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McNAMARA  -SALVIA

STRUCTURAL ENGINEERS

FOUNDING PRINCIPALS March 5, 2015
Robert J. McNamara, P.E.,, S.E. ] ]
Joseph A. Salvia, PE. Via E-Mail: scott.fehmel@related.com

MANAGING PRINCIPALS

Boston

Mark F. Aho, P.E.

MNeil A. Atkinson

Mr. Scott E. Fehmel, P.E
The Related Companies, L.P.
60 Columbus Circle

New York, NY 10023

John S. Matuszewski, PE. RE: 35 Hudson Yards, New York

Adam C. McCarthy, P.E. Structural Peer Review
Benjamin B. Wild, PE.

Miami

Andrew P. Sullivan, PE., S5.E.

Dear Mr. Fehmel,

At the request of Ery Tenant, LLC c/o The Related Companies, L.P.,

New York McNamara Salvia, Inc has conducted a structural Peer Review of the design
Ryan A. Dow, P.E., S.E. of the 35 Hudson Yards project as required by the New York City Building
Viadimir E. Seijas, PE. Code Section BC1617. This reports summaries the extent and findings of our
Bart A. Sullivan, P.E. review.

As part of the process, we have reviewed the design plans prepared by SOM
and relevant reports noted below:

e Structural Drawings: “Issued to DOB” dated 15-Jan-2015

e Architectural Drawings: “Issued to DOB” dated 15-Jan-2015

o Geotechnical Report: prepared by Langan Engineering dated 26 April
2013

e Wind Tunnel Report: prepared by RWDI dated November 21, 2014

Through our review, we have confirmed the following aspects of the structural
design, as required by building code section 1617.5.1:

The design loads conform to the New York City Building Code;

e The structural design criteria, and design assumptions, conform to this
code and are in accordance with generally accepted engineering
practice;

e The design properly incorporates the results and recommendations of
the geotechnical investigations;

e The structure has a complete load path;

e Based on our independent calculations of representative foundations,
columns, walls, beams and slabs, we found that the design of the
structure has adequate strength;
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e The structural plans are in general conformance with the architectural
plans regarding loads and other conditions that may affect the
structural design;

e There are no performance-specified structural components that are
part of the primary building structure;

e Design engineer of record complied with the structural integrity
provisions of the code;

e Major mechanical items are accommodated in the structural plans;
and

e Structural plans and specifications are generally complete.

Accordingly, we find the design of the structure to be in general conformance
with the structural design provisions of the New York City Building Code.

The opinions expressed in this letter represent our professional view, based
on the information made available to us. This review was performed based on
the provisions of the New York City Building Code Section BC1617 and
conducted following the ACEC Recommended Practice Guidelines for Peer
Review for Code Compliance. The review does not relieve any
responsibilities of the Engineer of Record for the structural design. No other
warranty, expressed or implied, is made as to the professional opinion
included in this letter.

Very truly yours,
McNamara/Salvia, Inc.

Bart Sullivan, PE
Principal

cc: Mr. Nick Veikos
Mr. Greg Gushee
Mr. Mark Boekenheide
Mr. Vlad Seijas, P.E.
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DEPT OF BLDGS12 Job Number Scan Code

General Issue # Description Date

G-000 COVER SHEET

4 ISSUED TO DOB 1/15/2015
G-001 GENERAL NOTES

2 ISSUED TO DOB 1/15/2015
G-002 ABBREVIATIONS, LEGENDS & SYMBOLS

1 ISSUED TO DOB 1/15/2015
G-003 ADA REQUIREMENTS

1 ISSUED TO DOB 1/15/2015
G-004 FLOOD ZONE DATA

1 ISSUED TO DOB 1/15/2015
G-006 BUILDING LOCATION PLAN

1 ISSUED TO DOB 1/15/2015

AI’Ch itectu ral Issue # Description Date

A-001 GROUND FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-002 2ND FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-003 3RD FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-004 4TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-005 5TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-006 6TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-007 7TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-008 8TH-13TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-014 14TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-015 15TH FLOOR CODE ANAYLSIS

1 ISSUED TO DOB 1/15/2015
A-016 16TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
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A-017 17TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-018 18TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-019 19TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-020 20TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-021 21ST-26TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-027 27TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-028 28TH-29TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-030 30TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-032 31ST -40TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-042 41ST-50TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-052 51ST & 53RD & 56TH-60TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-054 54TH-55TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-062 61ST-67TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-069 68TH-70TH FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-071 71ST FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-072 72ND FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-091 3M FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-092 7M FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-093 14M FLOOR CODE ANALYSIS

1 ISSUED TO DOB 1/15/2015
A-100 PLATFORM LEVEL PLAN

2 ISSUED TO DOB 1/15/2015
A-101 GROUND FLOOR PLAN

3 ISSUED TO DOB 1/15/2015
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A-102 2ND FLOOR PLAN

3 ISSUED TO DOB 1/15/2015
A-103 3RD FLOOR PLAN

3 ISSUED TO DOB 1/15/2015
A-104 4TH FLOOR PLAN

3 ISSUED TO DOB 1/15/2015
A-105 5TH FLOOR PLAN

3 ISSUED TO DOB 1/15/2015
A-106 6TH FLOOR PLAN

2 ISSUED TO DOB 1/15/2015
A-107 7TH FLOOR PLAN - MECHANICAL

2 ISSUED TO DOB 1/15/2015
A-108 8TH FLOOR PLAN - TYPICAL OFFICE

2 ISSUED TO DOB 1/15/2015
A-114 14TH FLOOR PLAN - MECHANICAL

2 ISSUED TO DOB 1/15/2015
A-115 15TH FLOOR PLAN - HOTEL AND RESIDENTIAL OFFICE

2 ISSUED TO DOB 1/15/2015
A-116 16TH FLOOR PLAN - HOTEL OFFICE

2 ISSUED TO DOB 1/15/2015
A-117 17TH FLOOR PLAN - HOTEL AND RESIDENTIAL OFFICE

2 ISSUED TO DOB 1/15/2015
A-118 18TH FLOOR PLAN - HOTEL OFFICE

2 ISSUED TO DOB 1/15/2015
A-119 19TH FLOOR PLAN - HOTEL

2 ISSUED TO DOB 1/15/2015
A-120 20TH FLOOR PLAN - HOTEL

2 ISSUED TO DOB 1/15/2015
A-121 21ST FLOOR PLAN - HOTEL

2 ISSUED TO DOB 1/15/2015
A-122 22ND - 27th FLOOR PLAN - TYPICAL HOTEL

1 ISSUED TO DOB 1/15/2015
A-128 28TH FLOOR PLAN - RESIDENTIAL

2 ISSUED TO DOB 1/15/2015
A-129 29TH FLOOR PLAN - RESIDENTIAL

2 ISSUED TO DOB 1/15/2015
A-130 30TH FLOOR PLAN - MECHANICAL

2 ISSUED TO DOB 1/15/2015
A-131 31ST FLOOR PLAN - RESIDENTIAL

2 ISSUED TO DOB 1/15/2015
A-132 32ND FLOOR PLAN - RESIDENTIAL/TERRACE LEVEL

2 ISSUED TO DOB 1/15/2015
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A-133 33RD - 41ST FLOOR PLAN - TYPICAL RESIDENTIAL STACK 1

1 ISSUED TO DOB 1/15/2015
A-142 42ND FLOOR PLAN - RESIDENTIAL/TERRACE LEVEL

2 ISSUED TO DOB 1/15/2015
A-143 43RD-51ST FLOOR PLAN TYPICAL RESIDENTIAL STACK 2

1 ISSUED TO DOB 1/15/2015
A-152 52ND FLOOR PLAN - RESIDENTIAL TERRACE LEVEL

2 ISSUED TO DOB 1/15/2015
A-153 53RD & 55TH-61ST FLOOR PLAN - TYPICAL RESIDENTIAL STACK 3

2 ISSUED TO DOB 1/15/2015
A-154 54TH FLOOR PLAN - RESIDENTIAL/ FIRE PUMP

2 ISSUED TO DOB 1/15/2015
A-155 55TH FLOOR PLAN - RESIDENTIAL/ FIRE TANK

1 ISSUED TO DOB 1/15/2015
A-162 62ND FLOOR PLAN - RESIDENTIAL TERRACE LEVEL

2 ISSUED TO DOB 1/15/2015
A-163 63RD-66TH FLOOR PLAN TYPICAL RESIDENTIAL STACK 4

1 ISSUED TO DOB 1/15/2015
A-167 67TH FLOOR PLAN - RESIDENTIAL/TERRACE LEVEL

2 ISSUED TO DOB 1/15/2015
A-168 68TH FLOOR PLAN - RESIDENTIAL/TERRACE LEVEL

2 ISSUED TO DOB 1/15/2015
A-169 69TH FLOOR PLAN - RESIDENTIAL/TERRACE LEVEL

2 ISSUED TO DOB 1/15/2015
A-170 70TH FLOOR PLAN - RESIDENTIAL TERRACE LEVEL

2 ISSUED TO DOB 1/15/2015
A-171 71ST FLOOR PLAN - MECHANICAL

2 ISSUED TO DOB 1/15/2015
A-172 72ND FLOOR PLAN - MECHANICAL ROOF

2 ISSUED TO DOB 1/15/2015
A-173 ROOF PLAN

1 ISSUED TO DOB 1/15/2015
A-191 3RD FLOOR MEZZANINE PLAN - MECHANICAL

1 ISSUED TO DOB 1/15/2015
A-192 7TH FLOOR MEZZANINE PLAN - MECHANICAL

1 ISSUED TO DOB 1/15/2015
A-193 14TH FLOOR MEZZANINE PLAN - MECHANICAL

1 ISSUED TO DOB 1/15/2015
A-194 30TH FLOOR MEZZANINE PLAN - MECHANICAL

1 ISSUED TO DOB 1/15/2015
A-200 BUILDING ELEVATIONS - NORTH AND SOUTH

2 ISSUED TO DOB 1/15/2015
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A-201 BUILDING ELEVATIONS - EAST AND WEST

2 ISSUED TO DOB 1/15/2015
A-250 OVERALL BUILDING SECTIONS

2 ISSUED TO DOB 1/15/2015
A-310 ENLARGED CORE PLANS

1 ISSUED TO DOB 1/15/2015
A-311 ENLARGED CORE PLANS

1 ISSUED TO DOB 1/15/2015
A-312 ENLARGED CORE PLANS

1 ISSUED TO DOB 1/15/2015
A-350 STAIR SECTIONS

1 ISSUED TO DOB 1/15/2015
A-351 STAIR SECTIONS

1 ISSUED TO DOB 1/15/2015
A-352 STAIR SECTIONS

1 ISSUED TO DOB 1/15/2015
A-353 STAIR SECTIONS

1 ISSUED TO DOB 1/15/2015
A-360 STAIR DETAILS

1 ISSUED TO DOB 1/15/2015
A-361 PHOTOLUMINESCENT MARKING DETAILS

1 ISSUED TO DOB 1/15/2015
A-550 PARTITION TYPES

1 ISSUED TO DOB 1/15/2015
A-601 HOTEL-GENERAL NOTES, ACCESSIBILITY DIAGRAMS FOR A-600-799 SERIES

1 ISSUED TO DOB 1/15/2015
A-602 HOTEL-GENERAL NOTES, ABBREVIATIONS, AND SYMBOLS

1 ISSUED TO DOB 1/15/2015
A-625 HOTEL 19TH FLOOR PLAN

1 ISSUED TO DOB 1/15/2015
A-626 HOTEL 20TH FLOOR PLAN

1 ISSUED TO DOB 1/15/2015
A-627 HOTEL 21-26TH FLOOR PLAN

1 ISSUED TO DOB 1/15/2015
A-628 HOTEL 27TH FLOOR PLAN

1 ISSUED TO DOB 1/15/2015
A-629 HOTEL 28TH & 29TH FLOOR PLAN

1 ISSUED TO DOB 1/15/2015
A-630 HOTEL - PARTITION TYPES

1 ISSUED TO DOB 1/15/2015
A-800 ARCHITECTURAL GENERAL NOTES

1 ISSUED TO DOB 1/15/2015
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A-801 ABBREVIATIONS & SYMBOLS

1 ISSUED TO DOB 1/15/2015
A-802 ACCESSIBILITY REQUIREMENTS 1

1 ISSUED TO DOB 1/15/2015
A-803 ACCESSIBILITY REQUIREMENTS 2

1 ISSUED TO DOB 1/15/2015
A-804 ACCESSIBILITY REQUIREMENTS 3

1 ISSUED TO DOB 1/15/2015
A-805 PARTITION TYPE 1

1 ISSUED TO DOB 1/15/2015
A-806 PARTITION TYPE 2

1 ISSUED TO DOB 1/15/2015
A-807 MISCELLANEOUS DETAILS

1 ISSUED TO DOB 1/15/2015
A-808 DOOR SCHEDULES & DETAILS @ TYPICAL RESIDENTIAL FLOORS

1 ISSUED TO DOB 1/15/2015
A-809 DOOR THRESHOLD & SADDLE DETAILS @ TYPICAL RESIDENTIAL FLOORS

1 ISSUED TO DOB 1/15/2015
A-832 TYPICAL RESIDENTIAL PLAN 31-40 (5DU PER FLOOR)

1 ISSUED TO DOB 1/15/2015
A-842 TYPICAL RESIDENTIAL PLAN 41-50 (4DU PER FLOOR)

2 ISSUED TO DOB 1/15/2015
A-852 TYPICAL RESIDENTIAL PLAN 51-53 & 56-60 (3DU PER FLOOR)

1 ISSUED TO DOB 1/15/2015
A-854 TYPICAL RESIDENTIAL PLAN 54-55 (3DU PER FLOOR)

1 ISSUED TO DOB 1/15/2015
A-862 TYPICAL RESIDENTIAL PLAN 61-67 (2DU PER FLOOR)

1 ISSUED TO DOB 1/15/2015
A-869 TYPICAL RESIDENTIAL PLAN 68-70 (1DU PER FLOOR)

1 ISSUED TO DOB 1/15/2015
A-870 TYPICAL RESIDENTIAL KITCHEN LAYOUTS

1 ISSUED TO DOB 1/15/2015
A-880 TYPICAL RESIDENTIAL BATHROOM LAYOUTS

1 ISSUED TO DOB 1/15/2015

Structu ral Issue # Description Date

S-001 STUCTURAL SYSTEM DESCRIPTION, DESIGN CRITERIA & DRAWING LIST

2 ISSUED TO DOB 1/15/2015
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S-002 TYPICAL STRUCTURAL SYMBOLS AND ABBREVIATIONS

2 ISSUED TO DOB 1/15/2015
S-003 GRID LAYOUT & WORKPOINT DEFINITIONS

2 ISSUED TO DOB 1/15/2015
S-004 STRUCTURAL CONCRETE NOTES

2 ISSUED TO DOB 1/15/2015
S-005 STRUCTURAL STEEL NOTES

3 ISSUED TO DOB 1/15/2015
S-010 LOADING DIAGRAMS

2 ISSUED TO DOB 1/15/2015
S-011 LOADING DIAGRAMS

2 ISSUED TO DOB 1/15/2015
S-012 LOADING DIAGRAMS

2 ISSUED TO DOB 1/15/2015
S-013 LOADING DIAGRAMS

2 ISSUED TO DOB 1/15/2015
S-014 LOADING DIAGRAMS

2 ISSUED TO DOB 1/15/2015
S-100 GROUND LEVEL TRANSITION FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-101 GROUND LEVEL FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-102 LEVEL 2 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-103 LEVEL 3 MEP FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-104 LEVEL 4 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-105 LEVEL 5 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-106 LEVEL 6 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-107 LEVEL 7 MEP/BELT WALL FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-108 LEVEL 8 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-109 LEVEL 9-13 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-114 LEVEL 14 MEP FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-115 LEVEL 15 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
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S-116 LEVEL 16 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-117 LEVEL 17 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-118 LEVEL 18 FRAMING PLAN

1 ISSUED TO DOB 1/15/2015
S-121 LEVEL 20TH - 28TH FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-129 LEVEL 29 FRAMING PLAN

1 ISSUED TO DOB 1/15/2015
S-130 LEVEL 30 MEP/BELT WALL FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-131 LEVEL 31 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-132 LEVEL 32-40 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-133 LEVEL 33-41 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-142 LEVEL 42 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-143 LEVEL 43-51 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-152 LEVEL 52 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-153 LEVEL 53, 56-61 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-154 LEVEL 54 FRAMING PLAN

1 ISSUED TO DOB 1/15/2015
S-155 LEVEL 55 FRAMING PLAN

1 ISSUED TO DOB 1/15/2015
S-162 LEVEL 62 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-164 LEVEL 63-66 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-167 LEVEL 67 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-168 LEVEL 68 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-169 LEVEL 69 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-170 LEVEL 70 FRAMING PLAN

2 ISSUED TO DOB 1/15/2015

35 HUDSON YARDS 00015-8 List of Drawings
New York. New York Copyright © Skidmore, Owings and Merrill, LLP 2014 1/15/2015

ISSUED TO DOB



DEPT OF BLDGS12 Job Number

Scan Code

S-171 LEVEL 71 MEP FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-172 LEVEL 72 MEP FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-173 ROOF PLAN

2 ISSUED TO DOB 1/15/2015
S-191 LEVEL 3 MEP MEZZ FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-192 LEVEL 7 MECH MEZZ FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-193 LEVEL 14 MEP MEZZ FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-194 LEVEL 30 MEP/BELT WALL MEZZ FRAMING PLAN

2 ISSUED TO DOB 1/15/2015
S-301 CORE WALL REINF. PLAN PLATFORM-L2

1 ISSUED TO DOB 1/15/2015
S-302 CORE WALL REIN. PLAN L2-L7

1 ISSUED TO DOB 1/15/2015
S-303 CORE WALL REINF. PLAN L7-L8

1 ISSUED TO DOB 1/15/2015
S-304 CORE WALL REINF. PLAN L8-L14M

1 ISSUED TO DOB 1/15/2015
S-305 CORE WALL REINF. PLAN L14MECH-L14 MEZZ

1 ISSUED TO DOB 1/15/2015
S-306 CORE WALL REINF. PLAN L14M-L15

1 ISSUED TO DOB 1/15/2015
S-307 CORE WALL REINF. PLAN L15-L16, L17-L19

1 ISSUED TO DOB 1/15/2015
S-308 CORE WALL REINF. PLAN L16-L17

1 ISSUED TO DOB 1/15/2015
S-309 CORE WALL REINF. PLAN L19-L28

1 ISSUED TO DOB 1/15/2015
S-310 CORE WALL REINF. PLAN L28-L30 MECH

1 ISSUED TO DOB 1/15/2015
S-311 CORE WALL REINF. PLAN L30MECH-L30 MEZZ

1 ISSUED TO DOB 1/15/2015
S-312 CORE WALL REINF. PLAN L30 MECH - L31

1 ISSUED TO DOB 1/15/2015
S-313 CORE WALL REINF. PLAN L31-L42

1 ISSUED TO DOB 1/15/2015
S-314 CORE WALL REINF. PLAN L42-L52

2 ISSUED TO DOB 1/15/2015
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S-315 CORE WALL REINF. PLAN L52-L62

1 ISSUED TO DOB 1/15/2015
S-316 CORE WALL REINF. PLAN L62-L-63

1 ISSUED TO DOB 1/15/2015
S-317 CORE WALL REINF. PLAN L63-L72

1 ISSUED TO DOB 1/15/2015
S-318 CORE WALL REINF. PLAN L72-ROOF

1 ISSUED TO DOB 1/15/2015
S-351 CORE WALL 1 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-352 CORE WALL 1 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-353 CORE WALL 2 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-354 CORE WALL 2 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-355 CORE WALL 3 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-356 CORE WALL 3 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-357 CORE WALL 4 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-358 CORE WALL 5 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-359 CORE WALL 6 ELEVATION

2 ISSUED TO DOB 1/15/2015
S-360 CORE WALL 7 ELEVATION

1 ISSUED TO DOB 1/15/2015
S-361 CORE WALL 8 ELEVATION

1 ISSUED TO DOB 1/15/2015
S-362 CORE WALL 9 ELEVATION

1 ISSUED TO DOB 1/15/2015
S-363 CORE WALL 10 ELEVATION

1 ISSUED TO DOB 1/15/2015
S-371 BELT WALL ELEVATIONS 1

2 ISSUED TO DOB 1/15/2015
S-372 BELT WALL ELEVATIONS 2

2 ISSUED TO DOB 1/15/2015
S-373 BELT WALL ELEVATIONS 3

2 ISSUED TO DOB 1/15/2015
S-391 TRANSFER WALL ELEVATIONS 1

2 ISSUED TO DOB 1/15/2015
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S-401 RC WALL DETAILS

2 ISSUED TO DOB 1/15/2015
S-402 RC WALL DETAILS

2 ISSUED TO DOB 1/15/2015
S-411 RC SHEAR WALL LINK BEAM SCHEDULE

2 ISSUED TO DOB 1/15/2015
S-412 RC SHEAR WALL LINK BEAM DETAILS

1 ISSUED TO DOB 1/15/2015
S-421 HAMMERHEAD COLUMN SCHEDULE & DETAILS

2 ISSUED TO DOB 1/15/2015
S-422 HAMMERHEAD COLUMN DETAILS

1 ISSUED TO DOB 1/15/2015
S-431 RC GRAVITY COLUMN SCHEDULES

2 ISSUED TO DOB 1/15/2015
S-432 RG GRAVITY COLUMN SCHEDULES

2 ISSUED TO DOB 1/15/2015
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1 CODES & STANDARDS

1.1 General
The structural engineering work was performed according to the following building codes
& standards:
New York City Building Code (NYCBC), 2014
International Building Code (IBC), 2009

Scan Code

American Society of Civil Engineers, ASCE 7-10

ACI 318, Latest Edition (Reinforced Concrete Design)
AISC, Latest Edition (Structural Steel Design)

AISC Design Guide

2 DESIGN LOADING CRITERIA

2.1 Gravity Uniform Loads

The gravity design loads are reflected on structural drawings S-010 to S-014.

