Voorhees Replacement Hospital

Voorhees, New Jersey

Final Report

Paul Stewart
Structural Option
Consultant: Dr. Ali M. Memari

April 7", 2010



Paul Stewart Voorhees Replacement Hospital
Structural Option Voorhees, New Jersey
Dr. Ali M. Memari Final Report

Virtua Voorhees
Replacement
Hospital

General Building Statistics:
Location: Voorhees, Mew Jersey
Size: 642,000 ft*
Total Levels: 9
Construction Dates; March 2008 - March 2011
Construction Cost: $323 Million

Design Team:
Chwmer: Virtua Health
Owner’'s Rep: Hammes Company
Architect/Engineers: HGA Architects and Engineers, LLC
Geotechnical Engineer: Lippincott & Jacobs Consulting
Elevator Consultant: Lerch, Bates, & Associates
Lighting/Electrical Construction Manager: The Turner Company

(6) 2000 KVA units transform produce 277Y/480 Volt service
(3] 1500 KW generators provide emergency power

LiIses a rotary UP5 in order to provide uninterrupted power during a B
- — ——
power loss : - m
..*H o E

Majority of Interior Lighting is recessed fluorescent fixtures designed to - e -

follow IESNA recommendations

r; & Mechanical
N __q (10) Air handling units serving various portions of

the building

(3) 1,000 ton water cooled chillers, with an area for
2 additional chillers if needed

(4) 2,083 GPM cooling towers, with an area for 2
additional towers if needed

Structural
Steel structure
Concrete footings reston on concrete piers
Steel bracing and moment frames
Composite steel/concrete slab system
Geopiers required to densify the loose soils
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Executive Summary

The Voorhees Replacement Hospital is a new hospital replacing the current Voorhees
hospital due to its inability to expand and be renovated. The new building is 9 stories tall,
approximately 140 feet tall. It consists of two parts, a main bed tower, and a services building.

In the final report the current building’s systems will be explained in depth. An in depth
description of the mechanical, electrical, lighting, telecommunication, and structural systems
will be given. The architecture of the building will also be explained as well as some of the
building’s sustainable features.

A description of the proposed changes to the building will then be given. An overview
look at the potential benefits of the changes will be given, and the process of making the
changes will be explained.

The current helipad will be looked at and the possibility of moving it from the parking
area to the top of the building will be explored. This report will look into possible problems and
requirements that a helipad located on the roof will require. A location will then be
determined based on these requirements. In order to move it from its current location, the
helipad will be redesigned as a two-way slab with beams spanning from column to column. The
beams supporting the slab will also be designed as concrete beams. Due to the added weight
on the roof, the gravity columns that support the new helipad will be adjusted for the added
weight. Also, since weight is added to the columns, the foundations will also need to be
redesigned. These new foundations will then be checked against a RAM model to insure they
are accurate.

In order to eliminate moment frames throughout the building, the lateral system will
also be changed. The lateral system will be changed in the Southern Building from a
combination of braced frames and moment frames, to a system that only uses braced frames.
Since changing the lateral system will also change the seismic forces, these forces will need to
be redesigned. In order to design the new system a RAM model will be created. This model
will assist in the design and analysis of the new building.

Because new braces will be added to the building, a study of their new location will be
performed to insure that the architecture is unchanged. The location of these new braces will
then be plugged into the RAM model and a design will be performed. The location and sizes of
the new braces will then be reported. Since the forces on the foundations will also change, the
foundations will also need to be redesigned. The new foundations are redesigned and the sizes
are reported.
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The new system will also be analyzed for a number of different factors. The analysis will
look at the new building’s drift, center of mass and center of rigidity, torsion, overturning
moment, and constructability. These factors are then compared to the old system’s values. It
is found that the new systems’ seismic forces are reduced due to the new R value. ltis also
found that by eliminating moment frames, time and money can be saved with the new system.
Although it is found that the new system will have a larger drift, torsion, and overturning

moment when compared to the old system.

Due to the new type of lateral system a design of the connections for the new braces
will be performed. Two brace to column connections, a brace to beam connection, and a brace
to brace connection will be designed and reported in this report.

Because of the new location of the helipad, an electrical breadth and an acoustical
breadth will be performed. The electrical study will determine new wire sizes for lights located
on the new helipad. These wires will also be tied into an existing circuit breaker. The acoustical
study will look at the potential sound entering patients’ rooms. The study will find that a new
facade type will be necessary in order to eliminate sound entering the space.
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Introduction

The Virtua Voorhees Replacement Hospital is located in Voorhees, New Jersey (Latitude:
39.84° Longitude: -74.93°), immediately off Rt. 73. It will be replacing the old Voorhees hospital
because of its inability to be renovated. The new hospital will have 9 floors, starting with a
Garden Level continuing up through Floor 8. The building is broken up into two main areas, the
main bed tower (referred to as Building A, or Northern Building in this report), and a services
building (referred to as Building B, or Southern Building in this report). The building is also
broken up into 7 smaller zones, for ease of reference in the drawings. Figure 1 shows how the
building is split up.

For the final report of the Voorhees Replacement Hospital the existing conditions are
explained in detail. All of the systems including mechanical, electrical, and lighting are
explained to give some background on this building. The structural system is then explained in
greater detail so that the current building can be compared to any new designs. A proposal is
also introduced in order to fully understand the purpose of this report. The proposal will
introduce the conclusions that this report is hoping to make.

After the proposal is introduced a structural study will be conducted. This study will
look at the possibility of moving the existing helipad from the parking area and adding it to the
roof of the structure. In order to move the helipad, it must first be designed as a concrete two-
way slab system using concrete beams that span from column to column. The supporting
gravity columns will then be analyzed and increased in size to account for the added load from
the helipad. Finally, to ensure that the helipad is a feasible addition, the foundations will need
to be redesigned to support the added gravity loads.

This report will also look into changing the lateral system from a combination of steel
moment and braced frames to purely braced frames. By making this change this report hopes
to eliminate the need of moment connections which can be both costly and timely. In order to
ensure that this is a possible option, many factors for the new system will be studied. First,
new seismic loads will be calculated in order to find the change in loading that occurs when
switching from a combination of lateral systems to a purely braced frame system. A RAM
model will then be created to assist in the design of the new lateral system. Following the
design an analysis of the structure will be preformed to look at the drift, torsion, and
overturning moments of the new structure. These criteria will then be compared to the
existing system to see the advantages and disadvantages of the new system.

An advanced study of connections will be preformed to look at the new lateral
connections. Four typical connections will be designed to fulfill the MAE requirements of this
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report. The four connections will include two brace to column connections, a brace to beam

connection, and a brace to brace connection.

Two breadths will also be preformed for this report, an electrical breadth and an
acoustical breadth. Since the change in location of the helipad will also be moving the light
fixtures that are required for it, an electrical study will be required to size the new wires and
breaker for the new lights. Also, since the helicopter, now located on the top of the building,
will create added noise, an acoustical study will be required to find the noise levels in the
patients’ rooms. Also, in the case that noise levels are too high, the existing fagade will need to
be redesigned to reduce the noise levels.

Figure 1 - Separation of Zones

10
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Existing Building Information

Architecture

The new Virtua Replacement Hospital will be a nine story hospital with approximately
360 beds, each in its own private room. The building is split into two main parts, a main bed
tower (Figure 2) and a services building (Figure 3). The main bed tower is 8 levels and holds
zones 1 through 3. This tower holds the majority of the 360 beds and private rooms. Itis a
curved building with a curtain wall facing the
majority of the site. This curtain wall allows
residents to get an excellent view of the site
and the natural wetlands that were protected
during construction. This particular shape
mixed with the curtain wall also helps
sunlight enter the building, allowing natural

Figure 2 - Main Bed Tower light to fill the patients’ rooms.

The other services building, which
holds zones 4 through 7, is attached to the
main bed tower via a thin corridor. The
corridor has large windows along either side
to allow for light to enter the space. The
services building houses most of the labs,
offices, and other surgical spaces needed in

the hospital. The services are located onthe  Figure 3 - services building

ground floor through the 5™ floor. Above the

5" floor, the building narrows to match the width of the corridor connecting the bed tower and
the services building. Mechanical spaces start on the 6" floor and continue up through the gth
floor. The main features of this building are the light wells which also act as courtyards. These
light wells are located in the center of the building allowing natural daylight to enter the center
of the building while also allowing the occupants of the building a chance to get some fresh air
without leaving the hospital. The services building also allows for future growth, by adding
more space on top of zone 6.

Sustainable Features

Besides the natural light provided by the curtain wall and light wells, the Virtua
Replacement Hospital also takes advantage of some other sustainable techniques. One
example is the wetlands located on the 120 acre site. During construction protection was
required around certain trees and natural areas to insure that they would stay intact for when

11
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the building was complete. For the areas that were not protected during construction, the
designers called out various grasses and plants native to the area.

The designers also anticipated a bus route to go to the hospital allowing visitors and
staff to bus in rather than drive. Bike racks were added for those who would rather bike to the
hospital instead of drive or take the bus.

Electrical

Electrical service is received from Atlantic City Electric (ACE) at 12.47 KV. Currently there
is only one utility service, however, a second service is planned to be installed in the future to
increase reliability. The hospital has six 2,000 KVA unit substations to transform the utility
service to 277Y/480 Volts. This power is then distributed throughout the facility.

For emergency power, the hospital will have three 1,500 KW diesel generators, with
provisions to add a fourth generator in the future, when the hospital expands. In the event of a
loss of power, these generators will come on line and backup essential electrical branches,
which include life safety circuits, critical branch circuits, equipment branch circuits, and the
newly added helicopter lights. To provide uninterruptible power for the roughly 10 seconds
when utility power is lost and the generators come on line, this hospital will have a rotary UPS.
This is basically a large flywheel that is always spinning. If utility power is lost, it will continue to
spin for about 30 seconds and generate power for that time while the generators are coming on
line.

Lighting

For the interior lighting design, the IESNA recommendations were followed. Recessed
fluorescent fixtures of various types, sizes, and styles were used in the majority of the building.
Electronically ballasted T8 linear, twin-tube long compact and triple-tube compact fluorescent
lamps were used as the building standard.

Lighting for the parking and driving areas are provided by pole-mounted cutoff
luminaries. The fixtures were classified as cut-off luminaries by the IESNA and have a peak
distribution of less than 90 above nadir. Light trespasses are limited to not more than 0.5 foot-
candles crossing the property line. The pole heights were determined by the Voorhees
Township Code, and the heights determined the spacing and wattage for each lamp. Typical
exterior lights are metal halides.

Mechanical

Building heating, HVAC humidification, domestic water heating, and auxiliary steam
demands for the hospital shall be served from a Central Utility Plant (CUP) hybrid heating
system located primarily at the 5th floor mechanical area. The steam boilers provide primary

12
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service for the facility's demands. The plant capacity is based on an initial installation of 3
boilers to provide a total capacity of 1,500 BHP. The design facilitates future expansion of 2
additional units for a future capacity of 2,500 BHP total. The steam system also provides
supplemental capacity and backup fuel redundancy for facility HVAC heating.

Facility cooling will be provided by a centralized chilled water system. Primary chilled
water generation will be provided at the CUP. Chilled water will be generated by electric drive,
water-cooled, centrifugal water chillers. Base chiller sizing shall be nominal 1,000 cooling tons
each. Base plant capacity shall be based on an initial installation of 3, 1,000 ton units to provide
a total capacity of 2,000 ton, with one unit always reserved for redundancy. The facility is
designed for a future expansion of 2 units to increase capacity to 4,000 tons. Cooling heat will
be rejected through 4 induced-draft, cooling tower cells. The cooling towers will be high
efficiency design with a nominal capacity of 833 cooling tons heat rejection per cell. There is
also room for 2 future cells.

There are 3 sets of air handling units. All the units are located in the 7th floor ancillary
mechanical room. The first set contains 2 units and serves non-patient care areas such as
Dietary, Environmental Services, Receiving, Lab and Maintenance. The second set contains 2
units and serves the Emergency Department, Peds Emergency, Surgery, C-Section operating
rooms, the Pharmacy, and NICU. The Operating and C-Section rooms have pressure monitors to
maintain positive room pressure, and will alarm if positive pressure is not maintained. The third
set contains 6 units and serves the patient care areas.

Telecommunication

The telecommunication system of the building is on the low-voltage system and is being
provided on cat-6 cables. A Public Address (PA) system is utilized in the building. The system is
unique in that it must be able to withstand an earthquake, meaning it must remain in place
without any separation of parts from the device when subjected to seismic forces specified, and
the unit must be fully operational after the seismic event.

