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EXECUTIVE SUMMARY:

Purpose

This structural concepts and existing conditions report contains a description of the
Massachusetts General Hospital project “The Building for the Third Century” (B3C)
including design and loading considerations. This structural analysis of the B3C project
provides in depth review of strength of components.

Building Description

The B3C hospital facility contains 530,000 square feet total including: 162,300 square
feet of patient bed space, 45,900 square feet of mechanical, and 114,900 square feet of
procedural space. The facade of the building is mostly glass. The main structural system
consists of a steel moment frame with composite metal deck flooring. The columns
transfer load through concrete load bearing elements to bedrock. The systems are being
constructed in @ manner which allows for fast track construction to ensure that the
hospital will become operational in a timely manner.

Structural Analysis Results

The scope of this report includes analysis of the wind and seismic loading of the building
to determine which governs the design of the lateral resisting component. These loads
were analyzed utilizing ASCE 7-05. It was determined that the building design is
controlled by the wind loading resisted in the North and South directions.

Typical elements within the building were also checked including a composite beam
and girder. After performing the calculations it was determined that these members
have been designed by the engineer to be the most efficient use of the materials
employed.
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Massachusetts General Hospital —Building for the Third Century
Structural Concepts and Existing Conditions Report

55 Fruit Street
Boston, MA 02114

INTRODUCTION

This structural concepts and existing conditions report contains the description of the existing
physical conditions of the Building for the Third Century (B3C) including information pertaining
to design concepts and required loading governed by code. An overview of the structural
components of the high-rise is included for review of the moment frame system, flooring
systems, exterior envelope systems and foundations. Relevant design codes and confirmation
through analysis of B3C's strength is also included herein.

BACKGROUND

The B3C project (Cover and Figure 1) is located at 55 Fruit Street in Boston, Massachusetts. The
site being built on today once held three outdated hospital buildings. The Clinics, Tilton and
Vincent Burnham Kennedy Buildings were demolished in order for this project to move forward.
Being located within 1000ft of the Charles River (Figure 2) on the existing hospital campus there
are considerations for the higher water table.

The building is being constructed with LEED criteria integrated throughout including several
green roofs and a large atrium these spaces create unique design loading in portions of the
building.

Being a large bedding facility and emergency facility supply and emergency vehicles require
access to the building. Due to the small site these dock areas were incorporated into the plan of
the building but the large loads and open spaces call for castellated beams and floors that are
hung from tension members rather than attached to columns. The flooring system on the floors
that are hung must also be adjusted to allow constructability, so there are concrete planks
utilized in parts of the building. All of these systems will be discussed in further detail in this
report and reports to follow.
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Structural System Discussion

The structural overview section of this report will focus on all of the main structural
features of the building. The features to be discussed include: general floor framing, structural
slabs, the lateral force resisting system, foundation system, secondary structural systems, the
exterior envelope, and expansion joints. An understanding of the interaction of these building
components will allow for deeper study of specific components of the system.

General Floor Framing — The main framing type for this building is a steel frame building with
beams transferring load to girders and girders to columns. The system is constructed of mostly
W shapes whose strengths may be found in Appendix C. Most of the connections in the system
are simple or shear connections however the main lateral force resisting system consists of a
moment frame, which will be discussed later. Beams commonly have 30ft spans in the building
but there are spans of up to 42ft. Floor heights vary, as seen in the Building Height Diagram in
Appendix B, between 14ft and 30ft. Column splices commonly occur at 4ft above the floor level
of the splice. This framing system necessarily holds up the structural slabs of the building which
are discussed next.

Structural Slabs — Four levels of this hospital facility are subterranean on the site and play an
interesting part in the construction process of the building. The structural slabs of the basement
levels are flat slabs supported by the steel columns of the building and drop panels. The slab
thickness is 14 inches in most areas and an additional 8 inches is employed for the drop panel
areas of the slab. Material strengths of the concrete and the reinforcement utilized in these
structural slabs has been documented in Appendix C. The construction of this hospital is fast
tracked, due to its obvious importance, and these structural slabs play an important role in that
process which will be talked about in the foundations discussion.