The following uniform loads were considered:

Tower:

a.
1.
it.
[ 3
I,
I.
it
[} 3

L

FEFI.-'.““"

R

RETALL

BEAD LOAD
SUPERIMPOSED DEAD LOAD
LIVE LOADS

OFFICE

LEAD LOAD
SUPERIMPOSED DEAD LOAD
LIVE LOADS

HOTEL
DEAD L OAD

. SUPERIMPOSED BEAD LOAD
. LIVE LOADS

- RESIOENTIAL

- BEAD LOAD
. SUPERIMPGSER BEAD LOAD
LIVE LOADS

LOBEY/CORRIDORNVESTIBWE
DEAD LOAD

SUPERIMPOSED DEAD LOAD
LIVE LOADS

MECHARICAL ROOM (HEAVY)
SEAD LOAD
SUPERIMPGSED DEAD LOAD
HIVE LOADS

MECHANICAL ROOM (LIGHT)
DEAD LOAD
SUPERIMFOSED DEAD LOAD
LIVE 1L.OADS

| ASREQD
o SDPSF
.. 100 PSF

T ASREQD
. 4SPSE
B0 PSF

. ASREQD
S0 PSF
| 4D PSF

: AS REQD
. B0 PSE
40 PSF

AD REQD
50 PEF
100 PSE

AS REQD
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250 PEF

AS REQ'D
60 PSF
125 PSF
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2.2 Seismic Loads & Criteria
The seismic design parameters are documented in the design drawings as follows:

Table 2.1 — Seismic design parameters per Schematic Design Drawings

2.3 Wind Loads
The wind loads are established via wind tunnel testing by RWDI. A report by RWDI

dated November 21, 2014 indicates the following overall loads for two different
surrounding conditions:

Base Shear Base Moments (ft-kips)
Test kips
Confluratlon Description
'Cl1  TowersA,C,D, E+existing 6,450 5,620 4,220,000 3,620,000 59,900 | existing 6,450 5, 620 4, 220 000 3,620,000 59,900
C2 C1 + 55 Hudson + Future 6,020 6,330 3,840,000 4,020,000 67,600

Base wind speed for NYC = 98mph per NYCBC 2014
Importance Factor on Wind Speed = 1.0

Table 2.2 — Base reactions from wind as per RWDI report
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Figure 2.1a — Wind tunnel proximity models for test configuration C1

Figure 2.1b — Wind tunnel proximity models for test configuration C2
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Table 2.3 — Floor by floor wind loads per RWDI report for Configuration C1
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Table 2.4 — Floor by floor wind loads per RWDI report for Configuration C2
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APPENDIX C — Wind Tunnel Report
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1. INTRODUCTION

Rowan Williams Davies & Irwin Inc. (RWDI) was retained by the Related Companies of New York, NY to
study the structural wind loading and building accelerations on the proposed Hudson Yards Tower A. This
report provides wind loading and acceleration results for the tower based on testing of a scale mode in
the wind tunnel.

The objectives of this study were:
i.  to provide wind loading information for the overall structural design; and,
ii. to determine the wind-induced accelerations at the uppermost occupied floors.

The following table summarizes relevant information about the design team, methods used, results of the
study and the governing parameters:

Project Details

Structural Engineer SOM

Architect SOM

Measurement Technique High Frequency Force Balance (HFFB)
Key Results and Recommendations:

Coordinate System for Structural Loading Figure 4

Summary of Predicted Peak Overall Structural Wind Loads Table 2

Effective Static Floor-by-Floor Wind Loads Table 3

Recommended Wind Load Combinations Table 4

Predicted Peak Accelerations at Top Occupied Floor Figure 6a and 6b
Selected Analysis Parameters:

Design Wind Speed per NYC code 2008 98 mph 3-second gust speed at 33 ft in open terrain

Importance Factor on Wind Speed 1.0

The wind tunnel test procedures met or exceeded the requirements set out in Section 6.6 of the ASCE 7-
05 Standard. The following sections outline the test methodology for the current study, and discuss the
results and recommendations. Appendix A provides additional background information on the testing and
analysis procedures for this type of study. For detailed explanations of the procedures and underlying
theory, refer to RWDI's Technical Reference Document - Wind Tunnel Studies for Buildings (RD2-
2000.1), which is available upon request.

2. WIND TUNNEL TESTS

2.1  Study Model and Surroundings

A 1:400 scale model of the proposed development was constructed using the architectural drawings listed
in Table 1. The model was tested in the presence of all surroundings within a full-scale radius of 1600 ft,
in RWDI's 16 ft x 10 ft boundary layer wind tunnel facility in Guelph, Ontario for the following test
configurations:
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Configuration 1 — Hudson Yards Tower E with existing surroundings including Hudson Yards
Towers C, D and A.

Configuration 2 — Same as Configuration 1 with the inclusion of the One Hudson Tower and the
Manhattan West Southwest Tower.

The scenarios above were tested with options of a solid parapet as well as a 75% solid parapet.
Photographs of the wind tunnel study model are shown in Figures 1a, 1b, 1c, and 1d corresponding to
test configurations 1 and 2 for the solid top and 75% solid top options. An orientation plan showing the
location of the study site is given in Figure 2.

2.2 Upwind Profiles

Beyond the modelled area, the influence of the upwind terrain on the planetary boundary layer was
simulated in the testing by appropriate roughness on the wind tunnel floor and flow conditioning spires at
the upwind end of the working section for each wind direction. This simulation, and subsequent analysis
of the data from the model, was targeted to represent the following upwind terrain conditions. Wind
direction is defined as the direction from which the wind blows, measured clockwise from true north.

Upwind Terrain Wind Directions (Inclusive)

Open \ Suburban — open water immediately upwind of the surrounding model with

(o] (o]
varying lengths of suburban terrain (i.e., many low buildings) beyond 200710 210

Suburban — varying lengths of open water and suburban terrain 10°,20° 220° to 360°

Urban- built up Manhattan core 30° t0190°

3. WIND CLIMATE

In order to predict the full-scale structural responses as a function of return period, the wind tunnel data
were combined with a statistical model of the local wind climate. The wind climate model was based on
local surface wind measurements taken at JFK, LaGuardia, and Newark International Airports, between
1948 and 2012, and a computer simulation of hurricanes. The hurricane simulation was provided by
Applied Research Associates, Raleigh, NC using the Monte Carlo Technique. ARA provided simulations
both at the surface and upper levels, corresponding to heights of 33 ft and 1600 ft respectively. The
difference between the two simulations which affects our predictions is the directionality of the wind
climate (i.e. the relative probability that the design wind speed will occur from different directions). Based
on the height of the proposed tower, the upper level simulation was used to develop the wind climate for
this study, which is consistent with RWDI's earlier studies of the taller towers in this area. The
meteorological and hurricane simulation data sets were analyzed to determine the probabilities of
exceeding various wind speeds from within each of 36 wind sectors.

The wind climate for New York City is illustrated by the plots in Figure 3. The upper two plots show,
based on the wind climate model, the relative probability that wind speeds associated with various return
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periods will be exceeded from each wind direction. The lower plot shows the overall wind speed as a
function of return period.

For strength considerations, a 50 year return period wind velocity of 98 mph 3-second gust at a height of
33 ft in open terrain was used for our analysis. This value is consistent with that identified in the 2008
New York City Building Code.

For serviceability considerations, it is appropriate to consider a more realistic wind climate rather than the
code-matched one used for strength design. This is reflected by the curve in Figure 3.

4. RESULTS AND RECOMMENDATIONS

4.1 Predicted Peak Shear Forces and Moments

The reference axis system used to define the forces and moments is illustrated in Figure 4. The overall
wind-induced overturning moments, shear forces and torsional moments acting at the first floor level,
“Ground”, have been predicted for the design return period and are presented for all test configurations in
Table 2.

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and the
corresponding mode shapes provided by the structural engineer on October 27th, 2014. Appendix B
contains a summary of the provided dynamic properties. The damping ratio was taken as 2% of critical.

For illustrative purposes, the overall wind-induced loads for each wind direction are presented in Figure 5.
The loads in this figure are the values based on the design wind speed, assuming this wind speed applies
equally to all directions. In other words, there is no allowance for the relative probability that the design
wind speed will occur from different directions. This information simply illustrates the raw source data
used in predicting the peak design loads.

Effective static wind loads that correspond to the predicted overall moments and shears are provided on a
floor-by-floor basis in Table 3, corresponding to the worst-case test results. To account for the
simultaneous action of the x, y, and torsional components in Table 3, recommended wind load
combination factors are provided in Table 4. There are 24 basic combinations in the table, representing
each of eight possible sign sets (+++, ++-, +-+, etc.) with each of Fx, Fy and Mz reaching their individual
maximum percentages for that sign set. As an example of applying the combination factors, let us
consider Load Case 1 of Table 4. This load case requires the application of +95% of the Fx, +55% of the
Fy, and +40% of the Mz, Fx*, and Fy* floor-by-floor loads from Table 3. It is recommended that all load
cases be considered for overall structural design.

The wind loads provided in this report include the effects of directionality in the local wind
climate. These loads do not contain safety or load and are to be applied to the building’s
structural system in the same manner as would wind loads calculated by code analytical methods.

Reputation Resources Results Canada | USA | UK | India | China | HongKong | Singapore www.rwdi.com



DEPT OF#EBGO? . dlu: |uvve| I:Job Number Scan Code

Wind-Induced Structural Responses
RWDI#1300388
November 21, 2014
Page 4

4.2 Deflections

Deflections have not been specifically evaluated in this study. Normally the structural engineer evaluates
floor-to-floor and overall deflections by applying the wind load distributions derived from the wind tunnel
tests to a structural computer model of the building. These deflections may then be reviewed by the
structural engineer to assess the potential for excessive shearing in wall systems and patrtitions.

4.3 Accelerations

The predicted wind-induced accelerations at the top occupied floor, taken as the VIP Level (1123.91 ft
above “Ground” floor), are summarized in Figure 6. Figure 6 show the accelerations measured at the top
occupied level floor Structural Level 69 (936 ft. above “Ground” floor).

In addition to the peak values shown in Figures 6, the peak X, Y and torsional components are also
tabulated. The peak accelerations were determined as a function of return period for the provided
frequencies, and an overall damping ratio of 1.5% of critical as requested by the structural engineer.

Figures 6a and 6b also present acceleration criteria from the International Organization for
Standardization (ISO 10137:2007(E)), and RWDI's suggested criteria based on different occupancies.

From Figure 6, it can be seen that the predicted accelerations exceed the ISO based residential criteria
for the 1l-year acceleration at Level 69 and are above the RWDI residential criteria for the 10-year
acceleration. Therefore, it would be desirable to reduce the chance of occupant complaints by improving
the response of the building. The use of supplemental damping could reduce the accelerations to within
the criteria. It should be noted that building accelerations are a serviceability issue and typically not a
safety issue, provided the associated deflections are accounted for in the structural design and the
cladding/glazing system design.

4.4 Torsional Velocities

Also of interest for occupant comfort are the peak torsional velocities. The Council on Tall Buildings and
Urban Habitat (CTBUH) have suggested torsional velocity limits for the 1- and 10-year return periods.
Note that these guidelines are tentative and based on limited research which is still ongoing. The
predicted torsional velocities at the top occupied floor of the tower, for the worst-case test configuration,
are also shown along with the tentative criteria in Figures 6a and 6b. It can be seen that the predicted
torsional velocities are within the criteria for the 1- and 10-year return period. Therefore, in our opinion
the torsional velocities are acceptable for human comfort.
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5. APPLICABILITY OF RESULTS

5.1 The Proximity Model

The structural wind loads and building motions determined by the wind tunnel tests and the associated
analysis are applicable for the particular configurations of surrounding buildings modelled. City
development over time can cause changes in the surroundings from those tested, resulting in loads and
accelerations that could differ from those predicted in this report.

Changes in surroundings can be divided into two categories:

a) addition or demolition of buildings far upwind, having the effect of changing the roughness of the
earth's surface and thereby changing the general wind exposure of the site; and

b) addition or demolition of buildings close to the site, which can cause changes in the local flow
patterns about the study building.

Based on the past history of city developments it appears that, with respect to Category (a), development
over time is far more likely to increase rather than reduce building density. This implies that the
development over time would more likely diminish loads on the study building rather than increase them.
With respect to Category (b), the wind tunnel tests were conducted to represent the current state of the
development of the nearby surroundings, including known projects expected to be completed in the near
future. If, at a later date, additional buildings besides those considered in the tested configuration are
constructed near the project site, then some load changes could occur. Unless, however, a building of
unusual stature is constructed nearby, the normal use of safety or load factors can be expected to cover
the potential increases in structural loads. The consequence of increased motion, should it occur, is that
a greater percentage of the occupants would notice the motions or find them objectionable.

5.2  Study Model and Structural Properties Information

The results presented in this report pertain to 1) the structural properties, as shown in Appendix B; and, 2)
the scale model of the proposed development, constructed using the architectural information listed in
Table 1; and, 3) the phasing of the proposed development, as reflected in the test configurations. Should
there be any design changes that deviate substantially from the above information, the results for the
revised design may differ from those presented in this report. Therefore, if the design changes, RWDI
should be contacted and requested to review the impact on the wind loads and building responses.
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TABLE 1. DRAWING LIST FOR MODEL CONSTRUCTION

The drawings and information listed below were received from SOM and were used to construct the scale
model of the proposed Hudson Yards Tower E. Should there be any design changes that deviate from
this list of drawings, the results may change. Therefore, if changes in the design area made, it is
recommended that RWDI be contacted and requested to review their potential effects on wind conditions.

Date Received
(dd/mmlyyyy)

35 HY_Tower Massing_141021 Rhino 3-D Model 14/10/2014

File Name File Type
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Table 2: Summary of Predicted Peak Overall Structural Wind Loads
Moments Shears
Test Configuration Description My Mx Mz Ex =Y,
(N-m) (N-m) (N-m) (N)
C1 HYE + HYC + HYA + HY D Existing 4.22E+09 | 3.62E+09 | 5.99E+07 | 6.45E+06 | 5.62E+06
Cc2 C1 + 55 Hudson + Future Surround 3.84E+09 | 4.02E+09 | 6.76E+07 | 6.02E+06 | 6.33E+06
Notes:
I'(1) The abowe loads are the cumulative summation of the wind-induced loads at Structural Level 'GROUND'
(i.e. grade) centered about the reference axis shown in Figure 4, exclusive of combination factors.
'(2) A total damping ratio of 2.0% of critical was used for structural load calculations.
'(3) The abowe loads are based on the structural properties as provided on October 27, 2014.

The natural building frequencies were as follows:

Mode 1: 0.156 Hz (primarily Y coupled with X)
Mode 2: 0.170 Hz (primarily X coupled with Y)
Mode 3: 0.326 Hz (primarily torsion).
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Table 3a:

Job Number

Ground Level

Effective Static Floor-by-Floor Wind Loads
Solid Top C1

Height Above

Scan Code

Page 1 of 2

Mz
(Ib-ft)

(ft)

GROUND 0 17000 20700 461000
LO2 18 34100 34800 644000
LO3-MECH 36 27900 35900 858000
LO3-MEZ 475 22300 32100 816000
LO4 59.5 29300 34900 697000
LO5 78.5 34600 43000 834000
LO6 96 30300 38100 631000
LO7-MECH 113.5 36700 43200 854000
LO7-MEZ 129.5 41500 43800 902000
LO8 1415 29800 33600 541000
LO9 155.5 29500 34000 491000
L10 169.5 32200 35500 510000
L11 183.5 35000 37200 529000
L12 197.5 38000 38900 549000
L13 211.5 41200 40700 569000
L14-MECH 225.5 48100 46000 627000
L14-MEZ 241.67 56600 49800 699000
L15 253.5 57000 49700 657000
L16 273.5 44500 44200 284000
L17 293.5 41500 38500 296000
L18 304 36500 31400 281000
L19 314.5 38200 32600 305000
L20 325 37000 31900 301000
L21 335.5 38000 32600 323000
L22 346 39700 33800 346000
L23 356.5 41400 34900 369000
L24 367 43200 36100 390000
L25 377.5 44900 37300 411000
L26 388 46400 38300 424000
L27-MECH 398.5 91200 66700 959000
L27-MEZ 410.5 117200 83400 1251000
L28 422.5 75200 57500 717000
L29 434.5 55000 45300 439000
L30 446.5 57300 46900 466000
L31 458.5 59600 48600 495000
L32 470.5 61200 49900 505000
L33 482.5 63700 51800 538000
L34 494.5 66300 53900 574000
L35 506.5 68900 55900 611000
L36 518.5 71600 58100 649000
L37 530.5 74400 60300 687000
L38 542.5 77200 62600 725000
L39 554.5 80000 65000 763000
L40 566.5 88100 72700 837000
L41 582.17 90700 75100 858000
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Height Above

Ground Level IEA?
(ft) ( - t)

L42 594.17 84800 69800 789000
L43 606.17 87700 72300 821000
L44 618.17 90500 74800 852000
L45 630.17 93400 77400 883000
L46 642.17 96400 80100 913000
L47 654.17 99400 82700 942000
L48 666.17 102300 85400 971000
L49 678.17 105400 88200 998000
L50 690.17 114800 97400 1065000
L51 705.83 115500 98700 1061000
L52 717.83 105600 90100 960000
L53 729.83 108500 92700 980000
L54 741.83 111400 95300 1000000
L55 753.83 114400 97900 1019000
L56 765.83 117400 100500 1037000
L57 777.83 120500 103100 1054000
L58 789.83 123400 105800 1070000
L59 801.83 126400 108500 1085000
L60 813.83 136100 118100 1134000
L61 829.5 134600 117600 1111000
L62 841.5 138000 118400 1130000
L63 853.5 141100 121100 1139000
L64 865.5 144200 123800 1146000
L65 877.5 147500 126500 1152000
L66 889.5 156300 135700 1182000
L67 905.17 166500 146000 1214000
L68 920.83 170900 149900 1219000
L69 936.5 175400 153600 1224000
L70-MECH 952.17 270900 233500 1921000
L71-ROOF 974.17 308700 279900 1973000
TOP 1009.67 152500 138300 154000

Total 6.45E+06 5.62E+06 5.99E+07
Notes:

1. The loads given in this table should be used with the load combination factors given in Table 4.
2. The loads given in this table are centered about the reference axis shown in Figure 4.