13
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Existing Structural System

Foundations

The soil for the Voorhees Replacement Hospital is mainly a sandy soil. To prevent these
loose soils from liquefaction, stone piers, or geopiers were required to be put in to densify the
soil. These geopiers were required to increase the bearing pressure of the soil to 6,000 psi for
the soil below all the building’s foundations, canopy foundations, and utility structures. For any
soil below the site’s retaining walls, the bearing pressure was required to be increased to 3,000
psi. The minimum required equivalent coefficient of friction equals 0.36 for sliding resistance
across the entire footing bottom area for the retaining walls, and brace frame foundations.

The foundation system is a series of concrete footings either resting on concrete piers,
or resting on grade. The exterior columns are concrete footings with sizes ranging from
4 x4’ x1' —6"to 13’ x 13’ x 3’ — 4” with rebar sizes ranging from #6 - #10 both ways. The
columns that rest on concrete piers range in size from 2’ —4” x 2’ —4” to 3’ x 4’ — 6” with rebar
sizes ranging from #9 - #11 for the vertical reinforcement, and #4’s or #5’s for the ties. See
Figures 4 and 5 below for typical footing and pier details.
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Figure 4 - Typical Concrete Foundation Figure 5 - Typical Foundation Footing With a Concrete Pier
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The garden level floor system is constructed, in most places, using a 5” concrete slab on
grade, with 6 x 6 — W2.9xW2.9 WWEF. In specified spots the size of the concrete slab is
increased for specialized equipment, such as refrigerator equipment required for the kitchen

and dietary section of the hospital. In zones 4 and 5, a grade beam travels along the perimeter.
The grade beam is shown in Figure 6 below.

S 7
m——— _/" / —— e T

O . SEE PLAN T
A =~ — :
FR:&JIEE;BN . === ﬁ ﬁ__ml[l_” f;_gll:: -]
T e "
. N SEE PLAN
! | .
| |
i
|

R
TERMIKATE GRADE
B REBF AT EACH
END 1N STD HODES
PACVIDE {120 J1 COLUNN FOOTING
WLER1Z 0" EACH SEE PLAR A
END OF OR BM

PLALE 1N 3 LAYERS

Figure 6 - Typical Concrete Grade Beam Detail

Superstructure

Floor System

The floor system of the Voorhees hospital is a composite steel/concrete system. In
Building A the typical bay sizes are around 30’ x 30" or 30’ x 10’, depending on what area of the
building they are located in. In Building B the bay sizes are typically 31’ —4” x 31’ —4” or 31’ - 4”
x 29" —4”. 3 -%" light weight concrete sits on top of 3” x 18 Gage composite steel deck. The
total thickness of the concrete is 6 — 72” with 6x6-W2.1xW2.1 WWF.
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The steel deck is connected to the W-shape beams by %4” diameter x 5” long shear studs
allowing the two systems to work together in composite action. The beams then frame into
larger W-shape girders via a single angle connection or a single plate connection. The beams
are coped allowing them to connect to the girder’s web so that the composite deck can sit on
both the beams and the girders. A typical beam to girder connection is pictured below in Figure
7. The W-shape girders frame into W-shape columns by either double angle connections, or by
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Figure 7 - Typical Single Plate Beam to Beam Connection Detail

moment connections. The double angle connection is shown above in Figure 8.

Columns

GOLUKM FLANGE
O COLUMN WEG

DOUSLE AMGLE
CONNECTION
G MIN THIEKNESE)

(" CONNECTION SCHEDULE )

BEAM SIZE

NUMBER OF #"9
A-325M BOLTS

we

2z

W2, W4, WiE

3

W18, W2ix44, 50, 57

4

Wilagz & UP
W24x55, &2, 68

W2ixTE & UP

W30, Wil W36
% o,

"

Figure 8 - Typical Double Angle Beam to Column Connection Detail

Typical columns for the Voorhees Replacement Hospital are W14’s. The gravity columns
are much lighter than the lateral columns. This is due to the added lateral force that the lateral
columns must take. The columns are spliced every two floors, 4’-0” above the floor with either
a bolted column splice or a welded splice. The columns located in zone 6 are designed for
future expansion to be built above.
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Lateral System

The Voorhees Replacement Hospital uses a combination of braced framing and
moment connections for its lateral system. Though in both buildings the composite floor
system and the roof deck acts as a diaphragm to transfer loads to either the braced frames, or
the moment connections. In building A the braced frame supports the N-S lateral forces while
the moment connections brace the E-W lateral system. The braced system consists of diagonal,
square, HSS connected to W shapes. The braced frames are of two different styles, the bracing
either frames from corner to corner, or from lower corner to the midpoint of the top beam.
Typical frames can be seen in the Figures 10 and 11 on the next page. The moment frames in
the Northern Building support the E-W lateral forces. The moment connections are located at
the columns at the perimeter of the building, see Appendix A for a typical floor plan. A typical
moment connection can be seen below in Figure 9.
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Figure 9 - Typical Moment Connection Detail
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In Building B a combination of systems is used. In the N-S direction braced frames are
used to resist the lateral forces. In the E-W direction, both braced frames, and moment
connections resist the loads. The moment connections, again, are typically exterior columns
running along the perimeter of the building. The diagonal braces are typically, like in Building A,
diagonal HSS’s connected to W shapes.

Roof System

The roof system is composed of 3” x 20 Gage steel roof deck topped with a concrete
slab, vapor retarder, and insulation system. In certain areas the roof deck must support the
green roof. To support the extra 100 psf of added weight from the green roofs, W shapes are

added with a short beam to beam span. A section with added beams can be seen in the Figure
12 below.
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Figure 12 - Typical Framing Plan for Garden Roofs
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Proposal

Problem Introduction

For the final report of the Voorhees Replacement Hospital, two features of the building
will be studied. The first feature that will be looked at is the hospital’s helipad which is
currently located near the parking lot on site, as seen in Figure 13. The current helipad which is
located far from the building’s Emergency Room increases a patients’ time until they can
receive proper medical care. By locating the helipad away from the building, an ambulance
must transfer a patient from the helicopter to the hospital. In order to eliminate this step, this
report will look at relocating the helipad from the parking lot to the top of Building B.

‘}:\,l‘ ¥ SofwNe a1 | T — e T, T T e
2= [ orsme s [\ L] = - e - i e
e - — 510G 0w, TP, { I -~ - - ] e

L5 — :

3 | ||J !.i [ NS

", W5 S0UD WHTE MPRECRATID CRIT
. NON-SKE) PREFORMED TAPE, Y8,
.

Figure 13 - Location of Current Helipad
The second feature that will be studied in this report is the southern building’s lateral
system. In Building B a combination of braced frames and moment frames are used. Since
moment frames can be much more expensive than braced frames and can take longer to install,
an attempt will be made to eliminate all moment frames, replacing them with new braced
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frames.

Problem Solution

An in-depth study will be preformed to find any and all requirements for helipads that
are located on top of hospitals and other building types. Because the helicopter will be refilling
on the helipad certain requirements may be necessary for spill containment and fire protection.
Due to these added requirements, this report will look at keeping the existing helipad for
fueling and storage purposes. There will also be special requirements for fall protection, and
other safety concerns that will need to be researched.

After the requirements for the helipad are found, a design of the helipad will be
required. A location on the roof will need to be found so that the helipad is located close to an
elevator shaft so that the patient can be easily transported from the helipad to the emergency
room. After finding a location the helipad will be created using a concrete pad supported by
steel members. The concrete pad will be a two — way concrete slab since the helipad is square.
The pad will be supported by steel W shapes that frame down to the building’s structural
system.

The building’s gravity system will need to be redesigned to account for the extra gravity
loads introduced from the helipad and the helicopter. The structural system will continue to be
composite steel beams with steel columns. Member sizes will be increased so that they are
acceptable for the new loads. The current bay sizes will be used throughout the building in
order to maintain the proper circulation in the building.

The building’s lateral system will also need to be redesigned for the added weight of the
helipad. It was found in Third Technical Report that the seismic forces in the North — South
direction control over the wind forces. Since the seismic forces are directly related to the
building’s weight, when the extra weight of the helipad and the helicopter are added, the
seismic forces will be increased. Therefore the lateral members must be redesigned for the
new forces.

In Building B the lateral system will be altered in order to eliminate any moment
connections. This will help to eliminate the added costs and time that moment frames can
create. The building’s circulation will have to be looked at as a result of this. By adding braced
frames there is potential that a wall will be added in a hallway resulting in a circulation
problem. If this is found to be the case then potential solutions will be looked at, such as
moving the hallway, or using a specialized brace that does not affect the entire bay, such as a
‘V’' brace.
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Breadth Topics

The new Voorhees Hospital uses many methods to make sure that their patients are in a
healthy stress-free environment. If noise from a helicopter can be heard in the hospital then all
of the work the designers have done to create those friendly, stress-free environments will be
lost. Therefore, the building envelope will have to be studied in order to ensure that the noise
in the building is not a distraction. The noise levels are likely to increase even though there is
already a helipad on site. The current helipad is far away from the building in the parking area,
if it is moved to directly on top of the building then noise will increase significantly. If the noise
levels are found to be too high in the building, then the building envelope will have to be
redesigned in order to reduce the noise levels.

The relocation of a helipad to the roof of the building will also require special lights to
be added so that the helicopter can see the helipad in the dark. These lighting requirements
will be researched, and lights will be chosen and placed on the new helipad per the
requirements. The lights will also need a source of power to ensure that they are always
available. Possible sources of power will be researched in the existing plans and new wires will
be designed for the lights. A path for the wires will be determined and the voltage drop will be
checked to ensure that the new wires are a reasonable length. The wire sizes will be changed if
the voltage drop is found to be excessive.

MAE Topic

The MAE requirement for this report will be fulfilled through the seismic analysis.
Methods taught in AE538: Earthquake Design will be used to determine the seismic forces, and
design the lateral members accordingly. These calculations can be found in the Seismic Loads
section of this report. Additionally, use of the AE597A: Computer Modeling course will be vital
when creating and understanding a RAM model of the hospital. RAM modeling will be used to
analyze and design both gravity and lateral members. Details about the RAM model can be
found in the RAM Model section of this report. The use of AE 534: Steel Connections will also
be used to design typical braced frame connections. Typical connection designs can be found in
the Steel Connections section of this report.
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Structural Study

Codes & Design Standards
Design Codes

International Building Code (IBC) 2006

American Society of Civil Engineers (ASCE 7-05), Minimum Design Loads for Buildings
and Other Structures, 2005

American Concrete Institute (ACI 318), Building Code Requirements for Structural
Concrete

American Institute of Steel Construction (AISC), Steel Construction Manual

Material Strength Requirement Summary:

Cast-in-place Concrete:
f'<=3,500 psi @ 28 days for all lightweight concrete on metal decking
f'c= 4,000 psi @ 28 days for all other concrete types
Concrete Masonry:
Concrete Masonry Units: ASTM C90 Type “N-1”
Masonry Grout: f'.= 3,000 psi @ 28 days
Masonry Mortar: ASTM C270 (Type S uno)
Steel Reinforcing:
Reinforcing Bars: ASTM A615 (Grade 60)
Welded Bars & Anchors: ASTM A706 (Grade 60)
Deformed Bar Anchors: ASTM A496
Epoxy-Coated Reinforcing Bars: ASTM A775 or ASTM A934
Welded Wire Fabric: ASTM A185
Structural Steel:

W & WT Shapes: ASTM A992, F, = 50 ksi
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Plates & Shapes Other Than W: ASTM A36, F, = 36 ksi

Rectangular HSS: ASTM A500, Grade B, F, = 46 ksi

Round HSS: ASTM A500, Grade B, F, =42 ksi

Pipes: ASTM A53, Type E or S, Grade B, F,= 35 ksi

Bolts: ASTM A325, F, = 36 ksi

Expansion Bolts: Hilti, Rawl, Thunderstuds, or National Fasteners

Adhesive Anchors/Grout: Sika, Hilti, Epcon

Headed Studs/Shear Connectors: ASTM A108

Welds:

All Types: E70XX

Gravity Loads
Building live loads are determined by referencing ASCE 7-05. Table 1 below outlines the

findings.

