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Project Scope

= This project seeks R-Factors developed from FEMA P-695
studies for Coupled Composite Plate Shear Walls—Concrete
Filled (Coupled-C-PSWICF), for inclusion in ASCE-7, higher
than R-factors for corresponding non-coupled walls.
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Agenda

= Brief summary of previously presented completed work
= Recent experimental results on C-shaped walls

= Calibration of non-linear models

= |DA analysis results for 8 and 12 story walls

= FE verifications (“spot-checking”)

= Overview of proposed design procedure

= Steps forward
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Previous Meetings with BSSC PUC

= April 4 2018
= Project objectives, research team and PRP, description of
structural system and applications, past experimental and
analytical research, AISC H7, archetype developments, non-
linear models used for P-695 study, and example IDA result
= August 16t 2018

= Design Philosophy for Archetype Structures, calibration of
non-linear models to planar walls and coupling beams,
example results and cross-checks
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C-PSWICF

= Concrete-filled steel sandwich

= Steel serves as formwork and able to resist gravity loads
during erection

= Shipped assembled in segments
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Implementation

= Rainier Square
Project
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Seattle
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MKA Project
Webcam on
project website
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Rainier Square Project — 9/5/2018
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Tabk 12211 (Comtnart)

ASCE-7 2010

= Table12-2-1of ASCE-7 2010 .
refersto “composite plate shear '
walls” and ASCE Section 14.3

itself, refers to AISC 341-10.

13. Steel and concrete composite plate 14.3 oYz 2 S¥a
shear walls

14.3.3 Seismic i for Ce ite Steel
and Concrete Structures

Where a response modification coefficient, R, in . .
accordance with Table | is used for the design of = " ~
systems of structur: g compositely with o - o

he struc

reinforced concrete, ures shall be designed
and detailed in accordance with the requirements of - - Mo ee

AISC 341,

B a0

AISC-341-16

ENCASED (C-PSW/CE)

HA1L. Scone

H6. COMPOSITE PLATE SHEAR WALLS - CONCRETE

H7. COMPOSITE PLATE SHEAR WALLS—CONCRETE FILLED
(C-PSWICF)

H7.1. Scope

Composite plate shear walls-conerete filled (C-PSW/CF) shall be
designed in confonmance with this section. This section is applicable
to composite plate shear walls that consist of two planar steel web
[ plates with concrete fill between the plates, with or without boundary]
‘ elements. Composite action between the plates and concrete fill shall
be achieved using either tie bars or a combination of tie bars and shear
studs. The two steel web plates shall be of equal thickness and shall
be placed at a constant distance from each other and connected using
tie bars. When boundary members are included. they shall be either a

half circular section of dimmeter equal to the distance between the two
web plates or a circular concrete-filled steel be.
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Project Scope

= This project seeks R-Factors developed from FEMA P-695
studies for Coupled Composite Plate Shear Walls—Concrete
Filled (Coupled-C-PSWICF), for inclusion in ASCE-7, higher
than R-factors for corresponding non-coupled walls.

= Investigating whether it is possible to use of R=8
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FEMA P-695 REQUIREMENTS

= Peer Review Panel (PRP) responsible for reviewing
and commenting on at all steps of the approach taken
by the system development team (see figure)

= PRP members to evaluate the development and
provide an unbiased assessment (FEMA 2009)

= PRP meetings to review:
Archetype selection

Inelastic models
IDA results and interpretation e
Selection of B factors

,_

Others? [T ——

Figure 2: Steps of the FEMA P-695
Methodology
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Status Report on Inelastic Modeling

= Deliberate decision to model the walls with different
approaches to enhance confidence in results
= UB: OpenSees, fiber hinges in walls and coupling
material models using Reinforcing Steel Material
(Kunnath) and Concrete 02 (properties by Susantha et al.)
= Purdue: OpenSees, fiber hinges in walls using
Reinforcing Steel Material (Kunnath) and Tao Concrete
Model, discrete plastic hinges in coupling beams
= Purdue: “Spot-checking” select IDA results with Abacus
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FIBER MODEL VERIFICATION
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Calibration of Model for Planar Walls
(e.g.,: Purdue test CW-42-55-20-T (SP2))

Lateral Force vs Top Displacement Moment vs Rotation
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Calibration of Model to Coupling Beams

OpenSees results vs CFSCB-1 & CFSCB-3 specimens
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Calibration of Model for C-Shaped Wall
(e.g., UB test C1)

= Comparison of OpenSees models with test result of C1 specimen
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Lateral loading
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SAMPLE RESULTS
UB TEST

18T C-SHAPED
SPECIMEN
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[Testing procedure:
Day 1:

b Horz. acts. set disp. controlled at zero disp.
b Vert. acts. loaded to their capacity.
17 Cycles

