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« FEMA P695 methodology

e Index buildings
— Archetypes

e Testing (
 Modeling
 |llustrative example
 Next steps




FEMA P-695: Quantification of Building Selsml(cj:olora do State University

Performance Factors

A Methodology that allows a team to identify
seismic performance factors for a new SFRS.

Quantification of Building

 The Methodology is consistent with the lgeisrmwelformmce
- ], 1 - H v
primary “life safety” performance objective of B
seismic regulations in model building codes. & rovia @

e Peer review throughout is key
* Archetypes ——— saalysis
* Design methodology
* Nonlinear time history analysis
 Performance evaluation

e CMR Test Data Design Informatii1

Requirements Requirements

Methodology

Peer Review
Requirements
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Archetype Development Colorado State University

Occupancy and Use Strength

Elevation and Plan Configuration Stiffness
Building Height Inelastic-deformation Capacity
Structural Component Type Seismic Design Category
Seismic Design Category Inelastic-system Mobilization

Gravity Load




Index Buildi ngs Colorado State University

1 Single Family (SF) -

2 SF -

3 SF -

4 Multi-family (MF) 4,6, 8

5 MF 2

6 MF 2

7 MF 3

8 MF 6, 8

9 MF 8,10

10 MF 8, 10, 12

11 Commercial 8, 10, 12
L L .
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Colorado State University

Type : Multi-family
Index Bldg. 4 . 3
Stories:4, 6, 8 e ———___ b —
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Colorado State University

Type : Multi-family
Index Bldg. 7
Stories: 3

Possibly mixed-use
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Type : Multi-family
Index Bldg. 10 I . | I _
Stories: 8, 10, 12 *

_ _
Fa e B | Ee = B e o




Colorado State lh]i\--'ersity

Performance groups

* Min. of 3 archetype
per performance

Aspect ratio group

e Total=96
Seismic Design Category performance groyp

| that is 288
archetypes




Performance groups

PG-65

Basic Config.

Design Load Level

Gravity

Seismic

Period Domain

PG-66

PG-67

PG-68

PG-69

PG-70

PG-71

PG-72

30-50 ft
wall

Mixed aspect
ratio panels

High

SDC Dmax

Short

Colorado State lh]i\--'ersity

Index building 1, 3 stories

Index building 4, 4 stories

Index building 7, 3 stories

Long

Index building 4, 6 stories

Index building 4, 8 stories

Index building 8, 8 stories

Index building 9, 10 stories

SDC Dmin

Short

Index building 1, 3 stories

Index building 5, 2 stories

Index building 7, 3 stories

Long

Index building 4, 6 stories

Index building 4, 8 stories

Index building 8, 8 stories

Index building 9, 10 stories

Low

SDC Dmax

Short

Index building 1, 3 stories

Index building 4, 4 stories

Index building 7, 3 stories

Long

Index building 4, 8 stories

Index building 4, 6 stories

Index building 8, 8 stories

Index building 9, 10 stories

SDC Dmin

Short

Index building 1, 3 stories

Index building 5, 2 stories

Index building 7, 3 stories

Long

Index building 4, 6 stories

Index building 4, 8 stories

Index building 8, 8 stories

Index building 9, 10 stories




Reducing Archetypes Golorado State University

« SDC Dmax only

 Based on the testing Low aspect ratio vs. High aspect
ratio vs. Mixed aspect ratio critical case will be
determined

o Calculating exact gravity loads based on architectural
plans is deemed sufficient by the peer panel and there is
no need to specifically consider low vs. high gravity

e Visual Inspection of some of the archetypes

 Only 8 performance groups are expected to be analyzed
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| PG-65

Basic Config.