Live Loads

Load Description | ASCE 07-05 Reduced? Reducible by Assumed

Load (psf) Code? Partition Load
(psf)

Labs 60 Yes Yes 20

Operating 60 Yes Yes 20

Rooms

Private 40 Yes Yes 20

Rooms/Wards

Offices 50 Yes Yes 20

Corridors above 80 Yes Yes N/A

the 1% floor

Lobbies/1* floor 100 Yes No N/A

corridors

Stairs and Exits 100 No No N/A

Storage 125 No No N/A

Mechanical 125 No No N/A

Room

Roof Garden 100 N/A No N/A

Roof 20 N/A Yes N/A

Table 1 - Live Loads
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Building snow loads are determined by referencing ASCE 7-05. Table 2 below outlines
the loads used in this report.

Snow Loads
Found
Ground Snow Load, P, 25 psf
Flat Roof Snow Load, P 24 psf
Snow Importance Factor 1.2
Snow Exposure Factor, C. 1.0
Thermal Factor, C; 1.0

Table 2 - Snow Loads

Helipad Design

Helipad Background Research

There are many regulations for helipads that are located on top of hospitals. The FAA,
or Federal Aviation Administration sets these regulations; all requirements for helipads in this
report come from the FAA’s Advisory Circular, AC 150/5390-2B. For this report many
considerations were taken into account when determining the location of the helipad, and
designing the helipad.

One of the main requirements found from the FAA report is the size requirements for
the helipad. The helipad is broken up into two main areas, the TLOF, or Touchdown and Lift-Off
Area, and the FATO, or the Final Approach and Takeoff Area. The TLOF area must be 1.0 rotor
diameters in length and width, but not less than 40 feet. There must also be at least one FATO
that contains the TLOF, and it must be 1.5 times the overall length of the helicopter. In this
report it will be assumed that the maximum size helicopter that will be used has a 42 foot
overall length.

The FAA report also defines safety measures that must be taken. One of the more
obvious safety measures that must be

. | Notless than 5 fest (1.5 m) 12 In (30 cm)
taken is that there are be no obstacles Perfored ocationof | Notmore than p———
. omni-d rectional light 2 inches (5 cm) \ B ‘ . f\xli:resg no
above the helipad. If there are any n snow areas ::_—::_—rlgz-ém F I AT TR 77
obstacles close to the landing area, a m# = _
. . A llght mourted —
helicopter blade might hit it. Another off TLOF edge e e (r5m)
Safety procedure for rOOftOp hellpads IS [ ANNNZ AN AN AN AN /A \V/A\\V/A':

a safety net that hangs off of the helipad. Figure 14 - Typical safety Net Detail

Since no obstacles may be above the

helipad, in order to keep people from falling, a safety net that hangs below the helipad must be
installed. The net must be at least 5 feet wide, and should be able to hold a load of 25 psf. An
example of a safety net detail can be found above in Figure 14.
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The helipad must also follow OSHA and fire protection guidelines. Elevated helipads
require two separate access points per OSHA guidelines. At least one of these access points
should be a ramp in order to safely and quickly move the incoming patient. Any ramps or stairs
that are used should be designed according to OSHA guidelines. For helipads the NFPA 418:
Standards for Heliports, and NFPA 403: Aircraft Rescue Services should be used. This states
that a fire hose or extinguisher should be provided adjacent to, but not above, the TLOF.

Snow removal must also be considered when designing a helipad since swirling snow
raised by a helicopter’s rotor can cause the pilot to lose sight of the intended landing point. For
this report it is assumed that snow removal will be handled by employees of the hospital.
Another weather factor that must be considered is the rain. The helipad will be required to
have a broomed or roughened finish so that users can maintain traction during wet weather. It
is crucial that the helipad is not slippery for safety concerns.

Vibration is also a large concern when dealing with helipads on the top of buildings. A
helicopter on top of buildings can cause vibration throughout the building disturbing areas that
require minimal vibrations, such as surgical spaces. A vibration analysis is not part of this
report, and will need to be looked at further in the future.

The final non-structural consideration for a hospital helipad is the MRl machine. MRI’s
can create powerful magnetic fields and can interfere with a helicopter’s magnetic compass or
other navigational systems. When designing a hospital’s helipad, the location of the MRI must
be taken into account. For this report it was assumed that the MRI machine has no affect on
the incoming helicopters or the helipad.

The FAA also defines the load requirements that need to be designed for. In the FAA
report it states that the helipad must be designed for a static load equal to the maximum
takeoff weight of the helicopter. For this hospital it will be assumed that the maximum weight
of any helicopter landing is 12,000 pounds. The FAA report also states that the helipad must be
designed for a dynamic load of 150% of the takeoff weight, or for this helipad, 18,000 pounds.
For this report it will be assumed that the 18,000 pounds acts as a static load.

26



Paul Stewart
Structural Option
Dr. Ali M. Memari

Voorhees Replacement Hospital
Voorhees, New Jersey
Final Report

Helipad Location Study

Many factors are considered selecting the area for the helipad to be located. The first

factor taken into account is the height of the building’s roofs. Since the building is not a

consistent height, the tallest part of the building is needed in order to eliminate any

obstructions for the helicopter. Another factor taken into account was the building’s column

grid lines. An area is needed where the shape of the helipad slab would fit easily onto the

building’s existing columns in order to eliminate unnecessary transfer girders. Important

factors such as the location of the building’s intake air are taken into account when deciding on

S

Figure 15 - Helipad Location

a location for the helipad.
It is important to avoid the
building’s intake air since a
helicopter can release
unpleasant and possibly
harmful exhaust from its
engine. The final
consideration for the
location of the helipad is its
distance compared to the
emergency room. Since
one of the goals for moving
the helipad is to decrease
the time it takes the
patient to get to the
Emergency Room, it is
important to locate the
helipad so that it is quick
and easy to get to the ER.

Taking all of these
factors into consideration,
a location in Zone 5 is
determined to be ideal.
The helipad rests between
grid lines La-Na and 7a-10a
on Level 9in Zone 5.The
exact location can be seen
in Figure 15. This location
is ideal for a number of

27




Paul Stewart Voorhees Replacement Hospital
Structural Option Voorhees, New Jersey
Dr. Ali M. Memari Final Report

reasons. First, it is the tallest area on the building, with very few objects that are above it.

There are communication antennas in Zone 7 that will need to be relocated to another part of
the building so that they do not interfere with the helicopter. This location is also ideal because
the helipad can easily rest on the building’s existing gridline. The grid line can be seen in Figure
15, and it allows for helipad supports to line up directly with the building’s supports. The
helipad location is ideal also because it is located directly next to the building’s main elevator
shafts. Along grid line 3a there are 8 elevator shafts, 2 staff elevators, 4 patient elevators, and
2 spaces for future elevators. These elevators are located directly in the corridor that connects
the northern bed tower and the southern services building. They are located just down the hall
from the 1°* floor emergency room. Since the 2 staff elevators and the 4 patient elevators
might be in use in an emergency, a new elevator will need to be installed that is specifically
designed to service between the helipad and 1% floor where the ER is located. With this
location of the helipad, and the new elevator in place it will be quick and easy for personnel to
travel from the helipad directly to the 1** floor without making unnecessary stops.

There are also disadvantages to this location however. The main disadvantage for this
location is that it is not as wide as other preferred sites. For this location, the building’s width
limits the width of the helipad, specifically the FATO and safety net. In order to have the proper
size helipad, the FATO area of the helipad would have to hang off of the building by a
considerable amount. Since this would not be architecturally pleasing, it must be assumed for
this location that approaching and departing helicopters will only come from the North or
South. The North and South sides of the helipad will be long enough to accommodate an
approaching or departing helicopter.

The safety net that hangs of the building creates another disadvantage. Because the
building is not large enough, the FATO is taken to the edge of the building to allow for the
largest area possible. Since the pad ends at the edge of the building, a safety net must still
attach to the end of the pad. The pad will then hang 5 feet off of both the pad and the building
allowing it to be seen from the ground. Though this is not ideal, it is assumed to be acceptable
because the helipad is 140 feet above grade and a 5 foot overhang is expected not to be
extremely noticeable.
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Helipad Slab Design

The helipad lab is designed as a two-way slab using the direct design method. The
columns are assumed to be attached to 20” x 20” base plates. Beams are assumed to span
A B A from column to column and are 10” in depth and 20”
in width. A snow load of 25 psf, live load of 100 psf,

C and a dead load of 136 psf, which includes self

‘ ‘ ‘ weight with a 10” slab thickness, are also assumed.
} } } For these loads a load combination of 1.2D + 1.6L +
[ |
| |

.5S is used. For the design of the helipad, the pad is

broken up into 4 sections labeled A-D. The design

D ——=— == sections can be seen in Figure 16. The moments in

the beam, column strip and middle strip are found
| ‘ ‘ ‘ for each section. The moments can be found below
in Tables 3, 5, 7, and 9. These moments are used to

then find the reinforcement needed in each section
| ‘ ‘ ‘ of the slab. A hand calculation is performed to find

D S S the rebar for the Column Strip of Section A, then

excel is used to find the remaining rebar
requirements. The reinforcement requirements for

8, and 10 below. The calculations can be found in

C

| |
} } } each of the slab sections can be found in Tables 4, 6,
[ |

Appendix B. The moments from Tables 3,5, 7, and 9

— — are then used to find the reinforcement
Figure 16 - Design Sections of Helipad requirements for the beams. Calculations for the
rebar in the beams can also be found in Appendix B. The final step for the slab design is a shear

check in each of the beams. Where the shear is found to be excessive, shear reinforcement is
required. The reinforcement requirements for each beam can also be found in Tables 4, 6, 8,
and 10 below. These calculations can be found with the other rebar calculations in Appendix B.

Moment in Frame A (k-ft)
Mege m* M M m* M M m* Megee
Miotal -66.5 236.9 -291 -270.2 | 1455 | -270.2 -291 236.9 -66.5
Mieam -52.5 147.8 -194.4 -180.5 90.8 -180.5 -194.4 147.8 -52.5
Mcs siab -9.21 26.1 -34.3 -31.9 16.02 -31.9 -34.3 26.1 -9.21
Mins siab -5.12 63 -62.3 -57.8 38.7 -57.8 -62.3 63 -5.12

Table 3 - Moment in Frame A
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Reinforcement in Frame A
Medge M* M M m* M M m* Megge
Column
Strip (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5
x:?:'e (8)#5 | (4)#5 | (4)#5 | (4)#5 | (A)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5
;'::::a' @) #8 | (4)#8 | (4)#8 | (4)#8 | (B)#8 | (4)#8 | (4)#8 | (B)#8 | (4)#8
Shear N/A N/A N/A N/A N/A N/A N/A N/A N/A
Beam
Table 4 - Reinforcement in Frame A
Moment in Frame B (k-ft)
Medge M* M M m* M M m* Megge
Mool -132.6 | 4725 -580 5389 | 290.2 | -538.9 -580 4725 | -132.6
Mbearm -108.2 | 294.8 | -3875 -360 181.1 -360 3875 | 294.8 | -108.2
Mee gtab -19.1 52 -68.4 -63.6 32 -63.6 -68.4 52 -19.1
Mo <iab -19.1 125.7 | -124.12 | -115.3 77.2 -115.3 | -124.12 | 125.7 -19.1
Table 5 - Moments in Frame B
Reinforcement in Frame B
Medge M* M M M* M M m* Megge
:;Ii:mn (B)#5 | (B)#5 | (8)#5 | (8)#5 | (8)#5 | (8)#5 | (B)#5 | (8)#5 | (8)#5
2::?:'9 (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5 | (4)#5
;f:::al (9)#8 | (9)#8 | (9)#8 | (9)#8 | (9)#8 | (9#8 | (9)#8 | (9)#8 | (9)#8
Shear 2)#4 | 2)#4 | @#s | #s | (2#4 | #4 | 284 | Q#s | (2)#4
Beam @ 8” @ 81/ @ 8// @ 8” @ 8// @ 81/ @ 8” @ 81/ @ 8”
Table 6 - Reinforcement in Frame B
Moment in Frame C (k-ft.)
Megee m* M M m* Megee
Mool -45.6 162.3 -199.3 -199.3 162.3 -45.6
Mbearm -34.9 87.2 -127.1 -127.1 87.2 -34.9
Mo siab 6.2 15.4 22.4 22.4 15.4 6.2
Mons siab 4.5 59.6 -49.8 -49.8 59.6 4.5