3. The above loads correspond to a 50-year return period basic wind speed (3-second gust) of 98
mph.
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Table 3b:

Job Number

Ground Level

Effective Static Floor-by-Floor Wind Loads
Solid Top C2

Height Above

Scan Code

Page 1 of 2

Mz
(Ib-ft)

(ft)

GROUND 0 17000 27100 547000
LO2 18 34100 46600 835000
LO3-MECH 36 31100 46400 1048000
LO3-MEZ 475 28100 40800 1010000
LO4 59.5 32000 45000 896000
LO5 78.5 40600 54700 1099000
LO6 96 36900 48100 861000
LO7-MECH 113.5 43600 53100 1056000
LO7-MEZ 129.5 45700 53000 1072000
LO8 1415 34900 40900 696000
LO9 155.5 35300 41200 656000
L10 169.5 37500 42900 675000
L11 183.5 40000 44600 694000
L12 197.5 42500 46400 714000
L13 211.5 45100 48200 733000
L14-MECH 225.5 51800 54100 804000
L14-MEZ 241.67 58300 58300 864000
L15 253.5 57900 57900 785000
L16 273.5 48000 51300 404000
L17 293.5 43000 44400 387000
L18 304 36400 36100 344000
L19 314.5 37900 37400 369000
L20 325 36800 36500 364000
L21 335.5 37600 37300 386000
L22 346 39000 38500 409000
L23 356.5 40500 39800 432000
L24 367 42000 41000 454000
L25 377.5 43500 42400 474000
L26 388 44800 43400 487000
L27-MECH 398.5 83500 76200 1031000
L27-MEZ 410.5 106200 95300 1330000
L28 422.5 70100 65100 791000
L29 434.5 52700 50800 511000
L30 446.5 54700 52600 538000
L31 458.5 56600 54400 566000
L32 470.5 57900 55800 577000
L33 482.5 60100 57900 610000
L34 494.5 62300 60200 646000
L35 506.5 64500 62400 683000
L36 518.5 66800 64800 721000
L37 530.5 69100 67300 759000
L38 542.5 71500 69800 797000
L39 554.5 74000 72400 835000
L40 566.5 81700 80800 920000
L41 582.17 83800 83400 941000
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Height Above

Ground Level IEA?
(ft) ( - t)

L42 594.17 78000 77600 861000
L43 606.17 80400 80400 893000
L44 618.17 82800 83200 924000
L45 630.17 85300 86100 955000
L46 642.17 87800 89000 985000
L47 654.17 90400 92000 1015000
L48 666.17 92900 95000 1043000
L49 678.17 95500 98000 1071000
L50 690.17 104200 107900 1148000
L51 705.83 104800 109200 1144000
L52 717.83 95600 99800 1031000
L53 729.83 98000 102700 1052000
L54 741.83 100500 105600 1071000
L55 753.83 103000 108500 1090000
L56 765.83 105600 111500 1108000
L57 777.83 108100 114400 1125000
L58 789.83 110700 117400 1142000
L59 801.83 113200 120300 1157000
L60 813.83 122300 130500 1215000
L61 829.5 121000 129600 1192000
L62 841.5 123100 131400 1201000
L63 853.5 125800 134400 1210000
L64 865.5 128400 137400 1217000
L65 877.5 131100 140400 1223000
L66 889.5 139300 150000 1262000
L67 905.17 148800 160800 1303000
L68 920.83 152600 165000 1308000
L69 936.5 156400 169200 1313000
L70-MECH 952.17 240200 258700 2051000
L71-ROOF 974.17 277500 303600 2195000
TOP 1009.67 137100 150000 280000

Total 6.02E+06 6.33E+06 6.76E+07
Notes:

1. The loads given in this table should be used with the load combination factors given in Table 4.
2. The loads given in this table are centered about the reference axis shown in Figure 4.

3. The above loads correspond to a 50-year return period basic wind speed (3-second gust) of 98
mph.

Reputation Resources Results Canada | USA | UK | India | China | HongKong | Singapore www.rwdi.com



DEPT OF BLDGS12 Job Number Scan Code
Page 1 of 1

Table 4: Recommended Wind Load Combinations Factors

Recommended Wind Load Combination Factors for Simultaneous
Application of Loads in Table 3

X Forces Y Forces Torsion
(Fx) (Fy) (Mz)
1 +95% +50% +45%
2 +95% +50% -35%
3 +95% -30% +45%
4 +95% -30% -35%
5 -100% +50% +45%
6 -100% +50% -30%
7 -100% -30% +45%
8 -100% -30% -30%
9 +55% +100% +30%
10 +55% +100% -45%
11 +55% -90% +30%
12 +55% -90% -45%
13 -30% +100% +30%
14 -30% +100% -45%
15 -30% -90% +30%
16 -30% -90% -45%
17 +35% +40% +90%
18 +45% +40% -100%
19 +35% -30% +90%
20 +45% -30% -100%
21 -45% +40% +90%
22 -30% +40% -100%
23 -45% -30% +90%
24 -30% -30% -100%

Notes:

1. Load combination factors have been produced through consideration of the structure’s response
to various wind directions, modal coupling, correlation of wind gusts, and the directionality of
strong winds in the local wind climate.
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Wind Tunnel StUdy MOdeI Figure No. 1a
25% Porous Top - Configuration 1

Hudson Tower E — New York City, New York Project #1300088 Date: Nov. 21. 2014
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Wind Tunnel Study Model Figure No. 1b
25% Porous Top - Configuration 2

Hudson Tower E — New York City, New York Project #1300088 Date: Nov. 21. 2014
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Wind Tunnel StUdy MOdeI Figure No. 1c
Solid Top - Configuration 1

Hudson Tower E — New York City, New York Project #1300088 Date: Nov. 21. 2014
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Wind Tunnel Study Model Figure No. 1d
Solid Top - Configuration 2

Hudson Tower E — New York City, New York Project #1300088 Date: Nov. 21. 2014
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Typical Time Between Occurrences

Return Peak Accelerations® (milli-g) Peak Torsional Velocities
Period Total - [X, Y and torsional components] (milli-rads/sec)
(Years) without with © without with CTBUH®
hurricanes hurricanes hurricanes hurricanes Criteria
1 12-[11,11,1.8] 12-[11,11,1.8] 0.7 0.7 1.5
20-[17, 18, 2.5] - 1.0 - -
10 23-[21, 21, 2.8] - 1.1 - 3

Notes:

(1) A damping ratio of 1.75% of critical was used, along with frequencies of 0.1563, 0.1701, and 0.3257 Hz.

(2) Accelerations are predicted at Structural Level 'L69' (936 ft. above Structural Level 'GROUND')
at a radial distance of 42 ft. from the central axis of the tower (given in Figure 4).

(3) ISO is the International Organization for Standardization, and the current standard (ISO 10137:2007) provides
acceleration criteria for buildings at the 1-year return period. The criteria plotted on the graph have been generated
based on a response-weighted interpretation of the individual modal component of the ISO criteria.

(4) RWODI's criteria for residential and office buildings are based on research, experience and surveys of existing buildings,
and is in agreement with general practice in North America.

(5) The Council on Tall Buildings and Urban Habitat (CTBUH) provides tentative torsional velocity criteria for
the 1- and 10-year return periods.

(6) With the inclusion of hurricanes, it is not appropriate to consider events beyond the 1-year return period when
evaluating occupant comfort. Therefore, longer return period values with hurricanes are not provided.

Predicted Peak Accelerations and Torsional Velocities

75% Porous Parapet Figure No. 6a

Hudson Yards Tower E - New York City, New York Project #1300388| Date: October 31, 2014
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Typical Time Between Occurrences

Return Peak Accelerations® (milli-g) Peak Torsional Velocities
Period Total - [X, Y and torsional components] (milli-rads/sec)
(Years) without with © without with CTBUH®
hurricanes hurricanes hurricanes hurricanes Criteria
1 13-[12, 12, 2.0] 13-[12, 12, 2.0] 0.8 0.8 1.5
21-[19, 19, 2.6] - 1.1 - -
10 25-[23, 22, 3.2] - 1.3 - 3

Notes:

(1) A damping ratio of 1.75% of critical was used, along with frequencies of 0.1563, 0.1701, and 0.3257 Hz.

(2) Accelerations are predicted at Structural Level 'L69' (936 ft. above Structural Level 'GROUND')
at a radial distance of 42 ft. from the central axis of the tower (given in Figure 4).

(3) ISO is the International Organization for Standardization, and the current standard (ISO 10137:2007) provides
acceleration criteria for buildings at the 1-year return period. The criteria plotted on the graph have been generated
based on a response-weighted interpretation of the individual modal component of the ISO criteria.

(4) RWODI's criteria for residential and office buildings are based on research, experience and surveys of existing buildings,
and is in agreement with general practice in North America.

(5) The Council on Tall Buildings and Urban Habitat (CTBUH) provides tentative torsional velocity criteria for
the 1- and 10-year return periods.

(6) With the inclusion of hurricanes, it is not appropriate to consider events beyond the 1-year return period when
evaluating occupant comfort. Therefore, longer return period values with hurricanes are not provided.

Predicted Peak Accelerations and Torsional Velocities

Solid Parapet Figure No. 6b

Hudson Yards Tower E - New York City, New York Project #1300388| Date: October 31, 2014
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APPENDIX A: WIND TUNNEL PROCEDURES

OVERVIEW OF WIND TUNNEL PROCEDURES FOR THE PREDICTION OF WIND-
INDUCED STRUCTURAL RESPONSES

A.1  Wind Tunnel Test and Analysis Methods
A.1.1  Wind Tunnel Tests

RWDI's boundary layer wind tunnel facility simulates the mean speed profile and turbulence of the natural
wind approaching the modeled area by having a long working section with a roughened floor and
specially designed turbulence generators, or spires, at the upwind end. Floor roughness and spires have
been selected to simulate four basic terrain conditions, ranging from open terrain, or water, to built-up
urban terrain. D uring the tests, the upwind profile in the wind tunnel is set to represent the most
appropriate of these four basic profiles, for directions with similar upwind terrain. Scaling factors are also
introduced at the analysis stage to account for remaining minor differences between the expected wind
speed and turbulence properties, and the basic upwind flow conditions simulated in the wind tunnel. The
full-scale properties are derived using the ESDU methodology™ ? for predicting the effect of changes in
the earth’s surface roughness on the planetary boundary layer. F or example, this procedure
distinguishes between the flows generated by a uniform open water fetch upwind of the site, versus a
short fetch of suburban terrain immediately upwind of the site with open water in the distance.

Wind direction is defined as the direction from which the wind blows in degrees measured clockwise from
true north. The test model (study model and surroundings) is mounted on a turntable, allowing any wind
direction to be simulated by rotating the model to the appropriate angle in the wind tunnel. The wind
tunnel test is typically conducted for 36 wind directions at 10° intervals.

A.1.2 Measurement Techniques

This study addresses the horizontal wind loads onthe structural system of a building, the moments
produced by those loads and the horizontal accelerations of the upper part of the building. Predictions of
these responses are required in order that the structural system can be designed to safely resist the wind
loads and, at the same time, provide an environment in which sensations of motion by occupants do not
exceed normal guidelines for comfort. In special cases, vertical wind loads can also be addressed, but
they are typically not significant for tall buildings. There are two techniques, based on wind tunnel testing
of rigid models that are commonly used to make these predictions. The first technique uses
measurements on a b ase balance and the second involves the integration of simultaneous pressure
measurements. In the case of structures that are unusually tall or flexible, an aeroelastic model may be
used.

! Wind speed profiles over terrain with roughness changes for flat or hilly sites. ltem No. 84011, ESDU International London,

1984 with amendments to 1993.

2 Longitudinal turbulence intensities over terrain with roughness changes for flat or hilly sites. ltem No. 84030, ESDU

International London, 1984 with amendments to 1993.
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A.1.2.1 The High-Frequency Force-Balance (HFFB) Technique

The mathematical basis of the HFFB technique is the well-established modal analysis theory. T he
practical basis of the approach is that base moments and shears, as measured on a very rigid (hence
“high-frequency”) wind tunnel model of a building, can be used to determine the wind-induced mean and
dynamic loads, that can be expected to occur under given conditions. These loads can then be combined
analytically with the dynamic properties of the full-scale structure to determine the wind-induced
responses.

For the test, a model of the building is constructed with the aim of being as light and stiff as possible. The
model is then mounted on the HFFB (Figure 1a), which consists of a s tiff rectangular sway flexure
mounted on top of a stiff torsional flexure. The resulting mass and stiffness of the assemblage (i.e.,
flexures and m odel) should produce sway and torsional natural frequencies well above the range of
interest for the subsequent analysis. Residual dynamic amplification effects associated with the model
frequencies are removed during the post-test analysis.

During the HFFB test, instantaneous overturning and torsional moments are recorded from strain gauges
attached to the force-balance flexures. The sway flexure consists of two levels of strain gauges, from
which the base moments may be determined at the appropriate level (e.g., grade). The instantaneous
shear is computed from the difference in strain gauge readings at the two levels. The strain gauges are
calibrated by applying a range of known static loads (sway and torsion) to the flexures prior to the wind
tunnel tests.

For each of the test wind directions, the recorded data are analysed to obtain mean and r oot-mean-
square (RMS) values of the base moments, shears and torsional moments. In addition, the RMS values
and the power spectral density functions of the modal forces and torque acting on the building are
calculated. A modal force (or torque) is the integral of the force (or torque), weighted by the modal
deflection shape, over the height of the building. To calculate this from the HFFB data, the base
overturning moments and shears are used to determine a linear distribution of pressure with height for
each sway direction, from which a force distribution with height can then be obtained. The distribution of
torque with height is predicted from a weighted average of the sway pressure distributions.

Where the project involves two or more towers that are structurally linked, the HFFB technique can be
extended to these cases by use of multiple force balances recording data simultaneously. The details of
the methodology for these cases may be found in Xie and Irwin®*

Xie, J., and Irwin, P.A., “Application of the Force Balance Technique to a Building Complex”, Journal of Wind Engineering and
Industrial Aerodynamics, Vols. 77 & 78 (1998), pg. 579-590.

Xie, J., and Irwin, P.A., “Wind-Induced Response of a Twin-Tower Structure”, Wind and Structures, Vol. 4, No. 6 (2001), pg.
495-504.
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A.1.2.2 The High Frequency Pressure Integration (HFPI) Technique

The mathematical basis of this technique is also the modal analysis theory. The practical basis of this
approach is that wind pressure measurements, taken simultaneously over the surface of a building, can
be summed (or integrated) to determine the wind-induced mean and dynamic loads, which can be
expected to occur under given wind conditions. These loads can then be combined analytically with the
dynamic properties of the full-scale structure to determine the wind-induced responses.

For the test, a model is constructed and instrumented with pressure taps at enough locations (Figure 1b)
to fully describe the overall wind loading at any instant in time. During the testing, time series of the
simultaneous pressures are recorded for post-test processing. The measured data are converted into
pressure coefficients based on the measured upper level mean dynamic pressure in the wind tunnel.

During the post-test analysis, the integration is carried out to determine time series of the base moments,
shears, torsional moments and modal forces. From these time series, the mean and RMS values and
power spectral density functions may be determined and then the analysis proceeds in the same manner
as for an HFFB study.

An advantage of the HFPI method is that it lends itself to the testing of more complex structures since the
modal loads are determined directly with no assumptions necessary about the form of the pressure
distribution. It also allows the overall structure to be broken down into multiple substructures and the
loads on each identified separately.

A.1.2.3 Aeroelastic Model Testing

An aeroelastic model is designed to simulate the mass, stiffness and dam ping properties of the actual
structure. The responses of the model, in the form of moments, forces, displacements and accelerations,
therefore reflect the total response including the inertial loading. Because the motion of the structure is
simulated, aeroelastic forces arising from the relative motion between the structure and the wind are also
inherent in the measured responses. The result is a more precise prediction of the structural responses.
This appendix focuses primarily on rigid model techniques, and details on aeroelastic modelling
techniques may be found elsewhere®.

A.1.3 Determination of Structural Responses

The rigid model (i.e., HFFB or HFPI) data are used to determine the modal loads for each of the 36 tested
wind directions. The modal loads are then combined with the specific properties of the building, provided
by the structural engineer, to determine the dynamic components of the various structural responses.
These properties included the mass distribution, natural frequencies for the fundamental sway and
torsional modes of vibration, and selected structural damping values. For each principal wind direction,
mean, root-mean-square, maximum, and minimum values of the important overall structural loads are
calculated for a range of full-scale wind speeds.

8 Irwin, P.A., “Model Studies of the Dynamic Response of Tall Buildings in Wind”, Proceedings, Canadian Society for Civil

Engineering, 1982 Annual Conference, Edmonton, Alberta.
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For assessing building motions, the quantity of interest is the total acceleration at the uppermost,
occupied floors. Total acceleration is a result of two components due to the sway motions of a building,
a, and a, and acomponent due to the rotational motion of the building, a,. T he rotation-induced
component varies with position in the floor plan, being negligible near the center of rotation and greatest
at the far corner locations. The total acceleration would therefore be greatest at such corner locations,
but this would not be representative of where most occupants are likely to be. As an effective
compromise between extreme options, a radial arm equivalent to the mass radius of gyration of the top
occupied floor from the center of the building is typically selected by RWDI as the representative distance
for calculating the rotational component.

A.1.4 Determination of Peak Factors

The RMS value of a structural response multiplied by a peak factor gives the peak dynamic value for the
response. For a Gaussian process, which is the common case for the random vibrations, the peak factor
can be calculated as follows:

0.577
L =/2In(NT) + W

where N is the average fluctuation rate and T is the duration to be considered. As the response of a
tower tends to be a narrow band process (i.e., the energy of the response is highly concentrated around
the tower’s natural frequency), N is approximately equal to the building’s natural frequency. When the
reference wind speed is converted to a mean hourly speed, T can be taken as 3600 seconds. The peak
factor calculated in this manner is used for an HFFB or HFPI analysis. Aeroelastic model tests simulate
the total response and therefore allow the peak factor to be measured directly. Lower values of the peak
factor are generally measured in cases where vortex-induced oscillations, or some other aerodynamic
instability, are present.

A.1.5 Consideration of the Local Wind Climate

Carrying out the procedures described in the previous sections determines the structural responses to be
expected at full-scale for a given set of building properties and for any given wind direction and mean
wind speed. However, in order to account for the varying likelihood of different wind directions and the
varying strengths of winds that may be expected from different directions, the calculated structural
responses are integrated with statistical records of the local wind climate to produce predicted peak
values as a function of return period. In the case of structural loads, it is appropriate to consider peak
loads associated with return periods comparable to the design life of the structure. The choice of return
period will be governed by local code requirements, that consider the intended use of the building, but 50
years is often used (with the appropriate load or safety factors applied) for structural design. In the case
of building motions, the concern is one of occupant comfort and it is common to consider much shorter
return periods, typically in the range of 1 to 10 years.
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Wind records taken from one or more locations near to the study site are generally used to derive the
wind climate model. In areas affected by hurricanes or typhoons, Monte Carlo simulations are typically
used to generate a better database since full scale measurements, if available for a given location,
typically provide an inadequate sample for statistical purposes. The data in either case are analysed to
determine the probabilities of exceeding various hourly mean wind speeds from within each of 36 wind
sectors at an upper level reference height, typically taken to be 600 m (2000 ft) above open terrain. This
coincides with the height used to measure the reference dynamic pressure in the wind tunnel.

In order to predict the wind-induced responses for a given return period, the wind tunnel results are
integrated with the wind climate model. There are two methods typically used by RWDI to perform this
integration. In one method, the historical (or simulated as is the case with hurricanes or typhoons) wind
record is used to determine the full-scale wind-induced responses for each hour, given the recorded wind
speed and direction and the wind tunnel predictions for that direction. By stepping through the wind
speed and direction data on an hour-by-hour basis, a time history of the desired response is generated.
Then, through the use of extreme value fitting techniques, statistically valid peak responses for any
desired return period are determined.

The second method is the Upcrossing Method as described by Irwin® and Irwin and Sifton”. In simple
terms, this can be t hought of as an anal ytical representation of the first method, in which a fitted
mathematical model of the wind statistics is used in place of the detailed wind records themselves. The
Upcrossing Method is currently used by RWDI for HFFB and HFPI studies of the structural loads and
responses of tall buildings.

A.1.6 Design Wind Speeds in Hurricane/Typhoon Regions

It may be of interest to compare design wind speeds with the Saffir-Simpson hurricane categories,
although this should be done with caution. In particular, while associating the building strength or
performance with a given category of hurricane may sound appealing, it ignores the likelihood of that
category of storm actually occurring at a given site. It also ignores the distinction between a direct hit
from a weak hurricane compared with a glancing blow from a strong one. For this reason, when adopting
criteria for both strength and serviceability, building codes and standards relate design wind speeds to
return period rather than simply to storm categories or other similar systems.

The commentary to the ASCE 7-05 has a discussion in Section C6.5.4 regarding the relationship between
the Basic Wind Speeds in the standard and the Saffir-Simpson scale. The Basic Wind speeds given
currently in the ASCE 7 are 3-second gust speeds at 33 feet over land. The ASCE commentary also
provides guidance on conversion to other wind speed durations in the same terrain conditions, which may
be considered if the design wind speeds are taken from other sources.

Irwin, P.A., “Pressure Model Techniques for Cladding Loads”, Journal of Wind Engineering and Industrial Aerodynamics 29
(1988), pg. 69-78.

7 Irwin, P.A. and Sifton, V. L., “Risk Considerations for Internal Pressures”, Journal of Wind Engineering and Industrial
Aerodynamics, 77 & 78 (1998), pg. 715-723.
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Hurricane wind speeds commonly referred to with the Saffir-Simpson scale are 1-minute averages over
water. The conversion between these different averaging times and terrain conditions is complicated by
the fact that the effective roughness of the sea surface varies with wind speed. The ASCE commentary
(Table C6-2) provides the following approximate conversions, although they are the topic of ongoing
research:

Saffir/Simpson 1-minute average speed, 33 ft (10 3-second gust speed, 33 ft (10 m)
Hurricane Category m) over water, mph (m/s) over land, mph (m/s)
1 74-95 (33.1-42.5) 82-108 (36.7-48.3)
2 96-110 (42.6-49.2) 109-130 (48.4-58.1)
3 111-130 (49.6-58.1) 131-156 (58.2-69.7)
4 131-155 (58.2-69.3) 157-191 (69.8-85.4)
5 >155 (>69.3) >191 (>85.4)

When relating the design speed for a particular area to the above categories, it is worth considering the
impact of the load factor. For example, a basic wind speed of 120 mph specified by the ASCE 7-05
corresponds to a Category 2 hurricane, as is. With the load factor of 1.6 (or 1.26 on wind speed), this
corresponds to 152 mph and a Category 3 storm.

