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Board of Supervisors
City and County of San Francisco

Government Audit and Oversight Committee
October 18,2017 ¢ 10:00 a.m.
Derrick Roorda

Prepare to affirm this oath by raising your right hand, and
affirm by saying T Do.”

“You do solemnly state that the testimony you may give in the
hearing now pending before this Government Audit and
Oversight Committee, of the San Francisco Board of
Supervisors, in the City and County of San Francisco, shall be
the truth, the whole truth, and nothing but the truth.”

‘When recalling the witness:

“Mpr. Roorda, I will remind you, you have been previously
placed under oath and remain so. Please take the podium,
and restate your name for the record.”

Civil Procedure Oath to Witness
(Chapter Law 688, Statutes of 2000)
Dated: October 18, 2017




City Hall
1 Dr. Carlton B. Goodlett Place, Room 244
San Francisco 94102-4689
Tel. No. 554-5184
Fax No. 554-5163
TDD/TTY No. 554-5227

BOARD of SUPERVISORS

SUBPOENA

To:  Derrick Roorda :
BuroHappold Engineering
535 Mission Street, Suite 1771
San Francisco, CA 94105

| Pursuant to Section 16.114 of the San Francisco Charter and California Government
Code Sections 25170 and 37104, the San Francisco Board of Supervisors hereby
commands you to appear at 10:00 a.m. on October 18, 2017 at the following location:

City Hall

1 Dr. Carlton B. Goodlett Place
Legislative Chamber, Room 250
San Francisco, CA 94102

e To ;provide oral information and respond to questions at a public hearing of
the Board of Supervisors’ Government Audit and Oversight Committee
regarding your participation in and knowledge regarding the design,
engineering, review, and approval process for the project at 301 Mission
Street in San Francisco. '

‘e To produce and permit inspection and copying of all documents, records, and
other materials in your possession related to those two projects.

If you have any questions regarding compliance with this subpoena, contact:

Angela Calvillo, Clerk of the Board of Supervisors, Tel. (415) 554-5184

Failure to comply with the commands of this subpoena may subject you to
enforcement proceedings before the Superior Court of the State of California.

Date: ﬂ 4 Z:bg 1 sl By%&ﬂw%
. . , A?éela Calvillo, Clerk of the Board



-City and County of San Francisco City Hall
1 Dr. Carlton B. Goodlett Place

Ce .ﬁe d Copy : SanFIanclsf;o, (?A 94102:4639
Motion

170998 - [.lssuance of Subpoena Duces Tecum - Derrick Roorda ]
Sponsor: Peskin
Motion directing the Clerk of the Board of Supervisors to issue a subpoena duces
tecum to Derrick Roorda, requiring him to appear at the Government Audit &
Oversight Committee on October 4, 2017, at 10:00 a.m., to provide oral information
at the hearing of File No. 160975 and respond to questions regarding the design,
engineering, and cost benefit analysis for the project at 301 Mission Street; and
requiring him to produce documents, correspondence, records, and other materials
in his possession related to that project.

9/19/2017 Board of Supervisors - APPROVED

Ayes: 8 - Breed, Cohen, Fewer, Kim, Peskin, Ronen, Sheehy and Yee
Excused: 3 - Farrell, Safai and Tang .

A STATE OF CALIFORNIA ' CLERK'S CERTIFICATE
CITY AND COUNTY OF SAN FRANCISCO | g hereby certify that the foregoing Motion

is a full, true, and correct copy of the original
thereof on file in this office.

IN WITNESS WHEREOF, | have hereunto
set my hand and affixed the offical seal of
the City and County of San Francisco. -

September 21, 2017 .
Date

City and County of San Francisco Page 1 ) Printed at 9:37 am on 9/21/17
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FILE NO. 170998 | ‘ MOTION NO. M17-146
[lssuance of Subpoena Duces Tecum - Derrick Roorda]

'1 .
Motion directing the Clerk of the Board of Supervisors to issue a subpoena duces

tecum to Derrick Roorda, requiring him to appear at the Government Audit & Oversight

- Corﬁmittee on October 4, 2017, at 10:00 a.m., to provide oral information at the hearing

of File No. 160975 and respond to questions regarding_the design, engbinéé'ring, and
cost benefit analysis for the project at 301 Mission Street; and réquiring him to produce

documents, correspondence, records, and other materials in his possession related to

that project.

WHEREAS, News accounts in August 2016 reveéled that the high-rise building at 301
Mission Street, commonly khpwn as the Millennium Tower, was settling differentially at double
the anticiba’ted amouht'predicted fér the entire life of the project, and has sunk a total of 17
inches since its 2009 completion; and |

WHEREAS Recent legal filings indicate that the Millennium Tower yvill tilt another ten

‘inches to the west by 2019 and

WHEREAS Mr. Roorda prewously served as the Senior Associate Principal of
DeSimone Consulting Engineers, Inc. starting in 1997, where he designed and shepherded
the approvals of the 60-story Millennium Tower, Wthh upon its completion in 2009 was the '-
tallest concrete structure on the west coast, as well as the tallest residential building west of
Chicago; and |

WHEREAS, A shorter and less heavy project at 80 Natoma with a similar mat
fouﬁdation was ultimately halted for reasons that included concerns about the structure’s

performance during a seismic event; and

~ Supervisor Peskin

BOARD OF SUPERVISORS ’ Page 1
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" BOARD OF SUPERVISORS . Page 2

-WHEREAS, During the approxima’;e time period from 2005 through 2007, DeSimone
Consulting Engineers retained a two-member peer review panel to vet the structural and
seismic soundness of Mr. Roorda’s calcuatioﬁs and design specifications, a pfoceés which
specifically orﬁitted the involvement of a geotechnical engineer, and which eventually led to
the ,recommehdation that a foundation permit be issuéd for the project; and

WHEREAS, Supervisor Aaron Peskin, Member of the Government Audit and Oversight
Committee, has'requested that Mr. Roorda attend a he_aripg of the Commiittee to respond to
questions regarding his intimate knowledge of the 301 Mission pr;)ject and provide the
Committee with relevant records in-his possession, but Mr. Roorda has not yet indicated his
willingness to participate; and

WHEREAS, A draft subpoena requiring Mr. Roorda to attend a hearing of the
Committee and to produce documents is on file with the Clerk of the Board of Supérvisors in
File No. 170998; now, therefore, be it

MOVED, That pursuant to its authority under Charter, Section 16.114, and Government| -
Code, Sections 25170 and 37104, the Board of Supervisors hereby directs the Clerk of the
Board}to issue a subpoena duces tecum in substanﬁalty the form and substance of the draft
subpoena referenced above, requiring Mr. Roorda to (1) attend the Government Audit and '
Oversight Committee meeting at 10:00 a.m. on October 4, 2017, to provide oral information
and respond to questions regarding his participation in and knowledge regarding the design,
enginéering, review, and cost benefit analysis for the pl_'o'ject at 301 Mission Street in San
Francisco; and (2) produce and permit inspection and copying of all documents, records, and
other materials in his possession related to that project; and, be it

FURTHER MOVED, That the Clerk of the Board of Supervisors, in consultation with the
City Attorney, may amend the draft subpoena prior to issuing it,‘ consistent with the direction in

this Motion; and, be it

Supervisor Peskin
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FURTHER MOVED, That the Clerk and the Chairperson of the Government Audit and
Oversight Committee may in their discretion modify the time and date set forth in the
subpoena, and may reissue the subpoena with a modified time and date, in order to

accommodate Mr. Roorda’s and the Committee’s schedules.