Table 7 - Moments in Frame C
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Reinforcement in Frame C
Medge M+ M M M+ Medge
Column (6) #5 (6) #5 (6) #5 (6) #5 (6) #5 (6) #5
Strip
Middle (6) #5 (6) #5 (6) #5 (6) #5 (6) #5 (6) #5
Strip
Flexural (3) #8 (3) #8 (3) #8 (3) #8 (3) #8 (3) #8
Beam
Shear N/A N/A N/A N/A N/A N/A
Beam
Table 8 - Reinforcement in Frame C
Moment in Frame D (k-ft.)
Megge m* M M m* Megge
Meotal -91.1 324.6 -398.6 -398.6 324.6 -91.1
Mbpeam -73.6 174.3 -254.1 -254.1 174.3 -73.6
Mes stab -13 30.8 -44.9 -44.9 30.8 -13
Mims siab -4.5 119.1 -99.7 -99.7 119.1 -4.5
Table 9 - Moments in Frame D
Reinforcement in Frame D
Megge m* M M m* Megge
::’r'i:m" (11) #5 (11) #5 (11) #5 (11) #5 (11) #5 (11) #5
Middle (6) #5 (6) #5 (6) #5 (6) #5 (6) #5 (6) #5
Strip
Flexural
Beam (5) #8 (5) #8 (5) #8 (5) #8 (5) #8 (5) #8
Shear (2) #4 (2) #4 (2) #4 (2) #4 (2) #4 (2) #4
Beam @ 8” @ 8” @ 8” @ 8” @ 8” @ 8”

Table 10 - Reinforcement in Frame D

Rebar Location Details

The reinforcement locations are then determined by using Figure 13.3.8 in ACI 318-08.
All reinforcement in the slabs uses a 1” clear cover due to the fact that it is exposed to weather
conditions. The reinforcement in the beams uses a clear cover of 1 4” for the same reasons.
Figures 17 - 32 shows the reinforcement placement of each slab area A-D.
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Figure 19: Area A Middle Strip
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Figure 20: Area A Middle Strip
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Figure 21: Area B Column Strip

Figure 22: Area B Column Strip
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Figure 25: Area C Column Strip
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Figure 26: Area C Column Strip
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Figure 28: Area C Middle Strip
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Figure 31: Area D Middle Strip
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Figure 32: Area D Middle Strip

Gravity Column Redesign
In this section of the final report for the Voorhees Replacement Facility, the gravity

columns supporting the helipad are designed. There are columns that support the helipad, as

well as act as part of the lateral system for the building. Since these members are designed

later in the report, they will be neglected in this section, leaving only the gravity members to be
designed. The gravity columns that are affected by

__ _ _ _ _LEVEL9 _ _ _ thenew helipad are the columns on grid lines La-7a,
La-8a, La-9a, Na-8a, Na-9a, Ma-8a, Ma-9a, and Ma-
10a. The other four columns, Ma-7a, Na-7a, La-10a,

LEVEL 8
____________ and Na-10a will be designed in the lateral system
. LEVELT design.

LEVEL 6 The supporting gravity columns for the

helipad are designed by hand calculations and then
LEVEL 5 confirmed by a RAM model. The existing W shapes

are assumed to continue up to the bottom of the
- LEVEL4 pad where they would attach to a 20”x20” base
LEVEL 3 plate and then to the slab. The columns are
anster | assumed to have the existing splice locations, 4 feet
Girders LEVEL 2 above levels 2, 4, 5, and 7, so column sizes will be
__________ the same in between these floors. Table 4-1 in AISC
| LEVEL1 ____ isusedto find the size of all of the gravity columns.
These sizes are then confirmed with the RAM
| GARDENLEVEL (design. These calculations can be seen in Appendix

Figure 33 - Columns located in Ma Grid Line
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C. A section of each of the designed frames can be seen in the Details section of this report.

For each of the new gravity columns, sizes are increased to account for the added loads.
In a special case for columns that are located on the Ma grid line, an added member is required
to account for the added load. Columns that are located on the Ma grid line use a transfer
girder at level 5 to transfer load to columns on different gridlines, as seen in Figure 33. Due to
the added weight of the helipad, the transfer girder required for the new load would not fit in
the space allowed. Columns are added below level 5 on the Ma grid line so that the use of a
transfer girder is not required. The sizes for these new columns can also be seen in the Details
section of this report. The design of these new columns can be found in Appendix C.

Foundation Redesign

The foundations supporting the new gravity columns are also designed by using hand
calculations and checked using RAM. The loads found in the previous section are used as the
loads acting on the foundations. Values for the soil are found using the existing Geotechnical
report. Values obtained from the report are as follows:

Ydry = 94.39pcf Ywet = 103.85pcf w =10.02 ga = 6ksf

These values are used to find a y value of 103.85pcf. Also, it is assumed that a base plate size
of 24”x24” is used.

When designing the foundations, certain assumptions are made for ease of
construction. The first assumption is that the foundation is square. This cuts down on any
mistakes that might be made by putting the foundation in the wrong direction. Also, #8 rebar is
used throughout the gravity foundations in order to be consistent with sizes. A clear cover of
3” is also used according to ACI 318-05, because it is permanently exposed to the earth. The
last assumption that is made is that the depth of the rebar, d, is the height from the top of the
foundation to the space between the two layers of rebar. This assumption is valid because the
foundation has equal length and width dimensions.

For this section of the report, only the gravity foundations are designed. All lateral
foundations will be designed later in this report, in the Lateral Foundation Design section. The
hand calculations for the gravity foundations can be found in Appendix D, while the results can
be found in the Details section of this report.

The gravity foundations are checked against the RAM model. For a sample spot check,
the foundation located at grid line La-7a is checked against the RAM model. The hand
calculations found that the foundation should be 10’ x 10’ with a depth of 1’-8”. It is also found
that the foundation should use 11 #8 rebar in each direction. The RAM model found that the
foundation should be 11’ x 11’ with a depth of 2’-6” and 12 #7 rebar. Since these two
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foundations are somewhat similar, the hand calculations and RAM model are assumed

accurate.

Details

The following section is a summary of the gravity columns and foundations sizes. In

Figures 34-42 below, the column sizes and foundation sizes are shown for the grid lines La-73,
La-8a, La-9a, Na-8a, Na-9a, Ma-8a, Ma-9a, and Ma-10a.

LEVEL 8

Figure 34: Grid Line La-7a Columns
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Figure 35: Grid Lines La-8a, La-9a, Na-8a, and Na-9a Columns
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Figure 36: Grid Line La-7a Foundation
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Figure 37: Grid Lines La-8a, La-9a, Na-8a, and Na-9a Foundations
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Figure 40: Grid Lines Ma-8a and Ma-9a Foundations for W14x233 Column
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Figure 42: Grid Lines Ma-8a, Ma-9a, and Ma-10a Foundations for W14x90 Columns
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Lateral System Design

Wind Loads

The wind loads used in the final report of the Voorhees Replacement Facility are the
same wind loads that are calculated in the First Technical Report. For these calculations a
design wind speed of 100 mph is used per Figure 6-1 in ASCE 7-05. Also, Exposure Category B
and an Importance Category lll are used. In Table 11 below the calculated wind forces, shear,
and moments are calculated. In Figures 43 and 44 the wind loads are shown in pounds per
square foot. The calculations for the wind forces can be found in Appendix E.

Level Height Above Ground Wind Forces
() Load (kip) Shear (kip) Moment (ft-kip)
N-S E-W N-S E-W N-S E-W
S 142.00 122.9 124.6 0 0 17123.7 17360.5
8 117.33 199.3 202.1 122.9 124.6 23383.9 23712.4
7 103.33 151.7 153.9 322.2 326.7 15902.5 15902.5
6 89.33 149.2 151.4 473.9 480.6 13328.0 13524.6
5 75.33 146.4 148.4 623.1 632.0 11028.3 11179.0
4 61.33 149.9 151.9 769.5 780.4 9193.4 9316.0
3 46.00 152.5 154.6 919.4 932.3 7015.0 7111.6
2 30.66 146.9 148.9 1071.9 1086.9 4504.0 4565.3
1 15.33 139.1 141.0 1218.8 1235.8 2132.4 2161.5
Total 1357.9 1376.8 1357.9 1376.8 103611.2 | 104833.4
Table 11 - Calculated Wind Forces

2243

2034 21.01 21,59

1627 17.6s 1876 198

14,22

EEED

Figure 43: Wind Loads in East - West Direction (psf)
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Figure 44: Wind Loads in North - South Direction (psf)
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Seismic Loads

The new seismic loads are calculated using the Equivalent Lateral Force Procedure in

ASCE 07-05. Some of the same assumptions that are made in Technical Report #1 are also

made for this final report. One of those justifications is the use of geopiers to densify the soil.

The original soil type was too sandy for the loads created by the building; in order to fix this

problem geopiers, or stone piles are used to densify the soil. Because these are used, the site

class is assumed to be category D. The calculations for the building’s seismic loads can be found

in Appendix F. In Tables 12-14 below the new and old seismic loads are shown for a

comparison.
New Building B Seismic Loads
Level Vizci)gr::t Height wyh,* Cux Lateral Force :;Z?; Moment
(kip) (feet) (kips) (kip) (foot-kip)

R 2162.2 142 959865.819 0.229 300.410 300.410 42658.184
8 788.8 117.33 | 276910.905 0.066 86.665 387.075 10168.400
7 1294.5 103.33 | 388687.490 0.093 121.648 508.722 12569.861
6 515.75 89.33 129469.049 0.031 40.520 549.242 3619.652
5 3350.9 75.33 682074.899 0.162 213.469 762.712 16080.647
4 4709.4 61.33 744394.792 0.177 232.974 995.685 14288.274
3 5212.5 46 578413.207 0.138 181.026 1176.712 8327.210
2 4133.2 30.66 278464.711 0.066 87.151 1263.863 2672.058
1 5592.2 15.33 160619.972 0.038 50.269 1314.132 770.629

Sum 27759.45 4198900.844 1.000 1314.132 111154.915

Table 12 - New Seismic Loads

Old Building B N-S Seismic Loads
Level Vsz?gtzt Height weh* Cux Lateral Force SSI:Z;‘: Moment
(kip) (feet) (kips) (kip) (foot-kip)

R 1556.8 139.33 | 466234.47 0.164 252.125 252.125 35128.580
8 788.8 117.33 | 193702.12 0.068 104.748 356.873 12290.089
7 1294.5 103.33 | 274494.46 0.096 148.438 505.311 15338.101
6 515.75 89.33 92436.0 0.032 49.987 555.298 4465.294
5 3350.9 75.33 493241.3 0.173 266.729 822.027 20092.733
4 4709.4 61.33 546673.3 0.192 295.624 1117.651 18130.609
3 5212.5 46 434041.6 0.152 234.716 1352.367 10796.942
2 4133.2 30.66 215415.7 0.076 116.490 1468.857 3571.585
1 5592.2 15.33 130883.2 0.046 70.778 1539.635 1085.020

Sum | 27154.05 2847122.1 1.000 1539.635 120898.952

Table 13 - Existing North - South Seismic Loads
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Old Building B E-W Seismic Loads
Stor . Lateral Stor
Level Weigr\t Height w,h, Cux Force Shea‘: Moment
(kip) (feet) (kips) (kip) (foot-kip)
R 1556.8 139.33 466234.470 0.164 216.107 216.107 30110.211
8 788.8 117.33 193702.122 0.068 89.784 305.891 10534.362
7 1294.5 103.33 274494.458 0.096 127.233 433.124 13146.943
6 515.75 89.33 92436.003 0.032 42.846 475.969 3827.395
5 3350.9 75.33 493241.341 0.173 228.625 704.595 17222.343
4 4709.4 61.33 546673.288 0.192 253.392 957.986 15540.522
3 5212.5 46 434041.608 0.152 201.185 1159.172 9254.522
2 4133.2 30.66 215415.651 0.076 99.849 1259.020 3061.358
1 5592.2 15.33 130883.194 0.046 60.666 1319.687 930.017
Sum 27154.05 2847122.135 1.000 1319.687 103627.673

Table 14 - Existing East - West Seismic Loads

Because braced frames are used exclusively in the new calculations, it gives the building

a new R value, thus lowering the seismic base shear in both directions. Even though the extra

weight is added to the building, this is not enough to counteract the use of a new lateral

system.

Load Combinations

There are seven load cases that are considered in this report. The load cases consist of

seismic in the East — West direction, seismic in the North — South direction, wind case 1 in the

East — West direction, wind case 1 in the North — South direction, wind case 2, wind case 3, and

wind case 4. Wind case 1 consists of 100% of the wind load in one direction, while wind case 2

has 75% of the wind pressure acting in one direction with a tensional moment. Wind cases 3

and 4 are similar to 1 and 2 respectively except that they use 75% of the load in both directions

at the same time.