A.1.7 Determination of Wind Load Distribution with Height

The wind-induced forces generated within a building are constantly changing due to turbulence in the
wind as well as the inertia of the building as it sways and twists. However, it is convenient for structural
design computations to convert these fluctuating wind loads into equivalent static wind load distributions.
Such wind load distributions are determined by accounting for the vertical distributions of the quasi-static
and resonant components of the wind loads independently. T he quasi-static wind loads essentially
represent the direct wind loading on the building, which may be characterized by a mean component and
a fluctuating background component. The resonant wind loads are produced by the inertial loads of the
building as it oscillates in its primary modes of vibration. T he distribution of the resonant forces and
moments may be inferred to a good approximation from the building accelerations, mode shapes for sway
and twisting motion, and from the building's mass distribution. The quasi-static loads are then determined
from the difference between the overall loads and the resonant loads. T he quasi-static loads are
distributed based on the resulting quasi-static shear forces and overturning moments, and the building
geometry.
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These distributions correspond to the predicted peak overall loads in each of the two sway directions, and
also in torsion. These three load distributions will not necessarily occur at the same instant in time or
during the same storm and, therefore, should not be treated as simultaneous loads. Reduction factors
are subsequently introduced to account for the peak design values occurring at different times. These
reduction factors can be determined by a process that compares the peak overall loads in each of the two
sway directions, and in the torsional direction to the building’s force data measured on a d irection by
direction basis and factored by its meteorological directional probability. This procedure produces a set of
load combinations that are simply defined and expected to provide adequate loading of all members of
the primary structural system.

A.2 Discussion of Acceleration Criteria

Acceleration levels that are acceptable to people are dependent on many physiological factors and
consequently are subjective to some degree. Some background to the suggested criteria for acceptability
of building accelerations is discussed in this section.

As with any other response to wind loading, acceleration is a random, fluctuating quantity, which must be
described in statistical terms. There are two statistics that are commonly used in the literature to describe
accelerations: the root-mean-square (RMS) values and the peak. The acceleration predictions that are
provided for the various return periods in this report are peak values, expected to occur a few times each
hour during a windstorm.

Research indicates that people first begin to perceive accelerations when they reach about 5 milli-g
(where milli-g is 1/1000 of the acceleration of gravity). However, it is not realistic to require that no
accelerations ever occur above this level. In addition, there is a distinction to be made between the
perception of motion, and the tolerance of it. That is, simply because occupants can perceive motion
does not necessarily mean they will object to it, as long as such motions do not occur too often. Criteria
have therefore been developed that relate acceleration levels and their acceptability to various
frequencies of occurrence.

The first building code document to give guidance on building motions was the National Building Code of
Canada (NBCC). It suggested that 10-year return period accelerations in the range of 1.0% to 3.0% of
gravity (10 to 30 milli-g) were acceptable, with the upper end of the range being appropriate for office
buildings and the lower end for residential buildings.

Research conducted during the development of the acceleration criteria in the NBCC indicated that
peoples’ sensitivity to motion becomes less as the natural frequency of the building becomes lower (at
least in the range of interest for tall buildings, 0.1 Hz to 1.0 Hz). This dependence is not reflected in the
NBCC, which provides a single set of criteria based on results for frequencies primarily in the range 0.15
to 0.3 Hz. The criteria suggested by the International Organization for Standardization (ISO) are
expressed as a function of frequency. T he upper limit of the ISO criteria is based on m agnitudes of
acceleration which approximately 2% of those occupying the upper third of ab uilding may find
objectionable. The ISO Criteria generally have used shorter return periods than 10 years.
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ISO initially published criteria (ISO 6897:1984) based on a 5-year return period, which were expressed in
terms of the RMS acceleration. The corresponding 1-year criterion was tentatively suggested by I1SO to
be 0.72 times the 5-year criterion. It should be noted that the ISO 6897 made reference to “buildings
used for general purposes,” in reference to the above criteria, with no distinction between commercial and
residential occupancies as suggested in the NBCC.

In the new ISO standard (ISO 10137:2007(E) — Annex D) on building serviceability, the acceleration
criteria are expressed as peak values at the 1-year return period. The expression for building frequencies
ranging from .06 Hz to 1 Hz (which is the range of interest for high-rise buildings) is as follows:

1-Year Peak Criterion in milli — g = constant x f***°

where f is the building frequency in Hz, and the constant is 6.12 for office buildings, and 4.08 for
residential buildings. In other words, the residential criteria are 2/3 of the office criteria. In the absence of
information to the contrary, it is assumed that the corresponding 5-year criterion can be obt ained by
dividing the 1-year criteria by the 0.72 factor given in ISO 6897.

In addition to the NBCC and ISO guidelines, acceleration criteria were developed based on a consensus
between design teams, developers, and the wind engineering community’s experience with many towers
constructed and wind tunnel tested during the 1980's and 1990's. The Council on Tall Buildings and
Urban Habitat (CTBUH) recommends 10-year accelerations of 10 to 15 milli-g for residential buildings and
20 to 25 milli-g for office buildingss. Based on discussions between RWDI and the designers of
numerous high-rise towers, we have found it desirable to relax the residential criteria to a range of 15 to
18 milli-g, noting that the consequence of higher accelerations is an increased likelihood of occupant
discomfort, rather than an issue of life safety. After numerous studies using this less stringent criteria®,
we are not aware of any complaints of building performance. It should be noted that these criteria, which
are not expressed as functions of frequency, may not be appropriate particularly for buildings with
unusually high or low frequencies. For more typical frequencies, these criteria essentially follow the trend
of the ISO-derived 1-year and 5-year criteria.

A hotel will fall somewhere between office and residential buildings as far as criteria for occupant comfort
are concerned, unless the upper floors are occupied by long term residents in which case the residential
building criteria would apply.

Isyumov, N. “Criteria for Acceptable Wind-Induced Motions of Tall Buildings,” International Conference on Tall Buildings,
CTBUH, Rio De Janerio, 1993.

° Irwin, P. and Myslimaj, B. “Practical Experience with Wind-Tunnel Predicted Tall Building Motions” — 17-th Congress of IABSE,
Chicago, September 17-19, 2008.
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The above-mentioned reference, which contains the CTBUH criteria, also suggests that the North
American practice of using the 10-year return period for assessing accelerations and occupant comfort is
not appropriate for areas subjected to hurricanes, and recommends the 1-year return period be
considered in such regions. Use of the 1-year return period is consistent with current practice in Japan,
where typhoons are a significant consideration for the design of high-rise towers. If building occupants
choose to remain during a hurricane, it is reasonable to suggest that they should not expect normal
conditions to prevail. Furthermore, research into occupant comfort indicates that motions tend to be more
tolerable as long as they are not completely unexpected. While structural modifications and/or auxiliary
damping could be employed to reduce the motions during hurricanes, such measures are typically
undertaken to address motions during more common wind events. Therefore, simply educating building
occupants as to the likelihood of motion during stronger hurricanes might be a more appropriate way to
address occupant comfort, particularly in tall slender towers.
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MODE 1 MODE 2 MODE 3 MODE 4 MODE 5 MODE 6
Dynamic Properties T=640s T=588s T=307s T=199s T=156s T=137s
Translation Translation Rotation Translation Translation Rotation
Level Floor Height | Elevation Dynamic | o o omic mmi| - Genter of Center of ux uy Rz Ux uy RZ ux uy Rz UX uy RZ ux uy Rz Ux uy RZ
Mass Mass (X) Mass (Y)
(ft) (ft) (kips) (Kip-ft?) (ft) (ft) (ft) (ft) (rad) (ft) (ft) (rad) (ft) (ft) (rad) (ft) (ft) (rad) (ft) (ft) (rad) (ft) (ft) (rad)
TOP 0.00 1009.67 25 10,335 171 0.79 -0.00319 0.00711 1.870E-07 0.00677 0.00315 5.487E-06 0.00102 -0.00017 -1.386E-04 0.00077 -0.00694 -1.200E-07 -0.00813 -0.00123 -2.006E-05 0.00214 -0.00095 -8.304E-05
L71-ROOF 35.50 974.17 145 241,672 0.66 0.16 -0.00301 0.00672 2.220E-07 0.00641 0.00297 5.503E-06 0.00081 -0.00003 -1.382E-04 0.00065 -0.00591 -4.410E-07 -0.00682 -0.00097 -1.991E-05 0.00165 -0.00070 -8.220E-05
L70-MECH 22.00 952.17 135 242,481 0.39 0.07 -0.00291 0.00648 2.490E-07 0.00619 0.00286 5.511E-06 0.00072 0.00000 -1.379E-04 0.00058 -0.00526 -6.950E-07 -0.00601 -0.00082 -1.971E-05 0.00138 -0.00058 -8.125E-05
L69 15.67 936.50 89 153,687 -2.46 -2.05 -0.00283 0.00630 2.810E-07 0.00604 0.00276 5.510E-06 0.00037 0.00039 -1.375E-04 0.00052 -0.00479 -9.530E-07 -0.00546 -0.00066 -1.935E-05 0.00102 -0.00028 -8.020E-05
L68 15.67 920.83 89 153,687 -2.46 -2.05 -0.00275 0.00612 3.260E-07 0.00588 0.00269 5.502E-06 0.00032 0.00038 -1.369E-04 0.00047 -0.00432 -1.284E-06 -0.00487 -0.00056 -1.881E-05 0.00084 -0.00022 -7.885E-05
L67 15.67 905.17 89 153,687 -2.46 -2.05 -0.00267 0.00595 3.810E-07 0.00572 0.00261 5.492E-06 0.00027 0.00037 -1.363E-04 0.00041 -0.00385 -1.675E-06 -0.00428 -0.00046 -1.816E-05 0.00067 -0.00016 -7.719E-05
L66 15.67 889.50 86 151,059 -2.63 -2.13 -0.00259 0.00577 4.460E-07 0.00556 0.00253 5.480E-06 0.00021 0.00038 -1.355E-04 0.00035 -0.00337 -2.112E-06 -0.00370 -0.00037 -1.740E-05 0.00049 -0.00009 -7.523E-05
L65 12.00 877.50 84 148,462 -2.81 -2.26 -0.00253 0.00563 4.990E-07 0.00544 0.00247 5.470E-06 0.00016 0.00040 -1.349E-04 0.00030 -0.00301 -2.462E-06 -0.00327 -0.00030 -1.678E-05 0.00036 -0.00004 -7.350E-05
L64 12.00 865.50 84 148,462 -2.81 -2.26 -0.00247 0.00550 5.540E-07 0.00532 0.00241 5.460E-06 0.00012 0.00039 -1.341E-04 0.00025 -0.00264 -2.817E-06 -0.00284 -0.00024 -1.614E-05 0.00024 0.00000 -7.155E-05
L63 12.00 853.50 84 148,462 -2.81 -2.26 -0.00241 0.00536 6.100E-07 0.00520 0.00235 5.452E-06 0.00009 0.00037 -1.332E-04 0.00021 -0.00229 -3.165E-06 -0.00242 -0.00019 -1.550E-05 0.00013 0.00003 -6.932E-05
L62 12.00 841.50 84 148,462 -2.81 -2.26 -0.00235 0.00523 6.620E-07 0.00508 0.00230 5.442E-06 0.00006 0.00036 -1.322E-04 0.00016 -0.00193 -3.477E-06 -0.00202 -0.00014 -1.484E-05 0.00002 0.00007 -6.672E-05
L61 12.00 829.50 83 147,613 -0.22 -1.27 -0.00229 0.00509 6.990E-07 0.00496 0.00225 5.426E-06 0.00017 0.00001 -1.309E-04 0.00011 -0.00159 -3.681E-06 -0.00162 -0.00015 -1.419E-05 0.00000 -0.00006 -6.350E-05
L60 15.67 813.83 86 152,737 -0.34 -1.95 -0.00222 0.00492 6.720E-07 0.00481 0.00218 5.357E-06 0.00005 0.00001 -1.290E-04 0.00005 -0.00116 -3.418E-06 -0.00115 -0.00012 -1.329E-05 -0.00014 0.00001 -5.867E-05
L59 12.00 801.83 83 148,650 -0.42 -1.86 -0.00216 0.00478 6.480E-07 0.00469 0.00213 5.278E-06 0.00005 0.00002 -1.274E-04 0.00001 -0.00084 -3.156E-06 -0.00079 -0.00011 -1.237E-05 -0.00019 0.00006 -5.454E-05
L58 12.00 789.83 83 148,650 -0.42 -1.86 -0.00210 0.00465 6.230E-07 0.00458 0.00208 5.184E-06 0.00003 0.00001 -1.256E-04 -0.00003 -0.00052 -2.871E-06 -0.00044 -0.00010 -1.130E-05 -0.00024 0.00011 -5.015E-05
L57 12.00 777.83 83 148,650 -0.42 -1.86 -0.00204 0.00451 5.970E-07 0.00446 0.00202 5.077E-06 0.00002 0.00000 -1.236E-04 -0.00007 -0.00021 -2.571E-06 -0.00009 -0.00009 -1.013E-05 -0.00029 0.00016 -4.553E-05
L56 12.00 765.83 83 148,650 -0.42 -1.86 -0.00198 0.00438 5.720E-07 0.00435 0.00197 4.962E-06 0.00001 0.00000 -1.216E-04 -0.00011 0.00009 -2.264E-06 0.00024 -0.00007 -8.888E-06 -0.00033 0.00020 -4.072E-05
L55 12.00 753.83 83 148,650 -0.42 -1.86 -0.00193 0.00425 5.470E-07 0.00423 0.00192 4.842E-06 0.00000 -0.00001 -1.194E-04 -0.00015 0.00039 -1.953E-06 0.00056 -0.00006 -7.606E-06 -0.00037 0.00025 -3.576E-05
L54 12.00 741.83 83 148,650 -0.42 -1.86 -0.00187 0.00411 5.200E-07 0.00412 0.00187 4.721E-06 -0.00001 -0.00001 -1.172E-04 -0.00018 0.00068 -1.638E-06 0.00087 -0.00004 -6.325E-06 -0.00040 0.00029 -3.066E-05
L53 12.00 729.83 83 148,650 -0.42 -1.86 -0.00181 0.00398 4.910E-07 0.00400 0.00181 4.605E-06 -0.00002 -0.00002 -1.148E-04 -0.00022 0.00096 -1.320E-06 0.00117 -0.00002 -5.094E-06 -0.00043 0.00032 -2.547E-05
L52 12.00 717.83 83 148,650 -0.42 -1.86 -0.00176 0.00385 4.560E-07 0.00389 0.00176 4.501E-06 -0.00002 -0.00002 -1.124E-04 -0.00025 0.00124 -9.960E-07 0.00144 0.00000 -3.977E-06 -0.00046 0.00036 -2.021E-05
L51 12.00 705.83 93 167,890 -1.69 -1.05 -0.00170 0.00372 4.090E-07 0.00378 0.00170 4.426E-06 0.00005 0.00011 -1.099E-04 -0.00028 0.00150 -6.600E-07 0.00170 0.00003 -3.108E-06 -0.00047 0.00041 -1.496E-05
L50 15.67 690.17 96 173,808 -2.15 -0.89 -0.00163 0.00355 3.320E-07 0.00364 0.00163 4.347E-06 0.00006 0.00015 -1.064E-04 -0.00031 0.00182 -1.810E-07 0.00198 0.00007 -2.196E-06 -0.00050 0.00044 -7.939E-06
L49 12.00 678.17 91 167,830 -2.15 -0.79 -0.00158 0.00343 2.760E-07 0.00353 0.00158 4.273E-06 0.00006 0.00014 -1.036E-04 -0.00033 0.00206 1.920E-07 0.00219 0.00010 -1.426E-06 -0.00051 0.00046 -2.415E-06
L48 12.00 666.17 91 167,830 -2.15 -0.79 -0.00152 0.00330 2.230E-07 0.00342 0.00152 4.187E-06 0.00006 0.00013 -1.007E-04 -0.00035 0.00228 5.530E-07 0.00239 0.00013 -5.830E-07 -0.00053 0.00047 3.120E-06
L47 12.00 654.17 91 167,830 -2.15 -0.79 -0.00147 0.00318 1.750E-07 0.00332 0.00147 4.091E-06 0.00005 0.00012 -9.768E-05 -0.00037 0.00249 8.960E-07 0.00258 0.00016 3.240E-07 -0.00053 0.00048 8.627E-06
L46 12.00 642.17 91 167,830 -2.15 -0.79 -0.00142 0.00305 1.310E-07 0.00321 0.00142 3.987E-06 0.00004 0.00011 -9.457E-05 -0.00039 0.00269 1.220E-06 0.00275 0.00019 1.281E-06 -0.00054 0.00048 1.407E-05
L45 12.00 630.17 91 167,830 -2.15 -0.79 -0.00137 0.00293 9.000E-08 0.00311 0.00137 3.877E-06 0.00004 0.00010 -9.137E-05 -0.00041 0.00287 1.524E-06 0.00292 0.00022 2.271E-06 -0.00055 0.00048 1.942E-05
L44 12.00 618.17 91 167,830 -2.15 -0.79 -0.00132 0.00281 5.300E-08 0.00301 0.00132 3.763E-06 0.00003 0.00009 -8.810E-05 -0.00043 0.00304 1.809E-06 0.00307 0.00024 3.275E-06 -0.00055 0.00048 2.465E-05
L43 12.00 606.17 91 167,830 -2.15 -0.79 -0.00127 0.00270 1.800E-08 0.00291 0.00127 3.648E-06 0.00003 0.00008 -8.478E-05 -0.00045 0.00319 2.072E-06 0.00321 0.00026 4.275E-06 -0.00055 0.00048 2.972E-05
L42 12.00 594.17 91 167,848 -2.15 -0.79 -0.00122 0.00258 -1.500E-08 0.00281 0.00122 3.537E-06 0.00002 0.00007 -8.142E-05 -0.00046 0.00333 2.312E-06 0.00333 0.00028 5.248E-06 -0.00055 0.00047 3.457E-05
L41 12.00 582.17 100 190,368 -1.08 0.31 -0.00117 0.00247 -3.800E-08 0.00270 0.00118 3.445E-06 0.00010 -0.00002 -7.808E-05 -0.00048 0.00345 2.492E-06 0.00344 0.00031 6.142E-06 -0.00059 0.00050 3.913E-05
L40 15.67 566.50 102 196,625 -0.81 0.82 -0.00110 0.00233 -1.000E-09 0.00258 0.00113 3.360E-06 0.00013 -0.00005 -7.362E-05 -0.00050 0.00357 2.487E-06 0.00356 0.00032 7.184E-06 -0.00062 0.00050 4.476E-05
L39 12.00 554.50 97 188,659 -0.82 0.85 -0.00106 0.00223 2.800E-08 0.00248 0.00108 3.276E-06 0.00012 -0.00005 -7.009E-05 -0.00051 0.00365 2.510E-06 0.00364 0.00033 8.009E-06 -0.00062 0.00048 4.893E-05
L38 12.00 542.50 97 188,659 -0.82 0.85 -0.00101 0.00213 5.800E-08 0.00239 0.00104 3.183E-06 0.00011 -0.00006 -6.652E-05 -0.00052 0.00371 2.537E-06 0.00371 0.00034 8.819E-06 -0.00062 0.00047 5.286E-05
L37 12.00 530.50 97 188,659 -0.82 0.85 -0.00096 0.00203 8.800E-08 0.00230 0.00100 3.086E-06 0.00010 -0.00006 -6.292E-05 -0.00053 0.00376 2.567E-06 0.00377 0.00034 9.601E-06 -0.00062 0.00045 5.654E-05
L36 12.00 518.50 97 188,659 -0.82 0.85 -0.00092 0.00193 1.160E-07 0.00220 0.00096 2.984E-06 0.00009 -0.00007 -5.932E-05 -0.00053 0.00380 2.600E-06 0.00381 0.00035 1.034E-05 -0.00061 0.00043 5.994E-05
L35 12.00 506.50 97 188,659 -0.82 0.85 -0.00087 0.00184 1.440E-07 0.00212 0.00092 2.880E-06 0.00009 -0.00008 -5.574E-05 -0.00054 0.00383 2.636E-06 0.00385 0.00035 1.104E-05 -0.00060 0.00041 6.303E-05
L34 12.00 494.50 97 188,659 -0.82 0.85 -0.00083 0.00175 1.700E-07 0.00203 0.00088 2.776E-06 0.00008 -0.00008 -5.221E-05 -0.00054 0.00384 2.672E-06 0.00386 0.00036 1.167E-05 -0.00059 0.00039 6.579E-05
L33 12.00 482.50 97 188,659 -0.82 0.85 -0.00079 0.00166 1.930E-07 0.00194 0.00085 2.672E-06 0.00008 -0.00009 -4.878E-05 -0.00054 0.00385 2.708E-06 0.00387 0.00036 1.224E-05 -0.00057 0.00036 6.821E-05
L32 12.00 470.50 97 189,541 -0.82 0.85 -0.00075 0.00158 2.120E-07 0.00186 0.00081 2.570E-06 0.00007 -0.00009 -4.547E-05 -0.00053 0.00384 2.741E-06 0.00387 0.00037 1.272E-05 -0.00056 0.00034 7.027E-05
L31 12.00 458.50 98 199,158 -0.10 0.02 -0.00071 0.00150 2.250E-07 0.00178 0.00078 2.471E-06 0.00003 -0.00013 -4.237E-05 -0.00053 0.00383 2.769E-06 0.00386 0.00038 1.312E-05 -0.00048 0.00037 7.194E-05
L30 12.00 446.50 98 200,519 0.04 -0.11 -0.00068 0.00143 2.280E-07 0.00171 0.00075 2.377E-06 0.00003 -0.00013 -3.955E-05 -0.00052 0.00381 2.792E-06 0.00384 0.00039 1.342E-05 -0.00045 0.00035 7.321E-05
L29 12.00 434.50 98 200,519 0.04 -0.11 -0.00065 0.00136 2.160E-07 0.00163 0.00072 2.292E-06 0.00002 -0.00013 -3.711E-05 -0.00051 0.00377 2.805E-06 0.00380 0.00039 1.361E-05 -0.00043 0.00033 7.407E-05
L28 12.00 422.50 145 350,162 -0.03 -0.11 -0.00062 0.00130 2.020E-07 0.00156 0.00069 2.244E-06 0.00002 -0.00013 -3.556E-05 -0.00050 0.00374 2.802E-06 0.00375 0.00039 1.368E-05 -0.00041 0.00031 7.444E-05
L27-MEZ 12.00 410.50 241 621,370 -0.05 -0.25 -0.00059 0.00125 2.030E-07 0.00149 0.00066 2.243E-06 0.00001 -0.00014 -3.551E-05 -0.00048 0.00370 2.802E-06 0.00370 0.00040 1.368E-05 -0.00039 0.00029 7.444E-05
L27-MECH 12.00 398.50 195 474,913 -0.05 -0.37 -0.00056 0.00120 2.020E-07 0.00143 0.00064 2.242E-06 0.00000 -0.00014 -3.546E-05 -0.00047 0.00366 2.800E-06 0.00365 0.00040 1.368E-05 -0.00036 0.00028 7.442E-05
L26 10.50 388.00 99 209,526 0.01 -0.61 -0.00054 0.00115 1.850E-07 0.00137 0.00062 2.210E-06 -0.00002 -0.00014 -3.454E-05 -0.00046 0.00361 2.720E-06 0.00360 0.00040 1.363E-05 -0.00033 0.00026 7.390E-05
L25 10.50 377.50 99 211,698 0.01 -0.61 -0.00051 0.00110 1.580E-07 0.00131 0.00059 2.157E-06 -0.00002 -0.00014 -3.307E-05 -0.00045 0.00356 2.576E-06 0.00354 0.00041 1.353E-05 -0.00031 0.00024 7.296E-05
L24 10.50 367.00 99 211,698 0.01 -0.61 -0.00049 0.00105 1.270E-07 0.00126 0.00057 2.092E-06 -0.00003 -0.00013 -3.136E-05 -0.00043 0.00350 2.389E-06 0.00347 0.00041 1.339E-05 -0.00030 0.00021 7.172E-05
L23 10.50 356.50 99 211,698 0.01 -0.61 -0.00046 0.00100 9.100E-08 0.00120 0.00054 2.019E-06 -0.00003 -0.00013 -2.952E-05 -0.00042 0.00343 2.165E-06 0.00341 0.00041 1.322E-05 -0.00028 0.00018 7.025E-05
L22 10.50 346.00 99 211,698 0.01 -0.61 -0.00044 0.00095 5.200E-08 0.00115 0.00052 1.942E-06 -0.00003 -0.00012 -2.760E-05 -0.00040 0.00336 1.902E-06 0.00333 0.00041 1.302E-05 -0.00026 0.00015 6.858E-05
L21 10.50 335.50 99 211,698 0.01 -0.61 -0.00042 0.00091 7.000E-09 0.00109 0.00050 1.861E-06 -0.00003 -0.00011 -2.564E-05 -0.00039 0.00329 1.597E-06 0.00326 0.00041 1.281E-05 -0.00025 0.00011 6.675E-05
L20 10.50 325.00 101 212,788 -0.19 -0.66 -0.00039 0.00086 -4.700E-08 0.00104 0.00048 1.775E-06 -0.00004 -0.00009 -2.370E-05 -0.00037 0.00322 1.237E-06 0.00318 0.00041 1.257E-05 -0.00022 0.00006 6.478E-05
L19 10.50 314.50 111 234,918 -0.17 -0.61 -0.00037 0.00082 -1.070E-07 0.00099 0.00046 1.686E-06 -0.00004 -0.00008 -2.180E-05 -0.00036 0.00315 8.300E-07 0.00309 0.00041 1.232E-05 -0.00021 0.00002 6.271E-05
L18 10.50 304.00 111 234,918 -0.17 -0.61 -0.00035 0.00078 -1.690E-07 0.00094 0.00043 1.596E-06 -0.00004 -0.00006 -1.991E-05 -0.00034 0.00307 3.990E-07 0.00301 0.00042 1.206E-05 -0.00019 -0.00001 6.055E-05
L17 10.50 293.50 128 265,268 -0.17 -0.71 -0.00033 0.00073 -2.290E-07 0.00089 0.00041 1.506E-06 -0.00005 -0.00005 -1.807E-05 -0.00033 0.00299 -3.700E-08 0.00292 0.00042 1.178E-05 -0.00017 -0.00005 5.831E-05
L16 20.00 273.50 148 300,160 -0.17 -0.79 -0.00030 0.00066 -3.330E-07 0.00080 0.00038 1.342E-06 -0.00005 -0.00003 -1.474E-05 -0.00030 0.00285 -8.150E-07 0.00275 0.00042 1.126E-05 -0.00013 -0.00012 5.405E-05
L15 20.00 253.50 225 830,984 -10.33 12.36 -0.00026 0.00060 -3.960E-07 0.00070 0.00033 1.234E-06 0.00010 0.00011 -1.249E-05 -0.00026 0.00272 -1.285E-06 0.00244 0.00030 1.097E-05 -0.00077 -0.00069 5.098E-05
L14-MEZ 11.83 241.67 236 867,999 -11.06 13.50 -0.00024 0.00057 -3.960E-07 0.00065 0.00031 1.231E-06 0.00011 0.00012 -1.243E-05 -0.00024 0.00266 -1.291E-06 0.00234 0.00029 1.096E-05 -0.00080 -0.00074 5.089E-05
L14-MECH 16.17 225.50 212 753,224 -13.62 17.02 -0.00022 0.00053 -3.880E-07 0.00059 0.00028 1.160E-06 0.00015 0.00015 -1.209E-05 -0.00022 0.00256 -1.462E-06 0.00217 0.00025 1.067E-05 -0.00095 -0.00088 5.020E-05
L13 14.00 211.50 195 699,562 -14.07 17.65 -0.00020 0.00050 -3.910E-07 0.00054 0.00026 1.075E-06 0.00015 0.00016 -1.169E-05 -0.00020 0.00247 -1.685E-06 0.00205 0.00024 1.026E-05 -0.00095 -0.00092 4.937E-05
L12 14.00 197.50 195 699,562 -14.07 17.65 -0.00018 0.00046 -4.010E-07 0.00049 0.00024 9.830E-07 0.00014 0.00016 -1.126E-05 -0.00018 0.00237 -1.939E-06 0.00192 0.00022 9.782E-06 -0.00092 -0.00094 4.842E-05
L11 14.00 183.50 195 699,562 -14.07 17.65 -0.00016 0.00043 -4.170E-07 0.00044 0.00022 8.930E-07 0.00014 0.00016 -1.082E-05 -0.00016 0.00227 -2.204E-06 0.00180 0.00021 9.277E-06 -0.00089 -0.00096 4.740E-05
L10 14.00 169.50 195 699,562 -14.07 17.65 -0.00015 0.00039 -4.380E-07 0.00040 0.00020 8.100E-07 0.00013 0.00017 -1.039E-05 -0.00015 0.00217 -2.459E-06 0.00167 0.00019 8.779E-06 -0.00086 -0.00097 4.635E-05
L09 14.00 155.50 195 699,479 -14.06 17.65 -0.00013 0.00036 -4.600E-07 0.00035 0.00018 7.400E-07 0.00013 0.00017 -9.990E-06 -0.00013 0.00207 -2.682E-06 0.00155 0.00018 8.330E-06 -0.00083 -0.00098 4.533E-05
LO8 14.00 141.50 228 844,378 -11.89 1431 -0.00011 0.00033 -4.790E-07 0.00032 0.00017 7.010E-07 0.00009 0.00015 -9.688E-06 -0.00013 0.00198 -2.828E-06 0.00147 0.00019 8.042E-06 -0.00065 -0.00089 4.452E-05
LO7-MEZ 12.00 129.50 373 1,463,125 -12.22 14.39 -0.00010 0.00031 -4.730E-07 0.00029 0.00016 6.950E-07 0.00009 0.00015 -9.653E-06 -0.00011 0.00193 -2.816E-06 0.00139 0.00018 8.017E-06 -0.00063 -0.00091 4.441E-05
LO7-MECH 16.00 113.50 352 1,355,484 -12.59 15.47 -0.00009 0.00028 -4.630E-07 0.00025 0.00014 6.850E-07 0.00009 0.00015 -9.604E-06 -0.00010 0.00186 -2.790E-06 0.00127 0.00018 7.976E-06 -0.00065 -0.00093 4.425E-05
LO6 17.50 96.00 253 1,070,574 4.65 -6.52 -0.00008 0.00024 -4.500E-07 0.00022 0.00014 6.450E-07 -0.00012 -0.00002 -9.041E-06 -0.00014 0.00172 -2.710E-06 0.00130 0.00030 7.560E-06 0.00032 -0.00017 4.221E-05
LO5 17.50 78.50 322 1,542,923 -3.77 1.48 -0.00006 0.00022 -4.220E-07 0.00018 0.00012 5.790E-07 -0.00004 0.00006 -8.278E-06 -0.00010 0.00165 -2.560E-06 0.00110 0.00023 6.891E-06 -0.00001 -0.00052 3.934E-05
Lo4 19.00 59.50 282 1,342,567 -5.87 7.41 -0.00005 0.00019 -3.710E-07 0.00013 0.00010 5.050E-07 0.00001 0.00007 -7.484E-06 -0.00007 0.00156 -2.312E-06 0.00092 0.00021 6.136E-06 -0.00023 -0.00058 3.619E-05
LO03-MEZ 12.00 47.50 373 1,906,283 -6.38 8.02 -0.00004 0.00018 -3.130E-07 0.00011 0.00010 4.550E-07 0.00001 0.00006 -7.026E-06 -0.00007 0.00151 -2.058E-06 0.00084 0.00020 5.648E-06 -0.00024 -0.00057 3.429E-05
LO3-MECH 11.50 36.00 394 1,965,722 -6.34 8.08 -0.00003 0.00017 -2.420E-07 0.00010 0.00009 3.950E-07 0.00002 0.00006 -6.592E-06 -0.00006 0.00147 -1.785E-06 0.00077 0.00020 5.106E-06 -0.00024 -0.00054 3.242E-05
L02 18.00 18.00 283 1,306,800 -5.90 12.28 -0.00003 0.00015 -1.380E-07 0.00007 0.00008 2.920E-07 0.00004 0.00004 -5.873E-06 -0.00005 0.00139 -1.387E-06 0.00065 0.00020 4.151E-06 -0.00036 -0.00049 2.921E-05
GROUND 18.00 0.00 264 1,230,052 -5.95 7.90 -0.00002 0.00013 -5.000E-08 0.00005 0.00007 2.120E-07 0.00002 0.00004 -5.207E-06 -0.00005 0.00133 -1.027E-06 0.00059 0.00020 3.301E-06 -0.00023 -0.00046 2.615E-05
PLATFORM 7.00 -7.00 143 823,986 -4.55 9.16 -0.00002 0.00013 -2.600E-08 0.00005 0.00007 1.960E-07 0.00003 0.00003 -5.013E-06 -0.00004 0.00130 -9.060E-07 0.00056 0.00020 3.093E-06 -0.00026 -0.00041 2.523E-05
TRACK 22.00 -29.00
BASE 21.50 -50.50