Supetrvisor Peskin
BOARD OF SUPERVISORS . Page 3




City and County of San Francisco - City Hall
o . - 1Dr Calfon B. Goodlett Place
' . - Tails . L eEms San Francisco, CA. 94102-4689.

Motion: M17-146

File Number: 170998 : Date Passed: Septembér 19, 2017

Motion-directing the Clerk of the Board of Supervisors fo issue a subpeena duces tecum to Derrick
Roorda, requiring him to appear at the Government Audit & Oversight Committee on October 4,

. 2017, at 10:00 a.m., to provide oral information at the hearing of File No. 160975 and respond to
questions regarding the design, engineering, and cost benefit analysis for the project af 301 Mission
Street; and requiring him fo produce documents, correspondence, records, and other materials in his
possession related fo that project.

September 19, 2017 Board of Supervisors - APPROVED
Ayes: 8 - Breed, Cohen, Fewer, Kim, Peskin, Ronen, Sheehy and Yee
Excused: 3 - Farrell, Safai and Tang

File No. 170998 I'hereby certify that the foregoing Motion
o was APPROVED on 9/19/2017 by the Board
of Supervisors of the Cify and County of
San Francisco., ‘

/ Angela Calvillo
Clerk of the Board

City and County of San Francisco Page 30 Printed at 2:38 pm on 920/17




Carroll, John (BOS)

From: Pamela Cheeseborough <Pamela.Cheeseborough@sfgov.org>
Sent: : ’ Thursday, October 05, 2017 9:57 AM

To: Givner, Jon (CAT); Carroll, John (BOS)

Subject: Confirmation re Service of Subpoena on Derrick Roorda
Attachments: - Proof of Service of Roorda Subpoena.pdf

Categories: 170998

You requested tracking info on the service of the Subpoena for Derrick Roorda.

Mr. Roorda was served via UPS through his attorney Michael De Chiara on October 2, 2017. Destiny signed for the
package. The tracking number is 1ZR3773V0102562108.

Thank you.

Pamela Cheeseborough
Legal Secretary
- Office of the City Attorney
1 Dr. Carlton B. Goodlett Place
" CityHall, Room 325
San Francisco, CA 94102
{(415) 554-4688 direct

(415) 554-4699 fax
—— Forwarded by Pamela Cheeseborough/CTYATT on 10/05/2017 09:54 AM -

From: Pamela Cheeseborough/CTYATT

To: Sunny.Angulo@sfgovi.onmicrosoft.com,

Cc: Jon Givner/CTYATT@CTYATT

Date: 09/29/2017 10:32 AM

Subject: Proof of Service of Subpoena for Derrick Roorda

Sunny,

As requested, here's a pdf of the Subpoena for Mr. Roorda.

Pamela Cheeseborough

Legal Secretary

Office of the City Attorney

1 Dr. Carlton B. Goodlett Place
CityHall, Room 325

San Francisco, CA 94102
(415) 554-4688 direct

(415) 554-4699 fax




PROOF OF SERVICE

I, Pamela Cheeseborough, declare as f(ﬁlows:_

I am a citizen ofthe United States, over the age of eightéen years and not a party to the
above-entitled action. I am employed at the City Attorney’s Office of San Francisco, Fox Plaza
Building, 1390 Marl_cet Street, Fifth Floor, San Francisco, CA 94102.

On September '29,.2017, I selfved the following document(s):

SUBPOENA DUCES TECUM F OR DERRICK ROORDA
' MOTION M17-146 RE ISSUANCE OF SUBPOENA
on the following persons at the locations spec1ﬁed

Michael K. De Chiara, Esq.
Zetlin & De Chiara LLP
801 Second Avenue

New York, NY 10017

in the manner indicated beIOW’

Xl . BY OVERNIGHT DELIVERY I sealed true and correct copies of the above documents in
: : addressed envelope(s) and placed them at my workplace for collection and delivery by overnight courier .
- sérvice. L am readily familiar with the practices of the San Francisco City Attorney's Office for sending
overmght deliveries. Inthe ordinary course of business, the sealed envelope(s) that 1 placed for collection
would be collected bya counerthe same day.

] BY ELECTRONIC MAIL: Based on a court order or an agreement of the parties to accept
' electronic service, I caused the documents to be sent to the person(s) at the electronic service address(es)
listed above. Such document(s) were transmitted via electronic mail from the electronic address:
first.last@sfgov.org [ ] in portable document format ("PDF") Adobe Acrobat or [_] in Word document
" format. OR

-[J BYELECTRONIC MAIL: Based on a court order or an agreement of the parties to accept
: electronic service, I caused the documents to be served electronically throngh File & ServeXpress or
TrueFiling in portable document format ("PDF") Adobe Acrobat.

1 BY FACSIMILE: Based on a written agreement of the parties to accept service by fax, I transmitted
true and correct copies of the above document(s) via a facsimile machine at telephone number Fax # to the
persons and the fax numbers listed above. The fax transmission was reported as complete and without
error. The transmission report was properly issued by the transmitting facsimile machine, and a copy of
the transmission report [ ] is attached or [_| will be filed separately with the court.

I declare under penalty of perjury pursuant to the laws of the State of California that the
" foregoing is true and correct.

)

Executed September 29, 2017, at San Francisco, Cali

Paméla (hebsEborongh

n:\govern\as2017\9690021\01224224. docx




Member, Board of Supervisors

District 3 City and County of San Francisco
AARON PESKIN
MEMORANDUM
DATE: July 28, 2017
TO: Naomi Kelly, City Administrator
CC: Gregory Deierlein, City Peer Review lead for 301 Mission -

John Carroll, Committee Clerk

FROM: Supervisor Aaron Peskin . @%

SUBJECT: Emergency Hearing on 301 Mission ;-August 1, 2017

Madame City Administrator:

In light of the recent public revelations that the Millennium Tower at 301 Mission
Street continues to sink and tilt at an accelerated rate, the Government Audit &
Oversight Committee has called for an emergency hearing to receive an update on the
status of the peer review of the building, per staff's July 20 email correspondence.

The Chair has confirmed Room 263 for the special Government Audit and
Oversight Committee hearing on Tuesday, August 1 at 1:00 PM.

Chair Kim and | are also requesting an update directly from Mr. Deierlein, the
City's contracted peer review lead, on the status of the City’s safety inquiry, including
any potential fixes for the outriggers and foundation mat issues. Mr. Deierlein should
come prepared to explain the performance modeling that the panel has done for the
building in the event of an earthquake.

If there are additional safety violations that have been cured, such as the non-
compliant ramp, please be prepared to update the committee on these items, as well.
Thank you for your ongoing leadership and work to prioritize the safety of our
downtown.

