Story Drift Ratio Jess 0.0025 0.4 0.005 0.5
& Bm = 24" x 24",
Beam one side
ACI 318 OMF weak
columns w/ high Unit
B1041.071b axial load, Conc Col | Story Drift Ratio Jess 0.0025 0.4 0.005 0.5
& Bm = 24" x 24",
Beam both sides
ACI 318 OMF weak
columns w/ high Unit
B1041.072a axial load, Conc Col Story Drift Ratio Jess 0.0025 0.4 0.005 0.5
& Bm = 24" x 36",
Beam one side
ACI 318 OMF weak
columns w/ high Unit
B1041.072b axial load, Conc Col Story Drift Ratio less 0.0025 0.4 0.005 0.5
& Bm = 24" x 36",
Beam both sides
ACI 318 OMF weak
columns w/ high Unit
B1041.073a axial load, Conc Col Story Drift Ratio Jess 0.0025 0.4 0.005 0.5
& Bm = 36" x 36",
Beam one side
ACI 318 OMF weak
columns w/ high Unit
B1041.073b axial load, Conc Col Story Drift Ratio Jess 0.0025 0.4 0.005 0.5
& Bm = 36" x 36",
Beam both sides
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B1041.081a

Non-conforming MF
with weak joints and
beam flexural
response, Conc Col
& Bm = 24" x 24",
Beam one side

Story Drift Ratio

Unit
less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.081b

Non-conforming MF
with weak joints and
beam flexural
response, Conc Col
& Bm = 24" x 24",
Beam both sides

Story Drift Ratio

Unit

less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.082a

Non-conforming MF
with weak joints and
beam flexural
response, Conc Col
& Bm = 24" x 36",

Beam one side

Story Drift Ratio

Unit
less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.082b

Non-conforming MF
with weak joints and
beam flexural
response, Conc Col
& Bm = 24" x 36",
Beam both sides

Story Drift Ratio

Unit
less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.083a

Non-conforming MF
with weak joints and
beam flexural
response, Conc Col
& Bm = 36" x 36",
Beam one side

Story Drift Ratio

Unit

less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.083b

Non-conforming MF
with weak joints and
beam flexural
response, Conc Col
& Bm = 36" x 36",
Beam both sides

Story Drift Ratio

Unit
less

0.0175

0.4

0.0225

0.4

0.0322

0.4

B1041.091a

Non-conforming MF
with weak joints and
column flexural
response, Conc Col
& Bm = 24" x 24",
Beam one side

Story Drift Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.4

B1041.091b

Non-conforming MF
with weak joints and
column flexural
response, Conc Col
& Bm = 24" x 24",
Beam both sides

Story Drift Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.02

0.4

B1041.092a

Non-conforming MF
with weak joints and
column flexural
response, Conc Col
& Bm = 24" x 36",
Beam one side

Story Drift Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.4

B1041.092b

Non-conforming MF
with weak joints and
column flexural
response, Conc Col
& Bm = 24" x 36",
Beam both sides

Story Drift Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.4
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B1041.093a

Non-conforming MF
with weak joints and
column flexural
response, Conc Col
& Bm = 36" x 36",
Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.0175

0.4

0.02

0.4

B1041.093b

Non-conforming MF
with weak joints and
column flexural
response, Conc Col
& Bm = 36" x 36",
Beam both sides

Story Drift

Ratio

Unit

less

0.015

0.4

0.0175

0.4

0.4

B1041.101a

Non-conforming MF,
weak beams and
strong joints, Conc
Col & Bm = 24" x
24", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.101b

Non-conforming MF,
weak beams and
strong joints, Conc
Col & Bm = 24" x
24", Beam both
sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.102a

Non-conforming MF,
weak beams and
strong joints, Conc
Col & Bm = 24" x

36", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.102b

Non-conforming MF,
weak beams and
strong joints, Conc
Col & Bm = 24" x
36", Beam both
sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.103a

Non-conforming MF,
weak beams and
strong joints, Conc
Col & Bm = 36" x

36", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.103b

Non-conforming MF,
weak beams and
strong joints, Conc
Col & Bm = 36" x
36", Beam both
sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.111a

Non-conforming MF,
weak columns, Conc
Col & Bm = 24" x
24", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.111b

Non-conforming MF,
weak columns, Conc
Col & Bm = 24" x
24", Beam both
sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.112a

Non-conforming MF,
weak columns, Conc
Col & Bm = 24" x
36", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.112b

Non-conforming MF,
weak columns, Conc
Col & Bm = 24" x
36", Beam both
sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4
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B1041.113a

Non-conforming MF,
weak columns, Conc
Col & Bm = 36" x
36", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.113b

Non-conforming MF,

weak columns, Conc

Col & Bm = 36" x
36", Beam both

sides

Story Drift

Ratio

Unit

less

0.015

0.4

0.02

0.4

0.025

0.4

B1041.121a

Non-conforming MF,
weak columns and
strong joints, Conc
Col & Bm = 24" x
24", Beam both
sides

Story Drift

Ratio

Unit
less

0.0025

0.4

0.005

0.5

B1041.121b

Non-conforming MF,
weak columns and
strong joints, Conc
Col & Bm = 24" x

24", Beam one side

Story Drift

Ratio

Unit

less

0.0025

0.4

0.005

0.5

B1041.122a

Non-conforming MF,
weak columns and
strong joints, Conc
Col & Bm = 24" x
36", Beam one side

Story Drift

Ratio

Unit
less

0.0025

0.4

0.005

0.5

B1041.122b

Non-conforming MF,
weak columns and
strong joints, Conc
Col & Bm = 24" x
36", Beam both
sides

Story Drift

Ratio

Unit

less

0.0025

0.4

0.005

0.5

B1041.123a

Non-conforming MF,
weak columns and
strong joints, Conc
Col & Bm = 36" x
36", Beam one side

Story Drift

Ratio

Unit
less

0.0025

0.4

0.005

0.5

B1041.123b

Non-conforming MF,
weak columns and
strong joints, Conc
Col & Bm = 36" x
36", Beam both
sides

Story Drift

Ratio

Unit

less

0.0025

0.4

0.005

0.5

B1041.131a

Non-conforming MF
with inadequate
development of
reinforcing, Conc

Col & Bm = 24" x

24", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

B1041.131b

Non-conforming MF
with inadequate
development of
reinforcing, Conc

Col & Bm = 24" x
24", Beam both

sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

B1041.132a

Non-conforming MF
with inadequate
development of
reinforcing, Conc

Col & Bm = 24" x

36", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4
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B1041.132b

Non-conforming MF
with inadequate
development of
reinforcing, Conc

Col & Bm = 24" x
36", Beam both

sides

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

B1041.133a

Non-conforming MF
with inadequate
development of
reinforcing, Conc

Col & Bm = 36" x

36", Beam one side

Story Drift

Ratio

Unit
less

0.015

0.4

0.02

0.4

B1041.133b

Non-conforming MF
with inadequate
development of
reinforcing, Conc

Col & Bm = 36" x
36", Beam both

sides

Story Drift

Ratio

Unit

less

0.015

0.4

0.02

0.4

B1044.001

Rectangular low
aspect ratio concrete
walls 8" or less
thick single curtain
up to 15' high

Story Drift

Ratio

Unit
less

0.0055

0.0109

0.3

0.013

B1044.002

Rectangular low
aspect ratio concrete
walls 8" or less
thick single curtain
16' high to 24' high

Story Drift

Ratio

Unit

less

0.0055

0.0109

0.3

0.013

B1044.003

Rectangular low
aspect ratio concrete
walls 8" or less
thick single curtain
25' high to 40' high

Story Drift

Ratio

Unit

less

0.0055

0.0109

0.3

0.013

B1044.011

Rectangular low
aspect ratio concrete
walls 8"-16" double
curtain; with heights

of up to 15'

Story Drift

Ratio

Unit

less

0.0055

0.0109

0.3

0.013

B1044.012

Rectangular low
aspect ratio concrete
walls 8"-16" double
curtain; with heights

of 16' to 24'

Story Drift

Ratio

Unit
less

0.0055

0.0109

0.3

0.013

B1044.013

Rectangular low
aspect ratio concrete
walls 8"-16" double
curtain; with heights

of 24' to 40'

Story Drift

Ratio

Unit

less

0.0055

0.0109

0.3

0.013

B1044.021

Rectangular low
aspect ratio concrete
walls 18"-24" thick
with double curtain
and heights up to

15'

Story Drift

Ratio

Unit
less

0.0055

0.0109

0.3

0.013

B1044.022

Rectangular low
aspect ratio concrete
walls 18"-24" thick
with double curtain
and heights 16' -

24'

Story Drift

Ratio

Unit
less

0.0055

0.0109

0.3

0.013
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B1044.023

Rectangular low
aspect ratio concrete
walls 18"-24" thick
with double curtain
and heights 25' -

40'

Story

Drift

Ratio

Unit
less

0.0055

0.36

0.0109

0.3

0.013

0.36

B1044.031

Low-rise reinforced

concrete walls with

return flanges, less

than 8" thick up to
15" high

Story

Drift

Ratio

Unit

less

0.0076

0.35

0.0134

0.45

B1044.032

Low-rise reinforced

concrete walls with

return flanges, less

than 8" thick, 16"
to 24' high

Story

Drift

Ratio

Unit
less

0.0076

0.35

0.0134

0.45

B1044.033

Low-rise reinforced

concrete walls with

return flanges, less

than 8" thick, 25'
to 40" high

Story

Drift

Ratio

Unit

less

0.0076

0.35

0.0134

0.45

B1044.041

Low-rise reinforced

concrete walls with

return flanges, 8" to

16" thick up to 15'
high

Story

Drift

Ratio

Unit
less

0.0076

0.35

0.0134

0.45

B1044.042

Low-rise reinforced

concrete walls with

return flanges, 8" to

16" thick, 16' to 24"
high

Story

Drift

Ratio

Unit

less

0.0076

0.35

0.0134

0.45

B1044.043

Low-rise reinforced

concrete walls with

return flanges, 8" to

16" thick, 25' to 40
high

Story

Drift

Ratio

Unit
less

0.0076

0.35

0.0134

0.45

B1044.051

Low-rise reinforced

concrete walls with

return flanges, 17"

to 24" thick" up to
15' high

Story

Drift

Ratio

Unit

less

0.0076

0.35

0.0134

0.45

B1044.052

Low-rise reinforced

concrete walls with

return flanges, 17"

to 24" thick, 16'
to 24' high

Story

Drift

Ratio

Unit
less

0.0076

0.35

0.0134

0.45

B1044.053

Low-rise reinforced

concrete walls with

return flanges, 17"

to 24" thick, 25'
to 40' high

Story

Drift

Ratio

Unit

less

0.0076

0.35

0.0134

0.45

B1044.061

Low rise reinforced
concrete walls with
boundary columns,
less than 8" thick,
height <15'

Story

Drift

Ratio

Unit

less

0.0033

0.35

0.0087

0.2

B1044.062

Low rise reinforced
concrete walls with
boundary columns,
less than 8" thick,
height between
16'-24'

Story

Drift

Ratio

Unit

less

0.0033

0.0087

0.2
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DS 1 DS2 DS3 DS4 DS5
NISTIR Demand
Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
Low rise reinforced
concrete walls with
boundary columns, . X Unit
B1044.063 . Story Drift Ratio 0.0033 | 0.35 | 0.0087 0.2
less than 8" thick, less
height between
24'-40'
Low rise reinforced
concrete walls with .
B1044.071 | boundary columns, | Story Drift Ratio llirs": 0.0033 | 035 | 0.0087 | 02
8" to 16" thick,
height <15’
Low rise reinforced
concrete walls with
boundary columns, . . Unit
B1044.072 . Story Drift Ratio 0.0033 | 0.35 | 0.0087 0.2
8" to 16" thick, less
height between
16'-24'
Low rise reinforced
concrete walls with
boundary columns, " . Unit
B1044.073 i Story Drift Ratio 0.0033 | 0.35 | 0.0087 0.2
8" to 16" thick, less
height between
24'-40'
Low rise reinforced
concrete walls with .
B1044.081 boundary columns, Story Drift Ratio [l:;: 0.0033 | 0.35 | 0.0087 0.2
17"-24" thick, height
<15
Low rise reinforced
concrete walls with .
B1044.082 boundary columns, Story Drift Ratio [Ii:lst 0.0033 | 0.35 | 0.0087 0.2
17"-24" thick, height
between 16'-24'
Low rise reinforced
concrete walls with .
B1044.083 boundary columns, Story Drift Ratio Ll:;: 0.0033 | 0.35 | 0.0087 0.2
17"-24" thick, height
between 24'-40'
Slender Concrete .
B1044.091 Wall, 12" thick, 12' Effective Drift Unit 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 045
high, 15' long less
Slender Concrete .
B1044.092 Wall, 12" thick, 12' Effective Drift [Ii‘:st 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 0.45
high, 20' long
Slender Concrete i
B1044.093 Wall, 12" thick, 12' Effective Drift Unit 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 0.45
high, 30' long fess
Slender Concrete Unit
B1044.101 Wall, 18" thick, 12' Effective Drift 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 045
high, 15' long less
Slender Concrete .
B1044.102 Wall, 18" thick, 12' Effective Drift [Ii:lst 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 0.45
high, 20" long
Slender Concrete .
B1044.103 Wall, 18" thick, 12' Effective Drift Unit 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 045
high, 30' long fess
Slender Concrete .
B1044.111 Wall, 30" thick, 12' Effective Drift [li:: 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 0.45
high, 15' long
Slender Concrete .
B1044.112 Wall, 30" thick, 12' Effective Drift Unit 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 045
high, 20' long fess
Slender Concrete .
B1044.113 Wall, 30" thick, 12' Effective Drift [Ii‘:st 0.0093 0.5 0.0128 | 0.35 | 0.0186 | 0.45
high, 30' long
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B1049.001a

Reinforced concrete
flat slabs- columns
without shear
reinforcing
0<Vg/Vo<.2, no
continuity reinf