Seven load combinations are also considered in this report. The load combinations are

taken from ASCE 7-05 section 2.3 and are as follows:

1.4(D +F)

1.2(D+F+T)+1.6(L+H)+0.5(LrorSorR)
1.2D + 1.6(Lror SorR) + (L or 0.8W)
1.2D+1.6W + L+ 0.5(Lr or Sor R)

1.2D+1.0E+L+0.2S

0.9D +1.6W + 1.6H
09D+ 1.0E+1.6H
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For the most part throughout this design the controlling load combination is the 1.2D +
1.6W + 1.0L + 0.5S combination. This is expected considering in most cases the new wind loads
control over the new seismic loads.

Braced Frame Design

The new braced frame design is dependent on many different factors. One of the main
factors that control the braced frame design, and more importantly placement, is the
architecture. If a hallway or other type of room runs in between two columns a braced frame
cannot be placed in that area, or it will cut the hallway or room in half and would then need to
be moved so that it can stay continuous. Because this has the potential to create problems to
the flow of traffic in the building, an attempt is made to keep all of the originally designed
braced frames. Since moment frames are also used in the lateral system, just using the old
braces, and not adding new braces was not an option. The lateral system also requires new
braced frames to be designed.

Another placement factor that is considered is the symmetry of the braces. In order to
provide the least amount of torsion in the building, the center of rigidity is attempted to remain
as close to the center of mass as possible. This means that braces are placed on the north side
of the building, requires braces to be placed on the south side of the building.

Strength also plays a part in determining the braced frame design and placement. In
theory it is possible to use a very small number of braces as long as they are of adequate, large
size. This report made an attempt to use smaller brace and column sizes, but use more of them
to take the lateral load. Lateral column sizes are attempted to remain similar to the gravity
column sizes for ease of construction. Also, the brace sizes are attempted to remain similar in
size to the originally designed braced frames. Since these smaller sizes are used, more braces
are required in the system.

The braced frames are also designed using a basic assumption that the only force in any
of the members of the braced frame is an axial force. Due to the type of connections used to
attach the braces to the columns, the only load that is transferred between them is axial. This
is a crucial assumption with the braced frame since it assumes that the columns will then have
no moments to resist, only axial. Hand calculations and a SAP model are used to prove this
assumption in Appendix G and in Figure 45 below. A brace from the building is taken and
subjected to the new user defined loads found in the Wind and Seismic sections above. The
members are modeled and the moments in the strong and weak axis are released from each
member. The model is run and the forces in each of the members are then recorded. These
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forces are then checked against the forces found in the hand calculations and found to be
equal. The SAP model confirmed the original assumption that axial load is the only acting load
case. Figure 46 below shows the axial forces in each member and how the load is transferred
to the base.

Figure 45 - SAP Model Figure 46 - SAP Model
with Axial Forces Shown

RAM Model

For this report, a RAM model is created in order to design the lateral system, and check
the gravity system. The model is created of the southern building only, based on the
assumption that the northern and southern buildings act separately. The building is modeled
as closely to the original design as possible, including minor gravity beams where specified.
This is to ensure that the building has the proper dead weight included. To account for dead
weight from partitions and other objects, a superimposed dead weight of 20 psf is used. An
area specific live load is also added to the model to insure proper gravity member calculations.
The building is split into smaller areas, and assigned the corresponding live loads; live load
values can be found in Table 1 above in the Gravity Loads section. Figures 47-48 below show
the RAM model used for this report.
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After the building is modeled, a series of designs are performed to find the beam,

column, foundations, and frame sizes. The beams are designed as composite beams, using
RAM Steel Beam; while the columns are all designed as W14 shapes using RAM Steel Column.
The columns are kept as W14 so that the columns sizes could be kept consistent and
unnecessary complicated splices could be avoided. The foundations are designed using RAM
Foundation using the controlling loads found in RAM Steel Column and RAM Frame.

The lateral frames are designed and analyzed using RAM Frame. The frames are
designed so that they consider many requirements. One of the requirements considered is the
use of P-Delta effects. Another requirement for the design was to consider all loading cases
and combinations. This includes all of the different wind and seismic cases discussed in Load
Combinations section of this report. To ensure that the loads for wind and seismic are found
correctly, wind and seismic loads from the user are used, as well as RAM calculated wind and
seismic loads. Wind and seismic loads from RAM are found by the program using the same
criteria used for the user calculated loads found in Appendix E and F and by using IBC 2006 and
ASCE 7-05.

Once the lateral criteria is determined for the frames, sizes are required in order to
analyze the system. W14x68’s and HSS6x6x%’s are used as a starting size. Any members failing
this size are increased until all of the members pass. Column sizes are increased to consistent
sizes for ease of construction. The only W14 shapes used are 68, 82, 109, 120, 132, and 145.
The sizes in between the W14x68, W14x82, and W14x109 are skipped for this design.

Frame Sizes and Layout
Once the analysis is complete in RAM Frame, final sizes and locations are recorded.
Below are the frames found during design.

W21x101 W21x83
é,
W14x53 “s 59\3) g \t%‘z
S79 W14x53 W14x53 4 N W14x53
*70, X % 7z,
< < AN 6}&
N4 N
/! ™
E.7-10 E.7-9 / AN
D11 E11
W21x83
A,
< O‘%}
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B 2
1?.
D9 E9
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The locations of all then new braced frames are able to avoid interfering with any rooms

or hallways. The new braces are all able to be located in existing walls therefore not changing
the layout of the building. Where the braces do cross in between a door or hallway, a
brace is used to avoid the open space.

Figure 49 - Windows Out Looking the Courtyard

V' type

The new braces however do make one
change to the architecture of the building. In the
courtyards in zones 4 and 5, ‘X’ braces span across
the windows looking into the courtyard. The
windows that surround the courtyards, as seen in
Figure 49, will now have HSS shapes that span
between bays. This is not expected to change the

overall look of the rooms, or building, as it will still

allow light into the area. It is assumed in this report that the addition of these braces is

acceptable, as long as the steel will be painted to match the existing interior finishes.
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The lateral foundations are designed using RAM Foundation. The load cases and
combinations used prior for the Lateral System Design are continued to be used in this section.
The values for the soil are found using the existing Geotechnical report and are as follows:

Ydry = 94.39pcf Ywet = 103.85pcf w =10.02 ga = 6ksf

These values are used to find a y value of 103.85pcf. Also, it is assumed that a base plate size of
24”x24” is used. These values are then placed into RAM and used to design the lateral
foundations.

The majority of the footings used for this report are spread footings. In locations where
columns are too close for individual footings, multiple columns are placed on the same footing
and designed as continuous footings. In Tables 15 and 16 below the designed spread
foundations’ dimensions and specifications can be seen, while Tables 17-20 holds the
dimensions of the continuous footings. The name of each foundation corresponds to the grid
line that it is on.

Spread Footing Design Results
Length Width Thickness
. . . . . Bottom Top
Foundation Dimension Dimension Reinforcement | Reinforcement
(feet) (feet) (inches)

Da-9a 23 23 23 (20) #7 (18) #5
Da-11a 30 30 30 (23) #7 (20) #7
Ea-9a 24 24 24 (20) #7 (21) #5
Ea-11a 30 30 30 (22) #7 (20) #7
Ga-8a 11 11 11 (10) #7 None
Ga-9a 11 11 11 (10) #7 None
Ga-10a 12 12 12 (11) #7 None
Ha-8a 11 11 11 (8) #8 None
Ha-10a 11 11 11 (8) #8 None
Ja-8a 11 11 11 (10) #7 None
Ja-9a 11 11 11 (8) #8 None
Ja-10a 11 11 11 (8) #8 None
Ka-8a 11 11 11 (8) #8 None
Ka-10a 11 11 11 (8) #8 None
La-11a 14 14 14 (17) #7 None
La-12a 30 30 30 (32) #8 20-#7
La-13a 30 30 30 (30) #8 20-#7
La-14a 30 30 30 (36) #7 20-#7
La-15a 30 30 30 (27) #8 20-#7

Table 15 - Spread Footing Design Results 1 of 2
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Spread Footing Design Results

. .Length .w'dﬂ? Thickness Bottom Top
Foundation Dimension Dimension Reinforcement | Reinforcement
(feet) (feet) (inches)

La-16a 30 30 30 (47)47 25-#6
L.7a-16a 30 30 30 (47) #7 25-#6
Ma-7a 17 17 17 (24) #7 (13) #3
Ma-11a 15 15 15 (20) #7 None

Na-7a 23 23 23 (31) #7 (16) #5
Na-11a 14 14 14 (18) #7 None

Qa-8a 12 12 12 (13) #7 None

Qa-9a 12 12 12 (11) #7 None
Qa-10a 18 18 18 (21) #7 (16) #3

Table 16 - Spread Footing Design Results 2 of 2

Continuous Footing Dimensions

Foundation Name Lengtl;le:‘:)ensmn Width Dimension (feet) Thickness (inches)
(feet) (feet) (inches)
E.7a-9a to Fa-9a 17.00 6.00 18
E.7a-10a to Fa-10a 18.00 6.00 18
La-8a to Na-8a 63.00 12.00 60
La-9a to Na-9a 54.00 12.00 30
La-10a to Na-10a 62.00 12.00 60
Ma-12a to Na-12a 51.50 11.00 60
Ma-13a to Na-13a 53.50 11.00 48
Ma-14a to Na-14a 54.50 11.00 48
Ma-15a to Na-15a 59.50 11.00 48

Table 17 - Continuous Footing Dimensions

Continuous Footing Design Results

Foundation | Top Bottom Top Transverse | Bottom Shear Rebar
Longitudinal Longitudinal Rebar Transverse
Rebar Rebar Rebar
0’-4’ —(5) #3 0’-8’ —(5) #7 0’-17' - (1) #3 0’-6’ —(10) #3 None
E7a-93 tO 7 7 7 7 7 ’
Fa0m 4-12'—(12) #4 | 8-17' — (10) #7 6’-11" — (6) #5
12°-17' - (12) #4 11°-17" - (10) #3
0’-5' — (5) #3 0’-9’ — (6) #7 0-15'— (1) #3 | 0’-3' - (10) #3 None
E.7a-10a to ) A ) Ao Ao A
fal0g | 5713 -(14)#4 | 918" (8)#8 15’-18’ —None | 3’-15’ — (5) #5
13’-18’ — (13) #4 15’-18’ — (4) #5

Table 18 - Continuous Footing Design Results 1 of 3
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Continuous Footing Design Results
Foundation | Top Bottom Top Transverse | Bottom Shear Rebar
Longitudinal Longitudinal Rebar Transverse
Rebar Rebar Rebar
La-8a to 0’-9' — (10) #4 0’-12' — (23) #7 None 0’-5" —(11) #7 None
Na-8a 9-19’ — (21) #4 | 12’-24’ — (15) #8 5’-13’ — (18) #7
19’-31’ — (19) #4 | 24’-49’ — (20) #7 13’-15’ — (6) #6
31'-44' — (18) #4 | 49’-63" — (25) #7 15’-23’ — (18) #7
44’-54’ — (19) #4 23'-27' —(9) #7
54’-63' —(9) #3 27°-36" — (15) #8
36’-40" — (9) #7
40°-48’ — (18) #7
48'-50" — (6) #6
50’-58’ — (18) #7
58'-63’ — (11) #7
La-9a to 0-4"—(14) #3 0-9’ —(21) #5 None 0’-2"—(5) #6 None
Na-9a 4-14 —(18) #4 | 9°-21' — (9) #4 2’-17' - (6) #7
14’-27' — (20) #4 | 21’-33’ — (31) #5 17°-25" — (7) #8
27’-39’ — (19) #4 | 33’-44’ — (10) #4 25'-29" — (6) #6
39-49’ — (17) #4 | 44’-54" — (22) #5 29'-37" — (7) #8
49’-54’ — (9) #3 37’-52" — (6) #7
52’-54’ — (3) #6
La-10a to | 0’-8'—(9)#4 0’-12' — (23) #7 None 0’-4' — (9) #7 None
Na-10a 8’-18' — (22) #5 | 12’-32" —(14) #8 4’-13’ — (15) #8
18’-31’ — (15) #5 | 32'-62’ —(23) #7 13’-14’ — (3) #6
31'-43' —(22) #5 14’-23’ — (15) #8
43’-53’ — (26) #5 23'-27' —(9) #7
53’-62' — (9) #4 27'-35" —(18) #7
35’-39' — (9) #7
39’-48" — (15) #8
48’-49" — (3) #6
49’-58’ — (15) #8
58'-62' —(9) #7
Ma-12ato | 0’-14'—-(16)#4 | 0’-21’-(25) #7 None 0’-10’-(13) #9 None
Na-12a 14'-27' - (19) #4 | 21'-36’-(23) #7 10’-19’-(15) #8
27’-37' - (20) #4 | 36’-51.5-(17) #8 19’-23’-(9) #7
37’-51.5' — (8) 23’-31’-(18) #7
#3 31’-33-(6) #6
33’-41’-(18) #7
41’-51.5"-(23) #7