Aaron

City Hall o I Dr. Carlton B. Goodlett Place o Rdom 244 o San Francisco, California 94102-4689 o (415) 554-7450
Fax (415) 554 - 7454 ¢ TDD/TTY (415) 554-5227 o E-mail: aaron.peskin@sfgov.org
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SIMPSON GUMPERTZ & HEGER |

Engineering of Structures
and Building Enclosures

26 July 2017

Ms. Naomi Maria Kelly

Office of the City Administrator
City Hall, Room 362

1 Dr. Carlton B. Goodlett Place
San Francisco, CA 94102

Project 147041.10 — Structural Evaluation of the Millennium Tower, 301 Mission Street,
San Francisco, CA; Revised Supplemental Report

Dear Ms. Kelly:

We are pleased to send the attached report documenting supplemental evaluations performed by
us in response to requests forwarded by Professor Gregory Deierlein, Chair of the City of
San Francisco-appointed review panel for the Millennium Tower. This revised report includes a
corrected plot of ground motion spectra used in our analysis, plots for shear wall strain demand
capagcities and residual drift, and a discussion of settiement that has occurred since the readings
upon which our analyses are based.

Sincerely yours,

\®
?qu
OF ¢aL\
Ronald O. Hamburger, SE
Senior Principal

CA License No. 2951
I\SF\Projects\2014\147041.10-301S\WP\004ROHamburger-T-147041.10.jdi_Supplemental Transmittal_R1.docx

'7)-&'?UCT

'3 07/26/2017

Encl.

SIMPSON GUMPERTZ & HEGER INC.
100 Pine Street, Suite 1400, San Francisco, CA 924111 main: 415.495.3700 fax: 415.495.3550 wwiv.sgh.com

Boston | Chicago | Houston | NewYork ‘| SanFrancisco | Southemn Californic | Washington, DC
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ABSTRACT

The building at 301 Mission Street, San Francisco, California is a fifty-eight-story residential
structure founded on a pile-supported mat foundation. The building, which was completed in
2009, has experienced and continues to experience significant foundation settlement.
Paul Hastings, LLP retained Simpson Gumpertz & Heger Inc. in 2014 to conduct an evaluation of
the impact of site settlement on the building’s structural stability and earthquake resistance. We
performed initial evaluations in 2014 and updated these in 2016 to consider additional settlement
that occurred in the interim period. In an October 2016 report we concluded that settlement had

not compromised the building’s stability or its ability o resist strong earthquakes.

The City of San Francisco retained a panel of structural and geotechnical engineers to review our
QOctober 2016 report and provide the City an independent opinion of the building’s safety. In

performing their work, this panel requested that we supplement our original evaluations to:

e Address the effects of potential strength degradation of reinforced concrete coupling
beams in outrigger elements. '

. Select and scale ground motions used in our analyses in accordance with the
requirements of ASCE 7-10.

. Evaluate the adequacy of the foundation piles to support the structure under strong
ground shaking.
. Evaluate the effect of additional settlement that occurred since June, 2016.

We performed a literature search to obtain information on the potential strength degradation of
the outrigger coupling beams. We obtained data on the construction and installation of the
foundation piles and worked with SAGE Engineers, a geotechnical consultant retained by
Paul Hastings LLP to improve our modeling of the pile foundation’s response. We also reviewed

updated building settlement data provided by Arup in June 2017.

Our supplemental analyses and evaluations confirm the conclusions of our October 2016 report.
We conclude that although the coupling beams are expected to degrade in strength when the
building is subjected to strong ground shaking, this does not affect the response to earthquake
shaking of the building overall, which has adequate capacity to withstand the Maximum
Considered Earthquake shaking specified by the present San Francisco Building Code. Further,
the foundation piles are adequate to withstand the shaking associated with such an event. Finally,
the additional settlement that has occurred since June 2016 has not caused any significant impact

on stress in the structure to date, nor had significant impact on the building’s stability or ability to



resist strong earthquakes; and does not change any of our conclusions expressed in our

October 2016 report or in this report of our supplemental analyses and evaluations.

- i -



SUPPLEMENTAL REPORT

FOUNDATION SETTLEMENT INVESTIGATION
301 MISSION STREET

SAN FRANCISCO, CALIFORNIA

1. INTRODUCTION
1.1 Background

The building at 301 Mission Street, San Francisco, California, also known as the Millennium
Tower, is a fifty-eight-story, reinforced concrete structure developed by Mission Street
Development LLC in 2007 for sale as residential condominium units. The building is located at
the southeast corner of Mission Street and Fremont Street. The building comprises two separate
structures, a fifty-eight-story tower and .an adjacent, functionally connected, twelve-story

reinforced concrete podium.

The project site is underlain by approximately 15 ft of 19th century fill, approximately 30 ft of
‘recently deposited clays and silts, known as Bay Mud; approximately 50 ft of dense silty sands,
known as the Colma formation; more than 100 ft of silts and clays known as Older Bay Clay and
then by Franciscan formation bedrock. The tower structure is founded on a thick reinforced
concrete mat, supported by 946, 14 in. square precast concrete piles that extend into the Colma
formation at depths that vary from approximately 50 to 90 ft below surrounding grade. Since
construction initiated, the tower has been experiencing noticeable settlement. At this time, total

settlement exceeds 16 in. with some dishing and tilting of the mat foundation.

In 2014, Paul Hastings LLP retained Simpson Gumpertz & Heger Inc. (S8GH) on behalf of
Mission Street Development LLC to provide an independent evaluation of the effects of this
settlement on the building’s stability and earthquake resistance. SGH completed these analyses
and prepared a preliminary draft report of findings. The building continued to setile. In 2018,
Paul Hastings LLP again retained SGH to update our analyses in order fo evaluate the effect of
additional settlement which had occurred since our initial investigation. On 3 October 2016, we
published a report documenting the results of our investigation and our conclusion that building

settlement to date had not impacted the building’s stability or its ability fo resist strong earthquake

shaking.



Foliowing publication of our investigation report in October 20186, the City of San Francisco (City)
retained an independent engineering review panel to provide the City an opinion as to the safety
of the building. This independent panel reviewed our October 20186 report, met with us over a
period of approximately 7 months, and requested additional data and analyses in support of their
investigation. This report presents the supplemental analyses we performed in response to the

review panel’s requests.
1.2 Objective

The overall objective of our investigation, since inception of our work, is to determine if the
differential settlement experienced by the 301 Mission Street building significantly affects the

-building’s stability and capacity to resist strong earthquakes.

A secondary objective of our investigation, and the subject of this report, is to provide the City-
appointed review pane! information on the building’s structural characteristics to assist the panel
in responding to questions posed to the panel by the City. We also revisit our prior conclusions

given the updated evaluations we performed at the request of the City panel.

1.3 Scope of Work

Our 3 October 2016 report presents the scope of work we performed in our initial investigation.

Supplemental tasks we performed, at the request of the City's independent panel, include:

1. Modify our nonlinear settlement and earthquake analysis to simulate the effects of
potential strength degradation of outrigger coupling beams under cyclic earthquake
action.

