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Executive Summary

The UPMC Hamot Women'’s Hospital is a 5 story, 92 foot tall, healthcare facility located on the bay of
Lake Erie. The steel framing system supports the lightweight concrete composite floor system and the
lateral loads from wind and seismic forces are resisted by moment connected steel frames in the E-W
plan direction and both a moment connected steel frame and a braced frame in the N-S plan direction.

The goal of this technical report entitled, “Lateral System Analysis and Confirmation Design,” is to
evaluate the existing lateral system as built in the UPMC Hamot Women’s Hospital and confirm that it
has sufficient strength and meets all serviceability requirements. Using a rigid diaphragm assumption
and lateral force distribution based on load follows stiffness. STAAD models were created for the 2-D
frames in order to determine frame stiffness and distribute the lateral forces appropriately. The force
distribution was determined based on the stiffness and the forces were input into STAAD to try and get
a rough estimate of the frame reaction. The results were slightly unsettling, revealing the need for a
more detailed analysis. This need would lead to the creation of a RAM model, which was utilized to
analyze the lateral system and include more detailed calculations such as torsional analysis. Drift limits
of h/400 for wind and 0.025h for seismic were imposed on the structure. The structure was deemed to
meet all strength and serviceability requirements imposed. Overturning moment and uplift forces were
then analyzed and evaluated conservatively, by ignoring the soil weight above the footing and only
relying on the weight of the footing itself. No issues with this were found.

After the analysis of lateral systems present at the UPMC Hamot Women’s Hospital was fully evaluated,
no issues for either strength or serviceability requirements were found.
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Introduction

Located on the shoreline of Lake Erie, 201
State Street, which will be referred to as
UPMC Hamot Women'’s Hospital, is a 5 story,
steel framed healthcare and hospital facility.
This site is centrally located on the UPMC
Hamot campus, directly between the UPMC
Hamot Main Hospital and the UPMC Hamot
Heart Institute.

The 163,616 sq. ft. Women’s Hospital was
completed in early January of 2011. This
structure has a very unique history; originally
the hospital wanted a four story building, but
only had the financing for two levels. Thus
the structure was designed for four stories,
but only the first two were constructed.
Then the hospital decided that a five story
structure more suited their needs, so the Figure 1: North Fagade, Showing 2-D Escarpment

building was stripped down to the shell (structural steel and floor slabs), the current roof slab was then

removed, with the columns being truncated 4’-0” above the second story slab. The decision was made

to reinforce the columns and beams below this point, as needed, and to build to the desired five stories
above.

The city of Erie zoned the UPMC Hamot campus as Waterfront Commercial 2 (W-C2), which permits
residential, commercial, recreational, and historical uses. This zoning is similar to Waterfront
Commercial (W-C), except that this area permits Group Care Facilities. The maximum building height in
this zoning district is 100 ft, with a building footprint not greater than 65% of the lot; the exterior
lighting of the building must prevent glare to adjoining properties; the lot is required to have 1 parking
space per 4 beds.

The five stories of the UPMC Hamot Women’s Hospital are
topped with a mechanical penthouse that does not cover the
entire building footprint. This penthouse houses three air
handling units that supply conditioned air to all areas of the
building. This is achieved via a large mechanical opening in each
floor; this opening is located on the west side of the building
and measures approximately 27’-0"+ by 30’-0"+.

The UPMC Hamot Women’s Hospital was designed to match the
Architectural style of the other buildings on the Hamot Medical
Center campus. This includes a brick and glass facade that Figure 2: Interior Water Wall
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is intended to allow sufficient amounts of natural light into the building without being uncomfortable to
the patients. The interior of the building was constructed to a very luxurious standard. The owner of
the building was not primarily concerned about cost, but rather wanted the building to put the patients
at ease by making them feel as if they were at home. This is primarily achieved through earth tone
colors throughout the interior the water wall located in the lobby and the cabinets in every room to hide
the hoses and cables that are typical of a hospital, moreover, each room is equipped with a Jacuzzi and a
very luxurious bathroom, again to achieve a relaxing environment for the patients.