Notes: 1. The above values are based upon a second-order analysis.
2. The ETABS analysis model has Rigid Diaphragms assigned at all levels. The Rigid Diaphragms connect all nodes at their respective levels.
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INTRODUCTION

This report presents the results of our geotechnical engineering study, and provides
geotechnical recommendations for the design and construction of Tower E within the Eastern
Rail Yard of Hudson Yards. All services were performed in general accordance with our 19
October 2012 proposal (revised 28 February 2013). This revised report includes the results of
supplemental boreholes, two caisson load tests and updated recommendations.

Our understanding of the project is based on discussions with the design team, review of the
historical and current documents provided to us, and our ongoing work associated with the
Hudson Yards development. Architectural information was provided by the project architect
(Kohn Pedersen Fox Associates — KPF), and structural information was provided by the project
structural engineer (Thornton Tomasetti — TT).

All elevations in this report correspond to the Borough President of Manhattan Datum (BPMD),
which is 2.75 feet above the National Geodetic Vertical Datum (mean sea level at Sandy Hook,
New Jersey, 1929). Typical datum conversions are presented in Table 1.

Table 1: Typical Elevation Conversions from BPMD

National Geodetic Vertical Datum of 1929 (NGVD29) BPMD + 2.75 feet

North American Vertical Datum of 1988 (NAVDS88) BPMD + 1.65 feet

Pennsylvania Railroad Tunnel Datum (PENN) BPMD + 300.025 feet

New York City Transit Datum (NYCT) BPMD + 100.097 feet
SITE DESCRIPTION

Tower E is located within the eastern half of the Metropolitan Transportation Authority (MTA) —
Long lIsland Rail Road (LIRR) West Side Yards. The West Side Yards is split by Eleventh
Avenue into the Western Rail Yard (west of Eleventh Avenue) and the Eastern Rail Yard (east of
Eleventh Avenue). Tower E is situated at the northwest corner of the Eastern Rail Yard (ERY),
occupying part of Block 702, Lot 110. The site is bordered by West 33" Street to the north,
Eleventh Avenue to the west, and the proposed elevated Platform to the east and south. The
site location is overlain on the USGS topographic map, included as Drawing No. 1.

Tower E, with a footprint of about 30,000 square feet (about 0.7 acres), will be constructed
over the ERY. The rail yard will remain active during and after construction. In addition, four
tunnels are located under the rail yard within or adjacent to Tower E:

1) the Amtrak North Access Tunnel (Empire Line),
2) the Amtrak North River Tunnels,
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3) the Amtrak Emergency Evacuation Tunnel, and
4) the MTA No. 7 Line Extension (34" street station cavern, south interlocking tunnel
section, TTA-T1B, and T2 tunnels).

Additional details pertaining to existing structures and utilities within and adjacent to the site
follow. Existing site conditions are shown on Drawing No. 2.

EXISTING STRUCTURES, SITE IMPROVEMENTS, AND UTILITIES

The following sections present brief descriptions of structures and utilities within and in the
vicinity of the site.

West Side Yards (MTA-LIRR)

The yards encompass the superblock bound by West 33™ Street to the north, former West 31
Street to the south, Tenth Avenue to the east, and Twelfth Avenue to the west. The LIRR
yards were built in 1983, but the area has been used as rail yards for more than 100 years. The
property is primarily used for storage and maintenance of LIRR commuter trains. Several
structures and facilities are present at grade throughout the site, serving various uses including
maintenance and cleaning facilities, electrical substations, and control towers. A concrete
retaining wall is located along the north side of the yards supporting West 33™ Street. A more
detailed discussion of these structures and facilities within or near the Tower E footprint
follows.

Rail Yard

The rail yard encompasses much of the ERY including the entire area below Tower E. The rail
yard consists of 31 tracks oriented in the east-west direction, and is used for train storage and
maintenance. The tracks converge on the east end, near Tower A, in the “throat” area, before
entering Pennsylvania Station (Penn Station) to the east. The tracks below Tower E are
generally supported directly on concrete slabs (“concrete track slab”) or on ballast underlain by
a restrained concrete subslab. The ground surface between adjacent tracks consists of ballast
and concrete walkways. Top of rail grades within the Tower E footprint are about elevation 8.5
feet. The rail yard and track support conditions are shown on the existing condition plans,
Drawing Nos. 2 and 2A. Select design drawings are included in Appendix A, and more are
available.

The rail yard is to remain and be protected during construction.
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Extraordinary Interior Cleaning (EIC) Platform

The EIC platform extends through the north end of the Tower E site and is oriented in the east-
west direction parallel to the tracks. The EIC platform is used to access trains for cleaning and
maintenance and is covered by a canopy. Design drawings indicate that the platform is
supported on isolated footings bearing in soil. The EIC platform is about 8.5-feet wide and
extends about 210 feet east of Eleventh Avenue. The top of the platform is at about elevation
13 feet, and the top of the canopy is at about elevation 25 feet. The EIC platform is shown on
the existing condition plan, Drawing No. 2. Select design drawings are included in Appendix A,
and more are available.

The EIC platform is to remain and be protected during construction. The canopy may be
removed.

Retaining Wall along West 33" Street and Tenth Avenue

A retaining wall is located along the south side of West 33 Street, the northern boundary of
Tower E. The retaining wall runs from Eleventh to Tenth Avenue, and then south about 55 feet
along Tenth Avenue. The retaining wall supports West 33 Street and Tenth Avenue, and
varies in height from about 14 to 23.5 feet. Sidewalk grades along West 33" Street that front
Tower E vary from about elevation 31 to 26 feet, gradually sloping down from west to east.
Grades inside the rail yard adjacent to the retaining wall are about elevation 7.5 feet. Design
drawings indicate that the retaining wall is a cantilever concrete gravity wall keyed into bedrock,
with rock tie-down anchors for additional support. The retaining wall is shown on the existing
conditions plan, Drawing No. 2. Select design drawings are included in Appendix A, and more
are avallable.

The retaining wall will need to be modified to support the proposed raising of West 33" Street;
the wall is not covered in this report.

Utilities

Numerous utilities are present within and adjacent to the site. Ultilities within the Tower E
footprint include A.C. conduit ducts, D.C. conduit ducts, communication conduit ducts, gas
lines, ground wires, storm sewers, and sanitary sewers. Other notable utilites include storm
storm sewers, sanitary sewers, electrical conduits, and gas lines within West 33" Street. The
reader is referred to utility surveys and the site/civil engineering drawings for additional details
pertaining to existing utilities.

Tutor Perini Corporation performed test pits to investigate utilities throughout the ERY; these
test pits are not included in this report.
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Amtrak North Access Tunnel (Empire Line)

"

The Amtrak North Access Tunnel (NAT), also known as the “Empire Line,” is located beneath
the ERY and about 7.5 feet off the southwest corner of Tower E. The tunnel was constructed
in the late 1980's by Amtrak to provide rail access through the Westside of Manhattan to points
north. The tunnel runs west-northwest below the West Side Yards in a sweeping arc before
heading north-northeast below the Eleventh Avenue viaduct and Jacob Javits Truck Mashalling
Yard.

The tunnel was built using cut and cover construction and consists of a box-shaped reinforced
concrete structure. The tunnel is partially embedded in soil and partially embedded in bedrock.
The tunnel is relatively shallow, with the deepest point located beneath the yards; ground cover
decreases to the north and the tunnel daylights into a U-shaped, reinforced concrete portal
north of West 34" Street. The top of rail grades vary within the ERY from about elevation -19.5
to -14 feet. The crown of the tunnel is located approximately 19.5 feet above top of rail, or
about 2.5 to 3.5 feet below the surface adjacent to the Tower E footprint. A vent/emergency
egress enclosure is located at grade below the Eleventh Avenue viaduct and above the tunnel
(under West 33" Street at the west side of Eleventh Avenue). The NAT is shown on the
existing conditions plan, Drawing No. 2. Select “As-Built” drawings are included in Appendix A,
and more are available. The location of the tunnel should be considered approximate and must
be verified in the field.

The NAT will remain and be protected during construction. The New York City Department of
Buildings (NYC DOB) requires that any foundation elements within 200 feet of a tunnel be
approved by the appropriate authority. Amtrak approval of the design and construction will be
required for NYC DOB permits (Tower E foundations are within 200 feet of the tunnel).