2. Modify our nonlinear seitlement and earthquake analysis to use re-scaled ground

motions complying with the requirements of ASCE 7-10 for. MCEr shaking.
3. . Evaluate the axial, flexural and shear demands on individual piles.

4. Evaluate the effect of additional seftlement that has occurred since our analyses
presented in our October 2016 report.

5. Meet with the City panel to present our results and respond to supplemental questions.
6. Prepare this report documenting our findings and conclusions.

Our original work scope and also this supplemental work scope address only the fifty-eight-story

tower and its foundation, not the adjacent podium.



1.4 Project Description

The building at 301 Mission Street, San Francisco, California, also known as the Millennium
Tower is a fifty-eight-story, 628 ft tall, reinforced concrete tower with an adjacent, structurally
separate, podium. The podium structure is further divided into a three-story low-rise and a twelve-
story mid-rise. Refer {o our 3 October 2016 report for a more complete description of the building.



2, SOURCES OF INFORMATION

Our 3 October 2016 report presents a complete list of documents we reviewed as part of our
original work scope. This section discusses additional information we obtained to support our

supplemental analyses.
2.1 Qutrigger Coupling Beam Hysteresis

The building’s outrigger elements have low aspect (length to depth) ratio of 0.5. Recent testing
of coupling beams has typically used specimens with aspect ratios in the range of 2.5 or higher.

We therefore focused our literature search on test data for walls with lower aspect ratios.
2.1.1 Paulay and Binney

Paulay and Binney® report the results of cyclic testing of a series of low aspect ratio coupling
beams that formed the basis for the ACI 318 requirements for diagonally reinforced coupling
beams., Paulay and Binney tested four specimens with diagonal reinforcement, negligible
conventional reinforcing steel and minimal hoop reinforcement. Three specimens had aspect
ratios of 1.29 and one specimen had an aspect ratio of 1.0. One specimen (Figure 1) with an
aspect ratio of 1.29 exhibited stable strain hardening behavior with minimal stiffness degradation
through cyclic response to 0.01 radian followed by a monotonic push to 0.06 radian. A second
similar specimen (Figure 2) exhibited stable, strain hardening response through muitiple
unsymmetrical cycles to 0.03 radians positive displacement and 0.06 radians negative
displacement. The specimen with an aspect ratio of 1.0 (Figure 3) exhibited stable behavior in
response to cyclic positive loading to 0.06 radians before initiation of buckling of the diagonal bars

in compression.
21.2 Canbolat, Parra-Montesinos and Wight

Canbolat, Parra-Montesinos and Wight? report the results of a testing program conducted at the
University of Michigan fo evaluate the behavior of low aspect ratio coupling beams using fiber-
reinforcement of concrete to control cracking and spalling behavior. One specimen, used as a

control, was a standard diagonally reinforced coupling beam with an aspect ratio of 1.0 (Figure

1 Paulay, T. and Binney, J.R. “Diagonally Reinforced Coupling Beams of Shear Walls SP 4-26" ACI
Structural Journal, 1974, pp.579-598

2 Canbolat, B.A., Parra-Montesinos, G.J., Wight, J.K_, “Experimental Study on Seismic Behavior of High
Performance Fiber-Reinforced Cement Composite Coupling Beams, 102 S-17", AC/ Structural Journal,
January —February 2005



4). This specimen exhibited stable behavior in response to fully reversed cyclic loading to 0.04
radians. Under positive loading (loading within the upper right hand quadrant of the force-
deformation plot), the specimen exhibited stable response with no apparent degradation. Under
negative loading (loading within the lower left hand quadrant of the plot) the specimen exhibited
stable response through the first cycle to -.02 radian, then lost approximately 25% of its strength.
Strength under negative loading then stabifized through displacements to 0.04 radian.

2.2 Pile Capacity Data
2.21 Information Obtained from Shop Drawings

We reviewed a series of documents prepared by Kie-Con, the pile supplier for the project,
documenting the construction of the precast concrete piles. Specifically we reviewed:

. Kie-Con Drawing 568-7 Revision 2, dated 19 August 2005 and entitled: 14" Square P/S
Concrete Pile Details, Production Pile, 301 Mission Street, San Francisco, California.

. Kie-Con Drawing 568-8, Revision 0, dated 16 June 2005 and entitled: 14" Square P/S
Concrete Pile Details, Indicator Pile, 301 Mission Street, San Francisco, California.

Drawing 568-7 (Figure 5) shows:

1. Production piles are 14 in. square.
2. Concrete has a specified 28-day compressive strength of 7,000 psi.
3. Prestress reinforcement consist of eight strands of 1/2 in. diameter, Grade 270 steel,

arranged in a circular pattern. Strands extend 4 ft beyond the top of the pile for
embedment in the mat.

4. Eight #8, Grade 60 reinforcing bars (either ASTM A615 or A708), 23 ft long are present
at the top of each pile and project 4 ft beyond the pile top for embedment in the mat.

5. The pile tops are provided with a 10 ft long cut-off length.
Drawing 568-8 (Figure 6) shows that Indicator Piles are identical to Production Piles except that
a total of 20 ft long cut-off length is provided.

2.2.2 Information Obtained from Treadwell & Rollo

We reviewed a 2 May 2005 letter report prepared by Treadwell & Rollo re: Summary of Pile
Driving, 301 Mission Street, San Francisco, California. Treadwell & Rollo served as project

geotechnical engineer for the original development of the building. The letter includes a pile plan
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for the project, reproduced here as Figure 7. This pile plan indicates a numbering system for the
piles and also the locations of Indicétor Piles. Attachments to this letter also include a table,
reproduced in Appendix A to this report that indicates for each pile: the date driven; furnished
length; design cut-off elevation; actual top of pile elevation; approximate tip elevation;

approximate cut-off length; and number of blows per foot during the last 5 ft of driving.
2.2.3 Information Obtained from SAGE Engineers

SAGE Engineers is a geotechnical engineering consultant, retained on behalf of Mission Street
Development LLC by Paul Hastings LLP, to evaluate various matters related to the foundation
behavior. SAGE Engineers evaluated geotechnical reports prepared by Treadwell & Rollo, as
well as available data for adjacent sites prepared by other geotechnical engineers, reviewed pile
driving and other construction records for the 301 Mission project, and performed independent
calculations of foundation geotechnical capacity and settlement characteristics. At our request,
SAGE provided data related to the likely capacity of piles and resistance of soils for our use in our

analyses.

Primarily based on the driving data, shown in Appendix A, SAGE provided a spreadsheet
indicating their éstimate of pile ultimate static axial compressive capécity as limited by a
combination of skin friction and end bearing in the surrounding soils. The spreadsheet provides
a unique value for each pile. Projected values generally range from approximately 400 kips to
1,175 kips. Figure 8 is a plan view of the foundation derived from the tabulated values showing
these capacities in the form of contours. The lowest values occur near the northeast corner of
the core. These capacities relate to the ability of the piles to transfer loads to the surrounding soil

and do not represent the structural capacity of the pile itself.