Story Drift

Ratio

Unit
less

0.025

0.25

0.04

0.25

B1049.001b

Reinforced concrete
flat slabs- columns
without shear
reinforcing
0<Vg/Vo<.2, with

continuity reinf

Story Drift

Ratio

Unit

less

0.025

0.25

0.04

B1049.002a

Reinforced concrete
flat slabs- columns
without shear
reinforcing
.2<Vg/Vo<.4, no

continuity reinf

Story Drift

Ratio

Unit
less

0.02

0.4

0.035

0.4

B1049.002b

Reinforced concrete
flat slabs- columns
without shear
reinforcing
2<Vg/Vo<4, with
continuity reinf

Story Drift

Ratio

Unit
less

0.4

0.035

0.4

B1049.003a

Reinforced concrete
flat slabs- columns
without shear
reinforcing
A4<Vg/Vo<.6, no

continuity reinf

Story Drift

Ratio

Unit

less

0.012

0.4

0.016

0.4

B1049.003b

Reinforced concrete
flat slabs- columns
without shear
reinforcing
4<Vg/Vo<.6, with

continuity reinf

Story Drift

Ratio

Unit
less

0.012

0.4

0.016

0.4

B1049.011

Reinforced concrete
flat slabs- columns
with shear
reinforcing
0.2<Vg/Vo<0.4

Story Drift

Ratio

Unit

less

0.03

0.4

0.048

0.4

B1049.012

Reinforced concrete
flat slabs- columns
with shear
reinforcing
0.4<Vg/Vo<.6

Story Drift

Ratio

Unit
less

0.022

0.4

0.03

0.4

B1049.021a

Post-tensioned
concrete flat slabs-
columns without
shear reinforcing
0.2<Vg/Vo<.0.4, no
continuity reinf

Story Drift

Ratio

Unit
less

0.018

0.4

0.03

0.4

B1049.021b

Post-tensioned
concrete flat slabs-
columns without
shear reinforcing
0.2<Vg/Vo<.0.4, with

continuity reinf

Story Drift

Ratio

Unit
less

0.018

0.4

0.03

0.4

B1049.022a

Post-tensioned
concrete flat slabs-
columns without
shear reinforcing
0.4<Vg/V0<.0.6, no

continuity reinf

Story Drift

Ratio

Unit
less

0.013

0.5

0.019
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B1049.022b

Post-tensioned
concrete flat slabs-
columns without
shear reinforcing
0.4<Vg/Vo0<.0.6, with
continuity reinf

Story Drift

Ratio

Unit
less

0.013

0.5

0.019

0.55

B1049.031

Post-tensioned
concrete flat slabs-
columns with shear

reinforcing
0<Vg/Vo<.0.4

Story Drift

Ratio

Unit

less

0.028

0.5

0.04

0.5

B1049.032

Post-tensioned
concrete flat slabs-
columns with shear

reinforcing
0.4<Vg/V0<.0.6

Story Drift

Ratio

Unit
less

0.023

0.5

0.032

0.5

B1049.041a

Reinforced concrete
flat slabs drop panel
or drop capital-
columns without
shear reinforcing
0<Vg/Vo<0.4, no

continuity reinf

Story Drift

Ratio

Unit
less

0.025

0.5

0.042

0.5

B1049.041b

Reinforced concrete
flat slabs drop panel
or drop capital-
columns without
shear reinforcing
0<Vg/Vo<0.4, with

continuity reinf

Story Drift

Ratio

Unit

less

0.025

0.5

0.042

0.5

B1049.042a

Reinforced concrete
flat slabs drop panel
or drop capital-
columns without
shear reinforcing
0.4<Vg/V0<0.6, no

continuity reinf

Story Drift

Ratio

Unit
less

0.017

0.5

0.023

0.5

B1049.042b

Reinforced concrete
flat slabs drop panel
or drop capital-
columns without
shear reinforcing
0.4<Vg/V0<0.6, with

continuity reinf

Story Drift

Ratio

Unit
less

0.017

0.5

0.023

0.5

B1042.001a

Concrete link beam,

diagonally reinforced,

aspect ratio between

1.0 and 2.0, beam <

16" wide and depth
< 30"

Link Beam
Chord Rotation

Radia

ns

0.0179

0.0352

0.44

0.0543

0.95

B1042.001b

Concrete link beam,

diagonally reinforced,

aspect ratio between

2.0 and 4.0, beam <

16" wide and depth
< 30"

Link Beam
Chord Rotation

Radia
ns

0.0203

0.0394

0.0602

B1042.002a

Concrete link beam,
conventionally
reinforced, aspect
ratio between 1.0
and 2.0, beam < 16"
wide and depth <
30"

Link Beam
Chord Rotation

Radia
ns

0.0137

0.0264

0.0428

0.74
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B1042.002b

Concrete link beam,
conventionally
reinforced, aspect
ratio between 2.0
and 4.0, beam < 16"
wide and depth <
30"

Link Beam
Chord Rotation

Radia
ns

0.0137

0.21

0.0264

0.33

0.0407

0.75

B1042.011a

Concrete link beam,

diagonally reinforced,

aspect ratio between

1.0 and 2.0, beam >

16" wide and depth
< 30"

Link Beam
Chord Rotation

Radia

ns

0.0179

0.38

0.0352

0.44

0.0543

0.95

B1042.011b

Concrete link beam,

diagonally reinforced,

aspect ratio between

2.0 and 4.0, beam >

16" wide and depth
< 30"

Link Beam
Chord Rotation

Radia

ns

0.0203

0.0394

0.0602

B1042.012a

Concrete link beam,
conventionally
reinforced, aspect
ratio between 1.0
and 2.0, beam > 16"
wide and depth <
30"

Link Beam
Chord Rotation

Radia
ns

0.0137

0.0264

0.0428

B1042.012b

Concrete link beam,
conventionally
reinforced, aspect
ratio between 2.0
and 4.0, beam > 16"
wide and depth <
30"

Link Beam
Chord Rotation

Radia
ns

0.0137

0.0264

0.0407

B1042.021a

Concrete link beam,

diagonally reinforced,

aspect ratio between

1.0 and 2.0, beam >

24" wide and depth
< 30"

Link Beam
Chord Rotation

Radia

ns

0.0179

0.0352

0.0543

B1042.021b

Concrete link beam,

diagonally reinforced,

aspect ratio between

2.0 and 4.0, beam >

24" wide and depth
< 30"

Link Beam
Chord Rotation

Radia

ns

0.0203

0.0394

0.0602

B1042.022a

Concrete link beam,
conventionally
reinforced, aspect
ratio between 1.0
and 2.0, beam > 24"
wide and depth <
30"

Link Beam
Chord Rotation

Radia
ns

0.0137

0.21

0.0264

0.33

0.0428

0.74

B1042.022b

Concrete link beam,
conventionally
reinforced, aspect
ratio between 2.0
and 4.0, beam > 24"
wide and depth <
30"

Link Beam
Chord Rotation

Radia

ns

0.0137

0.21

0.0264

0.0407
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B1051.001

Ordinary reinforced
masonry walls with
partially grouted
cells, shear
dominated, 4" to 6"
thick, up to 12 foot
tall

Story Drift

Ratio

Unit
less

0.002

0.86

0.0033

0.77

B1051.002

Ordinary reinforced
masonry walls with
partially grouted
cells, shear
dominated, 4" to 6"
thick, greater than
12 foot tall

Story Drift

Ratio

Unit
less

0.002

0.0033

B1051.003

Ordinary reinforced
masonry walls with
partially grouted
cells, 4" to 6" thick,
flexure dominated up
to 12' tall

Story Drift

Ratio

Unit

less

0.0018

0.73

0.0051

0.65

0.0086

0.56

B1051.004

Ordinary reinforced
masonry walls with
partially grouted
cells, 4" to 6" thick,
flexure dominated
greater than 12' tall

Story Drift

Ratio

Unit
less

0.0018

0.0051

0.0086

B1051.011

Ordinary reinforced
masonry walls with
partially grouted
cells, shear
dominated, 8" to
12" thick, up to 12
foot tall

Story Drift

Ratio

Unit
less

0.002

0.0033

B1051.012

Ordinary reinforced
masonry walls with
partially grouted
cells, shear
dominated, 8" to
12" thick, greater
than 12 foot tall

Story Drift

Ratio

Unit
less

0.002

0.86

0.0033

0.77

B1051.013

Ordinary reinforced
masonry walls with
partially grouted
cells, 8" to 12"
thick, flexure
dominated up to 12'
tall

Story Drift

Ratio

Unit
less

0.0018

0.73

0.0051

0.65

0.0086

0.56

B1051.014

Ordinary reinforced
masonry walls with
partially grouted
cells, 8" to 12"
thick, flexure
dominated greater
than 12' tall

Story Drift

Ratio

Unit
less

0.0018

0.73

0.0051

0.0086

0.56

B1051.021

Ordinary reinforced
masonry walls with
partially grouted
cells, shear
dominated, 16" thick,
up to 12 foot tall

Story Drift

Ratio

Unit
less

0.002

0.0033
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B1051.022

Ordinary reinforced
masonry walls with
partially grouted
cells, shear
dominated, 16" thick,
greater than 12 foot
tall

Story Drift

Ratio

Unit
less

0.002

0.86

0.0033

0.77

B1051.023

Ordinary reinforced
masonry walls with
partially grouted
cells, 16" thick,
flexure dominated up
to 12' tall

Story Drift

Ratio

Unit
less

0.0018

0.73

0.0051

0.65

0.0086

0.56

B1051.024

Ordinary reinforced
masonry walls with
partially grouted
cells, 16" thick,
flexure dominated

greater than 12' tall

Story Drift

Ratio

Unit

less

0.0018

0.0051

0.0086

0.56

B1052.001

Special reinforced
masonry walls with
fully grouted cells,
8" or 12" thick,
shear dominated, up
t 012" tall

Story Drift

Ratio

Unit
less

0.0036

0.0059

B1052.002

Special reinforced
masonry walls with
fully grouted cells,
8" or 12" thick,
shear dominated,
greater than 12' tall

Story Drift

Ratio

Unit

less

0.0036

0.0059

0.51

B1052.003

Special reinforced
masonry walls with
fully grouted cells,
8" to 12" thick,
flexure dominated up
to 12' tall

Story Drift

Ratio

Unit
less

0.0031

0.47

0.009

0.4

0.0151

0.32

B1052.004

Special reinforced
masonry walls with
fully grouted cells,
8" to 12" thick,
flexure dominated
greater than 12' tall

Story Drift

Ratio

Unit
less

0.0031

0.47

0.009

0.4

0.0151

0.32

B1052.011

Special reinforced
masonry walls with
fully grouted cells,
16" thick, shear
dominated, up to 12'
tall

Story Drift

Ratio

Unit
less

0.0036

0.0059

B1052.012

Special reinforced
masonry walls with
fully grouted cells,
16" thick, shear
dominated, greater
than 12' tall

Story Drift

Ratio

Unit

less

0.0036

0.59

0.0059

B1052.013

Special reinforced
masonry walls with
fully grouted cells,
16" thick, flexure
dominated up to 12'
tall

Story Drift

Ratio

Unit
less

0.0031

0.47

0.009

0.4

0.0151

0.32
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DS 1 DS2 DS3 DS4 DS5
NISTIR Demand
Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
Special reinforced
masonry walls with
fully grouted cells, . . Unit
B1052.014 . Story Drift Ratio 0.0031 | 0.47 0.009 0.4 0.0151 | 0.32
16" thick, flexure less
dominated greater
than 12' tall
Cold formed steel
walls with wood .
B1061.001a structural panel Story Drift Ratio llirsust 0.004 0.4 0.0226 0.3 0.0267 | 0.25
sheathing, interior -
gypsum board
Cold formed steel
walls with wood Unit
B1061.001b structural panel Story Drift Ratio less 0.004 0.4 0.0226 0.3 0.0267 | 0.25
sheathing, exterior -
stucco one side
Cold formed steel
walls with flat strap . R Unit
B1061.011a i . i Story Drift Ratio 0.0139 | 0.25 | 0.0179 0.25
X-bracing, interior - less
gypsum board
Cold formed steel
walls with flat strap . X Unit
B1061.011b . . Story Drift Ratio 0.0139 | 0.25 | 0.0179 | 0.25
X-bracing, exterior - less
stucco one side
Cold formed steel
walls with 22 or 31 Unit
B1061.021a mil steel sheathing, Story Drift Ratio Jess 0.019 0.25 | 0.0253 | 0.25
interior - gypsum
board
Cold formed steel
walls with 22 or 31 Unit
B1061.021b mil steel sheathing, Story Drift Ratio less 0.019 0.25 | 0.0253 | 0.25
exterior - stucco one
side
Light framed wood
walls with structural .
B1071.001 panel sheathing, Story Drift Ratio [li:l: 0.01 0.4 0.0175 0.4 0.025 0.4
gypsum wallboard no
hold-downs
Light framed wood
walls with structural . . Unit
B1071.012 . Story Drift Ratio 0.0025 | 0.44 | 0.0052 0.3 0.0252 | 0.16
panel sheathing, less
stucco, hold-downs
Light framed wood
walls with structural i
B1071.011 panel sheathing, Story Drift Ratio t:;: 0.0017 0.5 0.0035 0.4 0.017 0.4
stucco no
hold-downs
Light framed wood
walls with structural .
B1071.002 panel sheathing, Story Drift Ratio llf::lst 0.015 0.4 0.0262 | 0.19 | 0.0369 0.2
gypsum wallboard
and hold-downs
Wood walls with Unit
B1071.031 diagonal let-in Story Drift Ratio Jess 0.01 0.4
bracing
Exterior Wall -
Type: Gypsum with Unit
B1071.041 wood studs, Full Story Drift Ratio Jess 0.0021 0.6 0.0071 0.45 0.012 0.45
Height, Fixed Below,
Fixed Above
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B2011.001a

Exterior Wall - Cold
formed steel walls
with wood structural
panel sheathing,
interior - gypsum
board