Main Lateral Force Resisting System — As discussed earlier in the general floor framing plan of
the building the lateral force resisting system is based on a moment frame. This frame is
constructed with moment connections as designated by AISC and the architect. The columns set
approximately 10ft inside the perimeter of the slabs, on floors 1-10, makeup the moment frame.
This system wraps the building around all sides of the building, as is portrayed in Figure 4. The
strengths of this moment frame may also be found on Appendix C. A preliminary analysis of the
lateral forces on the building was conducted for both wind and seismic loading. After
calculating the lateral forces on the hospital it was determined that the wind loading in the
North - South directions would present the largest lateral loads on the building. These
calculations and results are discussed eventually in this report. Wind loads are first met by the
curtain wall that covers a majority of the building facade. The load is transferred from the glass
to the hangers directly into the floor slabs. The metal deck composite floor system aids the lateral
force system by distributing the wind forces to the moment frame. The transmission of the
lateral load can be seen in Figure 3.

Foundation System — The portion of this building that is buried underground is not to be
forgotten. There are several important parts to the foundation system including: a slurry wall,
load bearing elements, and caissons. Describing these components in order of construction will
be beneficial to help describe the unique construction process being used on this fast track site.
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The first element of the foundation system is a 30 inch thick slurry wall. The perimeter of the

building as dug down to the bearing bead-rock and then reinforcing steel cages were lowered
into the slurry filled holes. Concrete is then pumped into the hole while the slurry is removed.
These walls will hold back the soil pressure while building. The holes for the Load Bearing
Elements (LBEs) were also excavated to proper depths before any of the dirt was taken from the
slurry wall surrounded site. These LBEs support the majority of the structural load of the
building. Thus the columns were imbedded into the concrete of the LBE. Those columns reach
from the lowest basement level floor to the first floor when they are placed. This column and
slurry wall layout allows for “Up — Down” Construction to take place. This construction method
calls for a crew to be working under ground to excavate under the floor slabs and the steel crew
to be setting steel going up. This process is presented in Figure 6. Caissons also play an
important role in the structural support of the building. The caissons carry the load of the
massive shielding walls needed for the use of the Linear Accelerators used to create radiation for
cancer treatment. All of the materials used in the foundations elements can be found in
Appendix C.

Other structural considerations that will need to be made later on are the lateral soil loads that
the slurry walls will have to withstand after the lower levels have been excavated. Also the
water table is high in this area, due to its proximity to the river, which will necessitate
consideration of uplift on the structure.

Secondary Structural Systems - In order to create a more connected atmosphere within the
hospital campus bridges are being constructed to a few of the nearby buildings. The Yawlzey
and Wang will be the buildings connected to. This requires creating a structure that will not
transfer loads from the new building to the older buildings. These bridges are framed with large
W shapes, have concrete on metal deck flooring, and glass facades.

There is also a canopy located at the entrance of the building which will need evaluated for
wind and snow loads.

Exterior Envelope — The facade of the B3C project is designed to let in maximum amounts of
natural light and thus is composed of mostly glass. The curtain wall system is hung from
embedded mounts at each floor level. This allows the lateral loads to be transferred directly into
the composite floor and eventually to the moment frame serving as the main lateral force
resisting system. The curtain wall system also plays an important role in the environmental
control in the building but its structural significance is lateral load transmission. Again this
transmission is represented in Figure 4. This system is how the building meets the wind, how the
building meets other buildings will be discussed next.