In addition to estimates of pile ultimate compressive capacity, SAGE provided a plot, reproduced
here as Figure 9, indicating the load-deformation characteristics of the piles under static axial load
normalized to the ultimate compressive capacity. This figure additionally shows a similar
relationship for the piles under dynamic compressive loading, applicable to seismic load cases

and also static and dynamic uplift loading.

SAGE also provided an estimate of the modulus of subgrade reaction of the soils beneath the
PG&E vault, which is directly supported by soil at the south end of the mat. Figure 10 presents
this data.



2.3 Settlement Data

Since 2009, Arup, geotechnical engineer for the Transbay Transit Center project under
construction adjacent to and south of the 301 Mission Street Building, and also the Salesforce
Tower, across Fremont Street to the west of the building, has obtained and published survey data
at 33 points across the plan of the 301 Mission tower mat. Arup periodically updates this data.
As noted in our October 2016 report, we obtained information on the building’s settlement from a
June, 2016 Arup report on setflement and compared this against earlier reports of seftlement
used as the basis for analyses we conducted in 2014. That report included plots, produced by us
using the Arup data, showing the settlement profile across different sections of the mat between
2014 and 2016. Figure 11 presents a plot showing the change in settlement for 31 of Arup’s data
points over the period June 2016 to June 2017. Data for two of the points was not reported by
Arup.



3. STRUCTURAL ANALYSIS
3.1 Coupling Beam Degradation

Our 3 October 2016 report documents the three-dimensional, nonlinear, PERFORM-3D,
analytical model we developed to simulate the 301 Mission Street building’s response to
foundation settlement and earthquake ground motions. At the request of the City-appointed
review panel, we modified our analytical model to incorporate strength degradation for the low-
aspect ratio coupling beams located in outriggers at Levels 8 through 12, 17 through 21 and 42
through 48, along framing Lines C and F. Figure 12 presents an elevation of a typical outrigger

indicating the locations of these low aspect ratio beams.

Of the available test data for low aspect ratio walls, the tests by Paulay and Binney indicate
relatively little strength degradation while the test by Canbolat, et. al. do show some degradation.
This is likely because the Canbolat tests used a ramped, fully reversed, cyclic loading protocol
similar to that commonly used as the basis for most recent nonlinear response modeling, while
the Paulay tests employed a loading protocol more like that of real earthquakes, with little reversed
cyclic loading. Recent research, by Lignos® and others suggests that fully reversed cyclic loading
protocols over-estimate the strength degradation that typically occurs in structures in response to
earthquakes. However, to be consistent with the modeling approaches used for other elements,
and to conservatively model the effects of strength degradation, we adopted the Canbolat tests

as the basis for our updated hysteretic model for the coupling beams.

For these elements, we implemented the degrading hysteretic model illustrated in Figure 13. The
cyclic backbone for this model maintains elastic-perfectly-plastic behavior through a shear
deformation of 2% radians then degrades to a residual strength equal to 25% of the yield strength
at a shear deformation of 4% radians. The model retains this residual displacement through shear
deformation of 6% radians, after which it has nil residual strength. Figure 14 shows an overlay of
the response obtained from this hysteretic model with that recorded in the University of Michigan
testing discussed in Section 2.1.2 of this report. The hysteretic model conservatively represents
the behavior obtained in the test and exhibits greater strength and stiffness degradation than did

the tested specimen.

8 Applied Technology Council, Recommended Modeling Parameters and Acceptance Criteria for Nonlinear
Analysis in Support of Seismic Evaluation, Retrofit and Design, NIST GCR 17-917-45, National Institute of
Standard and Technology, Gaithersburg, Md., 2017

8-



3.2 Ground Motions

The City-appointed review panel requested that we re-evaluate the building using the degrading
hysteretic model for outrigger coupling beams described in the previous section and a suite of
ground motions selected and scaled to the requirements of ASCE 7-10%. ASCE 7-10is the loading
standard referenced by the present edition of the San Francisco Building Code. We selected and
amplitude-scaled a suite of seven ground motion pairs to the criteria of
ASCE 7-10 Section 16.1.3.1. Section 16.1.3.1 states:

“Where three-dimensional analyses are performed, ground motions shall consist of pairs
of appropriate horizontal ground motion acceleration componenis that shall be selected
and scaled from individual recorded events. Appropriate ground motions shall be selected
from events having magnitudes, fault distance, and source mechanisms that are
consistent with those that confrol the maximum considered earthquake. Where the
required number of recorded ground motion pairs is not available, appropriate simulated
ground motion pairs are permitted to be used to make up the fotal 'number required. For
each pair of horizontal ground motion components, a square root of the sum of the squares
(SRSS) spectrum shall be constructed by taking the SRSS of the 5% damped response
spectra for the scaled components {(where an identical scale factor is applied to both
components of a pair). Each pair of motions shall be scaled such that in the period range
from 0.2T to 1.5T, the average of the SRSS specitra from all horizontal component pairs
does not fall below the corresponding ordinate of the response spectrum used in the

design, determined in accordance with Section 11.4.50r 11.4.7”

Table 1 indicates the seven records we selected and scaled for our analysis. The table indicates
for each record the earthquake event, station name, fault mechanism, magnitude, distance of the
recording station from the site and scale factor we applied. Figure 15 overlays plots of the scaled
SRSS spectra for the seven records with the MCEg spectrum specified in ASCE 7 Section 11.4.5;
the average of the scaled SRSS spectra; and the period range (0.2T to 1.5T) over which the
éverage SRSS spectrum is required to envelope the MCERr spectrum. - Figure 16 compares the
average X and Y components of the records, as they were applied to the model against the MCEr

spectrum.

4 American Society of Civil Engineers. Minimum Design Loads for Buildings and Other Structures, ASCE
7-10; ASCE, Reston, VA



Table 1 — Suite of Ground Motion Records

Earthquake Mag. Rupture Type- Station Dl(slzrar:l)ce FS;?;
1989 Loma Preita 6.9 | Reverse Oblique | West Valley College 9.3 1.40
1999 Koaceli, Turkey 7.5 | Strike Slip Duzce 15.4 1.24
1999 Chi Chi Taiwan 7.6 | Reverse Obliqgue (| TCU123 14.9 1.47
1990 Manjil, Iran 7.4 Strike Slip Abbar 12.6 1.87
2002 Denali, Alaska 7.9 | Strike Slip Pumps Station #10 2.7 1.25
2010 El Mayor, Mx 7.2 | Strike Slip Michoacan de Ocampo 15.9 1.86
2010 Darfield, NZ 7.0 | Strike Slip HORC 7.3 0.95

3.3 Pile Modeling

To more accurately capture the demands on the foundation mat and the piles supporting this mat,
we updated the way in which our analytical model represents the soil and piles supporting the
mat and the effects of site settlement. We also implemented a series of elements to represent
the lateral behavior of the piles under earthquake response. Section 3.3.1 describes our updated
modeling of vertical foundation response and Section 3.3.2 describes our implementation of

lateral behavior of the piles in our analytical model.
3.3.1  Vertical Foundation Response

We used a staged analysis approach to represent the vertical stiffness and action of the piles. As
noted in our October 2016 report, our model does not explicitly include each of the 946 piles. To
facilitate the meshing of the mat and the soil supporting the mat in our model, we use a total of
853 pile/soil springs (738 springs representing piles and 115 representing soil), distributed
throughout the foundation plan, and located at the nodes connecting the grid beams that
represent the mat. The 115 soil springs are ali located at the 3 ft thick soil-supported region along

the south edge of the mat.