Story Drift Ratio

Unit
less

0.004

0.4

0.0226

0.3

0.0267

0.25

B2011.001b

Exterior Wall - Cold
formed steel walls
with wood structural
panel sheathing,
exterior - stucco one

side

Story Drift Ratio

Unit

less

0.004

0.4

0.0226

0.3

0.0267

0.25

B2011.011a

Exterior Wall - Cold
formed steel walls
with flat strap
X-bracing, interior -
gypsum board

Story Drift Ratio

Unit
less

0.0139

0.25

0.0179

B2011.011b

Exterior Wall - Cold
formed steel walls
with flat strap
X-bracing, exterior -
stucco one side

Story Drift Ratio

Unit
less

0.0139

0.25

0.0179

B2011.021a

Exterior Wall - Cold
formed steel walls
with 22 or 31 mil

steel sheathing,
interior - gypsum
board

Story Drift Ratio

Unit
less

0.019

0.25

0.0253

0.25

B2011.021b

Exterior Wall - Cold
formed steel walls
with 22 or 31 mil

steel sheathing,
exterior - stucco one

side

Story Drift Ratio

Unit
less

0.019

0.0253

B2011.101

Exterior Wall -
Light framed wood
walls with structural

panel sheathing,
gypsum wallboard no

hold-downs

Story Drift Ratio

Unit

less

0.01

0.4

0.0175

0.4

0.025

0.4

B2011.102

Exterior Wall -
Light framed wood
walls with structural

panel sheathing,
stucco, hold-downs

Story Drift Ratio

Unit
less

0.0025

0.44

0.0052

0.3

0.0252

B2011.111

Exterior Wall -
Light framed wood
walls with structural

panel sheathing,

stucco no

hold-downs

Story Drift Ratio

Unit
less

0.0017

0.5

0.0035

0.4

0.017

0.4

B2011.121

Exterior Wall -
Light framed wood
walls with structural

panel sheathing,
gypsum wallboard

and hold-downs

Story Drift Ratio

Unit
less

0.015

0.4

0.0262

0.0369

0.2

B2011.131

Exterior Wall -
Wood walls with
diagonal let-in
bracing

Story Drift Ratio

Unit
less

0.4

B2011.201a

Precast Concrete

Panels 4.5 inches

thick - in plane
deformation

Story Drift Ratio

Unit

less

By
User

By
User

By

User

By

User
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B2011.201b

Precast Concrete
Panels 4.5 inches
thick - out of plane
deformation

Peak Floor
Acceleration

By
User

By
User

B2022.001

Curtain Walls -
Generic Midrise
Stick-Built Curtain
wall, Config:
Monolithic,
Lamination:
Unknown, Glass
Type: Unknown,
Details: Aspect ratio
= 6:5, Other details
Unknown

Story Drift Ratio

Unit
less

0.0338

0.4

0.0383

0.4

B2022.002

Curtain Walls -
Generic Midrise
Stick-Built Curtain
wall, Config:
Insulating Glass
Units (dual pane),
Lamination:
Unknown, Glass
Type: Unknown,
Details: Aspect ratio
= 6:5, Other details

Unknown

Story Drift Ratio

Unit
less

0.021

0.45

0.024

0.45

B2022.011

Midrise stick-built
curtain wall, Config:
Asymmetric
insulating glass units
(dual-pane,
unequal-thickness
IGU), Lamination:
Laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) inner AN / 1/2
in. (13 mm) outer
AN LAM (0.030
PVB) IGU;
glass-frame clearance
= 0.43 in. (11 mm);
6:5

sealant = dry

aspect ratio =

Story Drift Ratio

Unit
less

0.026

0.25

0.0268

0.25

0.0339

0.25

B2022.021

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination:
Laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN LAM
(0.030 PVB);
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit

less

0.0156

0.0561

0.3
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B2022.022

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination:
Laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN laminated,
2-sided SSG, Center
Panel; glass-frame
clearance = 0.43 in.
(11 mm); aspect
ratio = 6:5 sealant =

wet

Story Drift Ratio

Unit

less

By By

User User

By By

User User

B2022.023

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination:
Laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN laminated,
2-sided SSG, Outside
Panel; glass-frame
clearance = 0.43 in.
(11 mm); aspect
ratio = 6:5 sealant =

wet

Story Drift Ratio

Unit
less

By By
User User

By By
User User

B2022.031

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 6:5
sealant = dry

Story Drift Ratio

Unit
less

0.0138

0.0219 0.3

B2022.032

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0 in. (0 mm);
aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

0.0088

0.0108

B2022.033

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0.13 in. (3 mm);
aspect ratio = 6:5
sealant = dry

Story Drift Ratio

Unit
less

0.0084 | 0.25

0.0107
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B2022.034

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0.25 in. (6 mm);
aspect ratio = 6:5
sealant = dry

Story Drift Ratio

Unit

less

0.0147 | 0.25

0.0164 | 0.25

B2022.035

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 2:1
sealant = dry

Story Drift Ratio

Unit

less

0.0181 | 0.25

0.0212 | 0.25

B2022.036

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 1:2
sealant = dry

Story Drift Ratio

Unit

less

0.022 0.3

0.0257 | 0.25

B2022.037

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic,
2-sided SSG, Center
Panel; glass-frame
clearance = 0.43 in.
(11 mm); aspect
ratio = 6:5 sealant =

wet

Story Drift Ratio

Unit

less

By By
User User

By By
User User

B2022.038

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic,
2-sided SSG, Outside
Panel; glass-frame
clearance = 0.43 in.
(11 mm); aspect
ratio = 6:5 sealant =
wet

Story Drift Ratio

Unit

less

By By
User User

By By
User User
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B2022.039

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 043 in. (11 mm);
aspect ratio = 6:5
sealant = dry

Story Drift Ratio

Unit

less

By

User

By

User

By By

User User

B2022.040

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 2:1
sealant = dry

Story Drift Ratio

Unit

less

By

User

By

User

By By

User User

B2022.041

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 1:2
sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

By By
User User

B2022.051

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1/4 in. (6
mm) FT monolithic,
2-sided SSG, Center
Panel; glass-frame
clearance = 0.43 in.
(11 mm); aspect
ratio = 6:5 sealant =

wet

Story Drift Ratio

Unit
less

By
User

By
User

By By
User User

B2022.052

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1/4 in. (6
mm) FT monolithic,
2-sided SSG, Outside
Panel; glass-frame
clearance = 0.43 in.
(11 mm); aspect
ratio = 6:5 sealant =
wet

Story Drift Ratio

Unit
less

By
User

By
User

By By
User User
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B2022.053

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1/4 in. (6
mm) FT monolithic,
Seamed Edge;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 6:5
sealant = dry

Story Drift Ratio

Unit

less

By

User

By

User

By

User

By

User

B2022.054

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1/4 in. (6
mm) FT monolithic,
Polished Edge;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

By
User

By
User

B2022.061

Midrise stick-built
curtain wall, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Heat
strengthened, Details:
1/4 in. (6 mm) HS
monolithic;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

By
User

By
User

B2022.071

Midrise stick-built
curtain wall, Config:
Symmetric insulating

glass units

(dual-pane,
equal-thickness IGU),

Lamination:

Laminated, Glass

Type: Annealed,
Details: 1/4 in. (6
mm) inner AN / 1/4

in. (6 mm) outer

AN LAM (0.030

PVB) IGU;
glass-frame clearance
= 0.43 in. (11 mm);

aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

0.027

0.3

0.0276

0.3

0.0303

0.3
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B2022.072

Midrise stick-built
curtain wall, Config:
Symmetric insulating

glass units

(dual-pane,
equal-thickness IGU),

Lamination:

Laminated, Glass

Type: Annealed,

Details: 1/4 in. (6
mm) inner AN / 1/4

in. (6 mm) outer

AN LAM (0.060

PVB) IGU;
glass-frame clearance
= 0.43 in. (11 mm);

aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

0.0262

0.3

0.0266

0.3

0.0299

0.3

B2022.081

Midrise stick-built
curtain wall, Config:
Symmetric insulating

glass units
(dual-pane,
equal-thickness 1GU),

Lamination: Not

laminated, Glass

Type: Annealed,

Details: 1 in. (25
mm) AN insulating
glass unit (IGU) [1/4

in. (6 mm) inner

and outer panes];
glass-frame clearance
= 0.43 in. (11 mm);

aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

0.0234

0.3

0.031

0.3

B2022.082

Midrise stick-built
curtain wall, Config:
Symmetric insulating

glass units
(dual-pane,
equal-thickness IGU),

Lamination: Not

laminated, Glass

Type: Annealed,

Details: 1 in. (25
mm) AN IGU [1/4

in. (6 mm) inner

and outer panes];
glass-frame clearance

= 0.25 in. (6 mm);

aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

0.0142

0.25

0.0221

0.25
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B2022.083

Midrise stick-built
curtain wall, Config:
Symmetric insulating

glass units
(dual-pane,
equal-thickness IGU),
Lamination: Not
laminated, Glass
Type: Annealed,

Details: 1 in. (25
mm) AN IGU [1/4

in. (6 mm) inner

and outer panes],
2-sided SSG, Center

Panel; glass-frame
clearance = 0.43 in.

(11 mm); aspect
ratio = 6:5 sealant =

wet

Story Drift Ratio

Unit
less

By
User

By
User

By
User

By
User

By
User

By
User

B2022.084

Midrise stick-built
curtain wall, Config:
Symmetric insulating

glass units
(dual-pane,
equal-thickness 1GU),
Lamination: Not
laminated, Glass
Type: Annealed,

Details: 1 in. (25
mm) AN IGU [1/4

in. (6 mm) inner

and outer panes],
2-sided SSG, Outside

Panel; glass-frame
clearance = 0.43 in.

(11 mm); aspect
ratio = 6:5 sealant =

wet

Story Drift Ratio

Unit
less

By
User

By
User

By
User

By
User

By
User

By
User

B2022.091

Midrise stick-built
curtain wall, Config:
Symmetric insulating

glass units
(dual-pane,
equal-thickness IGU),
Lamination: Not
laminated, Glass
Type: Full tempered,

Details: 1 in. (25

mm) FT IGU [1/4

in. (6 mm) inner

and outer panes];
glass-frame clearance
= 043 in. (11 mm);

aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

By
User

By
User

By
User

By
User
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B2022.101

Midrise stick-built
curtain wall, Config:
Symmetric insulating

glass units
(dual-pane,
equal-thickness IGU),

Lamination: Not

laminated, Glass

Type: Heat
strengthened, Details:

1 in. (25 mm) HS
IGU [1/4 in. (6 mm)

inner and outer
panes]; glass-frame
clearance = 0.43 in.

(11 mm); aspect
ratio = 6:5 sealant =

dry

Story Drift Ratio

Unit
less

By
User

By
User

By
User

By
User

By
User

By
User

B2022.201

Curtain Walls -
Unitized curtain wall
(also generic unitized
curtain wall), Config:
Symmetric insulating

glass units
(dual-pane,
equal-thickness IGU),

Lamination: Not

laminated, Glass
Type: Full tempered,
Details: 1-1/4 in. (32

mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
4-sided SSG,
VHBTM SGTTM;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = Varies
sealant = wet

Story Drift Ratio

Unit
less

By
User

By
User

By
User

By
User

By
User

By
User

B2023.001

Generic Storefront,
Config: Monolithic,
Lamination:
Unknown, Glass
Type: Unknown,
Details: Aspect ratio
= 6:5, Other details
Unknown

Story Drift Ratio

Unit
less

0.029

0.5

0.0473

B2023.002

Generic Storefront,
Config: IGU,
Lamination:

Unknown, Glass
Type: Unknown,
Details: Aspect ratio
= 6:5, Other details
Unknown

Story Drift Ratio

Unit

less

0.0423

0.3

0.059

0.0665

0.35
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B2023.011

Storefront, Config:
Monolithic,
Lamination:

Laminated, Glass

Type: Annealed,
Details: 1/4 in. (6
mm) AN LAM
(0.030 PVB);
glass-frame clearance

= 0.41 in. (10 mm);

aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit

less

0.029

0.5 0.0567

0.3

0.3

B2023.021

Storefront, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1/4 in. (6
mm) AN monolithic;
glass-frame clearance
= 0.41 in. (10 mm);
aspect ratio = 6:5
sealant = dry

Story Drift Ratio

Unit

less

0.0303

0.5 0.0413

0.3

0.051

0.3

B2023.031

Storefront, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 3/8 in. (10
mm) FT monolithic,
Planar Specimen;
glass-frame clearance
= 0.5 in. (13 mm);
1.93:1

sealant = wet

aspect ratio =

Story Drift Ratio

Unit
less

By
User

By
User

B2023.032

Storefront, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 3/8 in. (10
mm) FT monolithic,
Corner Cond.
Specimen, in-plane;
glass-frame clearance
= 0.5 in. (13 mm);
aspect ratio = 1.93:1

sealant = wet

Story Drift Ratio

Unit

less

By
User

By
User

B2023.033

Storefront, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 3/8 in. (10
mm) FT monolithic,

Corner Cond.
Specimen, combined;
glass-frame clearance
= 0.5 in. (13 mm);
aspect ratio = 1.93:1

Story Drift Ratio

sealant = wet

Unit
less

By
User

By
User
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B2023.034

Storefront, Config:
Monolithic,
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 3/8 in. (10
mm) FT monolithic,
Corner Cond.
Specimen, Short
side; glass-frame
clearance = 0.5 in.
(13 mm); aspect
ratio = 2.72:1
sealant = wet

Story Drift Ratio

Unit

less

By

User

By

User

B2023.041

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness IGU),
Lamination: Not
laminated, Glass
Type: Annealed,
Details: 1 in. (25
mm) AN IGU;
glass-frame clearance
= 0.59 in. (15 mm);
aspect ratio = 6:5

sealant = dry

Story Drift Ratio

Unit
less

0.0423

0.3

0.059

0.25

0.0665

0.25

B2023.051

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness 1GU),
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1 in. (25
mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
Planar Specimen;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 1.89:1
sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