Table 19 - Continuous Footing Design Results 2 of 3
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Continuous Footing Design Results
Foundation | Top Bottom Top Transverse | Bottom Shear Rebar
Longitudinal Longitudinal Rebar Transverse
Rebar Rebar Rebar
Ma-13ato | 0’-15'—(8) #3 0’-21'—(18) #8 | 0’-24’ — None 0’-12'-(21) #7 None
Na-13a 15'-28" — (24) #4 | 21'-37' —(22) #7 | 24’-32' — (1) #5 | 12’-19’-(13) #7
28'-38" —(25) #4 | 37°-53.5’-(18) #7 | 32’-34’ — (1) #3 | 19’-24’-(9) #7
38’-53.5" —(8) 34’-42' — (1) #5 | 24’-32’-(8) #9
#3 42’-53.5’- None | 32’-34’-(2) #9
34’-42’-(8) #9
42’'-53.5'-(20) #7
Ma-14ato | 0-16’—(13)#3 | 0-22’'—(18)#8 | 0’-25'—None | 0’-12’ —(21) #7 None
Na-14a 16’-28’ — (23) #4 | 22'-38' — (22) #7 | 25’-32" — (1) #5 | 12’-20’ —(14) #7
28’-38' — (24) #4 | 38’-54.5'-(17) #7 | 32'-35" — (1) #4 | 20’-25’ —(9) #7
38’-54.5’-(11) #3 357-42' — (1) #5 | 25’-32’ —(7) #9
42’-53.5'-None | 32’-35" —(5) #7
35%-42" — (7) #9
42’-54.5'-(13) #9
Ma-15ato | 0’-18" —(19) #3 | 0’-25’'—(11) #10 | 0’-27' — None 0’-15’ — (26) #7 None
Na-15a 18’-31’ — (23) #4 | 25’-40’ — (13) #9 | 27°-35' — (1) #5 | 15’-22" — (13) #7
31’-41’ — (16) #5 | 40°-59.5’-(10) #9 | 35’-38' — (1) #4 | 22’-27' —(9) #7
41’-59.5'-(8) #4 38’-44’ — (1) #5 | 27-35’ — (8) #9
44’-59.5'-None | 35’-38’ — (5) #7
38’-44' — (10) #7
44’-59.5'-(27) #7

Table 20 - Continuous Footing Design Results 3 of 3

It is found that the foundation sizes from RAM are justifiably large. Some of the footing

sizes are as large as 30’ x 30, though this is to be expected because of the large overturning

moment. Since the building has a rather large overturning moment, the footing sizes must also

be large to resist the uplift.

Lateral Force Distribution

The distribution of lateral forces to the braced frames is determined based on the

relative stiffness of each braced frame. Floor diaphragms are assumed to be infinitely rigid, and

therefore distribute lateral loads to each frame based on their stiffness. RAM Structural System

uses both of these assumptions when designing the lateral members. A hand calculation of the

gt story East — West lateral system was completed in order to confirm that the correct

distribution of forces is used in RAM. The hand calculations can be found in Appendix H, while

the results of the calculations and RAM can be found in Table 21 below.
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Lateral Force Distribution in East — West Direction of the 8" Story
Frame Percentage of Force in Frame — Percentage of Force in Frame —
Shear — Hand Calc. | Hand Calc. (kips) Shear - RAM RAM (kips)

Ma-7a — Na-7a 17.62% 24.12 31.3% 42.83
Ma-11a—Na-11a | 17.62% 24.12 27.04% 36.99
La-16a—L.7a-16a | 11.86% 16.23 17.94% 24.54

La-15a — Mal5a 17.62% 24.12 5.55% 7.59

La-14a — Ma-14a 17.62% 24.12 6.29% 8.61

La-13a— Ma-13a 17.62% 24.12 11.88% 16.26

Table 21 - Lateral Force Distribution in E-W Direction of 8th Story

For the most part the two values are not very similar. The exact reason for this is
unknown, as both methods use only the stiffness of the braces in the calculations, assuming

that the columns do not take any lateral load.

Spot Checks

Spot checks are performed for the newly designed members to confirm that they did
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Figure 50 - Typical Frame

not fail. Checks are conducted on the members of a typical lateral brace.
The brace chosen is located at grid lines La-16a and L.7a-16a, and can be
seen below in Figure 50. A column and brace for this frame are checked
with the forces found using RAM. The hand calculations for these spot
checks can be seen in Appendix |.

For the specified column a load of 753.4 kips is applied by the load
combination 1.2D+1.6W+0.5L, with a length of 15’-4”. From Table 4-1 in
AISC, the specified W14x109 is capable of taking the load with a capacity
of 1190 kips. The shape is specified even though the capacity much
higher than the required load because consistency is preferred
throughout the building. The next smallest size for a column throughout
the building is a W14x82; whose capacity is only 698 kips, therefore a
W14x109 is required.

For the specified brace a load of 210.12 kips is applied by the load
combination 1.2D+1.6W+0.5L. The brace is checked by finding the
required area of a brace subjected to that loading. An area of 11.86 in.%is
found to be needed. Since the specified shape, HSS8x8x": has an area of
13.85 in.%, the brace is found to be acceptable.

59




Paul Stewart
Structural Option
Dr. Ali M. Memari

Voorhees Replacement Hospital
Voorhees, New Jersey
Final Report

Drift

Seismic and wind drifts are computed using RAM Structural. The seismic values found in

RAM are then plugged into the formula:

Cy X 6y

I

T
x_
Ty

The story drift values found from the equations are then compared to the allowable story drift

values. The allowable story drift values, or A,, for the wind loads can be found by dividing the

height by 400. The allowable seismic story drifts is found by multiplying the height by 0.010 per

ASCE 7-05 Table 12.12-1. The new drift values are compared to the existing system’s drift

values in Tables 22-25 below. The calculations of the new 6 can be found in Appendix J.

Controlling Wind Drift: East — West Direction

Story | Story | Existing Story Allowable Story Existing Total Allowable Total
Height Story Drift Drift Total Drift Drift
Drift Drift
(feet) (inch) (inch) (inch) (inch) (inch) (inch)
9 140 | 0.011076 | 0.56165 | < | 0.68 | Acceptable | 0083184 | 2.32625 | < | 4.2 | Acceptable
8 117.33 | 0.015192 | 0.39805 | < | 0.42 | Acceptable | 0 072108 | 1.7646 | < | 3.52 | Acceptable
7 103.33 | 0.01998 | 0.34062 | < | 0.42 | Acceptable | 0 056916 | 1.36655 | < | 3.1 | Acceptable
6 89.33 | 0.011472 | 0.39887 | < | 0.42 | Acceptable | 0 036936 | 1.02593 | < | 2.68 | Acceptable
5 75.33 | 0.005184 | 0.07244 | < | 0.42 | Acceptable | 0 025464 | 0.62706 | < | 2.26 | Acceptable
4 61.33 | 0.001032 | 0.07461 | < | 0.46 | Acceptable 0.02028 | 0.55462 | < | 1.84 | Acceptable
3 46 0.00738 | 0.1708 | < | 0.46 | Acceptable | 0019248 | 0.48001 | < | 1.38 | Acceptable
2 30.66 | 0.008616 | 0.17387 | < | 0.46 | Acceptable | 0 011868 | 0.30921 | < | 0.92 | Acceptable
1 15.33 | 0.003252 | 0.13534 | < | 0.46 | Acceptable | 0 003252 | 0.13534 | < | 0.46 | Acceptable
Table 22 - Controlling Wind Drift: E-W

Controlling Wind Drift: North — South Direction

Story | Story | Existing Story Allowable Story Existing Total Allowable Total
Height Story Drift Drift Total Drift Drift
Drift Drift
(feet) (inch) (inch) (inch) (inch) (inch) (inch)
9 140 | 0.025056 | 0.1872 | < | 0.68 | Acceptable 0.12828 | 1.31267 | < | 4.2 | Acceptable
8 117.33 | 0.046176 | 0.1872 | < | 0.42 | Acceptable 0.10322 | 1.12547 | < | 3.52 | Acceptable
7 103.33 | 0.026928 | 0.16978 | < | 0.42 | Acceptable 0.05705 | 0.93827 | < | 3.1 | Acceptable
6 89.33 | 0.017844 | 0.16145 | < | 0.42 | Acceptable 0.03012 | 0.76849 | < | 2.68 | Acceptable
5 75.33 | 0.000552 | 0.06492 | < | 0.42 | Acceptable 0.01228 | 0.60704 | < | 2.26 | Acceptable
4 61.33 0.0021 | 0.07693 | < | 0.46 | Acceptable 0.01172 | 0.54212 | < | 1.84 | Acceptable
3 46 0.00414 | 0.17606 | < | 0.46 | Acceptable 0.00962 | 0.46519 | < | 1.38 | Acceptable
2 30.66 | 0.004368 | 0.16246 | < | 0.46 | Acceptable 0.00548 | 0.28913 | < | 0.92 | Acceptable
1 15.33 | 0.001116 | 0.12667 | < | 0.46 | Acceptable 0.00112 | 0.12667 | < | 0.46 | Acceptable
Table 23 - Controlling Wind Drift: N-S
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Controlling Seismic Drift: East — West Direction

Story | Story | Existing Story Allowable Story Existing Total Allowable Total
Height Story Drift Drift Total Drift Drift
Drift Drift

(feet) (inch) (inch) (inch) (inch) (inch) (inch)
9 140 0.05152 | 0.47261 | < | 2.72 | Acceptable | (3478 4.1615 | < | 16.8 | Acceptable
8 117.33 | 0.07601 | 0.47261 | < | 1.68 | Acceptable | (2962 3.6889 | < | 14.08 | Acceptable
7 103.33 | 0.04169 | 0.61198 | < | 1.68 | Acceptable | (2202 3.2163 | < | 12.4 | Acceptable
6 89.33 | 0.04161 | 0.86848 | < | 1.68 | Acceptable | ( 1785 2.6043 | < | 10.72 | Acceptable
5 75.33 | 0.02971 | 0.18042 | < | 1.68 | Acceptable | ( 1369 1.7358 | < | 9.04 | Acceptable
4 61.33 0.01473 | 0.18178 | < | 1.84 | Acceptable 0.1072 1.5554 | < | 7.36 | Acceptable
3 46 0.04161 | 0.50596 | < | 1.84 | Acceptable | (0925 1.3736 | < | 5.52 | Acceptable
2 30.66 | 0.41852 | 0.50251 | < | 1.84 | Acceptable | (0508 0.8677 | < | 3.68 | Acceptable
1 15.33 | 0.00903 | 0.36519 | < | 1.84 | Acceptable | 000903 | 0.3651 | < | 1.84 | Acceptable

Table 24 - Controlling Seismic Drift: E-W

Controlling Seismic Drift: North — South Direction

Story | Story | Existing Story Allowable Story Existing Total Allowable Total
Height Story Drift Drift Total Drift Drift
Drift Drift

(feet) (inch) (inch) (inch) (inch) (inch) (inch)
9 140 0.05722 | 0.3136 | < | 2.72 | Acceptable | (025449 | 2.9279 | < | 16.8 | Acceptable
8 117.33 | 0.07446 | 0.3136 | < | 1.68 | Acceptable | (019727 | 2.6143 | < | 14.08 | Acceptable
7 103.33 | 0.04169 | 0.3229 | < | 1.68 | Acceptable | (12281 | 2.3006 | < | 12.4 | Acceptable
6 89.33 | 0.02377 | 0.2385 | < | 1.68 | Acceptable | (008111 | 1.9776 | < | 10.72 | Acceptable
5 75.33 | 0.00370 | 0.1448 | < | 1.68 | Acceptable | (005734 | 1.7391 | < | 9.04 | Acceptable
4 61.33 | 0.00979 | 0.2175 | < | 1.84 | Acceptable | (005369 | 1.5942 | < | 7.36 | Acceptable
3 46 0.02014 | 0.5436 | < | 1.84 | Acceptable | (004384 | 1.3767 | < | 5.52 | Acceptable
2 30.66 | 0.01923 | 0.4837 | < | 1.84 | Acceptable | (002369 | 0.8330 | < | 3.68 | Acceptable
1 15.33 | 0.00445 | 0.3492 | < | 1.84 | Acceptable | (0,00445 | 0.3492 | < | 1.84 | Acceptable

Table 25 - Controlling Seismic Drift N-S

As displayed in the tables above, all of the new drift values are acceptable per

serviceability requirements and code requirements. All the new drift values are much larger

than the original design. This shows that the new design that eliminates moment frames is less

stiff than the original moment frame building and will deflect more. Even though the new drift

values are larger than the original, the new design is acceptable because they are still below the

code requirements.