As a first stage in the analysis we applied springs representing the soil/pile stiffness under long-
term loading. We applied these as non-linear, compression only springs. In the soil-supported
portion of the mat these springs are simply taken as having the force-deformation relationship
shown in Figure 10, factored by the tributary area for each spring. For the pile springs, we
obtained the value of the spring force-deformation relationship by interpolating between the data
provided by SAGE (Figure 8 and Figure 9) for the piles nearest to the grid point at which we
applied a spring, and then factoring these properties by the tributary area for each spring. We
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used the Kriging Method available in the Surfer 8 computer program to perform the 2-dimensional

interpolation.

We next applied gravity loads (Dead Load + 25% Live Load) to the structure, resulting in
downward displacement of the pile springs and deformation of the mat. We then iteratively
applied thermal loading to the individual piles to produce a deformed shape of the mat that
reasonably represented the surface we obtained from the 10 June 2016 Arup settlement data.
Figure 17 compares the deformation contours across the mat resulting from our model, and those

computed from the settlement data.

As a hext step in the analysis we'applied an additional set of springé at each of the node pbints
representing a pile support. One compression-only spring added at each node represents the
incremental pile strength and stiffness estimated by SAGE for seismic response and illustrated in
Figure 9 as a solid blue line. We also added a tension-only spring to represent the dynamic
strength and stiffness of the piles in uplift, as indicated in Figure 9. We connected the tension
only springs to the mat using a combination of gap and hook'elements, such that the springs are
effective only when the piles actually experience uplift forces. We determined the strength and
stiffness values for each of these spring elements using the normalized relationships in Figure 9
and the long term compressive capacities obtained using the geographic interpolation approach

described earlier.
3.3.2 Lateral Foundation Response

To determine the lateral response of the piles we conducted a series of individual nonlinear static
analyses of a typical pile to determine its force-deformation characteristics at different levels of

displacement and under different levels of axial loading.

The piles have three critical sections with unique reinforcing including a top section, having
eight #9 vertical reinforcing bars, 8-1/2 in. diameter prestressing strands, and W10 spiral
reinforcing at a 2 in. pitch; a middle section containing the same prestressing steel and spiral
reinforcing, but no vertical steel bars; and a bottom section having the same prestressing steel,
no vertical steel bars, and larger, W4 spirals at a larger, 6 in. pitch. Figure 5 and Figure 6 show
the location of these three sections along the pile respectively for production piles and indicator

piles.
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Notes on the pile drawings (Figure 5 and Figure 6) indicate that pile cut-off lengths of 10 ft and
20 ft are provided respectively on production and indicator piles. The cutoff length is a sacrificial
section at the pile top having the same reinforcing as the pile top and intended to be removed in
the field, if necessitated by the pile reaching refusal (design driving resistance) without driving to
the design length. We performed independent calculations of the required development length
for the prestressing and mild reinforcing steel and determined that in actuality, the production piles

have 12 fi-3 in. of sacrificial length at the top.

We used XTRACT Version 3.0.7 software to perform section analysis of the three different pile
sections and determined both their axial force-moment ‘envelopes and their moment-curvature
relationships under a series of axial loads ranging from 0 to 950 kips. Originally developed at the
University of California at Berkeley, XTRACT is presently maintained and marketed by the TRC
Company of Rancho Cordova, California. XTRACT uses a fiber element formulation to evaluate
the nonlinear behavior of reinforced concrete sections comprising confined and unconfined
concrete, reinforcing steel and prestressing steel. This software is widely used to evaluate the

nonlinear force-deformation behaviors of concrete elements subjected to bending and axial loads.

Next, we used LPile, version 2016.9.08 to obtain P-Y values for the soil at various depths below
grade. LPile, developed and marketed by Ensoft, Inc. of Austin, TX, was specifically developed
to evaluate the lateral resistance of piles in soil under different levels of applied displacement.
The program models piles as a linear series of beam-column elements, with user-defined linear
or nonlinear properties supported laterally by a series of nonlinear springs. The software has
default propertiesA for spring nonlinear behavior based on input of basic geotechnical data
including soil type and soil index properties. We used the soil properties presented for boring B-
1 in the 2005 Treadwell & Rollo® project geotechnical report. We used an in-house computer
program to calculate a group factor for the piles based on the empirical method outIined in Reese®
et al. We obtained a group factor of 0.6 and assigned it to LPile aé a modifier. We then used
LPile to obtain P-Y curves that represent the nonlinear force-deformation characteristics of the
soil strata at the site. Figure 18 shows some of the P-Y curves we obtained. The figure shows
representative plots at depths of 2.5, 7.5, 12.5, 17.5, 22.5 and 27.5 below the top of pile. We
obtained P-Y curves for the soil in 2 ft depth increments for the upper 25 ft and in 4 ft increments

5 Treadwell & Rollo, Revised Geofechnical investigation, 301 Mission Streef, San Francisco, California,
Project no. 3157.02 13 January 2005

8 Reese, L.C., Isenhower, W.M., and Wang, S-T, Analysis and Design of Shallow and Deep Foundations,
Dec 2007
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below. Figure 19 illustrates the definition of depth and the boring log data we used for our

analysis.

Next, we developed a simple nonlinear model using SAP 2000, version 17.3.0. SAP 2000 is a
general structural analysis finite element program developed and marketed by Computers and
Structures Inc. of Berkeley, California. It is used by engineers worldwide to evaluate linear and
nonlinear behavior of structures. Figure 20 illustrates our SAP 2000 model. In this model, we
implemented nonlinear soil springs obtained from the LPile analysis and illustrated in Figure 18
and moment-curvature properties for the different stations along the pile length, obtained from our
. XTRACT analyses. We modeled the pile as having a fixed-end condition at the top. For each of
eleven axial loads, representihg the range of gravity loads on individual piles obtained from our
PERFORM analysis under modeling of gravity loading and settlement effects, we performed three
different non-linear static analysis cases: Case 1 having zero end rotation; Case 2 having positive
0.01 radian and Case 3 negative 0.01 radian of end rotation at the pile top. These end rotations
(-0.01 radian to +0.01 radian) represent the range of pile end rotations predicted by our
PERFORM analysis under gravity load and site settlement. Figure 21 presents the force-
deformation plots we obtained from these thirty-three (eleven axial loads, three load cases each)

individual non-linear static analyses.