- Vert. acts. unloaded

 Horz. acts. force released

Day 2:
e Horz. acts. set disp. controlled at zero disp|
b Vert. acts. loaded to their capacity.
b 18th to 30th Cycles

b Vert. acts. unloaded

b Horz. acts. force released

b Test finished o
. ﬁ I'I;E ..
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Calibration of Model for C-Shaped Wall
(e.g., UB test C1)

= Comparison of OpenSees models with test result of C1 specimen
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FEMA P-695 REQUIREMENTS

= Peer Review Panel (PRP) responsible for reviewing
and commenting on at all steps of the approach taken
by the system development team (see figure)

= PRP bers to evall the develoy 1t and
provide an unbiased assessment (FEMA 2009)

= PRP meetings to review:
I = Archetype selection |
= Inelastic models
= IDA results and interpretation

= Selection of f factors
= Others?

Figure 2: Steps of the FEMA P-695
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IDA Analyses — UB Status Report

= 8 and 12 story archetypes IDA analyses completed (all results
shown here again)

= 18 and 22 story archetypes
= Calibration to C-Wall done
= 1518 story archetype analysis completed
= 1st22 story archetype analysis underway

ARCHETYPES
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IDA of PG-1A

= Scr=255¢g
= Sw=09¢g

= CMR=2.83
= ACMR=3.54
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IDA of PG-1B

= Scr=261g
= Swr=0.86g
= CMR=3.035
= ACMR=3.82
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IDA of PG-1C

Max Imter-Story Drift

= Scr=214¢g
= Swr=0.75¢g
= CMR=2.85
= ACMR=3.65

}CMR
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IDA of PG-2A
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= Scr=1.097g
= Swr=0.1875¢g
= CMR=5.85

= ACMR=7.08

"MR
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= Scr=2.03g
= Sw=06429g
= CMR=3.16
= ACMR=4.13

“MR
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IDA of PG-1E

Sur ol

= Scr=259%¢g
= Swr=0.64 g

= CMR=4.055
= ACMR=5.31

"MR
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IDA of PG-1F

= Scr=2.305¢g

= Swr=0.6¢g

= CMR=3.84

= ACMR=5.071

]— CMR
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IDA of PG-2D

= Scr=0.7314¢g
= Swr=0.1304 g
= CMR=5.61

= ACMR=6.79
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FEMA P695 STUDY
= Period-based ductility (ur) is assumed to be 3 for AMCR

calculations.

PG-1A
PG-1B
PG-1C
PG-2A
PG-1D
PG-1E
PG-1F
PG-2D

o]

BroraL AMCR10% AMCRz0%
(Table 9-7) | (Table 9-7)
3.82

3.545

365 > Superior 178
7.08 ALL PASSED! Good 1.96
413 Fair 253
531 Poor 3.38
5.07
6.79
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1.46
1.56
184
222

Beta Factors

Vork | REACHING OTHERS

= Quality Rating and Number of Test Data

Studya
Te

Zareianenad |

14
iz and Rogers 1201 i
Purbaasd Breneau {301 5 3
Flkady asd 1 i *
&

Number+f | Quality raving 4| Quality rating 4

*Number of est data wsed 10-validate the nonliear-inelastic model

Type-of Selumic Farve Rrshiing:

| saeel Moment Frames:

T Pont-tensicnod Ricking Testber Wallv
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Sysbems

IDA of PG-3A (18 story, D,,,.,)

= Scr=2.08¢g
= Swr=045¢
= CMR=4.61

= ACMR =6.08

]- CMR
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= Scr=2.06g
= Swr=0.36¢g
= CMR=5.72
= ACMR=7.55

}CMR
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FEMA P695 STUDY
= Period-based ductility (pr) is assumed to be 3 for AMCR

calculations.
BroraL AMCRuio% AMCR20%
(Table 9-7) | (Table 9-7)

o]

PG-3A 6.08 Superior 178 1.46
PG-3D 75  ALLPASSED!  Good 19 156
Fair 253 184
Poor 3.38 222
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PUC Submission Schedule

= “Straw-man” draft submitted to PUC to collect red-flags
= Early January submission of draft proposal to IT-4

= |IT-4 February 6% meeting to review draft proposals

= 8.K. Ghosh submits proposals to PUC in February

= April PUC ballot
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Amit Varma to Present

= |DA Analyses - Purdue Results
= 8 & 12 story archetypes
= F.E. “spot-checks”

= Review of Design Procedure
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BSSC - PUC Timetable

2020 NEHRP PRC HEDULE

2016 2007 018 2019 2000
PUCMEETINGS 1 2 3 4 58 7 U g I i g '
woescope v
PucFopess Dot S
suciisig L BN NENN BEN BN NANE BEN BN AEN |
pucsaios HEH EEN B BN N
woslos | | .
Proposals o ASCE/SEI 755
Publish 2020 Provisions
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