Expansion Joints — The building itself does not have any notable expansion joints causing the
need for internal load separation but there are plenty of equally important expansion joints
between the B3C and other adjacent buildings. Buildings close enough to require expansion
joints are Ellison and White. The materials most commonly used in the expansion joints are large
rubber gaskets and aluminum plates. These joints are commonly located where a floor, ceiling,
or wall meets a similar feature of the joining buildings. The importance of these joints is
providing transition from one building to another while not transmitting loads from one

10/6/08  WIATTHEW T DECRER 3



AE Senior Thesis The Building for the Third Century
Structural Option Boston, MA
2008-2009 Technical Report No. 1
building to the other. Space is built into these joints to allow for movement of the buildings as

well. It is appropriate to end our discussion of the structural system with a discussion about
expansion joints because the B3C project is all about expanding into the third century of the
hospital’s existence.

Building Design Load Discussion

Wind Loading - Building load discussion will begin with wind loads because this tall building will
experience high wind load pressures due to its location on the eastern sea boarder. In order to
calculate the numbers in the following tables hand calculations found in Appendix A can be
reviewed under the title “Wind Calculations”. The major factors affecting the wind loads on the
build include: location, facade dimensions, and surrounding area terrain. The facade dimensions
are noted in Figure After the design factors were calculated the wind pressures for each
direction and floor were determined. As seen by comparing Figures 7 and 8 there are greater
pressures on the East and West Facades. These loads are transmitted to the main lateral force
resisting system through the glass facade to the floor and finally through moment connections
to the columns in the building. The overturning moment on the highest floor is 110,090 ft-kips
as noted in the Wind (North South Direction) table. This loading condition must be compared to
the loading condition presented by the seismic loads, discussed in the next section, on the
building to determine the sizing of the columns in the building.

Velocity Pressures, g, andq,

Floor Flcrcrr_ H_e ight Height z K, K.y Ky K, Vimph) Oh Oz
(ft) (ft) (Ib/ft%)  (Ib/f)
_2nd | 1250 [ 1250 | 057 | 100 | 085 [ 115 | 105 | 115 [ 3165 | 1573
3rd 12.50 25.00 0.67 1.00 0.85 1.15 105 1.15 3165 18.35
__
5th 16.00 57.00 1.00 0.25 1.15 105 1.15 3165 23.22
__
14.00 101.00 0.99 1.00 0.25 1.15 105 1.15 3165 27.34
__
14.00 129.00 1.06 1.00 0.25 1.15 105 1.15 3163 29.32
| soth | 1400 | 14300 | 109 | 100 | o085 [ 115 [ 105 | 115 [ 3165 | 3020 |
Roof 14.00 157.00 1.12 1.00 0.85 1.15 105 1.15 3165 31.01
Penthouse 23.00 180.00 1.17 1.00 0.85 1.15 105 1.15 3163 32.25
K,= 2.01{2;22}”“ 0y =0.00256 K, KK W51
K is case where z=mean roof height g,=0.00256K K KsVs1
Mean roof height= 168.50
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Seismic Loading- The building seismic load must also be determined to properly size the
main lateral force resisting system. After determining the load factors in the calculations
presented in Appendix A the chart on the following page was developed to present the
overturning moments of the structure. As can be noted from the table the highest
overturning moment is only 60,955 ft —kips compared to the 110,090 ft-kips of the wind
loading case. Thus the wind loading will be the controlling factor in the design of the
main lateral force resisting system.

Structural Design Discussion

The structural design of the building begins in the foundations of the building and
works all the way out to the facade’s bearing on the floors of the building however for
this report the structural design of a typical beam and girder will be the focus of
discussion. These typical members can be seen in Figure 10. The design checks were
performed by the methods of LRFD.

Assumptions and calculations are found in Appendix B.

After performing the calculations on both the typical beam and girder it was
determined by the methods used that the composite beams were not adequate. The
sizes were slightly too small to accommodate the loading. Assumptions may have
skewed the results of the calculations but the main factor which would have affected
the design strength is the positive camber put into the beams. At this time that factor
has not been included in the design of the composite beam but would likely increase
the strength of the member.

Future reports will contain checks of the lateral force resisting system in the columns of
the building.
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Document and Code Review

Here is provided a list of the Documents and Codes utilized in analysis and discussion of the
structural system.