Next, using the predicted gravity load and initial head rotation at each spring from our PERFORM
analysis of the gravity load and settlement case, we performed 2-dimensional interpolation to
determine the appropriate nonlinear force deformation curve for each pile spring from the set of
analyses under varying head rotation -and axial loads. We then summed these individual
nonlinear force-deformation relationships to form the properties for a global nonlinear force-
deformation behavior for each of positive translations to the north, east, south and west. As
shown in Figure 22, the nonlinear force-deformation plots in each of these directions are quite
similar. Therefore, we adopted a single nonlinear-force deformation relationship, shown in the
figure as the ‘global” force-deformation plot to represent the nonlinear behavior of the piled

foundation in response to seismic shaking.
3.4 Acceptance Criteria

Table 2 below summarizes the acceptance criteria we used to evaluate building response to
gravity loads, settlement and earthquake. This section provides brief discussion of the derivation

of these criteria. Our October, 2016 report provide a more thorough presentation of this.

-13-



Table 2 — Nonlinear Acceptance Criteria

Deformatio
Confined Concrete
compressive strain, €. compr 0.011
Core shear wall Reinforcing steel tensile
strain, €, rens 0.05
Shear strain (drift ratio, A/h) 1.0%
Outrigger
coupling beams [Shear strain 2.5%
Reinforced ’
concrete frame varies
beams Plastic hinge rotation, 6, 3.6%-5.0%
Embedded
steel coupling
beams Plastic hinge rotation, 8, 3.0%
Reinforced
concrete varies
columns Plastic hinge rotation, 6 0.8-0.9%
Pile cap
foundation |Plastic hinge rotation, 8 1.0%
Building Interstory drift ratio 3.0%

3.4.1  Core Wall and Outrigger Column Compressive Strain

We computed permissible compressive stress-strain relationships for 7, 8, and 10 ksi concrete
using the method developed by Mander and Chang’. We used vertical spacing of confinement
reinforcing consistent with the core and outrigger wall details shown in the project drawings. We
calculated ., values ranging from 0.0225 fo 0.0304. We conservatively reduced these values by

a factor of 2.0, and adopted a limit of 0.011 for confined concrete compressive strain.

n.Chang, G.A. and Mander, J.B., 1994, Seismic energy based fatigue damage analysis of bridge columns:
Part | — evaluation of seismic capacity, NCEER Technical Report No. NCEER-94-0006. State University
of New York, Buffalo, NY
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3.4.2 Core Wall and Outrigger Column Tensile Strain

We adopted a limit of 0.05 for steel tensile strains. This value is commonly used for the design

of tall buildings using performance-based procedures.
3.4.3 Wall Shear Strain

We defined shear behavior of concrete walls using the recommendations for walls with high axial
load listed in ASCE 41-13 Table 10-20. The collapse prevention limit for such walls is 1.0% total

shear strain.
3.4.4 Outrigger Coupling Beam Shear Strain

At the request of the City-appointed panel we modified our analytical model to incorporate
strength degradation for the low-aspect ratio outrigger coupling beams. We adopted a collapse
prevention limit of 2.5% total shear strain based on hysteretic results from testing by Canbolat,

Parra-Montesinos and Wight and following the procedures of ASCE 41-13, Section 7.6.3.
3.4.5 Reinforced Concrete Beams

We used ASCE 41-13 Table 10-7 to define the backbone parameters and acceptance criteria of
the reinforced concrete perimeter moment frame beams. We computed the shear stress and
longitudinal steel ratio of these beams and used linear interpolation between the shear demands
and reinforcement ratios given in Table 10-7 for conforming transverse reinforcement. We

obtained CP inelastic rotation limits ranging from 3.6% to 5.0%.

For conventionally-reinforced concrete core wall coupling beams, we adopted the
recommendations of Table 10-19 in ASCE 41-13 for beams with conforming transverse
reinforcement and low shear stress. For those beams we used an inelastic rotation CP limit of
5.0%.

3.4.6  Steel Coupling Beams

We matched coupling beam nonlinear shear behavior including element stifiness, yield, and

degradation characteristics to coupling beam testing performed by Dr. John Wallace® at UCLA.

8Wallace, J.W., “Large-Scale Testing and Analysis of Concrete Encased Steel Coupling Beams under High
Ductility Demands”, Proceedings of the 15th World Conference on Earthquake Engineering, September

2012 :
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We defined the limiting inelastic shear strain between 2.6% and 3.0% depending on the beam
aspect ratio. This value corresponds to the initiation of strength loss in the beam. Test results
indicate that beams are able to maintain a significant portion of their strength under rotations on
the order of 7% to 13%.

3.4.7 Reinforced Concrete Columns

We used the values listed in ASCE 41-13 Table 10-8 for columns with high axial load to define
the backbone parameters and acceptance criteria of the reinforced concrete perimeter moment
frame beams. We computed the shear stress and vertical steel ratio of the columns and used
linear interpolation between the shear demands and reinforcement ratios given in Table 10-8 for
transverse reinforcement conforming to condition ii. We obtained CP inelastic rotation limits

ranging from 0.8% to 0.9%.
3.4.8  Pile Cap Grillage

We used ASCE 41-13 Table 10-7 to define the backbone parameters and acceptance criteria for
pile cap grillage beams. We assumed conforming transverse reinforcement and high shear stress
to obtain the backbone parameters. We adopted a CP inelastic rotation limit of 1.0% which is
less than the ASCE 41-13 recommended value of 2.0%.

3.5 Analysis Results

We evaluated the building’s response fo the seven scaled ground motions described in
Section 3.2 using two different versions of our PERFORM-3D model. Both versions of the model
implemented the degrading hysteresis model for the outrigger coupling beams described in 3.1
and the nonlinear vertical pile springs described in Section 3.3.1. Both versions also include the
application of gravity loading and settlement as initial load steps. One of these models is fixed
against lateral translation at the foundation level. The second model implements the nonlinear

lateral springs at the base mat described in Section 3.3.2.
3.5.1 Fixed Lateral Translation Model

Figure 23 and Figure 24 respectively present the predicted peak absolute value story drift
obtained from the analysis in the east-west and north-south directions. Mean drift in each

direction is substantially below the 3% limit recommended by the PEER Tall Buildings Design
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Guideline®. All records exhibit story drifts less than the 4.5% limit recommended by the PEER

Guideline.

Figure 25 and Figure 26 present the residual drift obtained for each of the seven ground motions
for response in the east-west and north-south directions, respectively. Average and individual
drifts for the seven records are all substantially less than the 1% limit for mean residual drift

recommended by the PEER Guidelines.

Figure 27 presents the demand to capacity ratios, in percent, for column plastic rotation. A value
.of 100% represents the ASCE 41-13 CP limit, which ranges from 0.008 to 0.009 radians for
columns in this structure. The figure shows the maximum predicted value for any of the columns

at each story, for each ground motion, and also the average peak value for all ground motions.

Figure 28Figure 28 presents the demand to capacity ratios, in percent, for compressive strains in
concréte walls and also outrigger columns, which were also modeled using shell elements. As
extreme fibers of the walls and the columns at all levels are confined, an acceptable value of
strain is taken as 0.011. Demands are substantially below these values at all levels and for all

ground motions.

Figure 29Figure 29 presents the demand to capacity ratios, in percent, for concrete core wall and
outrigger column reinforcing tensile strains. An acceptable value of 0.05 is used. Demands are

substantially below these values at all levels and for all ground motions.

Figure 30 shows the demand fo capacity ratios for core wall shear strain. Strain for all records is

substantially less than the 0.01 permitted by ASCE 41.