UPMC Hamot Women'’s Hospital has an
exterior facade of 4” nominal face brick, a
3” air space, 1” of rigid insulation, on 6”
nominal metal studs with R-19 batt
insulation filing the wall core. The wall is
then closed with 5/8” gypsum wall board.
Where applicable the wall system is
double pane insulated glass windows. The
roof system is EPDM roofing on protection
board on polyisocyanurate insulation.

- 4 | BN '
Figure 3: Exterior Building Facade
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Structural System

e Foundation

The foundation is unique in that many of the
existing foundations also had to increase in size
when the building increased in height. The
foundation system utilizes both strip and spread
footings. The strip footings are typically 2’-0”
wide and 1’-0” deep; reinforcement consists of 3-
#5 longitudinally and #5 x 1’-6” @ 12” O.C.
transverse. The modifications to the spread
footings are unique because many of the existing
spread footings had to be increased in length,
width, and depth. The minimum height of the

footings below grade is 3’-6”. The typical
foundation overbuild details can be found on Figure 4: Foundation Excavion during Construction
sheet S403.

e Floor Construction
The beams are typically W shapes that tend to be framed with the girders spanning the short direction

and the beams framing the long direction of the bay. The beams are typically W14x22 composite
beams, where concrete slab on deck exists. In the shorter spans (12’-4”) the beams become W8x10, and
when the tributary spacing is decreased, W12x19 composite beams are likely to be used. Elsewhere the
beams are non-composite. The girders are also composite where applicable.

The elevated floor slabs have a total thickness of 6”, consisting of 4” of lightweight 4000 psi concrete on
a 2” — 20 GA composite metal deck. These slabs are reinforced with 6x6 — W1.4xW1.4 welded wire
fabric.

e Lateral System

The lateral system in the N-S direction consists of a 5 story (6 with penthouse), 49’ long braced frame
along column line N. This is the only full height braced frame in the building. The N-S direction also has
a full height 42’-8” long moment frame along column line B. In the E-W direction full height moment
frames are utilized along column line 1 and 17, which are 161’ and 173’-4” long, respectively. The
columns are spliced 4’-0” above the second floor, where the existing shell remained and was reinforced
below. The columns are also spliced at above the 4" floor, at the same 4’-0” elevation. The unique
construction sequence has led to the need to reinforce the base of these columns dramatically,
especially in the moment frames. The details of these reinforcements can be seen on sheet S400. The
column sizes vary from W8 sizes to W14 sizes. The lateral system of the mechanical penthouse is
entirely braced frames.

7~
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Desigh Codes & Standards

2006 International Building Code (IBC 2006) with Local Amendments
2006 International Mechanical Code (IMC 2006) with Local Amendments
2006 International Electrical Code (IEC 2006) with Local Amendments
2006 International Fire Code (IFC 2006) with Local Amendments
Minimum Design Loads for Buildings and Other Structures (ASCE 7-05)
Building Code Requirements for Structural Concrete (ACI 318-08)
Building Code Requirements for Masonry Structures (ACI 530)

AISC Manual of Steel Construction, Allowable Stress Design (ASD- 9" Edition)

Structural Materials

Structural Steel

Type Standard Grade
W-Shape Structural Steel ASTM A572 50
Hollow Structural Sections (HSS) ASTM A500 C
Bars, Plates and Angles ASTM A36 N/A
Bolts, Washers, and Nuts ASTM A325 N/A

Concrete

Usage Weight Strength
Footings Normal 3000 psi
Slab-on-Grade Normal 4000 psi
Concrete on Steel Deck Lightweight 4000 psi
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Building Loads

Part of this technical report will incorporate the calculation of both gravity and lateral loads. The gravity
loads will consist of dead, live, and snow loads. The lateral loads will be analyzed through wind and
seismic loading. The intent of this aspect of the report is to lay the groundwork for remainder of this
thesis project, as well as begin to determine how conservative the primary designer may or may not
have been.