Amtrak North River Tunnels

The Amtrak North River Tunnels (NRTs), twin single track tubes, run below the West Side
Yards and are located about 12 feet south of Tower E (roughly coincident with the former West
32" Street). The NRTs were constructed by the Pennsylvania Railroad in the early 1900’s to
provide rail access to Manhattan via Penn Station. The tunnels currently carry commuter trains
for Amtrak and New Jersey Transit.

The tunnels were built using drilling and blasting techniques and tunnelling shields, and consist
of arch sections (i.e. inverted U-shape) with concrete and brick liners. The majority of the
tunnel within the ERY is fully embedded in bedrock; however, there is a 170-foot section
beneath the center of the ERY that is partially embedded in soil. Part of the tunnel adjacent to
Tenth Avenue may also be partially embedded in soil as a result of excavation that took place
during construction of the West Side Yards in the 1980’s. Both the north and south tunnels
slope down to the west with a gradient of about 1.9 percent. Top of rail grades vary from about
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elevation -24 to -43 feet from Tenth Avenue to Eleventh Avenue. The crowns of the tunnels
are located approximately 20.3 to 23.5 feet above top of rail, or about 25 to 28 feet below the
surface, adjacent to the Tower E footprint. The NRTs are shown on the existing conditions
plan, Drawing No. 2. Several “Plan of Work as Constructed” drawings are included in Appendix
A. The location of the tunnel should be considered approximate and must be verified in the
field.

The NRTs will remain and be protected during construction. Amtrak approval of the design and
construction will be required for NYC DOB permits (Tower E foundations are within 200 feet of
the tunnel).

Amtrak Emergency Evacuation Tunnel (for NRTs)

A new emergency evacuation tunnel from the NRTs was constructed in 1982 in conjunction
with the West Side Yards project. The emergency evacuation tunnel from the NRTs runs
below the southeast corner of Tower E in a roughly southwest-northeast alignment. The
evacuation tunnel connects to an egress enclosure located immediately adjacent to the
sidewalk south of West 33 Street.

The evacuation tunnel was built using cut and cover construction and consists of reinforced
concrete liner walls. The tunnel has a bottom of shaft floor slab at about elevation -10 feet and
is almost entirely embedded in bedrock. A small part of the tunnel adjacent to the egress at
West 33 Street, as well as the egress itself, is partially embedded in soil and partially
embedded in bedrock. The top of the tunnel is about 6 to 7 feet below the surface within the
Tower E footprint. The emergency evacuation tunnel is shown on the existing conditions plan,
Drawing No. 2. Select “As-Built” drawings are included in Appendix A, and more are available.

The emergency evacuation tunnel will remain and be protected during construction; however,
we understand that the egress enclosure on West 33 Street may be moved and
reconstructed. Amtrak approval of the design and construction will be required for NYC DOB
permits (foundations are within 200 feet of the tunnel).

Eleventh Avenue Viaduct (New York City Department of Transportation)

The Eleventh Avenue viaduct is located on the west border of Tower E. The viaduct runs from
West 30" Street to West 37" Street. The viaduct generally consists of a steel-frame structure
with a reinforced concrete deck. Sections of the viaduct were reconstructed during
development of the West Side Yards in the 1980s. Improvements included new driven piles
and caisson foundations extending to bedrock. The road deck was recently replaced on the
viaduct between West 30" and West 33 streets. The Eleventh Avenue viaduct is shown on
the existing conditions plan, Drawing No. 2. Available "As-Built” drawings are included in
Appendix A.
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The viaduct is anticipated to remain and be protected during construction.

Existing MABSTOA Caissons and Footings

Existing caissons and footings are present within the Tower E footprint. The caissons and
footings were constructed with the West Side Yards for the planned Manhattan and Bronx
Surface Transit Operating Authority (MABSTOA) bus garage, which was never built. The
approximate locations of these caissons and footings are highlighted on the existing conditions
plan, Drawing No. 2. Available drawings indicate the caissons have a 32-inch diameter,
3/8-inch-thick steel casing filled with 5,000 psi concrete and are socketed at least 7 feet into
bedrock. The drawings indicate the caissons may have W14x32 stub core beams, W14x109
steel cores, or W14x233 steel cores. The drawings indicate that the footings are 5.5 feet by
5.5 feet by 3 feet thick with 4,000 psi concrete and bear on sound rock. The caissons and
footings were to be socketed and be founded on sound rock with a bearing capacity of at least
60 tons per square foot (tsf) (ref. MABSTOA Bus Garage Foundations, BG-1 thru BG-7, dated
15 February 1982). Available “As-Built” drawings for these foundations are included in
Appendix A.

Several of the caissons and footings within the Tower E footprint will be incorporated into the
foundation for Tower E, while others will be abandoned.

FUTURE AND ON-GOING CONSTRUCTION

The following sections present brief descriptions of future and on-going construction projects
within and adjacent to the site.

West 33™ Street Reconstruction

The proposed reconstruction of West 33™ Street is in design. Construction of West 33 Street
will include replacement of existing utilities, regrading of the road (grades being raised along a
substantial length of the road between Tenth and Eleventh Avenues), modifying the existing
wall or constructing a new retaining wall along the south side of the road to support the street,
and construction of an LIRR electrical substation below the roadway on the eastern part of the
block. Construction is anticipated to be performed by the New York City Department of Design
and Construction (DDC).

West 33" Street will be closed to traffic during reconstruction. If the West 33 Street

reconstruction is concurrent with the construction of Tower E, limited site access and
increased traffic volume on adjacent cross streets should be expected.

LANGAN



DEPT OF BLDGS12 Job Number Scan Code

Geotechnical Englneerlng Study Page 7 of 34
Hudson Yards — Tower E, Manhattan, New York 26 April 2013
Langan Project No. 170019120 Revised: 22 January 2013

MTA No. 7 Line Extension

The MTA No. 7 Line Extension project is on-going. The project consists of extending the No. 7
subway line from Eighth Avenue to Eleventh Avenue along West 41°' Street, and then south
down Eleventh Avenue terminating at West 25™ Street. The south part of the West 34™ Street
station cavern is located at West 33 Street and Eleventh Avenue, adjacent to the northeast
corner of the ERY. The West 34™ Street station will consist of interlocking tracks (south
interlocking tunnel section) that run south for about 140 feet before transitioning into running
tunnels under Eleventh Avenue . “Site J” of the MTA No. 7 Line Extension is located on
Eleventh Avenue between West 33 and West 34™ Street. Site J will include a ventilation
building as well as an escalator that daylights in the station entrance within Hudson Boulevard
Park. In addition, support tunnels, referred to as tunnels T1A-T1B and T2, will connect Site J to
the West 34" Street Station Cavern beneath Eleventh Avenue. The T1A-T1B tunnel runs
directly beneath the northwest corner of the ERY, within the Tower E footprint, as shown on
Drawing No. 2.

The station cavern is being excavated by a combination of bored excavation via a tunnel boring
machine (TBM) and controlled blasting, the running tunnels are being excavated via a TBM,
and the support tunnels are being excavated via drilling and controlled blasting. The roof of the
station cavern, south interlocking tunnel section, and running tunnels are about 60, 85, and 95
feet, respectively, below the existing grade of the ERY. The crown of the T1A-T1B tunnel is
about 70 feet below the existing grade of the ERY. The area of the NYCT No. 7 Line Extension
that exists within the ERY is shown on the existing conditions plan, Drawing No. 2. Select
contract drawings are included in Appendix A, and more are available.

The MTA No. 7 Line will remain and be protected during construction. MTA approval of the
design and construction will be required for New York City Department of Buildings (NYC DOB)
permits (Tower E is within 200 feet of the tunnel). We have prepared technical analysis for
MTA review and are negotiating for approval.

PROPOSED CONSTRUCTION

The proposed construction for Tower E includes an approximately 900-foot tall reinforced
concrete mixed-use structure supported by a steel framed platform spanning over the rail yard.
Tower E will be bordered by the Platform structure to the east and south, (the Platform
structure is discussed in a separate geotechnical engineering study). The approximate limits
for Tower E along with proposed adjacent structures within the ERY are shown on Drawing No.
3.
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All existing tracks within the Tower E footprint will be maintained. The platform structure
beneath Tower E will span over the existing tracks and consist of a concrete slab over metal
deck with top of slab varying from about elevation 26.25 to 31.5 feet. Built-up solid steel
columns and hollow steel infill walls filled with concrete will be supported on foundations
located along five east-west column lines between the tracks. The majority of the columns will
bear on new caissons and footings, with the remaining columns bearing on previously installed
caissons and footings built for the MABSTOA garage, as shown on Drawing No. 3.  Several
footings will be located above the MTA No. 7 Line T1A-T1B tunnel. Several footings and
caissons will be located adjacent to or above the MTA No. 7 Line station cavern, MTA No. 7
Line south interlocking tunnel section, and Amtrak tunnels.

Structural information was obtained from the “Hudson Yards LIRR 90% Platform LIRR
Submission” drawing set, prepared by Thornton Tomasetti, dated 9 August 2013.
e Service compression loads are anticipated to vary from about 6,000 to 32,000 kips.
e Total base shear service loads in the east/west and north/south directions are
anticipated to be 8,500 and 6,000 kips, respectively.

SITE DEVELOPMENT HISTORY

Historical maps show the original Hudson River shoreline cutting through the southwestern
part of Tower E. The shoreline was extended west into the river by the placement of fill in the
18th and 19th centuries. The Sanitary and Topographical Map of the City and Island of New
York by E.G. Viele (1865) shows no historic streams or marshes within or immediately adjacent
to the site, as shown on Drawing No. 4. Historical maps depicting the site conditions circa 1814
and 1867 (by which time the East Rail Yards had been filled) are attached as Drawing Nos. 5 and
6, respectively.

From the late 1800s to the 1950s, the site was occupied by the New York Central and Hudson
River Railroad Company and the New York Ontario and Western Railroad Company freight
yards. The historical rail yards occupied an area much larger than the proposed development
site, extending west to the Hudson River and north to West 39" Street. From 1890 to 1950, a
lumberyard occupied part of the property along West 30" Street between Eleventh and Twelfth
avenues. An oil refinery and foundry were located on the northern part of the ERY in the late
1800s prior to the site's use as a freight terminal. From 1950 through 1984, the majority of the
site was occupied by a railroad freight yard.

In 1984, the area between former West 31% Street (demapped) and West 33 Street was
reconstructed for use by LIRR as a passenger-train storage yard. The existing tracks were
removed and a concrete slab placed across the western one-half to two-thirds of the West Side
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Yards. The eastern balance of the yards contains ballast-supported track. The area between
West 30™ and West 31° streets was asphalt-paved and used for parking and storage by various
entities. Five structures were built to support LIRR operations, including the DC substation,
control tower, and transformer access area in the northeast corner of the site. A rock cut in the
northeast corner of the ERY was made during the construction of these LIRR structures. New
east-west rails were then constructed on top of the slabs and ballast, connecting to Penn
Station to the east.

LOCAL GEOLOGY

Tower E is located on Manhattan Island, which is within the southern terminus of the
Manhattan Prong of the New England Upland province. Bedrock in the vicinity of the site
generally consists of granite, schist, and gneiss. Bedrock is overlain by glacial and fluvial soil,
as well as extensive fill. Although altered by urban development, original topography within
Manhattan typically mimicked the contours of the underlying bedrock.

According to Baskerville (1994), bedrock stratigraphy in the vicinity of the site is part of the
Hartland formation, with rock of the Lower Cambrian (about 500 to 520 million years ago) to
Middle Ordovician (about 461 to 472 million years ago) age and intrusive rock presumably of the
Silurian age (about 416 to 444 million years ago), consisting of granite and megacrystalline
pegmatite. The geologic map for the site vicinity is included as Drawing No. 7. A large sill of
intrusive granite is mapped north of the site from West 35" Street to West 40" Street;
however, historical boring data indicates that this granite sill extends further south than
mapped. Boundaries between the intrusive granite and Hartland formation rocks are not well-
defined as evidenced by intermittent contacts and inclusions observed in rock cores throughout
the area.

Generalized descriptions of rocks mapped in the vicinity of the site are:

e Hartland Formation — Interbedded units of (1) gray, fine-grained quartz-feldspar granulite
containing minor biotite and garnet; (2) fine-to-coarse grained, gray-to-tan weathering,
quartz-feldspar-muscovite-biotite-garnet schist (mica schist); (3) dark greenish-black
quartz-biotite-hornblende amphibolite. Intrusions of granite and pegmatite are common
(Baskerville 1994). Metamorphism has resulted in foliation — a distinct planar alignment
of mineral grains — within rocks of the Hartland Formation. This grain alignment is
commonly referred to as schistosity in the more platy schistose rock or compositional
banding in gneissic rocks. Foliation is typically oriented either northwest or southeast
and dips steeply within Manhattan as discussed by Baskerville, but may be altered
locally as a result of folding.
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e (Granite and Pegmatite — Gray-white-pink medium- to coarse-grained, biotite-muscovite-
microcline-quartz granite and megacrystalline pegmatite in dikes less than 3 feet thick
and sills greater than 3 feet thick. Accessory minerals include tourmaline, pyrite, garnet,
and epidote. A thick sill cuts across the rock of the Hartland Formation as shown in
Drawing No. 7. Pegmatite has been found in Penn Station and within the West Yards.

FEMA 100-YEAR FLOOD ZONE

Federal Emergency Management Agency (FEMA) Flood Insurance Rate Maps (FIRM) show the
site falls within Zone AE “Special Flood Hazard Areas Subject to Inundation by the 1% annual
chance flood” or the 100-year flood plain. The Zone AE designation corresponds to areas
having a mapped 100-year base flood elevation of 7.25 feet (elevation 10 feet NGVD29). An
excerpt of the FEMA FIRM map illustrating the site location is attached as Drawing No. 8.

Because of significant flooding that resulted from Hurricane Sandy that was in excess of the
current adopted FIRM's, preliminary revisions to the FIRM were released by FEMA on 5
December 2013. The revised flood elevation for this area is 2.1 feet higher than the previously
mapped base flood elevation. The site is located within the limits of Flood Hazard Zone AE,
“areas subject to inundation by the 1 percent annual chance flood (100-year flood)” or with
flood elevations of 9.35 feet (elevation 11 feet NAVD88). An excerpt of the preliminary FIRM
illustrating the site location is attached as Drawing No. 9.

The owner and design team have selected a design flood level of elevation 13.35 feet.

SUBSURFACE INVESTIGATION

Our geotechnical study included (1) reviewing available historical boring data and recent test pit
data, (2) performing a supplemental boring investigation to better define the rock elevation and
rock quality, and (3) laboratory testing of recovered rock cores. A site investigation plan
showing the historical borings and test pits, as well as the supplemental boring location, is
included as Drawing No. 10.

Previous Investigations and Borings

2008 Langan Investigation

Langan performed 31 environmental test borings as part of a Phase Il Environmental Site
Investigation within the ERY. Three borings (denoted as EC-1-1, EC-1-2, and EC-1-6) fall within
the Tower E footprint. In situ geotechnical test data obtained from these boring locations were
used to supplement our known subsurface conditions information. The boring logs indicated
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that the subsurface generally consisted of miscellaneous historical fill underlain by alternating
deposits of sandy silt to silty fine sand, over dense glacial till, over bedrock. The boring logs are
included in Appendix B.

Borings by Others

We also reviewed available historical boring data in the vicinity of the proposed development to
supplement the subsurface data collected during our 2013 field investigation. The following
data sources were reviewed:

e Boring data compiled by the New York City Department of Design and Construction
(NYCDDC), various dates

e \West Side Storage Yard — Geologic sections by Mueser Rutledge Johnston & DeSimone
Consulting Engineers dated 16 July 1981

e NMabstoa Garage Area — Soils report by Mueser Rutledge Johnston & DeSimone and
Woodward-Clyde Consultants, Inc. dated 14 March 1986

e No. 7 Subway Line Extension — Borings by Parsons Brinckerhoff Quade & Douglas, Inc.
dated 2003

e Trans-Hudson Express ARC Tunnel — Borings by The Partnership dated 2007 and 2008

Much of the historical data only documents subsurface stratigraphy via profiles and does not
include boring logs. Rock descriptions noted in some of the historical borings do not clearly
define bedrock quality. In general, the subsurface conditions observed in recent Langan
investigations in the area correlates well with the historical data, particularly the top of rock
elevations. The historical boring logs and subsurface profiles are provided in Appendix C.

Langan 2013 Test Borings

Langan performed 21 geotechnical test borings within the ERY as part of a supplemental
investigation to confirm previous findings. Five borings (denoted as BH-13 through BH-17)
were within or adjacent to the Tower E footprint. The borings were drilled by Warren George,
Inc., of Jersey City, New Jersey between 31 May 2013 and 5 October 2013. The boreholes
were performed using several different truck-mounted drill rigs. A Langan geotechnical
engineer performed New York City Building Code (NYCBC) special inspection of all borings.
The five boreholes within or adjacent to the Tower E footprint were advanced to depths ranging
from 34 to 73 feet below grade. Boring locations are shown on Drawing No. 10.

Each boring was cleared for utilities via hand or vacuum excavation or using standard drilling
techniques with minimal water and no down-pressure on the drill string. The borings were
advanced through soil overburden using mud-rotary drilling techniques with tri-cone roller bits.
Support of the borehole was provided by drilling fluid consisting of a mixture of bentonite and
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water. Temporary flush-joint steel casing was installed through the fill and native overburden
soils, as required, to stabilize the boreholes and prevent fluid loss during drilling.

The Standard Penetration Test (SPT)' was performed in general accordance with ASTM D1586.
SPT N-values and visual soil classifications were recorded by Langan’s engineer. Extra SPT
tests and samples were obtained through loose and soft materials. Soils were sampled using a
standard 2-inch outer-diameter split-spoon sampler. Recovered soil samples were visually
examined and classified in accordance with Unified Soil Classification System (USCS) and
assigned classification numbers in accordance with the New York City Building Code.

Rock coring was performed in all five borings in accordance with ASTM D2113 using a double-
wall, wire-line core barrel. Rock samples were visually examined and assigned classification
numbers in accordance with the New York City Building Code. Rock core recovery (REC)? and
rock-quality designation (RQD)? for each core run were logged by our engineer.

Detailed logs of the 2013 geotechnical borings are included as Appendix D.

Laboratory Testing

Laboratory testing was performed on representative rock core samples to evaluate engineering
characteristics and strength parameters of the bedrock within or adjacent to the Tower E
footprint. Laboratory testing of rock core samples obtained within or adjacent to the Tower E
footprint included:

e Unconfined Compressive Strength — ASTM D7012 (6 tests)
¢ Unconfined Compressive Strength with Elastic Moduli — ASTM D7012 (4 tests)

Summaries of the rock laboratory test data are presented in the Subsurface Conditions section
below. The complete laboratory test results are provided in Appendix E.

SUBSURFACE CONDITIONS

The general subsurface profile within the Tower E footprint consists of miscellaneous historical
fill underlain by either (1) alternating deposits of sandy silt to silty fine sand with varying
amounts of gravel, over bedrock; or (2) directly underlain by bedrock. A till layer exists within

The Standard Penetration Test (SPT) is a measure of soil density and consistency. The SPT N-value is defined as the number of
blows required to drive a 2-inch outer diameter split-barrel sampler 1 foot, after an initial penetration of 6 inches, using a 140-pound
hammer falling freely from a height of 30 inches.

Rock core recovery (REC) is defined as the length of all core pieces recovered divided by the total core run length.

Rock Quality Designation (RQD) is defined as the sum of all recovered sound rock core pieces measuring 4-inches or more in
length (for type NX, NQ or PQ cores) divided by the total core run length. RQD is a relative indicator of rock quality.
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the northwest corner of the Tower E footprint and boulders were encountered throughout the
western half of Tower E. A thin layer of decomposed rock was encountered below the center
of Tower E. The top of bedrock was encountered at a depth of about 1 to 20 feet below
existing grade, corresponding to about elevation 7 to -12 feet. Bedrock generally slopes down
from east to west within the Tower E footprint.

A plan showing the approximate top of rock is attached as Drawing No. 11. Top of rock
contours shown on this plan are a simplified representation of the subsurface conditions. The
plan is provided for information only and variations from the elevations shown should be
expected. Subsurface profiles taken in the north-south and east-west orientations of the
proposed Tower E are presented on Drawing Nos. 12, 13, and 14.

Surface Material

The ground surface within the track area below Tower E consists of tracks that are supported
by concrete track slab on the west side of the site and ballast underlain by a concrete subslab
on the east side of the site. The ground surface between the tracks consists of ballast and
concrete walkways areas.

Stratum 1 - Uncontrolled Fill [NYCBC Class 71

Uncontrolled fill is present beneath any surface pavement/concrete and ballast, or at the ground
surface across the entire Tower E footprint. The fill is generally a mixture of sand, gravel, and
silt with variable amounts of brick and concrete. The fill was also observed to contain boulders
within the western half of site. The fill varies from about 2 to 18-feet thick, corresponding to
about elevations 8 to -10 feet.

