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Seismic Environment and Resilience
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k3% probability of Mk.7+ earthquakes in the SF Bay Area in
the next 30 years

Resilient design 1s sustainable. seismically durable design

Buildings and communities ‘'“bouncing back™ - not just



Seismic
Performance of
Concrete

| | %thuctures
eslilgn codes are no

guarantee

Serious vulnerabilities in
existing and new
construction

Individual building
response vs. community
resilience

From Life-Safety to Life
Resumption




& Inspiration and Adaptation

Shinbashira - traditional
timber mast

Tough and damage resistant
Self-centering behavior

Maintains structural
integrity
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Protects building systems:
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Elevators
Interiors
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Concrete Mast

Cast-in-place cantilever
wall with unbonded post-
tensioning (SRCSW)

PT provides elastic
restoring force
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Reduced rebar congestion
Stronger and more compact

Reduced damage




PT Wall Components

=

High strength. green Multi-strand post- Heads & couplers
concrete tensioning tendons in critical zones
and anchors



PT Wall
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0.5 or 0.E™ diameter
strands ASTM A41lk. Gr
270

Unbonded tendons
distribute strains over
entire length
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Recentering Response

PT Mild-steel Combined
only only

Combined PT-CIP:
Inelastic Self-Centering

~ -~
Mo~y o B M~ B Mn\k‘_ K=
Post—jtensioning: ) Mild Reinforcement:
Non-linear, Elastic Non-linear, Inelastic
i

Mws\lk—~ ——— IKsh ; AK.’

| |
| |

|

|

\ |
A‘Ki !
| [ [ |

L]
x
|

l \ AY
KAy \A ult \Ay /\Ar‘es Ault I\Ares \Ault
a) Flexural Response of Unbonded P.T. Wall b) Flexural Response of Conventional R.C. Wall ¢) Combined Response of Unbonded PT-CIP Wall
Rockin + Yieldi = Hybrid
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Recentering Parameter

_ APTfPTi
Post tensioning yPT —

ratio: APTfPTf + Asfy

M/ M,

-0.035 0.035

Drift

—PT Ratio 60% —PT Ratio 50% —PT Ratio 40%  —PT Ratio 30%



ROOF DRIFT

WALL HEIGHT

GAP OPENING

Inelastic Mechanism
Study

Proportioned for flexural
yielding

Well defined plastic hinge
zone. confined boundaries

Capacity design. avoid shear
failure-. web crushing

Protect PT tendons -
slenderness



Design Rules

Jack Moehle

M.J.N. PRIESTLEY
G.M. Caivi
M.]. Kowarsky

Seismic Design of Reinforced
Concrete Buildings

Displacement-Based
¥ Seismic Design of Structures
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PT - SRCSW .dont just call is special-
make it special



PT Wall Systems

cd50 Telegrapha. Berkeley
2005
s4.0M
David Brower Center. Berkeley
2009
scc.-0M
SFPUC Headquartersa San Francisco
c0le
sL45.5M
Rene (Cazanave Apartmentsa
2013
£31.0M
UCB Campbell Hall- UC Berkeley
c0ly
sic.0M
2?0 Brannan. San Francisco
2015

52.0NM

Retrofit

New

New

San Francisco

New

New

New

Haas North Academic Building. UC Berkeley

201k
sUEM

New

bk-story MOB LO0.000 gsf
4-story office 44,000 gsf
l4-story office 278,000 gsf

8-story

b-story

7-story

b-story

residential 75,000 gsf
lab/office &9.000 gsf
office c02-.000 gsf
academic 78,000 gsf

TIPPING



PT Wall Systems - BOD and Approvals

cd50 Telegrapha. Berkeley

Code (LYS) ELF/RSA Ext PC/PR Telesis
Engineers

David Brower Center. Berkeley

Code (LS) RSA/NLA Ext PC/PR Telesis
Engineers

SFPUC Headquartersa San Francisco

PBD (I0) NLA SFDBI/PR R&C- Prof.
Mahin (UCB)

Rene Cazanave Apartments. San Francisco

PBD (I0) NLA SFDBI/PR Prof. Chopra
(UCB)
UCB Campbell Hall- UC Berkeley

PBD (LS) NLA Ext PC/PR R&C- UCB SRC
2?0 Brannan. San Francisco

Code (LS) RSA SFDBI/PRx Maffei

Structural

Haas North Academic Building. UC Berkeley

Code (LS) RSA/NLA Ext PC/PR A.T.
Merovich. UCB SRC

TIPPING



PT Wall Systems - Design Parameters

P/A
2850 Telegraph Ver P
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b" L-400 k
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L CINLBEBE ] il' 72% 0.72% 0.11 f°
y TR, L 3-.500 k
Rene Cazanave
r‘ﬁtwun-.'-\-.'w-.\s-.'s—\— = |
S I s SRR o 437 1-30% 0.07 f°
217-k" B 4.800 k

270 Brannan

’E = ] - @‘ 2" - 377 1.8LY% 0.08 f°

D'I1
- 4,400 k

Haas North Academic
B|"|'| iﬁn

o L-400 k

2y1-9n



PT Wall Systems - Design Parameters

David Brower Center
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Prescriptive Approach