e Dead Load

Dead loads were calculated using the most recent data available through the Vulcraft Corporation.
Typical floor weight was found to be 59 psf, although to allow for some unknowns a superimposed dead
load was decided to be used, which is conservative; thus leaving a typical floor dead load of 69 psf. The
roof dead load was also calculated using the Vulcraft Corporation manuals, and the roof dead load was
determined to be 15 psf. To be conservative a roof dead load of 20 psf will be used, allowing for future
roof coverings to be laid on the initial roof. Appendix A includes the appropriate figures from the
Vulcraft Manuals used, as well as detailed calculations for the typical floor and roof dead load.

e Live Load

Live Loads were calculated in accordance with IBC 2006 using ASCE 7-05 (Minimum Design Loads for
Buildings and Other Structures). The relevant loads derived are tabulated in Table 1 and in Appendix A.

ASCE 7-05 Live Loads |

Space Load (psf)

Lobbies 100
First Floor Corridors 100
Offices 50 + 20 (partitions)
Stairs 100
Mechanical 150
Roof 20
Hospitals

Operating Rooms/Labs 60
Patient Rooms 40
Corridors, above First Floor 80

Table 1: ASCE 7-05 Live Loads

e Snow Load

Snow loads were calculated using the procedure outlined in ASCE 7-05 Chapter 7. The city of Erie, PA
falls into an area requiring a Case Study (CS) of the ground snow load. A call to the Erie Building Code
Official yielded a local requirement for designers to use a ground snow load of 40 psf. The Snow Load
Calculations are summarized in Table 2 and detailed calculations are available in Appendix B. Several
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locations were determined to be potential drift locations, located around the Mechanical Penthouse and
the Stair Pop-out. The Mechanical Penthouse yielded a peak drift load of 106.2 psf with a width of 17’-
0”. The Stair Pop-Out yielded a peak drift load of 58.2 psf with a width of 7’-0”. A roof plan with mark-
ups of the applicable snow drift areas is available in Appendix B.

ASCE 7-05 Snow Loads

Variable Value
Ground Snow Load, p, (psf) 40
Temperature Factor, C, 1.0
Exposure Factor, C, 0.8
Importance Factor, I 1.1
Flat Roof Snow Load, p;s (psf) 24.64

Table 2: ASCE 7-05 Snow Loads

e Wind Load

Wind loads were calculated in accordance with Chapter 6 of ASCE 7-05, Method 2 Main Wind Force
Resisting System (MWFRS). In order to use this procedure a few minor simplifications had to be made,
such as reducing the five different building heights to three. This was done by taking two of the minor
pop-outs (< 5 ft) and simplifying them into the main roof.

The wind loading for this building is also unusual and interesting. The building sits on the peak of a 60 ft
tall 2-D escarpment, as described in ASCE 7-05. This produces an atypical wind loading pattern in the
North-South Direction. This problem is compounded by the building being located on the bay of Lake
Erie, this flat open body of water allows for wind velocities to increase rapidly. This leads to a very large
wind load at the base of the North wall of the building due to the exposure factors and 2-D escarpment.

Wind loads on the building are collected by the exterior facade and distributed to the slab, at which
point the slab will distribute the forces to the MWFRS, based on the stiffness and location of the various
structural elements.

The user should note that the internal pressures are not added to the external windward and leeward
pressures. This is due to the fact that the internal pressures effectively cancel themselves out. This has
been done in this report as is standard practice in structural engineering.

The wind pressures that engage the North-South lateral system was analyzed as a wind coming from the
North. This is due to the large 2-D escarpment located on that side of the building. The wind pressures
engage the East-West lateral system was analyzed as a wind coming from the East, although the wind
coming from the West would be identical.