Design Load Level

S —

Period Domain

Exam|

PG-66

30-50 ft
wall

ritical aspect
ratio

PG-67

PG-68

PG-69

PG-70

PG-71

PG-72

Redug

30-50 ft
wall

Calculated

Mixed aspect
ratio panels

Index building 1, 3 stories

Index building 4, 4 stories |

Index building 7, 3 stories |

Index building 4, 6 stories

Index building 4, 8 stories

Index building 8, 8 stories

Index building 9, 10 stories
naex ing 1, 3 stories

Indexbuilding 5, 2 stories .~

_fdex building 7, 3 storje€

SDC Dmin

e

_/ Index buildingj,/agﬁries
v Index building #78 stories

Index builgifg 8, 8 stories P

Index peflding 9, 10 stories .~

S

Ing€x building 1, 3 storieg”

/fndex building %}tﬁes
Index building 78 stories

SDC Dgwax

Index bundmg'4 8 stories P

Index bufding 4, 6 stories .~
In building 8, 8 St;olle/
dex building 9, 10 sidries

ANANEN

/ Index building 1,8 stories

Index buildiper5, 2 stories P

Index by#fing 7, 3 stories

C Dmin

Indexbuilding 4, 6 stories””

_fdex building 4, 8 stgyfs

 Index building 8, 8 #fories

L~ Index building 910 stories
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Behavior under cyclic loading
Interpanel connector behavior

Boundary condition
. Gravity loading

. Connector thicknesses

. Connector type

. CLT panel thickness

. Connector thickness

. CLT panel aspect ratio

. Inter-panel connector (vertical joint)

. CLT grade

. Effect of diaphragm on wall behavior

. Diaphragm behavior

. Effect of out-of-plane loading on the connector
. Effect of bi-directional loading

. Holddowns in the corners

. Stability of the walls

. Effect of out-of-plane loading on the connector

. Effect of bi-directional loading

. Holddowns in the corners

. Stability of the walls

. Vertical joints between perpendicular walls will also be
investigated

. Effect of diaphragm rotation

. Combined loading on the connectors
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Testing Program




Testing Program Colorado State University
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Testing Program Colorado State University
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M Od el | N g Colorado State University

e 16-parameter hysteretic model
« Developed at CSU and TAMU

« |t allows more adaptive modeling of the degradation
behavior of the wood shearwall components

b Farce
~n.=— Different Da levels

/

Tracking indices
determines the value of
evolutionary parameters.

3l |
e @
FOg———"""— - a
; b ¢ d
|," K0 raxkd exponential degrading rule Da
' for loading path stiffness Ky
0] e
!
i

KIC—_—_——
Kb —
@ exponential

decaying tail Kia
rate= i,

Force B = (FO KO 12 Fyp ww )

T F1 Loading paths controlled by evolutionary parameters:

b . ! Loading paths at different damage levels {a, b, ¢ and d)
\\B\E— follows different boundary conditions defined by dynamic

parameters Fy and Kj.

F

UFJ

1
¥ Dirift | degradation rule far Fy Da

|
|
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|
u

Bactborﬁa che for EPHM hysteresis Degradation of loading paths
(Pang et al, 2007; Pei and van de Lindt, 2009)




lllustrative example Colorado State University

Extraction of CoaEnn b G
archetypes for PG 65 oo : N
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lllustrative example Colorado State University
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lllustrative example Colorado State University
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lllustrative exam ple Colorado State University
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lllustrative example Colorado State University
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lllustrative example
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lllustrative example Colorado State University
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Force (kip)

lllustrative example

Test 4
M —=—="-16 par. fit A
4 2 0 2 4

Displacement (in)

Note: Scaled results

Colorado State University

A
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Force (kip)

20

15

10

-10
-15

-20

lllustrative example

Test
== =—-16 par. fit
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Force (kip)

lllustrative example
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lllustrative example Colorado State University
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lllustrative example Colorado State University
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lllustrative example Colorado State University
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lllustrative example
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lllustrative example Colorado State University
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lllustrative example Colorado State University
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Table 7-1b  Spectral Shape Factor (S5F) for Archetypes Designed using SDC
D e