The borings indicate that the density of the fill varies from very loose to very dense as
evidenced by Standard Penetration Test (SPT) SPT N-values, which varied from 2 blows per
foot (bpf) to greater than 100 bpf. In many instances, the higher recorded SPT N-values appear
attributed to the presence of obstructions (cobbles, gravel, boulders, timber, construction
debris, etc.) and are generally not considered to be representative of in situ density. Overall,
the fill is anticipated to generally vary from loose to medium dense.

Stratum 2 - Sandy Silt and Silty Fine Sand [Class 3b, 5b]

Sandy silt to silty fine sand is present below the fill in the center as well as along the majority of
the western half of the Tower E footprint. These soils are glacial outwash deposits. The
stratum is predominantly reddish-brown to brown sandy silt and silty fine sand with varying
amounts of gravel. Greater amounts of gravel were encountered in the center of the site.

4 Numbers in brackets indicate classification of soil and rock materials in accordance with the 2008 New York City Building Code.
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Sporadic cobbles and boulders were also encountered within this layer. This stratum typically
varied from about 2- to 18-feet thick, with greater thicknesses in areas where rock is deepest.
The bottom of the sandy silt and silty fine sand layer was typically observed varying between
about elevation -1 and -11 feet. SPT N-values within this layer varied from 10 to greater than
100 bpf, but were typically about 15 to 30 bpf, indicating the soil is generally “medium
dense.”  The higher recorded SPT N-values appear attributed to the presence of
cobbles/boulders, or directly prior to encountering denser stratums below.

This stratum generally classifies as SM (silty sand) or ML (silt) in accordance with USCS, and is
typically classified as Class 3b “Medium Dense Granular Soils” and bb “Medium Dense Silts”
in accordance with the NYC Building Code.

Stratum 3 - Glacial Till [Class 3a]

Glacial till is present below the sandy silt and silty fine sand in one boring (MR-428) in the
northwest corner of the Tower E footprint. However, till could be encountered in other areas
where the rock is deep. The till consists of reddish-brown fine- to coarse-grained sand with
variable amounts of silt and gravel. The till was about b-feet thick with the bottom of the till
layer observed at elevation -10 feet. A single SPT N-value within this layer was 45 bpf.
Indicating the soil is generally “very dense.”

The glacial till typically classifies as SM (silty sand) or SP (poorly graded sand) in accordance
with the USCS and is typically classified as Class 3a “Dense Granular Soils” in accordance with
the NYC Building Code.

Stratum 4 - Bedrock [Class 1a, 1b, 1¢, and 1d]

Bedrock is present below the slabs, fill, sandy silt to silty fine sand, and glacial till. The top of
the bedrock layer was observed at depths varying from about 1 (where directly below a slab) to
20 feet below existing grade, corresponding to elevations of about elevation 7 feet to -12 feet.
In general, the bedrock is shallower in the eastern half of Tower E and slopes down to the
west.

Bedrock typically consists of schist with miscellaneous layers of granite and quartzite. The
schist is typically comprised of quartz, feldspar, muscovite, biotite, and garnet. The rock
appears to be complexly folded with distinct foliation. Weathering of the bedrock was generally
slightly weathered to fresh. In general, fracture spacing was observed to vary from close to
moderate. The bedrock was typically hard to very hard.

Rock core recovery (REC) varied from about 50 to 100 percent and the rock-quality designation
(RQD) varied from about 10 percent (poor quality) to 100 percent (excellent quality). The rock is
generally of a competent nature with greater than 80 percent of the RQD values exceeding 50
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percent (fair quality, NYC Building Code Class 1b). Highly weathered and fractured zones,
typically present in the schist, were observed in several historical borings across the site. The
full extent of the highly weathered, highly fractured bedrock zones is unknown and these
conditions should be considered possible anywhere across the Tower E footprint.

Laboratory testing on intact rock cores was performed to evaluate the strength and
deformation characteristics of the rock. Compressive strength and elastic modulus of the intact
rock was performed on 10 rock cores within or adjacent to the Tower E footprint in accordance
with ASTM D7012 “Standard Test Method for Compressive Strength and Elastic Moduli of
Intact Rock Core Specimens under Varying States of Stress and Temperatures.” The rock
cores were prepared in accordance with ASTM D4543 “Standard Practice for Preparing Rock
Core Specimens and Determining Dimensional and Shape Tolerances.” The unconfined
compressive strength and young’s modulus are provided in Table 2 below. The complete
laboratory test results are provided in Appendix E.

Table 2: Intact Rock Core Compression Test Results

Unconfined )
] Compressive | Strain to Young’s Poisson’s
Boring | Depth (feet) | Rock Type Strength Peak (%) ModL!Ius Ratio
. (psi)
(psi)
BH-13 22-23 Schist 5,230 0.14 4.3E+06' -—
BH-13 55.5-56 Pegmatite 17,070 0.75 6.2E+06 0.13
BH-13 63.5-64.5 Granite 15,570 0.27 6.3E+06' —
BH-14 17.5-18 Granite 19,270 0.24 9.0E+06 0.24
BH-14 65.5-66 Granite 8,450 0.28 3.1E+06' —
BH-15 17.5-18 Granite 12,580 0.25 6.0E+06 0.20
BH-15 18.5-18.9 Granite 17,820 0.28 6.8E+06' —
BH-15 30.5-30.9 Pegmatite 12,440 0.22 6.2E+06' —
BH-15 48-49 Granite 16,240 0.24 7.2E+06' -
BH-15 64-65 Granite 11,560 0.34 5.0E+06 0.18

1) Modulus values estimated from platen to platen measurement.

The bedrock is designated as Class 1a “hard rock,” Class 1b “medium rock,” Class 1c
“intermediate rock,"” and Class 1d “soft rock,” in accordance with the NYC Building Code.
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Groundwater

Groundwater was encountered during our 2008 Phase Il Environmental Site Investigation.
Groundwater was generally observed between about elevation -4 and 0 feet. \Where bedrock is
shallow in the east half of the Tower E footprint, groundwater is anticipated to be perched on
top of rock and will follow the rock surface contour above about elevation 1 foot. \Where rock is
deeper to the west, groundwater will be within the soil.

SEISMIC DESIGN PARAMETERS

Seismic design parameters presented herein are in accordance with the 2008 New York City
Building Code.

Subsurface Conditions

The general subsurface profile within the Tower E footprint consists of miscellaneous historical
fill underlain by either alternating deposits of sandy silt to silty fine sand with varying amounts
of gravel, over bedrock; or directly underlain by bedrock. A till layer exists within the northwest
corner of the Tower E footprint and boulders were encountered throughout the western half of
Tower E. A thin layer of decomposed rock was encountered below the center of Tower E. The
top of bedrock was encountered at a depth of about 1 to 20 feet below existing grade,
corresponding to about elevation 7 to -12 feet. Bedrock generally slopes down from east to
west within the Tower E footprint.

Shear Wave Velocity

Bedrock shear wave testing was completed for the adjacent Terra Firma site, No. 7 Line
Extension project, and Jacob Javits Convention Center project, which are located within the
same rock formation as Tower A. Shear wave velocity measurements within rock ranged from
about 5,000 feet/second to 12,000 feet/second.

NYC Building Code Seismic Design Parameters

The foundation elements for Tower E will consist of footings bearing directly on shallow rock
and large diameter caissons to rock that will have a small slenderness ratio (L/D), and therefore
a stiff response similar to piers bearing on rock. We believe the soil surrounding the caissons
will not have a significant impact or amplification to the response of the caissons because of
the stiff behavior. Therefore, we recommend Tower E be designed as bearing entirely on rock.
A shear wave velocity greater than 5,000 feet/second can be used based on testing in the
same rock formation at nearby sites as discussed above, corresponding to NYC Building Code
Site Class A. Based on the shear wave velocity and corresponding Site Class, the following
parameters are recommended for design in accordance with the Building Code.
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Table 3: Seismic Design Parameters

oo Recommended Building Code
Description Parameter
Value Reference
Mapped Spectral Acceleration for short periods: S, 0.365 g Section 1615.1
Mapped Spectral Acceleration for 1-sec period: S, 0.071 g
Site Cl Vo0 > A Table 1615.1.1
able .
e Llass 5,000 ft/sec
Site Coefficient: F, 0.8 Table 1615.1.2
Site Coefficient: F, 0.8
5 percent damped design spectral response
S 0.195 i
acceleration at short periods: ps g Section
5 percent damped design spectral response 1615.1.3
. . So1 0.038 g
acceleration at 1-sec period:

Seismic Design Category

We understand Tower E is designed as Building Code Occupancy Category Il. According to
Building Code Table 1604.5, Occupancy Category Il is considered Seismic Use Group I. For
Seismic Use Group |, the recommended design spectral accelerations obtained from our
seismic analysis result in Seismic Design Category B. Note that this is the minimum Seismic
Design Category allowed by the NYC Building Code. The Seismic Design Category must be
confirmed by the structural engineer.

Liquefaction Evaluation

The seismic provisions of the Building Code require an evaluation of the liquefaction potential of
sand, silt, and non-cohesive materials below the groundwater table and up to a depth of 50 feet
below the ground surface. Ligquefaction potential was evaluated using the procedure outlined
by Youd et al. (2001).

The Youd et al. evaluation is based on the Seed and Idriss (1982) procedure for liguefaction
evaluation and is currently considered to be State-of-Practice procedure, as recommended by
the National Earthquake Hazard Reduction Program (NEHRP). This evaluation presents an
empirical relationship between the earthquake demand, represented by the Cyclic Stress Ratio
(CSR), and the soil's resistance to dynamic loading, represented by the Cyclic Resistance Ratio
(CRR). The CSR is correlated to the Peak Ground Acceleration (PGA) of the design earthquake
event, as well as the in-situ stresses, whereas the CRR is correlated to SPT N-values. The field
SPT N-values are normalized by applying correction factors for soil overburden pressure (C,),
hammer energy efficiency (Cg) and percent fines to obtain the equivalent, normalized value for a
clean sand to obtain the design (N;)ggcs.
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Our analysis parameters included a Magnitude 5.75 earthquake event, a PGA of 0.12g, and a
Magnitude Scaling Factor of 2. A plot of the calculated factor of safety with depth using the
Youd et al. (2001) procedure for each boring within the Tower E footprint is shown on Drawing
No. 15. We recommend a minimum factor of safety of 1.1 when evaluating liquefaction. The
boring data suggests that the Tower E site has a factor of safety greater than 2.5. We believe
the potential for liquefaction, liquefaction-induced settlement, and other seismic ground failure
at the site is low, based on our evaluation of the available boring data and estimated seismic
parameters for the site. Therefore, liguefaction need not be considered in the design.

DESIGN AND CONSTRUCTION CONSIDERATIONS

The following section briefly summarizes significant design and construction considerations
relative to the proposed development.

e Tower E is expected to have high structural loading and shallow rock conditions.
Therefore, the heavy tower loads will require a combination of drilled caissons socketed
into rock, and continuous and isolated footings embedded in rock.

e The Tower E foundations will be within the existing track area and will require
construction between the existing tracks that are to remain.

e Rock is shallow on the north side of Tower E, therefore shallow foundations may be
used. Footings may be embedded into sound rock if required. Tie-down anchors may
be necessary for uplift resistance. Careful rock removal techniques should be carried
out while limiting vibration levels and properly supporting the localized excavations (i.e.
rail tracks and adjacent structures).

e Unstable rock wedges may daylight within excavations, requiring temporary support
during excavation for shallow foundations in rock. Also, localized areas of soft or
weathered rock will likely require support of excavation.

e | ocalized excavations for shallow foundations on the north side of Tower E may extend
below the groundwater table requiring temporary construction dewatering.

e Existing caissons socketed in rock and footings bearing directly on rock constructed for
the planned MABSTOA bus garage can be incorporated into the Tower E foundation
system. Test pits will be performed (by others) to locate the as-built foundation
locations.

e New caissons within the Tower E footprint will be located in close proximity to existing
Amtrak tunnels. Coordination with Amtrak will be required to determine the minimum
clear distances between caissons and tunnels. Lateral and vertical deviation tolerances
should also be determined. Exact locations of the existing tunnels must be verified by a
surveyor. Means and methods necessary to construct caissons in close proximity of
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the tunnels must mitigate potential for soil loss and disturbance to the adjacent tunnels.
A detailed study of the foundation impacts on the existing tunnels will likely be required;
we have started this evaluation and the results will be presented under separate cover.

e New caissons and shallow foundations within the Tower E footprint will be located
adjacent to the NYCT No. 7 Line Extension south interlocking tunnel section and station
cavern beneath Eleventh Avenue and directly above the T1A- T1B tunnels. A detailed
study of the foundation impacts on the tunnels will likely be required by NYCT; we have
started this evaluation and the results will be presented under separate cover.

® Protection of adjacent structures, tracks, and the existing Amtrak and NYCT tunnels, will
be necessary during construction. A detailed monitoring program will be required to
evaluate the performance of the structures and determine if construction methods need
to be modified. The specifics for monitoring of existing Amtrak tunnels and the on-
going No. 7 Line structures during foundation construction will need to be coordinated
with Amtrak, NYCT, and LIRR.

e Drilling caissons within the track area will be required. Scheduling of the work to be
done within the track area must be coordinated through LIRR. This scheduling will
include detailed work plans, arranging for LIRR escorts while on LIRR property, and any
power outages and track closures required.

DESIGN RECOMMENDATIONS

Our recommendations for foundation systems and other geotechnical-related design
parameters follow.

Foundation Discussion

Service compression loads for caissons are anticipated to vary from about 18,000 to 32,000
kips. Total base shear service loads in the east/west and north/south directions is anticipated
to be 8,500 and 6,000 kips, respectively. Rock is anticipated to be within about 15 feet of
existing grade within the Tower E footprint. Because of the high anticipated loads, shallow
rock, and existing tracks to remain, we recommend that Tower E be supported on a
combination of drilled caissons socketed into rock, and continuous and isolated footings
embedded in rock where rock is shallow. Existing MABSTOA caissons and footings can be
incorporated into the foundation system where sufficient capacity is afforded by the existing
foundations.
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Drilled Caissons

Caissons are recommended to support the majority of Tower E. Caissons consist of a
permanent steel casing drilled through soil to bedrock, with an uncased socket extending into
bedrock. The casing and rock socket are filled with steel reinforcing and concrete. Steel
reinforcing may consist of rolled steel sections, built-up plate steel shapes, or rebar cages.
Caissons develop axial load capacity through a combination of peripheral shear resistance
between the concrete and rock, and end-bearing on the rock.

The caissons anticipated to support Tower E vary in diameter from 4.5 to 5.5 feet and have
design capacities varying from 18,000 to 32,000 kips.

Geotechnical Design Parameters

We recommend that the caisson rock sockets be proportioned assuming an allowable
peripheral bond strength of 300 psi for compression and 150 psi for uplift. These values
assume rock meeting NYC Building Code Class 1b or better, and have been confirmed based
on site-specific load-transfer data obtained from two instrumented load tests performed on
caissons installed within the Tower A footprint. The load test results are provided in
Appendix F.

The NYC Building Code allows a maximum allowable foundation pressure of 60 tons per square
foot (tsf) for NYC Building Code Class 1a rock; however, this value may be increased up to
25 percent to a maximum of 75 tsf provided that tests and/or analyses substantiate the
increase. Borings indicate that rock within the Tower E footprint meets NYC Building Code
Class 1a and 1b. Based on a bearing capacity analysis and the site-specific load-transfer data
obtained, we recommend that the allowable end-bearing be increased to 75 tsf plus a 10
percent increase for each foot of embedment into rock up to a maximum of 150 tsf. Inspection
during construction (see later discussion) is required to verify the rock quality and the increased
allowable bearing capacity.

Axial Compressive Resistance

The proposed caisson axial compressive design loads, varying from about 18,000 to 32,000
kips, can generally be accoommodated by caissons having a casing diameter of 4.5 feet to 5.5
feet. Typical capacities for various caisson diameters are presented in Table 4. Final design is
typically by the caisson specialty contractor such that the contractor’'s preferences can be
considered.
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Table 4: Typical Caisson Designs

Casing Rock Rock
Compression | Casing Casing Corrosion Socket | min. f'; | min.f, | min.f, Estimated
Capacity Diameter | Thickness | Allowance Socket Bond (conc.) | (casing) | (core) Reinf.
) Diameter
Thickness Length
kips inches inches inches inches feet ksi ksi ksi
12,000 54 0.75 0.125 48 16 12 50 65 W14x665
W14x730
18,000 66 0.75 0.125 60 18 12 50 65 10 #18
W14x808
20,000 66 0.75 0.125 60 21 12 50 65 24 #18
Built-up Plate
16"x24"
22,000 66 0.75 0.125 60 24 12 50 65 24 #18
Built-up Plate
20"x24"
26,000 66 0.875 0.125 60 30 12 50 65 30 #18
Built-up Plate
24"x28"
32,000 66 1.375 0.125 60 39 12 50 65 32 #18

1) Rock socket bond length assumes an allowable end bearing resistance equal to 150 tsf and side shear
resistance of 300 psi.

2) Caisson structural capacities can be adjusted by modifying material properties. The material properties shown
herein are for demonstration purposes and do not represent recommendations for final design. Final design
should be predicated based on feedback from contractors with respect to material availability, lead time, and
commodity pricing.

Axial Uplift Resistance

Caissons can be used to resist uplift forces. The uplift resistance of caissons should be
designed by neglecting end-bearing and using a higher factor of safety for peripheral shear
resistance in the rock socket. We recommend an allowable uplift peripheral shear resistance of
150 psi.

Lateral Resistance

Caissons can be used to resist lateral loads. The lateral capacity of caissons will be strongly
influenced by the diameter of the caisson and the depth to rock.

We recommend the behavior of the caissons under lateral loading be analyzed using the p-y
method whereby the soil and rock are modeled as a series of discrete resistances (i.e. springs)
with nonlinear behavior. Nonlinear caisson material properties should also be included in the
model (such as reduced pile stiffness from concrete cracking). Our lateral caisson analysis and
recommended p-y curves our summarized in a memo dated 30 November 2012, attached as
Appendix G.
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The NYC Building Code requires that lateral loads greater than 1 ton must be substantiated by
load tests. Lateral load tests for caissons are discussed below.

Group Effects

The caissons should have a minimum center-to-center spacing of at least two diameters to
prevent axial group effects. The outer three caissons that support the inner shear walls along
column lines E2, E3, and E4 are shown to be closely spaced, and group effects must be
considered. A group reduction factor of 0.85 is recommmended for these caissons, requiring that
the rock socket length be increased by about 18 percent.

Because of the relatively shallow depth to rock, the lateral capacity provided by the overburden
material will be negligible. Thus, lateral group effects need not be considered.

Minimum Clearances (Amtrak tunnels and MTA No. 7 Line Extension Structures)

New caissons within the Tower E footprint will be located in close proximity to existing Amtrak
tunnels. The perimeter caissons adjacent to the NAT are anticipated to extend to about
elevation -33 to -37 feet, corresponding to about 16 to 20 feet beneath the bottom of the
tunnel. The perimeter caissons adjacent to the NRTs are anticipated to extend to about
elevation -23 to -37 feet, corresponding to about 6.5 to 17.5 feet beneath the crown of the
tunnel. The perimeter caissons adjacent to the emergency evacuation tunnel are anticipated to
extend to about elevation -23 to -27 feet, corresponding to about 11.5 to 15.5 feet beneath the
bottom of the tunnel. We are performing a finite element method (FEM) study to analyze the
impact of the Tower E foundations on existing Amtrak tunnels. This study will be issued under
separate cover.

New caissons supporting Tower E will also be located in close proximity to the south
interlocking tunnel section and T1A-T1B tunnel of the MTA No. 7 Line Extension. The
perimeter caissons are anticipated to extend to about elevation -37 feet, corresponding to about
37 feet above and adjacent to the crown of the south interlocking tunnel section. The interior
caissons are anticipated to extend to as deep as about elevation -50 feet, corresponding to
about 10 feet above and adjacent to the crown of the T1A-T1B tunnel. We are performing a
finite element method (FEM) study to analyze the impact of the Tower E foundations on the
MTA No. 7 Line Extension tunnels. This study will be issued under separate cover.

Coordination with Amtrak and the MTA will be required to determine the minimum clear
distances between caissons and tunnel structures. Means and methods necessary to
construct caissons in close proximity of the tunnels must mitigate potential for soil loss and
disturbance to the adjacent tunnels. Lateral and vertical deviation tolerances should also be
determined with Amtrak and the MTA. Through prior experiences on projects with existing
Amtrak tunnels, we recommend that all caissons installed less than 25 feet from adjacent
tunnels (as measured at the tunnel structure) be monitored during construction to ensure the
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caisson is installed plumb. Standard construction tolerances dictate that the caissons deviate
no more than 2 percent from vertical alignment. Where required, casings should be survey
monitored prior to initial penetration to ensure proper vertical alignment. Periodic or real-time
measurement of caisson deviation with depth may be required by Amtrak and the MTA during
drilling. For caissons located within 5 feet of existing tunnels, we recommend that the tops of
these tunnels be exposed to verify clearance of the caissons.