Center of Mass and Rigidity
The center of mass, or COM, and the center of rigidity, or COR, for the newly designed

building are found using RAM Frame. The values in Table 26 below show the East — West and

North — South components of the center of rigidity and the center of mass for each level. In
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Table 27 below that, the values for the existing building are seen; these values are found in the
Third Technical Report of the Voorhees Replacement Facility. The origin for both the newly
calculated values and the existing values is the southwest corner of the grid line.

Newly Calculated RAM Values for Center of Mass and Center of Rigidity

Level E-W Center of N-S Center of E-W Center of N-S Center of
Mass Mass Rigidity Rigidity
(feet) (feet) (feet) (feet)
9 277.15 156.03 274.98 129.05
8 277.10 210.90 275.49 142.35
7 277.21 151.06 275.57 154.97
6 277.16 150.04 274.92 170.68
5 259.22 191.89 274.19 183.98
4 253.08 193.30 275.89 182.18
3 248.81 175.08 276.93 177.34
2 248.58 174.60 274.01 176.13
1 216.95 180.33 264.71 169.02

Table 26 - New Center of Mass and Center of Rigidity

Existing ETABS Values for Center of Mass and Center of Rigidity

Level E-W Center of N-S Center of E-W Center of N-S Center of
Mass Mass Rigidity Rigidity
(feet) (feet) (feet) (feet)
9 306.4 158.6 309.5 148.2
8 307.1 81.9 306.5 86.2
7 307.0 154.0 306.5 174.6
6 318.1 232.1 317.9 236.7
5 287.6 114.4 306.4 174.4
4 278.0 113.4 303.9 164.7
3 278.5 130.8 302.2 152.0
2 285.7 129.3 300.6 154.3
1 245.5 126.3 275.5 125.1

Table 27 - Existing Center of Mass and Center of Rigidity

The difference between the new center of mass and the new center of rigidity appear to
be similar in some areas, while others vary by a large amount. For the East — West direction,
the values in the first 5 floors are very different, differing by 30 of more feet. For the floors
above the 5" in the East — West direction, the values are fairly similar, only differing by a couple
of feet. For the North — South direction, the values are fairly similar only differing by 10 or so
feet each floor except the 8™, The 8" floor varies a large amount because the mechanical room
spans from the 7" floor to the roof level, skipping the 8" in sections, thus decreasing that
level’s total mass and changing the location of the center of mass.
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The difference in the center of mass and the center of rigidity of the existing system
appear to be minimal in East — West direction. The difference in the North — South direction
however, appears to be more significant than the East — West direction, however the values are
still small.

When comparing the new system’s COM and COR to the existing system’s COM And
COR, the values vary by a large amount. The first difference is that both systems center of mass
varies from one another. This is expected to change since the new system is now supporting a
helipad located on the top of the building. Another possible reason for the change is that the
two buildings are modeled in different programs, starting from scratch each time it was
modeled. Since the RAM model is created with more detail than the ETABS model, which did
not include any gravity members, the RAM model is assumed to be more correct.

The two centers of rigidity also varied in each system. This is also expected to change
since the existing lateral system included moment frames on the outer edge of the building. By
changing the system to a lateral frame, frames are not placed in the exact locations of the old
moment frames, thus a change in the center of rigidity is expected. The differences in the COM
and COR for each system however are fairly similar between the new and old lateral system.
For the East — West direction, both systems are similar, with minimal differences in the COM
and COR for level 6 and above, while level 5 and below differ by large amounts. For the North —
South direction however there are differences between the two systems. While the new
system’s COM and COR only vary by 10 or so feet, the old system’s COM and COR vary by as
much as 50 or more feet for story 5 and below. This is ideal for the system since the lower
differences create less torsion in the building, reducing the forces acting on the lateral system.

Torsion

Since the center of mass and the center of Rigidity differ by a somewhat large amount, it
is to be expected that the building’s torsion will be relatively big. The total building torsion
consists of two parts, My, which is the inherent torsional moment. This is found by multiplying
the distance between the center of mass and the center of rigidity by the story shear. The
inherent torsional moment is then added to the accidental torsional moment, Mi,. My, is found
by multiplying the story shear by 5% of the building width at a specific level. The inherent
torsional moment is added to the accidental torsional moment to find the total torsional
moment, M. The torsion values for the new and existing systems can be seen below in Table 28
and 29.
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New Building Torsion

Story North — South Building Torsion East — West Building Torsion
Mt Mta Mtotal Mt Mta Mtotal
(kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
9 427.75 443.5 871.3 5399.5 3055.3 8454.8
8 515.76 720.8 1236.6 22358.9 4979.5 27338.4
7 400.57 549.6 950.17 977.9 3818.5 4796.4
6 538.9 541.3 1080.2 5033.9 3723.3 8757.2
5 3477.1 3169.5 6646.6 1841.1 3553.4 5394.5
4 5536.7 3305.2 8841.9 2752.8 3779.2 6532
3 5026.7 3522.8 8549.5 581.9 3931.1 4513
2 5850.7 3496.6 9347.3 371.2 3703.7 4074.8
1 10609.9 4322.7 14932.6 2624.9 3543.2 6168.1
Sum 52456.1 76028.3

Table 28 - New Building Torsion

Existing Building Torsion

Story North — South Building Torsion East — West Building Torsion

Mt Mta IVltotal Mt Mta IVltotal

(kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
9 781.59 567.2813 1348.869 1295.8 2552.244 3848.084
8 62.849 235.683 298.5318 869.03 4139.715 5008.745
7 74.219 333.9855 408.2045 3170.3 3152.411 6322.751
6 9.9974 112.4708 122.4682 696.44 3101.202 3797.642
5 5014.5 3636.316 8650.822 8904.0 3039.751 11943.75
4 7656.7 4030.242 11686.9 7792.5 3111.444 10903.91
3 5562.8 3199.883 8762.652 3277.5 3166.749 6444.269
2 1735.7 1702.676 3438.377 3722.5 3049.993 6772.493
1 2123.3 1080.532 3203.872 169.2 2888.174 3057.374
Sum 37920.7 58099.02

Table 29 - Existing Building Torsion

It is seen in the above tables that the torsion in the new design is more than the original

design. This is to be expected due to the bigger differences in the COM and COR in the new

design. This is a potential problem when designing the new system because the large torsional

moments can add shear forces to the frames increasing their load.

Overturning Moments
An analysis is performed to determine the overturning moments cause by the
controlling forces. The new overturning moments are then compared to the existing
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overturning moments that are found in Technical Report #3. The results can be seen in Table
30 and 31 below.

Level Height Above New Overturning Moments
Ground Load (kip) Shear (kip) Overturning
(ft) Moment (ft-kip)
N-S E-W N-S E-W N-S E-W
9 140.00 197.12 200.13 197.12 200.13 27596.8 | 28018.2
8 117.33 320.35 326.12 517.47 523.30 | 37586.7 | 38263.7
7 103.33 244.25 | 250.12 | 761.72 776.42 | 25238.4 | 25844.9
6 89.33 240.58 | 243.89 | 1002.31 | 1020.44 | 21491.0 | 21786.7
5 75.33 232.27 232.76 | 1235.08 | 1253.20 | 17496.9 | 17533.8
4 61.33 242.73 247.55 | 1477.81 | 1500.74 | 14886.6 | 15182.2
3 46.00 258.71 257.50 | 1736.52 | 1758.25 | 11900.7 | 11845.0
2 30.66 239.49 | 242.60 | 1976.00 | 2000.85 | 7342.8 7438.1
1 15.33 222.15 | 232.09 | 2198.16 | 2232.94 | 3405.6 3557.9
Total 2198.16 | 2232.94 | 2198.16 | 2232.94 | 166945.5 | 169470.5
Table 30 - New Overturning Moments

Level | Height Above Existing Overturning Moments
Ground Load (kip) Shear (kip) Overturning Moment
(ft) (ft-kip)
N-S E-W N-S E-W N-S E-W
9 140.00 252.125 124.6 252.125 124.6 |[35128.580 | 17360.5
8 117.33 104.748 202.1 356.873 326.7 |12290.089 | 23712.4
7 103.33 148.438 153.9 505.311 480.6 | 15338.101 | 15902.5
6 89.33 49.987 151.4 555.298 632.0 4465.294 | 13524.6
5 75.33 266.729 148.4 | 822.027 780.4 |20092.733 [ 11179.0
4 61.33 295.624 1519 | 1117.651( 932.3 | 18130.609 | 9316.0
3 46.00 234.716 154.6 | 1352.367 | 1086.9 | 10796.942 | 7111.6
2 30.66 116.490 148.9 | 1468.857 | 1235.8 | 3571.585 4565.3
1 15.33 70.778 141.0 | 1539.635 | 1376.8 | 1085.020 2161.5
Total 1539.635 | 1376.8 | 1539.635 | 1376.8 120898 104833

Table 31 - Existing Overturning Moments

The results for the new overturning moments are found to be larger than the previous
overturning moments by a significant amount. This is not to be expected because the new
seismic forces are smaller than existing forces. A possible reason for this is the inclusion of

65




Paul Stewart Voorhees Replacement Hospital
Structural Option Voorhees, New Jersey
Dr. Ali M. Memari Final Report

wind cases in this report. By adding wind cases, larger forces are added to the building creating
more building shear, and thus creating more overturning moment. These new large
overturning moment values will have to be taken into account when designing the new
foundations in the Lateral Foundation Design section of this report.

Comparison of Existing Lateral System vs. New System

The new design, using only braced frames for the lateral system, and the existing design,
using a mix of moment frames and braced frames, are compared in this section purely to
understand the feasibility of eliminating moment frames. The two systems are compared on
many different factors including seismic loads, member sizes, foundation changes, architectural
changes, drift, torsion, overturning moment, constructability, and cost.

Because the new system is able to use just braced frames instead of a combination of
the two, the seismic base shear is lower for the new design. The new R value that is used for
the seismic calculations is able to reduce the seismic load in both directions, North — South and
East — West. In the North — South direction it is able to reduce the loads by almost 200 kips,
while in the East — West it is able to reduce it an almost negligible 5 kips. This helps in reducing
the forces in the building, allowing the wind to control.

The new design also helps in decreasing member sizes of the previous design. Because
the existing design uses moment frames, the beam members have to be increased to take
added moment forces, with members reaching typical sizes of W24x176 and W36x150. With
the new design, since there is no moment in the beams or girders the members can be reduced
to a W21x63 or smaller. Also, column sizes can be reduced since they do not take moment
loads either. Again, due to the moments that are created in the moment frame, columns can
be as large as a W14x311. With the new design column sizes can be greatly reduced with
maximum sizes reaching a W14x176. The down side to this new design is the addition of the
HSS braces. Because the new lateral system uses braces to resist lateral load, extra HSS
members must be used, thus possibly offsetting the savings created by smaller members.

Foundation changes will also have to be made for the new design. In general the
foundations for the new design have increased due to the added overturning moment.
Because there are fewer lateral foundations throughout the building, there is more overturning
moment applied to each of them. This will force the members to increase in size, in some cases
as much as 10’ in each direction.

The added braces also added architectural challenges for the new design. Because a
brace spans the between two columns, any hallways or rooms that are in that area will be cut
off and need to be redesigned so the building’s floor plan still works. For all cases of new
frames throughout this building, interfering with a hallway or room was avoided. This is not
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possible however for the windows looking into the courtyard. In order to resist the torsional

moment, braces are needed in the area surrounding the two courtyards. ‘X’ type braces are
inserted into those areas to assist with lateral movement and to add to the architecture. By
making these braces exposed it continues to allow users to see out into the courtyard, but also
allows them to see the structural system. This change to the architecture will need to be
studied further to ensure that it will look architecturally pleasing.