B2023.052

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness IGU),
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1 in. (25
mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
Corner Cond.
Specimen, in-plane;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 1.89:1
sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User
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B2023.053

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness IGU),
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1 in. (25
mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
Corner Cond.
Specimen, combined;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 1.89:1

sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

B2023.054

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness 1GU),
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1 in. (25
mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
Corner Cond.
Specimen, Short
side; glass-frame
clearance = 0.43 in.
(11 mm); aspect
ratio = 2.83:1
sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

B2023.055

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness IGU),
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1 in. (25
mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
Planar Specimen;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 1.88:1

sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User
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B2023.056

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness 1GU),
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1 in. (25
mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
Corner Cond.
Specimen, in-plane;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 1.88:1

sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

B2023.057

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness 1GU),
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1 in. (25
mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
Corner Cond.
Specimen, combined;
glass-frame clearance
= 0.43 in. (11 mm);
aspect ratio = 1.88:1
sealant = dry

Story Drift Ratio

Unit

less

By

User

By

User

B2023.058

Storefront, Config:
Symmetric insulating
glass units
(dual-pane,
equal-thickness IGU),
Lamination: Not
laminated, Glass
Type: Full tempered,
Details: 1 in. (25
mm) FT IGU [1/4
in. (6 mm) inner
and outer panes],
Corner Cond.
Specimen, Short
side; glass-frame
clearance = 0.43 in.
(11 mm); aspect
ratio = 2.82:1

sealant = dry

Story Drift Ratio

Unit
less

By
User

By
User

B3011.011

Concrete tile roof,
tiles secured and
compliant with
UBC9%

Peak Floor
Acceleration

0.4

1.4

0.4

B3011.012

Clay tile roof, tiles
secured and

compliant with

UBCY%

Peak Floor

Acceleration

0.3

1.7

0.3
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B3011.013

Concrete tile roof,
unsecured tiles

Peak Floor
Acceleration

0.5 0.4

0.7

0.4

B3011.014

Clay tile roof,
unsecured tiles

Peak Floor
Acceleration

0.4 0.3

0.5

0.3

B3031.001a

Masonry Chimney -
unreinforced, non
industrial, above roof
5 ft, replace with

masonry

Peak Floor
Acceleration

0.35 0.6

0.5

0.6

B3031.001b

Masonry Chimney -
unreinforced, non
industrial, above roof
10 ft, replace with

masonry

Peak Floor
Acceleration

0.35 0.6

0.5

0.6

B3031.001c

Masonry Chimney -
unreinforced, non
industrial, above roof
15 ft, replace with

masonry

Peak Floor
Acceleration

0.35 0.6

0.5

0.6

B3031.002a

Masonry Chimney -
unreinforced, non
industrial, above roof
5 ft, replace with

framing

Peak Floor
Acceleration

0.35 0.6

0.5

0.6

B3031.002b

Masonry Chimney -
unreinforced, non
industrial, above roof
10 ft, replace with

framing

Peak Floor
Acceleration

0.35 0.6

0.5

0.6

B3031.002¢

Masonry Chimney -
unreinforced, non
industrial, above roof
15 ft, replace with

framing

Peak Floor
Acceleration

0.35 0.6

0.5

0.6

B3041.001

Masonry Parapet -
unreinforced,
unbraced

Peak Floor
Acceleration

0.2 0.6

0.4

0.6

C1011.001a

Wall Partition, Type:
Gypsum with metal
studs, Full Height,
Fixed Below, Fixed
Above

Story Drift Ratio

Unit

less

0.005 0.40

0.01

0.021

C1011.001b

Wall Partition, Type:
Gypsum with metal
studs, Partial Height,
Fixed Below, Lateral
Braced Above

Story Drift Ratio

Unit
less

0.013

0.018

C1011.001c

Wall Partition, Type:
Gypsum with metal
studs, Full Height,
Fixed Below, Slip
Track Above with

returns

Story Drift Ratio

Unit

less

0.004 0.45

0.011

0.35

0.019

0.25

C1011.001d

Wall Partition, Type:
Gypsum with metal
studs, Full Height,
Fixed Below, Slip
Track Above w/o
returns (friction

connections)

Story Drift Ratio

Unit
less

0.0035 | 0.60

0.0095

0.45

C1011.011a

Wall Partition, Type:
Gypsum with wood
studs, Full Height,
Fixed Below, Fixed
Above

Story Drift Ratio

Unit
less

0.0021 0.60

0.0071

0.0071
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C2011.001a

Prefabricated steel
stair with steel
treads and landings
with seismic joints
that accommodate
drift.

Story Drift Ratio

Unit
less

By By

User User

By
User

By
User

By
User

By
User

C2011.001b

Prefabricated steel
stair with steel
treads and landings
with no seismic

joint.

Story Drift Ratio

Unit

less

0.005 0.6

0.017

0.6

0.028

0.45

C2011.011a

Non-monolithic
precast concrete stair
assembly with
concrete stringers
and treads with
seismic joints that

accommodate drift.

Story Drift Ratio

Unit
less

By By

User User

By
User

By
User

By
User

By
User

C2011.011b

Non-monolithic
precast concrete stair
assembly with
concrete stringers
and treads with no
seismic joint.

Story Drift Ratio

Unit
less

0.005 0.6

0.017

0.6

0.028

C2011.021a

Monolithic
cast-in-place and
precast concrete

stairs with seismic
joints that
accommodate drift -
replace in kind if
replacement is

required.

Story Drift Ratio

Unit

less

By By

User User

By

User

By

User

By

User

By

User

C2011.021b

Monolithic
cast-in-place and
precast concrete

stairs with no
seismic joints -
replace in kind if
replacement is
required.

Story Drift Ratio

Unit

less

By By

User User

By
User

By
User

By
User

By
User

C2011.021¢c

Monolithic
cast-in-place and
precast concrete

stairs with seismic
joints that

accommodate drift -
replace with

prefabricated steel

stair if replacement
is required.

Story Drift Ratio

Unit
less

By By

User User

By
User

By
User

By
User

By
User

C2011.021d

Monolithic
cast-in-place and
precast concrete

stairs with no
seismic joints -
replace with
prefabricated steel
stair if replacement
is required.

Story Drift Ratio

Unit
less

By By

User User

By
User

By
User

By
User

By
User
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C2011.031a

Hybrid stair
assembly with steel
stringers and
concrete treads and
landings with seismic
joints that

accommodate drift.

Story Drift

Ratio

Unit
less

By
User

By
User

By
User

By
User

By
User

By
User

C2011.031b

Hybrid stair
assembly with steel
stringers and
concrete treads and
landings with no

seismic joints.

Story Drift

Ratio

Unit
less

0.005

0.6

0.017

0.6

0.028

0.45

C3011.001a

Wall Partition, Type:
Gypsum +
Wallpaper, Full
Height, Fixed Below,
Fixed Above

Story Drift

Ratio

Unit
less

0.0021

0.6

C3011.001b

Wall Partition, Type:
Gypsum +
Wallpaper, Partial
Height, Fixed Below,
Lateral Braced
Above

Story Drift

Ratio

Unit
less

0.0064

0.3

C3011.001c

Wall Partition, Type:
Gypsum +
Wallpaper, Full
Height, Fixed Below,
Slip Track Above w/
returns (friction

connection)

Story Drift

Ratio

Unit

less

0.002

0.7

C3011.001d

Wall Partition, Type:
Gypsum +
Wallpaper, Full
Height, Fixed Below,
Slip Track Above
w/o returns (friction

connection)

Story Drift

Ratio

Unit
less

0.0035

0.7

C3011.002a

Wall Partition, Type:
Gypsum + Ceramic
Tile, Full Height,
Fixed Below, Fixed
Above

Story Drift

Ratio

Unit
less

0.0021

0.6

0.0071

C3011.002b

Wall Partition, Type:
Gypsum + Ceramic
Tile, Partial Height,
Fixed Below, Lateral
Braced Above

Story Drift

Ratio

Unit
less

0.0064

0.3

0.011

0.3

C3011.002¢

Wall Partition, Type:
Gypsum + Ceramic
Tile, Full Height,
Fixed Below, Slip
Track Above w/
returns (friction

connection)

Story Drift

Ratio

Unit
less

0.002

0.7

0.005

0.4

C3011.002d

Wall Partition, Type:
Gypsum + Ceramic
Tile, Full Height,
Fixed Below, Slip
Track Above w/o
returns (friction
connection)

Story Drift

Ratio

Unit
less

0.0035

0.7

0.0093

0.45
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C3011.003a

Wall Partition, Type:
High End Marble or
Wood Panel, Full
Height, Fixed Below,
Fixed Above

Story Drift Ratio

Unit
less

0.0021

0.6

0.0071

C3011.003b

Wall Partition, Type:
High End Marble or
Wood Panel, Partial
Height, Fixed Below,
Lateral Braced
Above

Story Drift Ratio

Unit

less

0.0064

0.3

0.011

0.3

C3011.003¢c

Wall Partition, Type:
High End Marble or
Wood Panel, Full
Height, Fixed Below,
Slip Track Above w/
returns (friction

connection)

Story Drift Ratio

Unit
less

0.002

0.7

0.005

0.4

C3011.003d

Wall Partition, Type:
High End Marble or
Wood Panel, Full
Height, Fixed Below,
Slip Track Above
w/o returns (friction
connection)

Story Drift Ratio

Unit
less

0.0035

0.7

0.0093

0.45

C3021.001a

Generic Floor
Covering - Flooding
of floor caused by

failure of pipe -

Office - Dry

Peak Floor

Acceleration

By

User

By

User

C3021.001b

Generic Floor
Covering - Flooding
of floor caused by

failure of pipe -

Office - Humid

Peak Floor
Acceleration

By
User

By
User

C3021.001c

Generic Floor
Covering - Flooding
of floor caused by

failure of pipe -

Laboratory - Dry

Peak Floor
Acceleration

By
User

By
User

C3021.001d

Generic Floor
Covering - Flooding
of floor caused by

failure of pipe -
Laboratory - Humid

Peak Floor
Acceleration

By
User

By
User

C3021.001e

Generic Floor
Covering - Flooding
of floor caused by

failure of pipe -

Hospital - Dry

Peak Floor
Acceleration

By
User

By
User

C3021.001f

Generic Floor
Covering - Flooding
of floor caused by

failure of pipe -
Hospital - Humid

Peak Floor

Acceleration

By
User

By
User

C3021.001g

Generic Floor
Covering - Flooding
of floor caused by

failure of pipe -

School - Dry

Peak Floor
Acceleration

By
User

By
User

C3021.001h

Generic Floor
Covering - Flooding
of floor caused by

failure of pipe -
School - Humid

Peak Floor

Acceleration

By

User

By

User
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NISTIR Demand
) . Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
Generic Floor
Covering - Flooding
. Peak Floor By By
C3021.001i of floor caused by X g
. i Acceleration User User
failure of pipe -
Apartments - Dry
Generic Floor
Covering - Flooding
X Peak Floor By By
C3021.001j of floor caused by X g
i . Acceleration User User
failure of pipe -
Apartments - Humid
Generic Floor
Covering - Flooding
Peak Floor By By
C3021.001k of floor caused by . g
. i Acceleration User User
failure of pipe -
Retail - Dry
Generic Floor
Covering - Flooding
Peak Floor By By
C3021.0011 of floor caused by i g
i . Acceleration User User
failure of pipe -
Retail - Humid
Generic Floor
Covering - Flooding
Peak Floor By By
C3021.001m of floor caused by . g
i R Acceleration User User
failure of pipe -
Warehouse - Dry
Generic Floor
Covering - Flooding
Peak Floor By By
C3021.001n of floor caused by X g
. i Acceleration User User
failure of pipe -
Warehouse - Humid
Generic Floor
Covering - Flooding
Peak Floor By By
C3021.0010 of floor caused by . g
k R Acceleration User User
failure of pipe -
Hospitality - Dry
Generic Floor
Covering - Flooding
Peak Floor By By
C3021.001p of floor caused by i g
i R Acceleration User User
failure of pipe -
Hospitality - Humid
Raised Access Floor,
L Peak Floor
C3027.001 non seismically . g 0.5 0.5
Acceleration
rated.
Raised Access Floor, Peak Floor
C3027.002 L . g 1.5 0.4
seismically rated. Acceleration
Suspended Ceiling,
SDC A,B,C, Area Peak Floor
C3032.001a . g 1.17 0.25 1.58 0.25 1.82 0.25
(A): A < 250, Vert Acceleration
support only
Suspended Ceiling,
SDC A,B,C, Area
Peak Floor
C3032.001b (A): 250 < A < . g 1.01 0.25 1.45 0.25 1.69 0.25
Acceleration
1000, Vert support
only
Suspended Ceiling,
SDC A,B,C, Area
Peak Floor
C3032.001c (A): 1000 < A < . g 0.7 0.25 1.2 0.25 1.43 0.25
Acceleration
2500, Vert support
only
Suspended Ceiling,
SDC A,B,C, Area Peak Floor
C3032.001d . g 0.56 0.25 1.08 0.25 1.31 0.25
(A): A > 2500, Vert Acceleration
support only
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) . Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
Suspended Ceiling,
SDC D.,E (Ip=1.0), Peak Floor
C3032.003a . g 1.6 0.3 1.95 0.3 2.07 0.3
Area (A): A < 250, Acceleration
Vert & Lat support
Suspended Ceiling,
SDC D.E (Ip=1.0),
Peak Floor
C3032.003b Area (A): 250 < A . g 1.47 0.3 1.88 0.3 2.03 0.3
Acceleration
< 1000, Vert & Lat
support
Suspended Ceiling,
SDC D.E (Ip=1.0),
Peak Floor
C3032.003¢ Area (A): 1000 < A . g 1.21 0.30 1.75 0.30 1.95 0.30
Acceleration
< 2500, Vert & Lat
support
Suspended Ceiling,
SDC D.,E (Ip=1.0), Peak Floor
C3032.003d . g 1.09 0.30 1.69 0.30 1.91 0.30
Area (A): A > 2500, Acceleration
Vert & Lat support
Suspended Ceiling,
SDC D,EF (Ip=1.5), Peak Floor
C3032.004a . g 1.92 0.30 2.34 0.30 2.48 0.30
Area (A): A < 250, Acceleration
Vert & Lat support
Suspended Ceiling,
SDC D.EF (Ip=1.5),
Peak Floor
C3032.004b Area (A): 250 < A . g 1.76 0.30 2.26 0.30 2.44 0.30
Acceleration
< 1000, Vert & Lat
support
Suspended Ceiling,
SDC D.EF (Ip=1.5),
Peak Floor
C3032.004c Area (A): 1000 < A . g 1.45 0.30 2.1 0.30 2.34 0.30
Acceleration
< 2500, Vert & Lat
support
Suspended Ceiling,
SDC D,E,F (Ip=1.5), Peak Floor
C3032.004d . g 1.31 0.30 2.03 0.30 2.29 0.30
Area (A): A > 2500, Acceleration
Vert & Lat support
Independent Pendant
L Peak Floor
C3034.001 Lighting - non X g 0.6 0.40
- Acceleration
seismic
Independent Pendant
L Peak Floor
C3034.002 Lighting - X g 1.5 0.40
o Acceleration
seismically rated
Traction Elevator —
Applies to most
California
Installations 1976 or
later, most western Peak Floor
D1014.011 . . . g 0.39 0.45 0.39 0.45 0.39 0.45 0.39 0.45
states installations Acceleration
1982 or later and
most other U.S
installations 1998 or
later.
Traction Elevator —
Applies to most
California
Installations prior to
1976, most western Peak Floor
D1014.012 . . . g 0.31 0.45 0.31 0.45 0.31 0.45 0.31 0.45
states installations Acceleration
prior to 1982 and
most other U.S
installations prior to
1998.
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DS3 DS4 DS5