Details pertaining to the wind calculations can be found in Appendix C, while a summary of the final
wind pressures can be found in Table 3 and Table 4, for a pictorial view of how these pressures are
applied to the building see Figure 5 and Figure 6.
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ASCE 7-05 Wind Pressures — N-S Directio

Type Height Wind Pressure (psf)

0’-15’ 59.51

15’-20’ 39.39

20°-25’ 36.35

25’-30° 34.03

30’-40° 32.76

Windward Walls 40’-50’ 29.87
50’-60’ 28.13

60’-70’ 26.98

70’-80’ 26.40

80’-90’ 26.03

90’-92’ 25.71

Leeward Walls Full Height -15.55

Table 3: ASCE 7-05 Wind Pressures in N-S Direction

Wind from North

=25.71 psf
B : p = -15.55 psf
— | p=26.03psf
p = 26.03 psf
| p=2640psf
p = 26.40 psf p =-15.55 psf
p =-15.55 psf
p = 26.98 psf
p=28.13 psf
p=29.87 psf
p = 32.76 psf
p = 34.03 psf
p = 36.35 psf
p = 39.39 psf
p=59.51 psf
s
V' =1040.3 kips
an u
M = 40230.8 ft-kips
Lake Erie /

Figure 5: Wind Pressures in N-S Direction, showing 2-D Escarpment
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ASCE 7-05 Wind Pressures —E-W Directio

Type Height Wind Pressure (psf)

0’-15’ 19.20

15’-20’ 19.88

20°-25’ 20.43

25’-30° 20.99

30’-40° 21.82

Windward Walls 40’-50’ 22.50
50’-60’ 23.05

60’-70’ 23.47

70’-80’ 24.16

80’-90’ 24.44

90’-92’ 24.58

Leeward Walls Full Height -14.13

Table 4: ASCE 7-05 Wind Pressures in E-W Direction

Wind from East

p=-14.13 psf p = 24.58 psf

=24.44 =
p pst| | P 14‘_‘_E-13 f  p=2444pst
P p =24 .16 psf p =24.16 psf

p =23.47 psf

p =23.05 psf

p = 22.50 psf

p=21.82psf
p = 20.99 psf
p=2043 psf
p = 10.88 psf

I

p = 19.20 psf

V = 4359 kips

N

M = 18927.2 ft-kips

Figure 6: Wind Pressures in E-W Direction
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e Seismic Load

Seismic loads were calculated as required by ASCE 7-05, Chapter 11 and 12. This section requires the
use of the Equivalent Lateral Force Procedure. For this analysis an R-Factor of 3 was chosen, meaning
the building is “not specifically detailed for seismic loads”.

Seismic loads tend to be very complicated in nature, due to the fact that no two earthquakes are ever
the same. This leads to many engineering simplifications within the code to allow us to analyze the
structure quickly and efficiently. Wind loads are easier to quantify because it acts as a pressure on the
building. Earthquake loads are more difficult to quantify because the loading comes through the motion
of the ground. ASCE 7-05 assists the structural engineer by providing a procedure that allows for the
complicated loading to be turned into forces applied at the various levels. The overall base shear of the
building is controlled by many factors, although the inertial mass of the building can be singled out as
one of the most important factors. The mass and height of each level leads to how much of the overall
base shear we can apply to that respective level.

Several assumptions had to be made in order to use the Equivalent Force Method in ASCE 7-05. The
first assumption is that the mass of each story is lumped at that story level. This is an acceptable
assumption because the majority of a stories mass is located in the slab and beams attributed to that
story. The mass associated with columns spanning between levels were divided to the stories above
and below based on tributary height between the levels, giving half of the columns mass to the level
above and half to the level below. The other major assumption is that the building utilizes a rigid
diaphragm. This is a reasonable assumption due to the relative rigidity of the slab compared to that of
the lateral system. This is also reasonable due to the absence of shear walls, if shear walls were present
as a lateral system in this structure the interaction between the slab and the walls would have to be
carefully analyzed and detailed to transfer the large loads that the shear walls would take.

Details pertaining to the seismic calculations can be found in Appendix D, while a summary of the final
seismic forces can be found in Table 5, for a pictorial view of the forces being applied at the various
story levels see Figure 7.