ASCE/SEI 7-05 Minimum Design Loads for Buildings and Other Structures published in
2006 by the American Society of Civil Engineers (ASCE 7

AISC Steel Construction Manual 13th Edition published December 2005 by the American
Institute of Steel Construction, Inc. (AISC 13th ed.)

ACI 318-08 Building Code Requirements for Structural Concrete published August 2008 by the
American Concrete Institute (ACI 318)

Construction Documents S100 — S602 Dated February 29 2008

Unified Design of Stee/ Structures Published 2008 Louis F. Geschwindner

Professional Contacts

Pamela DuBois Holmes, R.A.
Senior Associate
NBBJ Architects

John J. Tracy P.E. LEED AP
Project Manager
McNamara/Salvia Inc. Consulting Engineers
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Figure 1 — Birds Eye View of South East Corner
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Figure 2 - Site Map
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Figure 3: Lateral Load Transmission
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Figure 4: Moment Frame Diagram
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Figure 5: Structural Perspective
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Figure 6: Up Down Construction
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Figure 7: Wind Loading on North and South Faces of Building
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Figure 8: Wind Loading on East and West Faces of Building
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Figure 9: Wind Design Diagram
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Figure 10: Spot Check Area
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Appendix B — Calculations

\Wind Loading Calculations
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Appendix C: Material Strengths

Structural Steel Strengths

F, hiin. F, hiin.
! : Reference

Location

Eoverned Elements ¥igld Stress Tensike Stress
[k=i) [k=i)

wol. 111 Strwct wral

ASThA BS82 Al 'WEhapes 555" gs" @enera Motes 5100
B &5 Table 23
&l other rolled shapes, wol. 111 Strect ural
ASTh &35 plates, and bars 35 SE-E0° @enera Notes 5100
unless otherwize noted B &5 Table 23
ASTI £-500 — - viol, [l Struct ural
. sectons ) 45 58 General Notes S100
Grade B [5guare, Rectangular]
B M5 Table 23
5T 2-500 HEE Sections v llistucture
rate o (Round] = a5 62 Generd Notes 5100
mEEE - B AISC Table 23
ASTIA A-E3 . vl 11 Strisct ural
Grade B Pipe 35 &0 zeneral Notes 5100
== £ M50 Table 23
§ Wl 11 Strict wral
ASTH A-325 Al Bolts for connec ting e Genera Notes S1o0
= SCor M structural members - = =
VP B Al Table 25
Wl 11 Strisct wral
ASTM F1554 All anchor rods . c Senera Notes 5100
Grade 35 uniesz otherwise noted - R -

B m5C Table 25

Motes: 3- Amaximumyeild-to-strength ratio of 065
and carbon egivalnet formula are included 3= mandatory
in ASTh- S5

b- For shapes over the 426 Ib/ft only the
minimum of 5E5EkS applies
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Concrete Strengths

hlini rum Comipressive

Strenght [P} ps

Reference
Location
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wol. I Strcturs

Caizzons, LEE: 5,000 =Zansrz NotesE100
. W wol. [ Striectura

ur E
N vy 5,000 General NotesS100
Concrete Diaphram

wol. I Strcturs

Cap walks 5 D00 General NotesS100
Two-Way wol. [l Striecturs

5,000 &eneral Notes 5100

Concrete Sake . = =

wiol. I Structurs

Formeal Walls 4,000 General Notes5100
wol. [l Strectura

Topping Sabs 4, 000 zanerz| Notes 5100
wol. [ Striectura

Elabs on Grade 4,000 zeners| Notes 5100
Ell Concrete F'.R:l. IIIE-‘I:"L-.':EL 3

Mud = shs 2,000 =Zansrz NotesE100
wol. [l Striecturs

Linscc Selding 5, D00 Zanerz| Notes 5100
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Reinforcing

A B15

Grade 60 Less than #11 60,000 90,000
AB15

Grade 75 #11 and greater 75,000 100,000
ATOB To be welded 60,000 80,000
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