Unit
Mean stD

Mean stD Mean stD Mean stD

Hydraulic Elevator —
Applies to most
California

Installations 1976 or

later, most western
D1014.021 . .
states installations
postdating 1982 and
most U.S

Peak Floor
. g 0.5 0.3 0.5 0.3 0.5 0.3 0.5 0.3
Acceleration
installations
postdating 1998.
Hydraulic Elevator —
Applies to most
California

Installations prior to
1976, most western
D1014.022 . .
states installations
prior to 1982 and
most U.S

Peak Floor
. g 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Acceleration

installations prior to

1998.

Steam Piping -

Large Diameter

Welded Steel -

Peak Floor

(greater than 2.5 X g 2.25 0.4 4.1

. i . Acceleration

inches in diameter),

SDC D, E, or F,
PIPING FRAGILITY
Steam Piping -

D2061.023a

0.4

Large Diameter
Welded Steel -
(greater than 2.5

D2061.023b . L
inches in diameter),
SDC D, E, or F,
BRACING
FRAGILITY
Steam Piping -

Peak Floor

. g 1.5 0.4 2.25 0.4
Acceleration

Large Diameter
Welded Steel -
(greater than 2.5
D2061.024a . L
inches in diameter),
SDC D, E, or F
(OSHPD or sim),
PIPING FRAGILITY
Steam Piping -
Large Diameter
Welded Steel -
(greater than 2.5
. L Peak Floor
inches in diameter), . g 1.5 0.4 2.25
Acceleration
SDC D, E, or F
(OSHPD or sim),
BRACING
FRAGILITY
Chiller - Capacity: <
100 Ton -

Unanchored

Peak Floor

. g 2.25 0.4 4.1 0.4
Acceleration

D2061.024b

0.4

. . Peak Floor
D3031.011a equipment that is

. g 0.2 0.4

. Acceleration

not vibration isolated

- Equipment fragility
only
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Mean stD

stD

Mean

stD

Mean

stD

stD

D3031.011b

Chiller - Capacity:
100 to <350 Ton -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.2 0.4

D3031.011c

Chiller - Capacity:
350 to <750 Ton -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.2 0.4

D3031.011d

Chiller - Capacity:
750 to <1000 Ton -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor

Acceleration

0.2 0.4

D3031.012a

Chiller - Capacity: <
100 Ton - Vibration
isolated equipment
that is not snubbed
or restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3031.012b

Chiller - Capacity: <
100 Ton - Vibration
isolated equipment
that is not snubbed
or restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.43 0.6

D3031.012¢

Chiller - Capacity: <
100 Ton - Vibration
isolated equipment
that is not snubbed
or restrained -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D3031.012d

Chiller - Capacity:
100 to <350 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3031.012¢

Chiller - Capacity:
100 to <350 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.43 0.6
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DS3
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DS5

Mean

stD

stD

Mean

stD

Mean stD

stD

D3031.012f

Chiller - Capacity:
100 to <350 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor

Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

D3031.012g

Chiller - Capacity:
350 to <750 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D3031.012h

Chiller - Capacity:
350 to <750 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.43

0.6

D3031.012i

Chiller - Capacity:
350 to <750 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

D3031.012j

Chiller - Capacity:
750 to <1000 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D3031.012k

Chiller - Capacity:
750 to <1000 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.43

0.6

D3031.0121

Chiller - Capacity:
750 to <1000 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User
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DS 1
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DS4
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Mean stD

stD

Mean

stD

Mean

stD

stD

D3031.013a

Chiller - Capacity: <
100 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3031.013b

Chiller - Capacity: <
100 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

0.72 0.2

D3031.013¢

Chiller - Capacity: <
100 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D3031.013d

Chiller - Capacity:
100 to <350 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3031.013e

Chiller - Capacity:
100 to <350 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor

Acceleration

D3031.013f

Chiller - Capacity:
100 to <350 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By By

User User

By

User

By

User

By

User

By

User
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DS 1
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DS3

DS4
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Mean stD

stD

Mean

stD

Mean

stD

stD

D3031.013g

Chiller - Capacity:
350 to <750 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3031.013h

Chiller - Capacity:
350 to <750 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

0.72 0.2

D3031.013i

Chiller - Capacity:
350 to <750 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D3031.013j

Chiller - Capacity:
750 to <1000 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3031.013k

Chiller - Capacity:
750 to <1000 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor

Acceleration

D3031.0131

Chiller - Capacity:
750 to <1000 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By By

User User

By

User

By

User

By

User

By

User

D3031.021a

Cooling Tower -
Capacity: < 100 Ton
- Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.5 0.4
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DS 1

DS2

DS3

DS4
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Mean

stD

stD

Mean

stD

Mean

stD

stD

D3031.021b

Cooling Tower -
Capacity: 100 to
<350 Ton -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.5

0.4

D3031.021c

Cooling Tower -
Capacity: 350 to
<750 Ton -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.5

0.4

D3031.021d

Cooling Tower -
Capacity: 750 to
<1000 Ton -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.5

0.4

D3031.022a

Cooling Tower -
Capacity: < 100 Ton
- Vibration isolated

equipment that is

not snubbed or
restrained -
Anchorage fragility
only

Peak Floor

Acceleration

By

User

By

User

By

User

By

User

D3031.022b

Cooling Tower -
Capacity: < 100 Ton
- Vibration isolated

equipment that is

not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.6

D3031.022¢

Cooling Tower -
Capacity: < 100 Ton
- Vibration isolated

equipment that is

not snubbed or
restrained -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

D3031.022d

Cooling Tower -
Capacity: 100 to
<350 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User
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DS 1

DS2

DS3

DS4

DS5

Mean stD

stD

Mean

stD

Mean

stD

stD

D3031.022¢

Cooling Tower -
Capacity: 100 to
<350 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

D3031.022f

Cooling Tower -
Capacity: 100 to
<350 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D3031.022g

Cooling Tower -
Capacity: 350 to
<750 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3031.022h

Cooling Tower -
Capacity: 350 to
<750 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

D3031.022i

Cooling Tower -
Capacity: 350 to
<750 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D3031.022j

Cooling Tower -
Capacity: 750 to
<1000 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor

Acceleration

By By

User User

By

User

By

User
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DS 1

DS2

DS3

DS4
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Mean

stD

stD

Mean

stD

Mean

stD

stD

D3031.022k

Cooling Tower -
Capacity: 750 to
<1000 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.6

D3031.0221

Cooling Tower -
Capacity: 750 to
<1000 Ton -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

D3031.023a

Cooling Tower -
Capacity: < 100 Ton
- Equipment that is
either hard anchored

or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D3031.023b

Cooling Tower -
Capacity: < 100 Ton
- Equipment that is
either hard anchored

or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

0.4

D3031.023¢

Cooling Tower -
Capacity: < 100 Ton
- Equipment that is
either hard anchored

or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

D3031.023d

Cooling Tower -
Capacity: 100 to
<350 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor

Acceleration

By
User

By
User

By

User

By

User
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DS4
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Mean stD

stD

Mean

stD

Mean

stD

stD

D3031.023e

Cooling Tower -
Capacity: 100 to
<350 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

1.52 0.4

D3031.023f

Cooling Tower -
Capacity: 100 to
<350 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D3031.023g

Cooling Tower -
Capacity: 350 to
<750 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3031.023h

Cooling Tower -
Capacity: 350 to
<750 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

D3031.023i

Cooling Tower -
Capacity: 350 to
<750 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By

User

By
User

D3031.023;

Cooling Tower -
Capacity: 750 to
<1000 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User
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DS3
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stD

stD

Mean

stD

Mean

stD

stD

D3031.023k

Cooling Tower -
Capacity: 750 to
<1000 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

1.52

0.4

D3031.0231

Cooling Tower -
Capacity: 750 to
<1000 Ton -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

D3032.011a

Compressor -
Capacity: Small non
medical air supply -

Unanchored

equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.25

0.45

0.25

0.45

D3032.011b

Compressor -
Capacity: Large non
medical air supply -

Unanchored

equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.45

D3032.011c

Compressor -
Capacity: Small
medical quality air
supply - Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor

Acceleration

0.45

D3032.011d

Compressor -
Capacity: Large
medical quality air
supply - Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.45

D3032.012a

Compressor -
Capacity: Small non
medical air supply -

Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User
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DS 1
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DS3

DS4
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Mean stD

stD

Mean

stD

Mean

stD

stD

D3032.012b

Compressor -
Capacity: Small non
medical air supply -

Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.47 0.2

0.47

0.2

D3032.012¢

Compressor -
Capacity: Small non
medical air supply -

Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor

Acceleration

By By
User User

By
User

By
User

By
User

By
User

By
User

By
User

D3032.012d

Compressor -
Capacity: Large non
medical air supply -

Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor

Acceleration

By By
User User

By
User

By
User

D3032.012¢

Compressor -
Capacity: Large non
medical air supply -

Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor

Acceleration

0.47 0.2

0.47

0.2

D3032.012f

Compressor -
Capacity: Large non
medical air supply -

Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By By
User User

By
User

By
User

By
User

By
User

By
User

By
User

D3032.012g

Compressor -
Capacity: Small
medical quality air
supply - Vibration
isolated equipment
that is not snubbed
or restrained -
Anchorage fragility
only

Peak Floor

Acceleration

By By

User User

By

User

By
User

- 359 -



NISTIR
Classification

Component Name

Demand
Parameter

Unit

DS 1
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Mean stD

Mean

stD

Mean

stD

stD

D3032.012h

Compressor -
Capacity: Small
medical quality air
supply - Vibration
isolated equipment
that is not snubbed
or restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.47 0.2

0.47 0.2

D3032.012i

Compressor -
Capacity: Small
medical quality air
supply - Vibration
isolated equipment
that is not snubbed
or restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By By
User User

By
User

By
User

By
User

By
User

D3032.012j

Compressor -
Capacity: Large
medical quality air
supply - Vibration
isolated equipment
that is not snubbed
or restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By By
User User

D3032.012k

Compressor -
Capacity: Large
medical quality air
supply - Vibration
isolated equipment
that is not snubbed
or restrained -
Equipment fragility
only

Peak Floor
Acceleration

0.47 0.2

0.47 0.2

D3032.0121

Compressor -
Capacity: Large
medical quality air
supply - Vibration
isolated equipment
that is not snubbed
or restrained -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By By
User User

By
User

By
User

By
User

By
User

D3032.013a

Compressor -
Capacity: Small non
medical air supply -

Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor

Acceleration

By By
User User

By By

User User
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Parameter
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DS 1

DS2

DS3

DS4

DS5

Mean

stD

Mean

stD

Mean

stD

stD

D3032.013b

Compressor -
Capacity: Small non
medical air supply -

Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

1.84

0.6

1.84 0.6

D3032.013¢

Compressor -
Capacity: Small non
medical air supply -

Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By
User

By
User

By By
User User

By
User

By
User

By
User

By
User

D3032.013d

Compressor -
Capacity: Large non
medical air supply -

Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By By
User User

D3032.013e

Compressor -
Capacity: Large non
medical air supply -

Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

0.6

D3032.013f

Compressor -
Capacity: Large non
medical air supply -

Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By
User

By
User

By By
User User

By
User

By
User

By
User

By
User

D3032.013g

Compressor -
Capacity: Small
medical quality air
supply - Equipment
that is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By By
User User
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Mean stD

Mean

stD

Mean

stD

stD

D3032.013h

Compressor -
Capacity: Small
medical quality air
supply - Equipment
that is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

D3032.013i

Compressor -
Capacity: Small
medical quality air
supply - Equipment
that is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By By

User User

By By

User User

By

User

By

User

By

User

By

User

D3032.013j

Compressor -
Capacity: Large
medical quality air
supply - Equipment
that is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By By
User User

D3032.013k

Compressor -
Capacity: Large
medical quality air
supply - Equipment
that is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

D3032.0131

Compressor -
Capacity: Large
medical quality air
supply - Equipment
that is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By By

User User

By By

User User

By

User

By

User

By

User

By

User

D3041.001a

HVAC Fan In Line
Fan, Fan
independently
supported and
vibration isolators,
SDC A or B