Figure 31 shows the demand to capacity ratios for coupling beams in outriggers. A value of 100%
represents a chord rotation of 0.025 radian and the hysteretic relationship illustrated in Figure 13.

Ali coupling beams degrade in strength without negative impact on other elements or overall

stability.

Figure 32 presents demand to capacity ratios for reinforced concrete beams in moment frames

and core walls. Acceptable values range from 0.03 radians to 0.05 radians depending on the

9 Pacific Earthquake Engineering Research Center, PEER TBI Guidelines for Performance-based Seismic
Design of Tall Buildings, Version 2, Report No. 2017/06, April, 2017
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beam horizontal reinforcing ratio and shear stress, in accordance with ASCE 41. All beams at all

levels and for all ground motions are substantially below these values.

Figure 33 presents demand to capacity ratios for steel coupling beams. A value of 100%
corresponds to a plastic hinge rotation of 0.03 radians. Mean demands are substantially less than
this amount although two ground motions do produce locally somewhat higher demands at upper
levels. The predicted demands are within the valid modeling range at all levels for all ground

motions.

Figure 34 shows the peak mat grillage beam plastic rotation demands from the 1999 Chi Chi
Tailwan, TCU3 record, which of the suite of records evaluated, was the most taxing on the mat.
The peak value at any location is 0.003 radians. A value of 0.01 is taken as acceptable. All

values are substantially less than this.

Figure 35 shows the peak compressive demand to capacity ratio for piles. A vaiue of 1.0 indicates
that a pile has achieved its estimated geotechnical capacity as indicated in Figure 8 and Figure
9. It is important to note that this plot shows the peak value cbtained for all ground motions.
Individual ground motions would have lower peak values at most piles. Regardless, no piles
exceed a value of 0.98. Also, since pile geotechnical capacity exceeds pile structural capacity, a
value of 1.0 would indicate the onset of a yielding mode of behavior, rather than failure.

Figure 36 indicates peak pile uplift demand o capacity ratios for all ground motions. As with
Figure 35, any one ground motion will produce lower values for most piles. For an individual pile
spring, a value of 1.0 represents the lesser of the pile geotechnical seismic capacity, as given by
Figure 8 and Figure 9 or the steel yield strength, whichever is less. Several piles are predicted to
have a peak demand equal to their capacity. This is suggestive of a benign yielding mode of

behavior.
3.5.2 Nonlinear Lateral Translational Pile Springs

Figure 37 and Figure 38 respectively present the peak lateral displacement demands on the pile
cap in the east-west and north-south directions, overlain on the global pile nonlinear force-
displacement behavior previously shown in Figure 22. Predicted pile lateral displacement is
typically less than 1 inch and does not approach the displacement at which foundation strength

degradation initiates.
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Figure 39 compares plots of mean story drift in the east—west and north-south directions for the
model fixed against lateral translation at the base and the mode! with nonlinear lateral translational

pile springs. In each of the two directions, the story drift predicted by our analyses is nearly

identical for the two models.
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4. DISCUSSION

In response to requests from the City’s review panel we evaluated the effect of the following on

our predictions of building response and behavior:

1. Inclusion of strength degradation in hysteretic modeling of outrigger coupling beams.
2. Selection and scaling of ground motions to comply with the procedures in ASCE 7-10.

In addition; the panel requested that we evaluate the demands on foundation piles.

As described in Chapter 3 of this report, we modified our PERFORM-3D model used in our
previous analyses to include a strength-degrading hysteretic behavior for the coupling beams, as
described in Section 3.1. We also improved representation of foundation piles to represent both

their nonlinear vertical and lateral behaviors.

The updated outrigger coupling beam model, updated suite of ground motions, and improved
representation of the piles had negligible effect on our predictions of the behavior of the building
superstructure, when subjected to MCE motions. The Coupling beams degrade in strength
without negative impact on other structural elements, which have adequate capacity to resist
these ground motions. The building retains adequate lateral resistarice in other elements fo
remain stable under these ground motions and to maintain lateral drift under these earthquake

motions at levels that are comparable to those predicted by our earlier analyses.

Compared with our earlier modeling, our updated model, incorporating pile behavior and
resistance information obtained from SAGE Engineers, provides a more reliable estimate of the
demands on piles under the combined effects of dead and live loads, settlement and MCE
shaking. Although our analyses predict demands on some piles close to their computed
capacities, these analyses indicate that the foundation has adequate strength to support the
structure. Of particular importance, pile capacity is generally controlled by the geotechnical
capacity, that is the ability of the piles to transfer load to the surrounding soil, rather than structural
capacity. Should overstress of individual piles occur, this will result in yielding of the pile to soil
interface, which allows deformation to occur without loss of load carrying capacity. This should
enable the siructure to experience demands substantially larger than we have evaluated without

failure.
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Our analyses reported above are based on settlement data reported by Arup in June 2016.
Following completion of these analyses, the City’s panel requested that we evaluate the effect of

settlement that occurred since that time.

Figure 49 through 56 of our October 2016 report compare settlement profiles for the mat across
east-west and north-south framing lines, based on Arup’s measurements in June 2014 and
June 2016. These figures indicate that during that two-year period setilement of the mat
consisted largely of downward translation and {ilting to the west, with the building undergoing
primarily rigid body translation. As described in our October 2016 report, we found negligible
difference in the effect on the building of the additional settlement that had occurred over that
two-year period. This is also consistent with the building moving as a rigid body. Under such
conditions the only change in stress that occurs in the buildfng is a result of P-delta effects, as the
structure leans to the side and the line of action of the building’s weight is displaced relative o

the building’s center of resistance.

Figure 11 of this report compares the settlement of 31 of the 33 measurement points during the
period between June 2016 and June 2017. The profiles indicate continued motion of the building
as a rigid body without noticeable difference from linear differential settlement across the mat. In
this period approximately 1/2 in. additional settlement occurred at the west edge of the mat than
at the east edge. Given the 10'0-foot width of the mat, this amounts to an incremental {ilting of
the building of 0.04%. This amount is negligible and has not caused any significant impact on

stress in the structure.
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5. CONCLUSIONS

Our updated analyses confirm the findings of our earlier analyses, as set forth in our October 2016
report.  Specifically, these analyses confirm that settlement recorded fo date has nhot
compromised the ability of the building to resist strong earthquakes. Our analyses also confirm
that the response of the outrigger coupling beam elements o seismic demands does not
significantly affect the building’s earthquake behavior and the building otherwise meets criteria
commonly used for the design of tall buildings today using performance-based design procedures.
Pile foundations are adequate to resist the MCE demands. Further, given the current pattern of
settlement, the additional settlement that has occurred since June 2016 has not caused any
significant impact on stress in the structure, nor had significant impact on the building’s stability
or ability to resist strong earthquakes; and does not change any of our conclusions expressed in

our October 2016 report or in this report of our supplemental analyses and evaluations.
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Figure 7.
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Figure 8. Estimated Ultimate Long Term Static Axial Pile Capacity (SAGE)
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Figure 17. Comparison of Measured and Analytical Representation of Mat Deformation Profile
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