Meets Special Concrete
Shear Wall criteria in A(CI
318 Chapter 21

PT in combination with

mild steel for shear walls
explicitly addressed 1in

ACI 318 Section 18.11.2.3
“.the design and detailing for
the post-tensioned concrete
walls meet the requirements of
the building code”

“.the structural concrete walls
are detailed to meet the
requirements for Special
Concrete Walls contained in ACI
F18-05 Chapter 217"

Peer Reviewer
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m PT Wall Systems
s

Planar walls

Basement lock off

Anchorage blockouts




PT Wall System

Core walls
Composite link beams

Micropiles for overturning
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UCB Haas School - North Academic
Building

Recentering PT Wall System



- Typical Floor

UCB Haas School

Plan
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Self-centering PT concrete
walls

Design CBC 2013 / ASCE-7 /
ACI-31é8

Special RC shear walls:

R =5k Q = 2%
Cy =

5
p= 1.3 I = 1.25

Explicitly proportioned for
flexure

Well-defined plastic hinges

Capacity designed
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Haas NAB - PT Wall Analysis

Unbonded Vertical
Post-Tensioning

. Shear wall panel with
~ —/ flexural fiber section

Concentrated Strut and Tie
elements at wall boundaries

Concrete Shear Walls

Non-Linear Model



Haas NAB - NLA Results

Peak H 1 Ihterstory D rift, Peak H2 hterstory D rift
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Loop Anchors




Loop Anchor Detail
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Stressing Anchors




Anchor Zone Reinforcement

PLAN
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GE.O. BLOCKOUT i
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rapbrication «
Assembly
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rapbricatlion «

Assembly
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Anchorage & Jtress

iz

" g \.u.; / S
ﬁ, M.\. i = | T |
Ll E ,, ;
R Y
R = LI

o

T
&%
2
Eg

Vs
/i

1,

]I\
[ ] IR

)\ it st
LRy 7
"4\ e 2 lv/ LA e
kol i
..m.(./J.a .mw%.x.\ §> uﬂ\\.
o Ay
X .\n§%§a§g /s
GRS N ) FOLE S j
W NU 2w gl BERAUE

i .m&\.ﬁh\sﬁs.a_
0 m.._.. v@.ﬁ.\.\,. \\owhv,q\b\\v\

[ A T ndf W
P S B A TEN, A Y
AL ERE VAN ol 4
' L8 LR Iy N

T AV,




Anchorage & Stressing Blockout
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Tendon Assembly




Tendon Installation
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Stressing Procedure




Tendon Installation & Stressing
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Individually sheathed
and greased strand

bundles




Retrofit Application
Placed with rebar

(AN ==
A\ [ = m——

.i:. .‘ A f A .., . ., ,. 4,,.%,1 mp \
“.ﬁ;-?t,ilgfhenr;rquﬂL@ﬁ

I
N




k)
.
Y—
(@)
C
P
a
(1t
C
(@)
Y—
n
C
(@)
-
U
C
<C
(@)
C
.
n
n
a
C
P
(Vg ]




Additional Resources

THE CONSTRUCTION RESOURCE FEBRUARY 20, 2012 ® €NF.COM The McGraw-Hill companies

GEORGIA NUCLEAR PLANT CLEARED TO PROCEED
FEDERAL BUDGET WINNERS AND LOSERS

Engineering News-Record

ak -

ATTORNEYS MOVE TO CUT E-DOCUMENT RISKS

WHAT’S AT RISK IF ENERGY TAX CREDIT EXPIRES

Switeh from steel frame
to'novel post-tensioned

Conerete structure rescues
San‘Franeiscobuilding

o ;"
W
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k] HW

Green at Its Core

An innovative and robust seismic frame is a key part of a
San Francisco office building's sustainable strategy and its
bid for LEED Platinum. By Joann Gonchar, AIA

CORD

" continuing

: Education

%M Toearnone Ak

leaming unit. including

one hour of heatth, safety. and
welfare and sustainable design
(HSW/SD) creat, complete
the test online af no charge at
architecturairecord.com. Upon
passing the test, you il receive
acertificate of completion and
Your credit willbe automatically
reported tothe AIA. Addtional
Information regarding credit
reporting and continuing education

BELOW LEFT: A set of six to elght Y de- to bulld anewtower, designed

Incorporated into a stair tower on

the PUC bullding’s north elevation.
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Increase thewind's speed asit  525Gokden GateAvenue,ahalf  Stevens + Associates,for several | <o M PORCIE
o 5 block away from city departments. But in 2002, seblcsphan
BELOW RIGHT: The majority of the City Hall,now th the 2 Expl: system
sum 277,500-square-

gevioss pretruding from Ne mer, morethan a decade afterthe  advanced, work stalled inthe wake | Performance objectives.
high-performance glass skin. T of 3 Discuss how the structure works
Automated exterlor blinds shade  Project e intandem with the bulding's other
theuppermast evels. years aga, the city Thenin 2006, the San Francisco :

site, which contained a vacant Public Utilities Commission (PUC) 4 Wentify options for reducing

yond repair by the 1989 Loma

project with plans
to consolidate 1,000 employees
Thecity

the carbon footprint of a concrete
structure.
AIA/CES Course #K1106A
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Recentering PT Walls
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