Peak Floor

Acceleration

1.92 0.5

2.4 0.5
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DS5

Mean stD
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Mean

stD

Mean

stD
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D3041.001b

HVAC Fan In Line
Fan, Fan
independently
supported and
vibration isolators,
SDC C

Peak Floor
Acceleration

1.92 0.5

2.4

0.5

D3041.001c

HVAC Fan In Line
Fan, Fan
independently
supported and
vibration isolators,
SDC D, E, F

Peak Floor

Acceleration

2.6

0.4

D3041.001d

HVAC Fan In Line
Fan, Fan
independently
supported and
vibration isolators,
SDC D, E, F
(OSHPD or sim)

Peak Floor
Acceleration

2.6

0.4

D3041.002a

HVAC Fan In Line
Fan, Fan
independently
supported but not on
vibration isolators,
SDC A or B

Peak Floor
Acceleration

D3041.002b

HVAC Fan In Line
Fan, Fan
independently
supported but not on
vibration isolators,
SDC C

Peak Floor

Acceleration

D3041.002¢

HVAC Fan In Line
Fan, Fan
independently
supported but not on
vibration isolators,
SDC D, E, F

Peak Floor
Acceleration

D3041.002d

HVAC Fan In Line
Fan, Fan
independently
supported but not on
vibration isolators,
SDC D, E, F
(OSHPD or sim)

Peak Floor
Acceleration

D3041.011a

HVAC Galvanized
Sheet Metal Ducting
less than 6 sq. ft in
cross sectional area,
SDC A or B

Peak Floor
Acceleration

2.25

0.4

D3041.011b

HVAC Galvanized

Sheet Metal Ducting

less than 6 sq. ft in

cross sectional area,
SDC C

Peak Floor
Acceleration

225

0.4

D3041.011c

HVAC Galvanized
Sheet Metal Ducting
less than 6 sq. ft in
cross sectional area,
SDC D, E, or F

Peak Floor
Acceleration

2.25

0.4

D3041.011d

HVAC Galvanized
Sheet Metal Ducting
less than 6 sq. ft in
cross sectional area,
SDC D, E, or F
(OSHPD or sim)

Peak Floor

Acceleration

0.4
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DS 1 DS2 DS3 DS4 DS5
NISTIR Demand
) . Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
HVAC Galvanized
Sheet Metal Ducting
Peak Floor
D3041.012a - 6 sq. ft cross i g 1.5 0.4 2.25 0.4
. Acceleration
sectional area or
greater, SDC A or B
HVAC Galvanized
Sheet Metal Ducting
Peak Floor
D3041.012b - 6 sq. ft cross X g 1.5 0.4 2.25 0.4
X Acceleration
sectional area or
greater, SDC C
HVAC Galvanized
Sheet Metal Ducting
- 6 sq. ft cross Peak Floor
D3041.012¢ . . g 3.75 0.4 45 0.4
sectional area or Acceleration
greater, SDC D, E,
or F
HVAC Galvanized
Sheet Metal Ducting
- 6 sq. ft cross
X Peak Floor
D3041.012d sectional area or X g 3.75 0.4 4.5 0.4
Acceleration
greater, SDC D, E,
or F (OSHPD or
sim)
HVAC Stainless
Steel Ducting less
X Peak Floor
D3041.021a than 6 sq. ft in X g 1.5 0.4 2.25 0.4
i Acceleration
cross sectional area,
SDC A or B
HVAC Stainless
Steel Ducting less
X Peak Floor
D3041.021b than 6 sq. ft in . g 1.5 0.4 2.25 0.4
. Acceleration
cross sectional area,
SDC C
HVAC Stainless
Steel Ducting less
. Peak Floor
D3041.021c than 6 sq. ft in X g 1.5 0.4 2.25 0.4
i Acceleration
cross sectional area,
SDC D, E, or F
HVAC Stainless
Steel Ducting less
than 6 sq. ft in Peak Floor
D3041.021d . . g 1.5 0.4 2.25 0.4
cross sectional area, Acceleration
SDC D, E, or F
(OSHPD or sim)
HVAC Stainless
Steel Ducting - 6
. Peak Floor
D3041.022a sq. ft cross sectional X g 1.5 0.4 2.25 0.4
Acceleration
area or greater, SDC
A or B
HVAC Stainless
Steel Ducting - 6
. Peak Floor
D3041.022b sq. ft cross sectional . g 1.5 0.4 2.25 0.4
Acceleration
area or greater, SDC
C
HVAC Stainless
Steel Ducting - 6
. Peak Floor
D3041.022¢ sq. ft cross sectional . g 3.75 0.4 45 0.4
Acceleration
area or greater, SDC
D, E, or F
HVAC Stainless
Steel Ducting - 6
sq. ft cross sectional Peak Floor
D3041.022d . g 3.75 0.4 45 0.4
area or greater, SDC Acceleration
D, E, or F (OSHPD
or sim)
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D3041.031a

HVAC Drops /
Diffusers in
suspended ceilings -
No independent
safety wires, SDC A
or B

Peak Floor
Acceleration

0.4

D3041.031b

HVAC Drops /
Diffusers in
suspended ceilings -
No independent
safety wires, SDC C

Peak Floor

Acceleration

0.4

D3041.032a

HVAC Drops /
Diffusers without
ceilings - supported
by ducting only -
No independent
safety wires, SDC A
or B

Peak Floor
Acceleration

0.4

D3041.032b

HVAC Drops /
Diffusers without
ceilings - supported
by ducting only -
No independent
safety wires, SDC C

Peak Floor
Acceleration

0.4

D3041.032¢

HVAC Drops /
Diffusers without
ceilings - supported
by ducting only -
No independent
safety wires, SDC
D, E, or F

Peak Floor

Acceleration

0.4

D3041.032d

HVAC Drops /
Diffusers without
ceilings - supported
by ducting only -
No independent
safety wires, SDC
D, E, or F (OSHPD

or sim)

Peak Floor
Acceleration

0.4

D3041.041a

Variable Air Volume
(VAV) box with
in-line coil, SDC A
or B

Peak Floor
Acceleration

0.4

D3041.041b

Variable Air Volume
(VAV) box with
in-line coil, SDC C

Peak Floor
Acceleration

0.4

D3041.101a

HVAC Fan -
Capacity: all -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.5

0.4

D3041.102a

HVAC Fan -
Capacity: all -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User
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stD

Mean

stD

Mean

stD
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D3041.102b

HVAC Fan -
Capacity: all -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

D3041.102¢

HVAC Fan -
Capacity: all -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D3041.103a

HVAC Fan -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3041.103b

HVAC Fan -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

4.8 0.6

D3041.103c

HVAC Fan -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D3052.011a

Air Handling Unit -
Capacity: <5000
CFM - Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.25 0.4

0.25

0.4

D3052.011b

Air Handling Unit -
Capacity: 5000 to
<10000 CFM -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility

only

Peak Floor
Acceleration

0.4
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Parameter

Unit

DS 1
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DS5

Mean stD

stD

Mean

stD

Mean

stD

stD

D3052.011¢

Air Handling Unit -
Capacity: 10000 to
<25000 CFM -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.4

D3052.011d

Air Handling Unit -
Capacity: 25000 to
<40000 CFM -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.4

D3052.013a

Air Handling Unit -
Capacity: <5000
CFM - Equipment
that is either hard
anchored or is
vibration isolated

with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D3052.013b

Air Handling Unit -
Capacity: <5000
CFM - Equipment
that is either hard
anchored or is
vibration isolated

with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

0.6

D3052.013¢

Air Handling Unit -
Capacity: <5000
CFM - Equipment
that is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By By
User User

By

User

By

User

By
User

By
User

By

User

By

User

D3052.013d

Air Handling Unit -
Capacity: 5000 to
<10000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor

Acceleration

By By
User User

By

User

By

User
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Mean stD

Mean

stD
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stD
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D3052.013e

Air Handling Unit -
Capacity: 5000 to
<10000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

1.54 0.6

1.54 0.6

D3052.013f

Air Handling Unit -
Capacity: 5000 to
<10000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By By
User User

By
User

By
User

By
User

By
User

D3052.013g

Air Handling Unit -
Capacity: 10000 to
<25000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By By
User User

D3052.013h

Air Handling Unit -
Capacity: 10000 to
<25000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

D3052.013i

Air Handling Unit -
Capacity: 10000 to
<25000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By By
User User

By
User

By
User

By
User

By
User

D3052.013j

Air Handling Unit -
Capacity: 25000 to
<40000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By By
User User
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stD

Mean
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D3052.013k

Air Handling Unit -
Capacity: 25000 to
<40000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

1.54

0.6

1.54

0.6

D3052.0131

Air Handling Unit -
Capacity: 25000 to
<40000 CFM -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

D3067.011a

Control Panel -
Capacity: all -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.4

D3067.012a

Control Panel -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D3067.012b

Control Panel -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor

Acceleration

0.4

D3067.012¢

Control Panel -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By

User

By

User

By

User

By

User

By

User

By

User

D4011.021a

Fire Sprinkler Water
Piping - Horizontal
Mains and Branches
- Old Style Victaulic
- Thin Wall Steel -
No bracing, SDC A
or B, PIPING
FRAGILITY

Peak Floor

Acceleration

0.4

2.4

0.5
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stD
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D4011.022a

Fire Sprinkler Water
Piping - Horizontal
Mains and Branches
- Old Style Victaulic
- Thin Wall Steel -
No bracing, SDC C,
PIPING FRAGILITY

Peak Floor
Acceleration

2.4 0.5

D4011.023a

Fire Sprinkler Water
Piping - Horizontal
Mains and Branches
- Old Style Victaulic
- Thin Wall Steel -
Poorly designed
bracing, SDC D, E,
or F , PIPING
FRAGILITY

Peak Floor
Acceleration

2.6 0.4

D4011.024a

Fire Sprinkler Water
Piping - Horizontal
Mains and Branches
- Old Style Victaulic
- Thin Wall Steel -
with designed
bracing, SDC D, E,
or F (OSHPD or
sim), PIPING
FRAGILITY

Peak Floor
Acceleration

3.4 0.4

D4011.031a

Fire Sprinkler Drop
Standard Threaded
Steel - Dropping

into unbraced lay-in
tile SOFT ceiling -

6 ft. long drop
maximum, SDC A
or B

Peak Floor
Acceleration

0.75 0.4

0.95 0.4

D4011.032a

Fire Sprinkler Drop
Standard Threaded
Steel - Dropping

into unbraced lay-in
tile SOFT ceiling -

6 ft. long drop
maximum, SDC C

Peak Floor

Acceleration

0.95 0.4

D4011.033a

Fire Sprinkler Drop
Standard Threaded
Steel - Dropping

into unbraced lay-in

tile SOFT ceiling -
6 ft. long drop
maximum, SDC D,
E, or F

Peak Floor
Acceleration

0.95 0.4

D4011.034a

Fire Sprinkler Drop
Standard Threaded
Steel - Dropping

into unbraced lay-in

tile SOFT ceiling -
6 ft. long drop

maximum, SDC D,

E, or F (OSHPD or

sim)

Peak Floor
Acceleration
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DS 1 DS2

DS3

DS4 DS5

stD Mean stD

Demand
Unit
stD Mean

NISTIR
) . Component Name
Classification Parameter

Mean

stD Mean stD

Mean

Fire Sprinkler Drop
Standard Threaded
Steel - Dropping
into unbraced lay-in
D4011.041a . o
tile HARD ceiling -
6 ft. long drop
maximum, SDC A
or B

Peak Floor
g 0.55 0.4 0.95

Acceleration

0.4

Fire Sprinkler Drop
Standard Threaded
Steel - D i
. e mpp]ng Peak Floor
into unbraced lay-in . g
. L Acceleration
tile HARD ceiling -
6 ft. long drop
maximum, SDC C

0.55 0.4

D4011.042a

0.95 0.4

Fire Sprinkler Drop

Standard Threaded

Steel - Dropping

into braced lay-in

D4011.053a . .

tile SOFT ceiling -

6 ft. long drop
maximum, SDC D,
E, or F

Peak Floor
g 1.5 0.4

Acceleration

2.25 0.4

Fire Sprinkler Drop
Standard Threaded
Steel - Dropping
into braced lay-in
. .. Peak Floor
D4011.054a tile SOFT ceiling - R g
Acceleration
6 ft. long drop
maximum, SDC D,
E, or F (OSHPD or

sim)

Fire Sprinkler Drop
Standard Threaded
Steel - Dropping
into braced lay-in Peak Floor
D4011.063a . o g 0.55 0.
tile HARD ceiling -
6 ft. long drop
maximum, SDC D,
E, or F

Acceleration

4 1.3 0.4

Fire Sprinkler Drop
Standard Threaded
Steel - Dropping
into braced lay-in
. o Peak Floor
tile HARD ceiling - X g
Acceleration
6 ft. long drop
maximum, SDC D,
E, or F (OSHPD or
sim)

D4011.064a

0.4 2.25 0.4

Fire Sprinkler Drop
Standard Threaded
Steel - No Ceiling -
D4011.071a
6 ft. long drop
maximum, SDC A
or B

Peak Floor
X g 1.5
Acceleration

0.4 2.25 0.4

Fire Sprinkler Drop
Standard Threaded
Peak Floor

g 1.5

0.4

Steel - No Ceiling - i
Acceleration

D4011.072a

6 ft. long drop
maximum, SDC C
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Mean
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stD

Mean

stD

Mean

stD

stD

D4011.073a

Fire Sprinkler Drop
Standard Threaded
Steel - No Ceiling -
6 ft. long drop
maximum, SDC D,
E, or F

Peak Floor
Acceleration

2.6

0.4

0.4

D4011.074a

Fire Sprinkler Drop
Standard Threaded
Steel - No Ceiling -
6 ft. long drop
maximum, SDC D,
E, or F (OSHPD or

sim)

Peak Floor
Acceleration

3.75

0.4

45

0.4

D5011.011a

Transformer/primary
service - Capacity:
<100 kVA -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor

Acceleration

1.01

0.6

D5011.011b

Transformer/primary
service - Capacity:
100 to <350 kVA -
Unanchored

equipment that is

not vibration isolated

- Equipment fragility

only

Peak Floor
Acceleration

1.01

0.6

D5011.011¢

Transformer/primary
service - Capacity:
350 to <750 kVA -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.6

D5011.011d

Transformer/primary
service - Capacity:
750 to 1500 kVA -
Unanchored

equipment that is

not vibration isolated

- Equipment fragility

only

Peak Floor
Acceleration

0.6

D5011.013a

Transformer/primary
service - Capacity:
<100 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D5011.013b

Transformer/primary
service - Capacity:
<100 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

3.05

0.5
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DS3
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stD

Mean

stD

Mean

stD
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D5011.013¢

Transformer/primary
service - Capacity:
<100 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D5011.013d

Transformer/primary
service - Capacity:
100 to <350 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D5011.013e

Transformer/primary
service - Capacity:
100 to <350 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

D5011.013f

Transformer/primary
service - Capacity:
100 to <350 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D5011.013¢g

Transformer/primary
service - Capacity:
350 to <750 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D5011.013h

Transformer/primary
service - Capacity:
350 to <750 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

3.05 0.5
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DS 1

DS2

DS3

DS4

DS5

Mean stD

stD

Mean

stD

Mean

stD

stD

D5011.013i

Transformer/primary
service - Capacity:
350 to <750 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D5011.013;

Transformer/primary
service - Capacity:
750 to 1500 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D5011.013k

Transformer/primary
service - Capacity:
750 to 1500 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

D5011.0131

Transformer/primary
service - Capacity:
750 to 1500 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D5012.013a

Motor Control
Center - Capacity:
all - Unanchored
equipment that is

not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.73 0.45

D5012.013b

Motor Control
Center - Capacity:
all - Equipment that
is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User
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Component Name

Demand

Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean stD

stD

Mean

stD

Mean stD

stD

D5012.013¢

Motor Control
Center - Capacity:
all - Equipment that
is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

2.5 0.4

D5012.013d

Motor Control
Center - Capacity:
all - Equipment that
is either hard
anchored or is
vibration isolated
with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D5012.021a

Low Voltage
Switchgear -
Capacity: 100 to
<350 Amp -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

1.28 0.4

D5012.021b

Low Voltage
Switchgear -
Capacity: 350 to
<750 Amp -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

D5012.021¢

Low Voltage
Switchgear -
Capacity: 750 to
<1200 Amp -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor

Acceleration

1.28 0.4

D5012.021d

Low Voltage
Switchgear -
Capacity: 1200 to
2000 Amp -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility

only

Peak Floor

Acceleration
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Classification

Component Name

Demand
Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean

stD

stD

D5012.023a

Low Voltage
Switchgear -
Capacity: 100 to
<350 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D5012.023b

Low Voltage
Switchgear -
Capacity: 100 to
<350 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor

Acceleration

2.4

0.4

D5012.023¢

Low Voltage
Switchgear -
Capacity: 100 to
<350 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

D5012.023d

Low Voltage
Switchgear -
Capacity: 350 to
<750 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D5012.023e

Low Voltage
Switchgear -
Capacity: 350 to
<750 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor

Acceleration

2.4

0.4
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Component Name

Demand
Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean stD

stD

Mean

stD

Mean

stD

stD

D5012.023f

Low Voltage
Switchgear -
Capacity: 350 to
<750 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By By

User User

By

User

By

User

By
User

By

User

D5012.023g

Low Voltage
Switchgear -
Capacity: 750 to
<1200 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor

Acceleration

By By

User User

By

User

By

User

D5012.023h

Low Voltage
Switchgear -
Capacity: 750 to
<1200 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

2.4 0.4

D5012.023i

Low Voltage
Switchgear -
Capacity: 750 to
<1200 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D5012.023;

Low Voltage
Switchgear -
Capacity: 1200 to
2000 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor

Acceleration

By By

User User

By

User

By

User
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DS 1

DS2

DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean

stD

stD

D5012.023k

Low Voltage
Switchgear -
Capacity: 1200 to
2000 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

2.4

0.4

D5012.0231

Low Voltage
Switchgear -
Capacity: 1200 to
2000 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By

User

By

User

By

User

By

User

By

User

By

User

D5012.031a

Distribution Panel -
Capacity: 100 to
<350 Amp -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor

Acceleration

2.16

0.45

D5012.031b

Distribution Panel -
Capacity: 350 to
<750 Amp -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

2.16

0.45

D5012.031¢

Distribution Panel -
Capacity: 750 to
<1200 Amp -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.45

D5012.031d

Distribution Panel -
Capacity: 1200 to
2000 Amp -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor

Acceleration

0.45
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Demand
Parameter
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DS 1

DS2

DS3

DS4

DS5

Mean stD

stD

Mean

stD

Mean

stD

stD

D5012.033a

Distribution Panel -
Capacity: 100 to
<350 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D5012.033b

Distribution Panel -
Capacity: 100 to
<350 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

3.05 0.4

D5012.033¢

Distribution Panel -
Capacity: 100 to
<350 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D5012.033d

Distribution Panel -
Capacity: 350 to
<750 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D5012.033¢

Distribution Panel -
Capacity: 350 to
<750 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

D5012.033f

Distribution Panel -
Capacity: 350 to
<750 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User
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Demand
Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean stD

stD

Mean

stD

Mean

stD

stD

D5012.033g

Distribution Panel -
Capacity: 750 to
<1200 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D5012.033h

Distribution Panel -
Capacity: 750 to
<1200 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

3.05 0.4

D5012.033i

Distribution Panel -
Capacity: 750 to
<1200 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

D5012.033j

Distribution Panel -
Capacity: 1200 to
2000 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By
User

By
User

D5012.033k

Distribution Panel -
Capacity: 1200 to
2000 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

D5012.0331

Distribution Panel -
Capacity: 1200 to
2000 Amp -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User
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Classification

Component Name

Demand
Parameter

Unit

DS 1

DS2

DS3

DS4

DS5

Mean

stD

Mean

stD

Mean

stD

stD

D5092.011a

Battery Rack -
Capacity: all -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

1.11

0.6

1.11 0.6

1.11

0.6

D5092.013a

Battery Rack -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By By
User User

D5092.013b

Battery Rack -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

232

0.2

232 0.2

232

0.2

D5092.013¢

Battery Rack -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By
User

By
User

By By
User User

By
User

By
User

By
User

By
User

By
User

By
User

D5092.021a

Battery Charger -
Capacity: all -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

1.07

0.4

1.07 0.4

D5092.023a

Battery Charger -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By By
User User

D5092.023b

Battery Charger -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

2.7

0.6

2.7 0.6
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Demand
Parameter
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DS 1

DS2

DS3

DS4

DS5

Mean stD

Mean

stD

Mean

stD

stD

D5092.023¢

Battery Charger -
Capacity: all -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By By
User User

By
User

By
User

By
User

By
User

D5092.031a

Diesel generator -
Capacity: 100 to
<350 kVA -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.9 0.4

0.9 0.4

0.9

0.4

0.9

0.4

D5092.031b

Diesel generator -
Capacity: 350 to
<750 kVA -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.9 0.4

0.9 0.4

0.9

0.4

0.9

0.4

D5092.031c

Diesel generator -
Capacity: 750 to
1200 kVA -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.9 0.4

0.9 0.4

0.9

0.4

0.9

0.4

D5092.031d

Diesel generator -
Capacity: 1200 to
2000 kVa -
Unanchored
equipment that is
not vibration isolated
- Equipment fragility
only

Peak Floor
Acceleration

0.9 0.4

0.9 0.4

0.9

0.4

0.9

0.4

D5092.032a

Diesel generator -
Capacity: 100 to
<350 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By By
User User

By By
User User

D5092.032b

Diesel generator -
Capacity: 100 to
<350 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

1.07 0.4

0.4

0.4
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DS 1

DS2

DS3

DS4

DS5

Mean stD

stD

Mean

stD

Mean

stD

stD

D5092.032¢

Diesel generator -
Capacity: 100 to
<350 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined

anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By By
User User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

D5092.032d

Diesel generator -
Capacity: 350 to
<750 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By By

User User

By
User

By
User

D5092.032¢

Diesel generator -
Capacity: 350 to
<750 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

1.07 0.4

1.07

0.4

1.07

0.4

1.07

0.4

D5092.032f

Diesel generator -
Capacity: 350 to
<750 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &
equipment fragility

Peak Floor
Acceleration

By By

User User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

D5092.032g

Diesel generator -
Capacity: 750 to
1200 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By By

User User

By
User

By
User

D5092.032h

Diesel generator -
Capacity: 750 to
1200 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor

Acceleration

1.07 0.4

1.07

0.4

1.07

0.4

0.4
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DS 1

DS2

DS3

DS4

DS5

Unit
Mean

stD

stD Mean

stD Mean stD

stD

D5092.032i

Diesel generator -
Capacity: 750 to
1200 kVA -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &
equipment fragility
Diesel generator -

Peak Floor
Acceleration

By
User

By
User

User

By

User

By By

User

By
User

By
User

By
User

By
User

By
User

D5092.032j

Capacity: 1200 to
2000 kVa -
Vibration isolated
equipment that is
not snubbed or

restrained -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D5092.032k

Diesel generator -
Capacity: 1200 to
2000 kVa -
Vibration isolated
equipment that is
not snubbed or
restrained -
Equipment fragility
only

Peak Floor
Acceleration

g 1.07

0.4

1.07

0.4

1.07

0.4

1.07 0.4

D5092.0321

Diesel generator -
Capacity: 1200 to
2000 kVa -
Vibration isolated
equipment that is
not snubbed or
restrained -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By
User

By

User

By
Use

By
T Use:

By
T User

By
Use

By
T User

By
User

By
User

By
User

D5092.033a

Diesel generator -
Capacity: 100 to
<350 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D5092.033b

Diesel generator -
Capacity: 100 to
<350 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -

Equipment fragility

only

Peak Floor
Acceleration

0.2
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DS 1
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DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean

stD
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D5092.033¢

Diesel generator -
Capacity: 100 to
<350 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

D5092.033d

Diesel generator -
Capacity: 350 to
<750 kVA -
Equipment that is
either hard anchored

or is vibration

isolated with seismic

snubbers/restraints -

Anchorage fragility
only

Peak Floor

Acceleration

By
User

By

User

By
User

By

User

D5092.033¢

Diesel generator -
Capacity: 350 to
<750 kVA -
Equipment that is
either hard anchored

or is vibration

isolated with seismic

snubbers/restraints -

Equipment fragility
only

Peak Floor

Acceleration

D5092.033f

Diesel generator -
Capacity: 350 to
<750 kVA -
Equipment that is
either hard anchored

or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &
equipment fragility

Peak Floor

Acceleration

By
User

By

User

By

User

By
User

By
User

By
User

By
User

By

User

By

User

By

User

D5092.033g

Diesel generator -
Capacity: 750 to
1200 kVA -
Equipment that is
either hard anchored

or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D5092.033h

isolated with seismic

Diesel generator -
Capacity: 750 to
1200 kVA -
Equipment that is
either hard anchored

or is vibration

snubbers/restraints -
Equipment fragility

only

Peak Floor
Acceleration
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Parameter
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DS 1

DS2

DS3

DS4

DS5

Mean

stD

stD

Mean

stD

Mean

stD

stD

D5092.033i

Diesel generator -
Capacity: 750 to
1200 kVA -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

By
User

D5092.033j

Diesel generator -
Capacity: 1200 to
2000 kVa -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Anchorage fragility
only

Peak Floor
Acceleration

By
User

By
User

By
User

By
User

D5092.033k

Diesel generator -
Capacity: 1200 to
2000 kVa -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Equipment fragility
only

Peak Floor
Acceleration

0.2

0.2

0.2

0.2

D5092.0331

Diesel generator -
Capacity: 1200 to
2000 kVa -
Equipment that is
either hard anchored
or is vibration
isolated with seismic
snubbers/restraints -
Combined
anchorage/isolator &

equipment fragility

Peak Floor
Acceleration

By

User

By
User

By
User

By
User

By
User

By

User

By
User

By
User

By
User

By
User

E2022.001

Modular office work
stations.