Drift is also a factor that is considered when comparing the two systems. The new
system is found to have much higher drift values for both the wind and seismic. The new drift
values are found to be almost 10 times more than the exiting values. Although the drift values
are higher for the new system, they are still all acceptable per serviceability and code
requirements.

The torsional and overturning moments are also considered in the comparison of the
two systems. For the new building because the COM and COR have a much larger difference, it
is expected that the torsion values will be larger than the existing values. This found to be true
and adds to the forces that the lateral system must resist. The overturning forces are also
larger than the previously calculated values for the existing system. Since the forces are larger
in the new system it will affect the sizes of the new foundations because they will have to resist
this overturning moment. This will force the foundations to be larger in size than the originally
designed foundations.

The final considerations when comparing the two systems are the constructability and
cost. Moment frames can require much more welding than the newly designed connections in
the braced frames. Since this is the case, time and money can be saved by installing the brace
frames. Installing the new system will also not require the use of stiffener plates on any of the
connections to stiffen the columns or beams, again saving time and money.
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Connection Design

Typical frame connections are designed for this report to fulfill the MAE requirement. In
this section four connections are designed. All four connections deal with the newly designed
lateral system. The first two connections deal with a brace to column/beam connection. The
third connection deals with a brace to beam connection, while the fourth deals with a
brace/brace connection. Each of the connections is designed to limit the amount of welding
wherever possible. The locations of each connection can be seen in Figure 51, while the
calculations for each connection can be seen in Appendix K. Below in Figures 52-55 each
connection is detailed.

#2 L

Figure 51 - Location of Connection Designs
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Typical Connection #1

W21x68
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Figure 52 - Brace to Column Connection

Typical Connection #2
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Figure 53 - Brace to Column Connection
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Typical Connection #3

38"
36" x 44" x % " Plate
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/ 3/8"
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Figure 54 - Brace to Beam Connection

Typical Connection #4
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Figure 55 - Brace to Brace Connection
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Electrical Analysis

Due to the relocation of the helipad, the systems supporting the pad must also be
moved. According to the FAA lights are needed to help guide any approaching helicopters to
the helipad. With the relocation of the helipad, the lights must also be relocated and tied into a

circuit breaker. The luminaires used for the helipad lighting include the following:

e Z7ZG1-(14) - Helipad Omnidirectional Marker Lights — 40W — 120V
e Z7ZG2—(1) - Lighted Windsock and Rigid Frame — 464W — 120V
e 7G3—(4)- Helipad Red Obstruction Light — 116W — 120V

The luminaires ZG1 are designed to be recessed in the concrete pad as in Figure 56. Each
f the luminai ZG1,ZG2, and ZG3 Il placed
of the umfnalres, , 262, an ,areall p ace. on. 1 Foot (30 cm)
separate circuits to avoid voltage drop. All three circuits

WUl

se a 60°, 14 AWG r wire in %” metal conduit. Th
use a 60", coppe € in 72" metal condu € Flush In-pavment Light Detall

wire types are found using two assumptions. The first Figure 56 - Recessed Light in Helipad
assumption is that the lights are continuous loads and require a reduction factor. Also, it is
assumed that the temperatures that the wires will be subjected to will reach 106° — 113°,
because the lights are located on the roof of the structure. The three wires also checked to
ensure that the Voltage Drop is below 3%. For the circuit containing the luminaires ZG1, the
Voltage Drop, or VD is found to be 2.49%, while the VD in the other two wires is 2.07%. The
calculations for these wires can be found in Appendix L.

The three circuits are all designed to tie into the Panel LEQPH7A1 using 20A breakers.
The Panel LEQPH7A1 is located in the 8™ floor mechanical space. A breakdown of the panel can
be seen below in Figure 57. The highlighted portions of the panel are the new circuits added.

PANEL LEQPH7A1
100 AMPS BUS [ 1004 MAIN CIRCUIT BREAKER [NOTES:
208 VOLTS L-L 5UB FEED LUGS 4,000 AIC RATING DOUBLE PAN) EL‘
SURFACE MOUNT| X 120 VOLTS L-N MAIN LUGS OMNLY DOOR-IN-DOOR CON STF.UC'HON\
FLUSH MOUNT] 3 PHASE DOUBLE LUGS INTEGRAL TVSS5|
4 WIRE ISOLATED GROUND BUS|
ROOM OR ARES VA PER PHASE BREAKER PHASE BREAKER VA PER PHASE ROOM OR
LOAD DESCRIPTION A B C CODE |AMP [POLE | CCT No A B C CCT No |AMP |POLE | CODE A B C LOAD DESCRIPTION AREA
RECEPTACLES 360 3 20 1 1 X 2 20 1 2 696 LIGHTING
RECEPTACLES 360 3 20 1 3 X 4 20 1 2 696 UGHTING
RECEPTACLES 360 3 20 1 5 X & 20 1 2 800 [UGHTING
[AHU-1A UGHTING 1,000 2 20 1 7 X B 20 1 2 1,000 |AHU-2E LIGHTING
[AHU-1B LIGHTING 1.000 2 20 1 k] X 0 20 1 2 1,000 JAHU-3A4 LIGHTING
[AHU-ZA UGHTING 1,000 2 20 1 11 X 12 20 1 2 1,000 |AHU-3E LIGHTING
[ AHU-ZC LIGHTING 1,000 2 20 1 13 X 14 20 1 2 1,000 |AHU-3E UGHTING
| AHU-3D LIGHTING 1,000 2 20 1 15 X 16 20 1 2 1,000 |AHU-3F LIGHTING
RECEPTACLES 360 3 20 1 17 X 18 20 1 3 360 |RECEPTACLES
1,500 5 20 1 13 X 20 20 1 3 360
HEAT TRACE 1,500 5 20 1 21 X 22 20 1 3
1,500 3 20 1 23 X 24 20 1 7
HEAT TRACE 1.500 5 20 1 25 X 26 20 1 ] 670
NEW LIGHTS - ZG1 HELUPAD 560 NiA 20 1 27 X 8 20 1
a5 [ e [ 20 1] 29 X @[]
20 1 31 X 32 20 1
20 1 33 X 34 20 1
20 1 35 X 36 20 1
20 1 37 X 38 20 1
20 1 33 X 40 20 1
20 1 41 X 42 20 1
SUBTOTAL CONNECTED VA/PHASE 5360 4420 3684 3726 3700 2830 SUBTOTAL CONKECTED VA/PHASE
TuB PAMEL
A B C VA A |(ODE SUNMARY VA VA A B C VA A
CONNECTED AMPS/PHASE (THIS TUB)| 76 64 55| 1 NONCONTIN. - - ?5| ﬁ!l| El CONMECTED AMPS/PHASE (ENTIRE PANEL)
TOTAL CONNECTED (THIS TUB) | 13 '.'20| 652 LIGHTS 16.380 16,330 23.720 65 |TOTAL CONNECTED (ENTIRE PANEL)
3 RECEPTACLES 2,700 2,700
CODE CONNECTED AMPS/PHASE (THIS TUB)| 92 72 61 4 CONTINUOQUS - - 9T| '.'2| 51| CODE CONNECTED AMPS/PHASE (ENTIRE PANEL)
TOTAL CODE CONNECTED (THIS TUB) | 26,048 | 75|5 HEATING 7,500 7500 26,945 75 |TOTAL CODE CONNECTED (ENTIRE PANEL)
|& moToRs 670 670
|7 LARGEST MOTOR B38 838

Figure 57 - Updated Panel
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Acoustical Study

Since relocating the helicopter to the roof of the building will move it closer to the
building, an acoustical check is required to ensure that the residents of the building will not be
bothered by the increased noise. The facade that is closest to the new helipad site is checked
and compared to similar, but alternative, facades. The closest area to the new helipad is a

patient room located in Zone 3 of the Northern Building. The facades checked for this area are
%" glass, which is the existing fagcade, %4” laminated glass and 3/16” glass with a 2” airspace, %”
laminated glass and 3/16” glass with a 4” airspace, and (2) %” laminated glass with %" airspace.
Each facade has a Transmission Loss of 31, 48, 44, and 40 respectively.

Since it is assumed that the helicopter will be located on the helipad when it is the
loudest, a distance of 142 feet is used in the calculations. It is also assumed that the noise a
helicopter of the size used for this report can make is 105 dB. After performing the noise
reduction calculations, found in Appendix M, the noise levels are recorded and are shown in

Table 32.
dB’s recorded in Patient’s Room due to Helicopter
Type of facade TL dB Recorded in Room
%” Glass 31 47.3
%” Laminated Glass and 3/16” Glass with a 2” Airspace 48 34.3
%” Laminated Glass and 3/16” Glass with a 4” Airspace 44 30.3
(2) %4” Laminated Glass with %” Airspace 40 38.3

Table 32 - dB's in Patient's Room

It is found that the existing noise in the patient’s room is too high. 47.3 dB is roughly
the same amount of noise as the average home or office. Since the rooms are meant for
overnight patients, this would be too loud and would result in complaints from the users. Itis
determined that the %” laminated glass and 3/16” glass with a 2” airspace would be ideal for
this room. This facade reduces the noise in the room to 34.3 dB. This is roughly the equivalent
of a quiet office or conversation which would be ideal for sleeping patients.
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Conclusions

The Voorhees Replacement Hospital is a new hospital replacing the current Voorhees
hospital due to its inability to expand and be renovated. The new building is 9 stories tall,
approximately 140 feet tall. It consists of two parts, a main bed tower, and a services building.

In the final report the current building’s systems is be explained in depth. Anin depth
description of the mechanical, electrical, lighting, telecommunication, and structural systems is
also given. The architecture of the building is explained as well as some of the building’s
sustainable features.

Descriptions of the proposed changes to the building are then given. An overview look
at the potential benefits of the changes is given, and the process of making the changes is
explained.

The current helipad is looked at and the possibility of moving it from the parking area to
the top of the building is explored. This report looks into possible problems and requirements
that a helipad located on the roof will require. A location is then determined based on the
requirements found. In order to move it from its current location, the helipad must first be
redesigned as a two-way slab with beams spanning from column to column. The beams
supporting the slab are then designed as concrete beams. Due to the added weight on the
roof, the gravity columns that support the new helipad are adjusted for the added weight.
Also, since weight is added to the columns, the foundations are redesigned for the added load.
These new foundations are then checked against a RAM model to insure they are accurate.

In order to eliminate moment frames throughout the building, the lateral system is also
changed. The lateral system is changed in the Southern Building from a combination of braced
frames and moment frames, to a system that only uses braced frames. Since changing the
lateral system will also change the seismic forces, these forces are redesigned. A RAM model is
then created to assist with the design of the new system. This model assists in the design and
analysis of the new building.

Because new braces are added to the building, a study of their new location is
performed to insure that the architecture is unchanged. The location of these new braces is
then plugged into the RAM model and a design is performed. The location and sizes of the new
braces is then reported. Since the forces on the foundations will also change, the foundations
are redesigned. The new foundations are redesigned and the sizes are reported.

The new system is also analyzed for a number of different factors. The analysis looks at
the new building’s drift, center of mass and center of rigidity, torsion, overturning moment, and
constructability. These factors are then compared to the old system’s values. It is found that
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the new systems’ seismic forces are reduced due to the new R value. It is also found that by
eliminating moment frames, time and money can be saved with the new system, although the
new system will have a larger drift, torsion, and overturning moment when compared to the
old system.

Due to the new type of lateral system a design of the connections for the new braces is
performed. Two brace to column connections, a brace to beam connection, and a brace to
brace connection are designed and reported in this report.

Because of the new location of the helipad, an electrical breadth and an acoustical
breadth is performed. The electrical study determines new wire sizes for lights located on the
new helipad. These wires are also tied into an existing circuit breaker. The acoustical study
looks at the potential sound entering patients’ rooms. The study found that a new facade type
is necessary in order to eliminate sound entering the space.
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Appendix B: Helipad Slab Calculations
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Appendix C: Helipad Column Calculations
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Appendix E: Wind Calculations
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Appendix H: Lateral Force Distribution
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Appendix J: Drift
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Appendix K: Connections
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Appendix L: Electrical
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Appendix M: Acoustical
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