Plumbness Monitoring

Through prior experiences on projects with existing Amtrak tunnels, we recommend that all
caissons installed less than 25 feet from adjacent tunnels (as measured at the tunnel structure)
be monitored during construction to ensure the caisson is installed plumb. Standard
construction tolerances dictate that the caissons deviate no more than 2 percent from vertical
alignment. Where required, casings should be survey monitored prior to initial penetration to
ensure proper vertical alignment. Periodic or real-time measurement of caisson deviation with
depth may be required by Amtrak and the MTA during drilling.

Bond Breakers

Bond breakers may be necessary for some caissons located in close proximity to the existing
Amtrak tunnels and MTA No. 7 Line Extension tunnels to limit imparting new loads on the
tunnels. The necessity for bond breakers is being evaluated under separate cover. While many
methods are available for providing bond breakers, we recommend that the specific means and
methods be proposed by the Contractor. Conceptually, bond breakers can be provided by:

1) drilling a temporarily cased oversized borehole to the top of rock socket;

2) installing a smaller bituminous coated permanent casing inside the temporary casing

and grouting the annulus;
3) removal of the temporary casing; and
4) drilling the final rock socket from within the remaining permanent casing.

Drilling Methods

Drilling of the caissons through overburden can be performed using rotary or auger drilling
techniques. Given the potential for “running sand” conditions within loose fine silty sand sails,
we recommend that temporary casing and a mineral (i.e. bentonite) or polymer slurry be used
to stabilize the borehole, as opposed to water. In addition, we recommend the drill stem be
kept inside the casing while drilling through overburden soils to minimize the potential for
bottom heave or running-sand conditions. The drill stem should be kept inside the casing a
minimum of 1 foot until the casing is seated into rock.

A down-the-hole hammer must be used to advance the rock socket. Observations during the
Tower C caisson construction and the test caissons at Tower A show the down-the-hole
hammer creates a rougher rock sidewall surface within the socket compared to augering,
potentially increasing the average side shear values as observed in the load tests. The caissons
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should be flushed using water or compressed air (or other approved methods) upon completion
of the rock socket to remove all debris accumulated on the bottom of the rock socket.
Thorough cleaning of the bottom of the rock socket is critical for caissons designed with end-
bearing (particularly given the assumed high bearing values), and proper cleaning must be
verified through inspection, as discussed below.

Obstructions, such as remnant foundations and debris in the historical fill, should be anticipated
in any area of the site. The Contractors’ means and methods should consider the need for
penetrating or bypassing such obstructions. Means to bypass the obstructions may include
predrilling using oversized cased boreholes and then backfilling.

Isolation Casing

The LIRR has previously stated that caissons located within or in close proximity to tracks must
be installed using isolation casings to prevent transferring of lateral loads to the adjacent tracks.
The requirement may only apply to areas of track slab (as opposed to ballast), but should be
confirmed with the LIRR. If required, the isolation casing will likely be 6 inches larger in
diameter than the permanent casing and will extend a minimum depth of 4 feet below the top
of the caisson. The annulus between the isolated casing and permanent casing must be filled
with a compressible elastic foam or other means to seal the gap without allowing load transfer.

Rock Socket Verification

The NYC Building Code requires that all rock sockets be inspected to verify the quality of the
bedrock before installing reinforcing steel and concreting. We recommend that verification be
performed through video inspection with a down-the-hole camera, as opposed to entering the
caisson.

Reinforcing Steel Splices

The NYC Building Code requires that core-beam splices be milled and full-depth welded. Given
that very large core beams will likely be required to achieve the highest load capacities, a
waiver for this requirement may be necessary for constructability. The connection must be
capable of achieving the necessary stress and moment transfer at the splice depth. We note
that mechanical connections could inhibit constructability because the splice can require
significant volume within the caisson section, thus potentially limiting concrete flow or
installation of concrete tremie tubes. Deformed bar and threadbar cages can be spliced using
staggered mechanical or lap splices. We recommend that only mechanical couplers capable of
developing full capacity of the bars be used for tension elements.

Centralizers

All reinforcing steel must be centered within the caisson. Where rebar cages are implemented,
centralizers should be spaced no more than 10 feet on center. Steel core beams should be
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provided with at least one centralizer at the base; the tops of core beams should be aligned at
the top of the casing using either a template or by manual wedges.

Concrete Placement

Concrete should be placed as soon as possible following cleaning and within four hours of
inspection of the rock socket. If placement is delayed the socket must be reinspected.
Concrete must be placed using tremie methods, and must be performed in a continuous
operation. Concrete must consist of a flowable mixture and must remain workable throughout
the anticipated duration of the pour.

Caisson Axial Load Testing

Axial load tests are not required by the NYC Building Code. However, a load test program is
being considered for two test caissons at Tower A in an attempt to justify a higher skin friction
value, and to further justify the 75/150 tsf end-bearing design.

Caisson Lateral Load Testing

Lateral load tests are required by NYC Building Code for allowable lateral capacity greater than
1 ton. We recommend two caissons be lateral load-tested according to the procedures in
ASTM D3966 “Standard Test Methods for Deep Foundations Under Lateral Load.” We
recommend that the lateral load tests be performed on two adjacent production caissons by
jacking them apart from each other. The test caissons should be cast with inclinometers so the
deflected shape of the caisson with depth and the deflection at the caisson head can both be
measured.

Footings on or Embedded in Rock

The foundation area within the northern part of Tower E will be supported on continuous and
isolated footings bearing on or embedded in rock (slots cut into rock). The embedded footings
will develop axial load capacity through a combination of peripheral shear resistance between
the concrete and rock, and end-bearing on the rock.

Geotechnical Design Parameters

We recommend that the footings embedded in rock be proportioned assuming an allowable
peripheral bond strength of 300 psi for compression and 150 psi for uplift. These values
assume rock meeting NYC Building Code Class 1b or better, and have been confirmed based
on site-specific load-transfer data obtained from two instrumented load tests performed on
caissons installed within the Tower A footprint. The load test results are provided in
Appendix F.

The NYC Building Code allows a maximum allowable foundation pressure of 60 tons per square
foot (tsf) for NYC Building Code Class 1a rock; however, this value may be increased up to
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25 percent to a maximum of 75 tsf provided that tests and/or analyses substantiate the
increase. Borings indicate that rock within the Tower E footprint meets NYC Building Code
Class 1a and 1b. Based on a bearing capacity analysis and the site-specific load-transfer data
obtained from the caisson load tests at Tower A, we recommend that the allowable end-
bearing be increased to 75 tsf plus a 10 percent increase for each foot of embedment into rock
up to a maximum of 150 tsf. Inspection during construction (see later discussion) is required to
verify the rock quality and the increased allowable bearing capacity.

Uplift Resistance

We recommend the uplift resistance of footings in rock at Tower E be neglected. The footings
will only be embedded about 5 feet in rock such that only a small wedge of rock could be
mobilized. Unfavorable jointing in the upper part of the rock mass could significantly reduce the
uplift capacity of the footing. Uplift resistance provided from peripheral side shear will also
depend on the quality of the rock encountered and the verticality of the side slopes, which will
be difficult to maintain and will depend on construction means and methods.

We recommend uplift forces be resisted by post-tensioned tie-down anchors socketed into
bedrock and embedded into the footings. Rock anchors should be double corrosion protected
consisting of a PVC sheathing and grout encapsulation around the anchor bar. The free
stressing length for bar anchors should be at least 10 feet, and the free stressing length for
strand anchors should be at least 15 feet, regardless of the depth to rock (which may require
over-drilling rock). The free stressing length of bar or strand anchors should be proportioned
such that the dead weight of the engaged rock mass is greater than the individual anchor load
or the sum of the group anchor loads. The engaged rock mass should be defined as the wedge
formed by extending a plane 45 degrees from vertical from the midpoint of the bond length.
Where multiple anchors are installed in a group, the rock mass wedge should extend upward
from the outermost anchors, and the bottom of the wedge should be a level plane through the
midpoint of the anchors. The anchor bond length should be proportioned using an allowable
peripheral shear resistance in uplift of 150 psi. At least 10 percent of anchors should be
performance-tested in accordance with PTl standards and the remaining anchors should all be
proof-tested.

Lateral Resistance

For footings embedded in rock, lateral loads can be resisted by friction on the bottom of the
footing. We recommend an ultimate frictional coefficient of 0.70 for mass concrete poured on
clean sound rock. We recommend a minimum factor of safety of 1.5 when evaluating frictional
resistance.

If additional lateral resistance is needed, passive pressures can also be evaluated.
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Impact on MTA No. 7 Line Extension Tunnels (Footings)

Footings within the Tower E footprint will be located adjacent to the south interlocking tunnel
section, station cavern, and T1A-T1B tunnel of the MTA No. 7 Line Extension. The footings are
anticipated to extend to about elevation -10, corresponding to about 64, 42, and 50 feet above
the crown of the south interlocking tunnel section, station cavern, and T1A-T1B tunnel,
respectively. We are performing a finite element method (FEM) study to analyze the impact of
the Tower E foundations on the MTA No. 7 Line Extension tunnels. This study will be issued
under separate cover.

Excavation Methods

Rock is expected to be shallow where footings will be constructed, such that construction
slopes can likely be used to excavate overburden material with slopes no steeper than 1
horizontal to 1 vertical or in small sheeted pits. The contractor or responsible subcontractor
should design temporary construction slopes or sheeted pits in accordance with all OSHA,
local, state and federal safety regulations. Temporary slope inclinations should be determined
by the contractor or responsible subcontractor based the subsurface conditions exposed at the
time of construction.

Rock excavation within the site will require careful removal techniques because of the close
proximity of existing structures and tracks. The bedrock was generally high quality and hard
(Class 1a and 1b) and will likely be difficult to excavate, requiring rock chipping and splitting
techniques. Channel drilling is recommended around the perimeter of each footing to minimize
rock overbreak during subsequent chipping and splitting work. Channel drilling consists of
overlapping drill holes such that a continuous channel is constructed along the excavation line.
Because of the close proximity of adjacent structures and tracks, blasting operations to remove
the bedrock will likely not be permitted. To limit vibrations and assist in excavation, expansive
chemical splitting agents may be considered.

Rock Verification

The NYC Building Code requires that all rock subgrade be inspected to verify the quality of the
bedrock before installing reinforcing steel and concreting. In addition, because of the increased
allowable bearing value, rock subgrade must be inspected by Langan to verify bearing capacity
and that footings have been adequately cleaned.

Foundation Settlement

Caissons should have very small deflections, generally with a magnitude similar to elastic
shortening. For the caissons shown in Table 3, the elastic compression and settlement is
expected to range from less than % inch to about %2 inch. Footings embedded in rock should
have settlement less than % inch, such that differential movement between the caisson
supported area and footing supported area is less than Yz inch.
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Design Groundwater Level

Groundwater was encountered during our 2008 Phase Il Environmental Site Investigation.
Groundwater was generally observed between about elevation -4 to 0 feet. Where bedrock is
shallow in the east half of the Tower E footprint, groundwater is anticipated to be perched on
top of rock and will follow the rock surface contour above about elevation 1 foot. We
recommend a design static groundwater level of 1 foot above the top of rock elevation or
elevation 1 foot, whichever is greater.

The owner has selected a design flood level at elevation 13.35 feet.

CONSTRUCTION RECOMMENDATIONS

Subgrade Preparation for Footings Embedded in Rock

Footing bearing surfaces should be level and clear of debris, standing or frozen water, and other
deleterious materials. Compressed air should be used to clean all rock surfaces. Sloping top of
rock, joints, foliation, and local zones of weathered or fractured rock may require locally
deepening the footing excavations further into rock. Final subgrade below all footings must be
inspected by a Langan engineer.

Temporary Support of Excavation

Where sloping or sheeting is required within the overburden material, the contractor or
responsible subcontractor should design temporary construction slopes or sheeting in
accordance with all OSHA, local, state and federal safety regulations. Temporary slope
inclinations should be determined by the contractor based on the subsurface conditions
exposed at the time of construction. We recommend that all vehicles and surcharge loads be
kept at least 10 feet away from the top of temporary slopes. If temporary slopes are left open
for extended periods of time, exposure to weathering and rain could have detrimental effects
such as sloughing and erosion. Temporary slopes should be protected from weather and
damage from vehicles during construction.

Where site restrictions prevent the use of temporary slopes, temporary excavation support will
be required. Temporary excavation support must be designed by the Contractor’s professional
engineer. The Contractor must retain a qualified geotechnical engineer to be approved by the
construction manager, owner, and owner’s engineer. Temporary excavation support through
soil should be designed assuming a minimum soil unit weight of 130 pounds per cubic foot and
a friction angle of 30 degrees. Temporary excavation support should also be designed to resist
lateral pressures from surface surcharge loads from standard construction equipment as well
as surcharge loads from trains. At a minimum, all temporary excavation support should
conform to the requirements outlined in the MTA document “Field Design Standards” (DG-
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453). The Contractor's design must be reviewed by the Owner or Owner’'s geotechnical
engineer prior to any excavation work; however, performance of the system rests solely with
the Contractor

Temporary Construction Dewatering

Localized excavations for the footings may be below the static groundwater level; therefore,
temporary construction dewatering may be required. Controlling the groundwater will be
critical in order to allow for subgrade preparation and foundation construction. We expect that
groundwater should be controllable with sump pumps during foundation work.

All groundwater discharged from the site into NYC sewers will require temporary dewatering
permits from the NYCDEP. Treatment may be required where the groundwater is found
insufficient for meeting water quality standards dictated by the regulatory agencies having
jurisdiction.

Fill Materials, Placement, and Compaction

Fill should be limited to utility trenches and minor earthwork. Fill placed to establish the
finished subgrade should consist of a well-graded durable granular material having a maximum
particle size of 4 inches in any dimension, and no more than 10 percent fines passing the No.
200 sieve. All fill should be free of trash, debris, roots, vegetation, peat, or other deleterious
materials and should be approved by the geotechnical engineer prior to placement. Lean
concrete or controlled low-strength material (CLSM) may be substituted for structural fill.

Fill should be placed in uniform loose lifts not exceeding 8 inches in open areas and 4 inches in
confined areas. All fill should be compacted to at least 95 percent of the soil's maximum dry
density as determined by ASTM D1557 “Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Modified Effort.” The water content at the time of compaction
should be within a 2 percent of the optimum value determined by ASTM D1557.

All voids created during construction must be backfilled.
Fill should not be placed on subgrades not inspected and approved by the geotechnical
engineer. All fill must meet the requirements of the approved Remedial Action Work Plan (see

below).

E-Designated Soil Management

Per City Environmental Quality Review (CEQR), the ERY is E-Designated (E-137) for Hazardous
Materials and Noise. This designation requires oversight of remedial investigations and actions
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by the New York City Office of Environmental Remediation (OER). Soil management
(excavation, staging, transport, disposal and importing) must follow all requirements of the
approved Remedial Action Work Plan (RAWP).

Monitoring

We recommend that a monitoring program be developed and incorporated into the Contract
Documents. Monitoring should include means to measure both structural movement and
vibrations from construction operations. The type and locations of specific monitoring
equipment, threshold values, and durations should be developed based on review of the
anticipated construction means and methods in conjunction with proximity to existing
structures and utilities. The purpose of performing monitoring is to provide reasonable
feedback to the engineer as to performance of the contractor with respect to protecting
existing structures and utilities, and to assess any necessary changes to means and methods
of construction.

Specific requirements for monitoring are likely to be imposed by governing agencies including
NYCDOT, MTA, and Amtrak. Critical structures which are likely to require monitoring include:

the rail tracks (LIRR),

—_

)
2) the West 33" Street/Tenth Avenue retaining wall (NYCDOT),
3) the Amtrak North Access Tunnel (Amtrak),
4) the Amtrak North River Tunnels (Amtrak)),
5) the Amtrak emergency evacuation tunnel (Amtrak),
6) the Eleventh Avenue viaduct (NYCDOT), and
7) the No. 7 Line Extension structures (NYCT).

We recommend that a dialog be established with all governing agencies as soon as possible to
determine specific monitoring requirements.

The monitoring program would likely include optical surveying, seismographs (vibration
monitoring), and crack gauges. We recommend that a plan be developed after discussion with
the governing agencies noted above and further development of design drawings. Given the
expected duration for excavation, consideration should be given to installing remote sensors
capable of relaying data in real-time via wireless communications. The monitoring plan should
address means and methods for measuring ground and structural deformation, and vibration
levels.  We recommend that all monitoring be performed by a third-party consultant
independent of the contractor; however, the contractor should reserve the right to perform
additional monitoring. Monitoring should be performed throughout excavation and foundation
construction.
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Preconstruction Conditions Documentation

We recommend that preconstruction conditions documentation be performed, for any
structures to remain, about one month prior to commencing construction activities. This would
most likely include the tracks, West 33™ Street and Tenth Avenue retaining wall, existing
Amtrak tunnels, Eleventh Avenue viaduct, and MTA No. 7 Line Extension structures. The
purpose of these observations is to provide photographic and video documentation
representative of general existing conditions and identify obvious visual deficiencies. The
preconditions observations should also identify areas requiring specific monitoring during
construction.  Structural integrity is not addressed in such documentation. This baseline
information is often critical in the event of future damage claims resulting from construction
activities.

Special Inspections

Excavation and foundation work are subject to various Special Inspections as per the
requirements outlined in Chapter 17 of the NYC Building Code and the Rules of the City of New
York. Construction activities that require geotechnical quality control inspections include
installation of the caisson foundations, excavation, subgrades, and lateral support systems,
backfilling, and compaction. This work must be performed under the inspection of a qualified
geotechnical engineer and should be performed by Langan. Inspection of the rock subgrade
must be performed by Langan to justify the higher capacity. The inspecting engineer should be
familiar with the subsurface conditions, as well as the proposed and existing construction
onsite. We recommend that all inspectors meet the requisite qualifications outlined in
TRCNY 101-06.

CONSTRUCTION DOCUMENTS

Technical specifications and design drawings should incorporate our recommendations to
ensure that subsurface conditions and other geotechnical issues at the site are adequately
addressed in the construction documents. Langan should assist the design team in preparing
specification sections related to geotechnical issues such as earthwork, deep foundation
installation, and excavation support. Langan should also review foundation drawings and
details, and all contractor submittals and construction procedures related to geotechnical work.
We recommend that the language in foundation and earthwork specifications emphasize the
potential for encountering buried obstructions during excavation and foundation drilling with the
intent of mitigating change-of-conditions claims arising during construction. All excavation and
drilling should be assumed to be unclassified such that the contractor is responsible for
providing the necessary performance of the foundation system regardless of conditions
encountered.
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OWNER AND CONTRACTOR OBLIGATIONS

The contractor is responsible for construction quality control, which includes satisfactorily
constructing the foundation system and any associated temporary works to achieve the design
intent while not adversely impacting or causing loss of support to neighboring structures.
Proper management of excavated soil is also solely the responsibility of the contractor.

Construction activities that can alter the existing ground conditions such as excavation, fill
placement, foundation construction, ground improvement, dewatering, etc. can also potentially
induce stresses, vibrations, and movement in nearby structures and utilities, and disturb
occupants of nearby structures. Contractors working at the site must ensure that their
activities will not adversely affect the performance of the structures and utilities, and will not
disturb occupants of nearby structures. Contractors must also take all necessary measures to
protect the existing structures during construction. By using this report, the Owner agrees that
Langan will not be held responsible for any damage to adjacent structures.

The preparation and use of this report is based on the condition that the project construction
contract between the Owner and their Contractor(s) will include: 1) Langan being added to the
Project Wrap and/or Contractor's General Liability insurance as an additional insured, and 2)
language specifically stating the Foundation Contractor will defend, indemnify, and hold
harmless the Owner and Langan against all claims related to disturbance or damage to adjacent
structures or properties.

LIMITATIONS

The conclusions and recommendations provided in this report are based on subsurface
conditions inferred from a limited number of borings, in situ testing, and test pits performed
within the Tower E site, and information provided by others.

This report has been prepared to assist the owner, architect, and structural engineer in the
design process and is only applicable to the envisioned project discussed herein. Any proposed
changes in structures or their locations should be brought to our attention so that we can
determine whether such changes affect our recommendations. Langan cannot assume
responsibility for use of this report for any areas beyond the limits of this study or for any
projects not specifically discussed herein. This report shall not be used for the design of
temporary works including scaffolding, construction hoists, and crane pads.

Information on subsurface strata and groundwater levels shown on the logs represents
conditions encountered only at the locations indicated and at the time of investigation. If
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different conditions are encountered during construction, they should immediately be brought
to our attention for evaluation as this may affect our recommendations.

Environmental issues (such as potentially contaminated soil and groundwater) are outside the

scope of this study. This site is within the E-designated area and must follow all requirements
of the approved RAWP.
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