Peak Floor
Acceleration

0.4

E2022.010

Unsecured fragile
objects on shelves,

unknown restraint

Peak Floor
Acceleration

0.4

0.6

E2022.011

Fragile contents
secured by museum
putty, Velcro or
other weak but
sticky stuff

Peak Floor
Acceleration

0.5

E2022.012

Fragile contents on
shelves in storage
cabinets with latches

Peak Floor
Acceleration

0.6

0.6

E2022.013

Unsecured fragile
objects on shelves,

low friction surface

Peak Floor
Acceleration

0.25

0.5

E2022.020

Home entertainment
equipment, unknown
installation

Peak Floor
Acceleration

0.8

0.45

E2022.021

Electronic equipment
on wall mount

brackets

Peak Floor

Acceleration

2.5

0.5
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DS 1 DS2 DS3 DS4 DS5
NISTIR Demand
) . Component Name Unit
Classification Parameter Mean stD Mean stD Mean stD | Mean stD | Mean stD
Desktop electronics
including computers,
. Peak Floor
E2022.022 monitors, stereos, etc . g 1 0.5
. . Acceleration
on a slip resistant
surface
Desktop electronics
including computers, Peak Floor
E2022.023 . . g 0.4 0.5
monitors, stereos, Acceleration
etc, smooth surface
Bookcase, 2 shelves, Peak Floor meter
E2022.102a . 0.724 0.5
unanchored laterally Velocity /sec
Bookcase, 2 shelves, Peak Floor By By
E2022.102b : g
anchored laterally Acceleration User User
Bookcase, 3 shelves, Peak Floor meter
E2022.103a R 0.493 0.5
unanchored laterally Velocity /sec
Bookcase, 3 shelves, Peak Floor By By
E2022.103b . g
anchored laterally Acceleration User User
Bookcase, 4 shelves, Peak Floor meter
E2022.104a . 0.361 0.5
unanchored laterally Velocity /sec
Bookcase, 4 shelves, Peak Floor By By
E2022.104b . g
anchored laterally Acceleration User User
Bookcase, 5 shelves, Peak Floor meter
E2022.105a . 0.29 0.5
unanchored laterally Velocity /sec
Bookcase, 5 shelves, Peak Floor By By
E2022.105b . g
anchored laterally Acceleration User User
Bookcase, 6 shelves, Peak Floor meter
E2022.106a . 0.251 0.5
unanchored laterally Velocity /sec
Bookcase, 6 shelves, Peak Floor By By
E2022.106b . g
anchored laterally Acceleration User User
Vertical Filing
. Peak Floor meter
E2022.112a Cabinet, 2 drawer, X 1.229 0.5
Velocity /sec
unanchored laterally
Vertical Filing
. Peak Floor meter By By
E2022.112b Cabinet, 2 drawer, .
Velocity /sec User User
anchored laterally
Vertical Filing
. Peak Floor meter
E2022.114a Cabinet, 4 drawer, i 0.498 0.5
Velocity /sec
unanchored laterally
Vertical Filing
. Peak Floor meter By By
E2022.114b Cabinet, 4 drawer, .
Velocity /sec User User
anchored laterally
Lateral Filing
. Peak Floor meter
E2022.124a Cabinet, 2 drawer, i 0.688 0.5
Velocity /sec
unanchored laterally
Lateral Filing
. Peak Floor By By
E2022.124b Cabinet, 2 drawer, i g
Acceleration User User
anchored laterally
Lateral Filing
. Peak Floor meter
E2022.125a Cabinet, 4 drawer, . 0.526 0.5
Velocity /sec
unanchored laterally
Lateral Filing
. Peak Floor By By
E2022.125b Cabinet, 4 drawer, i g
Acceleration User User
anchored laterally
Storage racks
designed and
. Peak Floor
F1012.001 installed before X g 0.42 0.4 0.42 0.4
. . Acceleration
2007, big box retail
(12" to 15' tall)
Cold or Hot Potable
- Small Diameter
Threaded Steel -
R K Peak Floor
D2021.011a (2.5 inches in i g 1.5 0.4 2.6 0.4
. Acceleration
diameter or less),
SDC A or B,
PIPING FRAGILITY
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DS 1
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DS4

DS5

Mean stD

stD

Mean

stD

Mean

stD

stD

D2021.011b

Cold or Hot Potable
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC A or B,
BRACING
FRAGILITY

Peak Floor
Acceleration

2.6

0.4

D2021.012a

Cold or Hot Potable
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC C, PIPING

FRAGILITY

Peak Floor
Acceleration

2.6

0.4

D2021.012b

Cold or Hot Potable
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),

SDC C, BRACING

FRAGILITY

Peak Floor

Acceleration

2.6

0.4

D2021.013a

Cold or Hot Potable
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC D, E, or F,

PIPING FRAGILITY

Peak Floor
Acceleration

4.1

0.4

D2021.013b

Cold or Hot Potable
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC D, E, or F,

BRACING
FRAGILITY

Peak Floor
Acceleration

D2021.014a

Cold or Hot Potable
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC D, E, or F
(OSHPD or sim),

PIPING FRAGILITY

Peak Floor
Acceleration

4.1

0.4

D2021.014b

Cold or Hot Potable
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC D, E, or F
(OSHPD or sim),

BRACING
FRAGILITY

Peak Floor
Acceleration

D2021.021a

Cold or Hot Potable

Water Piping (dia >

2.5 inches), SDC A
or B, PIPING
FRAGILITY

Peak Floor
Acceleration

2.6

0.4

D2021.022a

Cold or Hot Potable
Water Piping (dia >
2.5 inches), SDC C,
PIPING FRAGILITY

Peak Floor

Acceleration

2.6

0.4
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D2021.023a

Cold or Hot Potable
Water Piping (dia >
2.5 inches), SDC
D,E,F, PIPING
FRAGILITY

Peak Floor
Acceleration

0.4

4.1

0.4

D2021.023b

Cold or Hot Potable
Water Piping (dia >
2.5 inches), SDC
D,E,F, BRACING
FRAGILITY

Peak Floor

Acceleration

0.4

0.4

D2021.024a

Cold or Hot Potable
Water Piping (dia >
2.5 inches), SDC
D,E,F (OSPHD or
sim), PIPING
FRAGILITY

Peak Floor
Acceleration

2.25

0.4

4.1

0.4

D2021.024b

Cold or Hot Potable
Water Piping (dia >
2.5 inches), SDC
D.EF (OSPHD or
sim), BRACING
FRAGILITY

Peak Floor

Acceleration

0.4

0.4

D2022.011a

Heating hot Water
Piping - Small
Diameter Threaded
Steel - (2.5 inches
in diameter or less),
SDC A or B,
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

1.1

By
User

D2022.011b

Heating hot Water
Piping - Small
Diameter Threaded
Steel - (2.5 inches
in diameter or less),
SDC A or B,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2022.012a

Heating hot Water
Piping - Small
Diameter Threaded
Steel - (2.5 inches
in diameter or less),
SDC C, PIPING
FRAGILITY

Peak Floor
Acceleration

By
User

1.1

By
User

D2022.012b

Heating hot Water
Piping - Small
Diameter Threaded
Steel - (2.5 inches
in diameter or less),
SDC C, BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2022.013a

Heating hot Water
Piping - Small
Diameter Threaded
Steel - (2.5 inches
in diameter or less),
SDC D, E, or F,
PIPING FRAGILITY

Peak Floor
Acceleration

0.55

By
User

1.1

By
User
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D2022.013b

Heating hot Water
Piping - Small
Diameter Threaded
Steel - (2.5 inches
in diameter or less),
SDC D, E, or F,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

D2022.014a

Heating hot Water
Piping - Small
Diameter Threaded
Steel - (2.5 inches
in diameter or less),
SDC D, E, or F
(OSHPD or sim),
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

By
User

D2022.014b

Heating hot Water
Piping - Small
Diameter Threaded
Steel - (2.5 inches
in diameter or less),
SDC D, E, or F
(OSHPD or sim),
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

D2022.021a

Heating hot Water
Piping - Large
Diameter Welded
Steel - (greater than
2.5 inches in
diameter), SDC A or
B, PIPING
FRAGILITY

Peak Floor
Acceleration

By
User

2.6

By
User

D2022.022a

Heating hot Water
Piping - Large
Diameter Welded
Steel - (greater than
2.5 inches in
diameter), SDC C,
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

2.6

By
User

D2022.023a

Heating hot Water
Piping - Large
Diameter Welded
Steel - (greater than
2.5 inches in
diameter), SDC D,
E, or F, PIPING
FRAGILITY

Peak Floor
Acceleration

By
User

4.1

By
User

D2022.023b

Heating hot Water
Piping - Large
Diameter Welded
Steel - (greater than
2.5 inches in
diameter), SDC D,
E, or F, BRACING
FRAGILITY

Peak Floor

Acceleration

By

User

2.25

By

User

D2022.024a

Heating hot Water
Piping - Large
Diameter Welded
Steel - (greater than
2.5 inches in
diameter), SDC D,
E, or F (OSHPD or
sim), PIPING
FRAGILITY

Peak Floor

Acceleration

By

User

4.1

By

User
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stD
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stD

Mean
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stD

D2022.024b

Heating hot Water
Piping - Large
Diameter Welded
Steel - (greater than
2.5 inches in
diameter), SDC D,
E, or F (OSHPD or
sim), BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

By
User

D2031.011b

Sanitary Waste
Piping - Cast Iron
w/flexible couplings,
SDC A,B,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2031.012b

Sanitary Waste
Piping - Cast Iron
w/flexible couplings,
SDC C, BRACING

FRAGILITY

Peak Floor

Acceleration

By

User

2.4

By

User

D2031.013b

Sanitary Waste
Piping - Cast Iron
w/flexible couplings,
SDC D.E,F,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

D2031.014b

Sanitary Waste
Piping - Cast Iron
w/flexible couplings,
SDC D,E,F (OSHPD
or sim), BRACING

FRAGILITY

Peak Floor
Acceleration

By
User

D2031.021a

Sanitary Waste
Piping - Cast Iron
w/bell and spigot

couplings, SDC A,B,
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

D2031.021b

Sanitary Waste
Piping - Cast Iron
w/bell and spigot

couplings, SDC A,B,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2031.022a

Sanitary Waste
Piping - Cast Iron
w/bell and spigot
couplings, SDC C,

PIPING FRAGILITY

Peak Floor
Acceleration

By
User

D2031.022b

Sanitary Waste
Piping - Cast Iron
w/bell and spigot
couplings, SDC C,

BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2031.023a

Sanitary Waste
Piping - Cast Iron
w/bell and spigot

couplings, SDC

D,E,F, PIPING

FRAGILITY

Peak Floor
Acceleration

By
User
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Mean
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D2031.023b

Sanitary Waste
Piping - Cast Iron
w/bell and spigot

couplings, SDC
D.E,F, BRACING

FRAGILITY

Peak Floor
Acceleration

By
User

2.25

D2031.024a

Sanitary Waste
Piping - Cast Iron
w/bell and spigot

couplings, SDC
D,E,F (OSHPD or

sim), PIPING
FRAGILITY

Peak Floor
Acceleration

By
User

D2031.024b

Sanitary Waste
Piping - Cast Iron
w/bell and spigot

couplings, SDC
D,E,F (OSHPD or
sim), BRACING

FRAGILITY

Peak Floor

Acceleration

By
User

D2051.011a

Chilled Water Piping
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC A or B,
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

0.55

1.1

By
User

D2051.011b

Chilled Water Piping
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC A or B,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2051.012a

Chilled Water Piping
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC C, PIPING

FRAGILITY

Peak Floor
Acceleration

By
User

0.55

1.1

By
User

D2051.012b

Chilled Water Piping
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),

SDC C, BRACING

FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2051.013a

Chilled Water Piping
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC D, E, or F,

PIPING FRAGILITY

Peak Floor
Acceleration

By
User

1.1

By
User

D2051.013b

Chilled Water Piping
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC D, E, or F,

BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.25
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D2051.014a

Chilled Water Piping
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC D, E, or F
(OSHPD or sim),

PIPING FRAGILITY

Peak Floor
Acceleration

By
User

1.1

By
User

D2051.014b

Chilled Water Piping
- Small Diameter
Threaded Steel -

(2.5 inches in
diameter or less),
SDC D, E, or F
(OSHPD or sim),

BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

D2051.021a

Chilled Water Piping
- Large Diameter
Welded Steel -
(greater than 2.5
inches in diameter),
SDC A or B,
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

2.6

By
User

D2051.021b

Chilled Water Piping
- Large Diameter
Welded Steel -
(greater than 2.5
inches in diameter),
SDC A or B,
BRACING
FRAGILITY

Peak Floor

Acceleration

By

User

D2051.022a

Chilled Water Piping
- Large Diameter
Welded Steel -
(greater than 2.5
inches in diameter),
SDC C, PIPING
FRAGILITY

Peak Floor
Acceleration

By
User

2.6

By
User

D2051.023a

Chilled Water Piping
- Large Diameter
Welded Steel -
(greater than 2.5

inches in diameter),
SDC D, E, or F,

PIPING FRAGILITY

Peak Floor
Acceleration

By
User

4.1

By
User

D2051.023b

Chilled Water Piping
- Large Diameter
Welded Steel -
(greater than 2.5
inches in diameter),
SDC D, E, or F,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

225

By
User

D2051.024a

Chilled Water Piping
- Large Diameter
Welded Steel -
(greater than 2.5

inches in diameter),
SDC D, E, or F
(OSHPD or sim),

PIPING FRAGILITY

Peak Floor
Acceleration

By
User

4.1

By
User
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D2051.024b

Chilled Water Piping
- Large Diameter
Welded Steel -
(greater than 2.5
inches in diameter),
SDC D, E, or F
(OSHPD or sim),
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

By
User

D2061.011a

Steam Piping -
Small Diameter
Threaded Steel -
(2.5 inches in
diameter or less),
SDC A or B,
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

By
User

D2061.011b

Steam Piping -
Small Diameter
Threaded Steel -
(2.5 inches in
diameter or less),
SDC A or B,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2061.012a

Steam Piping -
Small Diameter
Threaded Steel -
(2.5 inches in
diameter or less),
SDC C, PIPING
FRAGILITY

Peak Floor

Acceleration

By

User

1.1

By

User

D2061.012b

Steam Piping -
Small Diameter
Threaded Steel -
(2.5 inches in
diameter or less),
SDC C, BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

2.4

By
User

D2061.013a

Steam Piping -
Small Diameter
Threaded Steel -
(2.5 inches in
diameter or less),
SDC D, E, or F,
PIPING FRAGILITY

Peak Floor

Acceleration

0.55

By

User

By

User

D2061.013b

Steam Piping -
Small Diameter
Threaded Steel -
(2.5 inches in
diameter or less),
SDC D, E, or F,
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

D2061.014a

Steam Piping -
Small Diameter
Threaded Steel -
(2.5 inches in
diameter or less),
SDC D, E, or F
(OSHPD or sim),
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

By
User
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D2061.014b

Steam Piping -
Small Diameter
Threaded Steel -
(2.5 inches in
diameter or less),
SDC D, E, or F
(OSHPD or sim),
BRACING
FRAGILITY

Peak Floor
Acceleration

By
User

D2061.021a

Steam Piping -
Large Diameter
Welded Steel -
(greater than 2.5
inches in diameter),
SDC A or B,
PIPING FRAGILITY

Peak Floor
Acceleration

By
User

2.6

By
User

D2061.022a

Steam Piping -
Large Diameter
Welded Steel -
(greater than 2.5
inches in diameter),
SDC C, PIPING
FRAGILITY

Peak Floor
Acceleration

By
User

2.6

By
User
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92 20174 - - 32 o5
93 20174 - - 3w o5
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