S 3 . 6 5 Period-Based Ductility, ur
CMR = 26T 2229 _ 54 T
SMT 1 . Sg <05 | 1.00 | 1.05 1.1

0.6 1.00 1.05 1.11

ACMR = SSF x CMR = 1.1%x2.4 = 2.64 07 | 100 | 106 | 1.1

0.8 1.00 1.06 1.12
0.9 1.00 1.06 1.13

13 1.18 1.22 1.28 1.33
14 1.2 1.24 1.3 1.36
15 1.21 1.25 1.32 1.38
16 1.22 1.27 1.35 1.41
A7 1.24 1.29 1.37 1.44
1.0 1.00 1.07 1.13 18 1.25 1.31 1.39 1.46
1.1 1.00 1.07 1.14 .19 1.27 1.32 1.41 1.49
| . 1.2 1.00 1.07 1.15 1.2 1.28 1.34 1.44 1.52
1.3 1.00 1.08 1.16 1.21 1.29 1.36 1.46 1.55 | "
1.4 1.00 1.08 1.16 1.22 1.31 1.38 1.49 1.58
=15 1.00 1.08 1.17 1.23 1.32 1.4 1.51 1.61
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lllustrative example Colorado State University
Archetype 65-2
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Table 7-1b  Spectral Shape Factor (S5F) for Archetypes Designed using SDC

S 3.5
G " o
SMT 159 <05 | 1.00 | 1.05 1.1

ACMR — SSF * CMR — 1.1 * 2.33 — 2.57 O:T 1.00 1:06 1:‘]1 15 1.21 1.25 1.32 1.38

1
1
1

0.8 1.00 1.06 1.12 1.16 1.22 1.27 1.35 1.41
1
1
1

CMR =

13 1.18 1.22 1.28 1.33

A7 1.24 1.29 1.37 1.44
.18 1.25 1.31 1.39 1.46
.19 1.27 1.32 1.41 1.49

. 1.2 1.00 1.07 1.15 1.2 1.28 1.34 1.44 1.52
m— 1.3 1.00 1.08 1.16 1.21 1.29 1.36 1.46 1.55 | "
1.4 1.00 1.08 1.16 1.22 1.31 1.38 1.49 1.58
=15 1.00 1.08 1.17 1.23 1.32 1.4 1.51 1.61




lllustrative example Colorado State University
Archetype 65-3
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Table 7-1b  Spectral Shape Factor (S5F) for Archetypes Designed using SDC

SCT 299 ] ;
— = 1.93 <05 | 100 | 105 | 11 | 113 | 118 | 122 | 128 | 133
SMT 15g 0.6 100 | 105 | 111 | 114 | 12 | 124 | 13 | 136

07 | 100 | 106 | 111 | 145 | 121 | 125 | 132 | 138
_ _ _ 08 | 100 | 106 | 112 | 16 | 122 | 127 | 135 | 1.4

ACMR = SSF x CMR = 1.1 ¥ 1.93 = 2.12 0.9 100 | 106 | 113 | 117 | 124 | 129 | 137 [ 1.44
10 | 100 | 107 | 103 | 108 | 125 | 131 | 139 | 146
1.1 100 | 107 | 104 | 119 | 127 | 132 | 141 | 149
| . 12 | 100 | 107 [ 15 | 12 | 128 | 134 | 144 | 152
1.3 | 100 | 108 | 106 | 121 | 120 | 136 | 146 | 155 |

14 | 100 | 108 | 116 | 122 | 131 | 138 | 149 | 158
>15 | 100 | 108 | 117 | 123 | 132 | 14 | 151 [ 167

CMR =




lllustrative example Colorado State University

ign Requirements Representation ess of Model

Completeness and Robustness
Medium Low

Char:

ngh.lhlenil\'p <:|9F;|.1Irr!ﬁ High. Index models capture the \I\ntr.‘r-nl -c0|n|||nn-;int. .

against unanticipated farlure (A) Superior (B) Good (C) Fair nibly, and system (A} Superior (B) Good () Fair

modes. All important design ) ) _ full range of the archetype (A) Superior (B) Good (C) Fair behavior well understood and . ) e

and quality assurance issues Por = 0.10 For = 0.20 Por = 0.35 design space and structural . N . - accounted for. All, or nearly all, Fro =010 Fo =020 B =035
o beh | offects th Aup = 0.10 P = 0.20 Ao = 0.35 : ; Ydressed

are addressed. behavioral effects that important testing issues addressed.

Medium. Reasonable contribute to collapse. Medium, Material, (

safeguards against Medi 4 N component, connection,

. - . Medium. Index models are - . i
unanticipated failure modes. (B) Good (C) Fair (D) Poor I | | assembly, and system behavior 1B Good (C) Fair (D) Poor
Most of the important fog = 0.20 fioe = 0.35 Box = 0.50 generally comprehensive anc (B) Good C) Fair (D) Poor generally understood and A =020 Bre =035 B = 0.50
design and quality assurance - representative of the design 3 c accounted for. Mast important - )

' - P = 0.20 B = 0.35 S = 0.50 ount -

issues are addressed. \ space and behavioral effects testing issues addressed. \
Low. Questionable that contribute to collapse. N/ Low. Material, component,
safeguards against . : connection, assembly, and

o ~ Low. Significant aspects of the -
unanticipated failure modes. (©) Fair (D) Poor - { 5 ) I I ¢ O Fair D) Poor system behavior fairly (C) Fair (D) Poor
Many important design and fog =035 for = 0.50 design space ‘”_“ _Ur u.v. apse ‘ _ T understood and accounted for. fir = 035 firg = 0.50
quality assurance issues are behavior are not captured in 0.35 Bupy = 0.50 Several important testing issues !
not addressed. the index models. not addressed.

ﬁRTR = 0.1+ 0.1 % Ur < 0.4 Table 73

Acceptable Values of Adjusted Collapse Margin Ratio (ACMR s,

and ACMR,;.)
ﬁRTR = 0_1 —I— 0_1 k 1_6 = 0_26 To(t:a'l)I"S:;sst:m .‘ CcllapsePr‘obability -
Uncertainty L‘\CM;;;U,-,J

_u 2 2 2 2 . 0.275 1.57 1.42 1.33 1.26 1.20
Bror = \/:BRTR + Bpr + Brp + Bip, = 0.66
0.600 2.68 2,16 1.86 1.66 1.50
0.623 2.80 2,23 1.91 1.69 1.52
Avg.ACMR = 2.44 > 2.38 = Pass 2o — N — —
0.673 3.04 I 2,38 2.01 1.76 1.58
0.700 3.16 2.45 2.07 1.80 1.60
0.725 3.30 2,53 2,12 1.84 1.63

On average for For any on
M performance group archetype
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Overstrength Factor

The value of the system overstrength factor, Qo, for use

In design should not be taken as less than the largest average value
of calculated archetype overstrength, Q, from any performance group

Deflection Amplification Factor
Inherent damping may be assumed to be 5 percent of critical, and a
corresponding value of the damping coefficient, B, = 1.0
Table 18.6-1 Damping Coefficient, By.,, By, Bp,
C. = R By, Bups By (Where Period of the Structure = T))
d — "
Bf Effective Damping, B,.1. Bip. B, Biss. Bup. By
(percentage of critical) (where period of the structure = Tg)
<2 0.8
5 1.0
10 1.2
20 1.5
30 1.8
40 2.1
50 2.4
60 2.7
70 3.0
L. : :

=100 4.0




Next Ste pS Colorado State University

o Wall assembly with a diaphragm
— Low aspect ratio panels
— High aspect ratio panels
— 3 sided with an opening on one side

Vi

* Finalizing analyses
* Report submittal to the peer panel

L L B
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