ASCE 7-05 Seismic Calculations |

Level Level Weight (kips) Level Height EQ Force (kips)
Penthouse 315.4 92’-0” 17.24
Stair Roof 74.3 82’-0” 341
Roof 1616.0 72’-0” 60.77
5" Floor 2282.7 58"-0” 61.71
4" Floor 2348.6 44’'-0” 41.64
3" Floor 2401.9 28'-0” 21.36
2" Floor 2567.1 12’-0” 6.26
Ground Floor N/A 0’-0" 0

Table 5: ASCE 7-05 Seismic Calculations

11
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Earthquake Forces

Fph = 17.24 k >
Fsr=341k =

Fr=60.77k >

F5=6171k

F4=4184k >

F3=2136k —

F2=6.26k

V=278.5k

NS

M = 16163.62 ft-kips

Figure 7: Earthquake Forces at Various Levels
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Floor System Analysis

e Lightweight Concrete on Composite Metal Deck Calculations

A composite metal deck floor system consists of a high strength structural steel deck and a structural
concrete slab, with reinforcement (typically just temperature and shrinkage). This floor system provides
both economy and efficiency through taking advantage of the composite action between the steel deck
and the concrete. By utilizing the lightweight concrete rather than the normal weight concrete, it is
possible to lighten the floor system, which may decrease your beam and girder sizes, but will most
definitely reduce your column and foundation sizes.

T — Calculations were performed on this system and these
calculations yielded the need for 2VLI20 deck to
achieve the 2 hour fire rating that is required. The
composite beams were sized for to support the slab
and deck self-weight, plus the superimposed dead and
live loading. The composite beams were determined
to be W14x22[10], thus requiring 10 shear studs
spaced equally along the length of the beam. The
composite girders were then sized to support the

loads from the beams and its own self-weight. This

design yielded a W16x26[18], thus requiring 18 shear
Figure 8: Lightweight Concrete on Metal Deck studs placed evenly along the length of the girder.
The loads from the floor system were then transferred through the girders and into the column. The
column was assumed to be spliced 4’-0” above the 2™ and 4" floors. Live Load reduction was utilized
and the column design yielded a W8x48 column above the 4 floor, and a W8x67 below the 4" floor.
The details of these calculations can be found in Appendix F.
The effective weight of the structure was then determined for statistical purposes. This was only done
for the typical bay, which is not truly representative of the entire structure, but will provide a basis for
comparison. Determining the weight was done to allow me to grasp what impacts the gravity system
may have on the lateral system, since earthquake loading is dependent on the effective weight of the
structure; this structure weighed in at 229.74 kips.

This floor system, like all floor systems, has many advantages and disadvantages. This system is typically
very light, which will allow for smaller members leading to a cheaper structure, the system also utilizes
the floor slab when designing the beam, thus making the beam the most efficient. The system is also
typically very quick to construct on site. The major disadvantage of this system is that it uses a
lightweight concrete, which is more expensive than the normal weight concrete, this cost can be offset
with the reduction in structural weight in the beams, girders, and columns; but this is dependent on the
number of floors present in the building.

7~
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e One-Way Slab Calculations

A one-way concrete floor system consists of a slab with supporting beams and girders. For a bay to be
analyzed as one bay it must meet the required aspect ratios. This system utilizes the one way slab and
beams to allow for a shallower system, although overall structural weight becomes a concern due to
increased seismic loading.

Calculations were performed on
this system and these calculations
yielded the need for a 6” thick
concrete slab. The concrete
columns were sized for to support
the slab self-weight, plus the
super imposed dead and live
loading. The columns were h . u
determined to be 18” x 18”

square with (8) - #6 bars spaced

along the perimeter of the

column. The concrete beams Figure 9: One Way Concrete Slab

were then sized to support the loads from the slab and its own self-weight. The width of the beam was
chosen based on the width of the column (18”), and the depth of the beam was chosen to attempt to
keep the floor system at 16” deep (similar to the existing). The beams were analyzed to benefit from
the T-beam behavior that one would expect from the slab. The design yielded the need for (8) - #5 bars
in the bottom and (5) - #9 bars in the top of the section. The shear reinforcement was determined to
require 3 legs of #3 bars spaced at 4” on center. The girder was then designed to support the beams
and slab, yielding the need for (6) - #7 bars Top and Bottom, as well as standard #3 ties at 5” on center.
The details of these calculations can be found in Appendix G.

The effective weight of the structure was then determined for statistical purposes. This was only done
for the typical bay, which is not truly representative of the entire structure, but will provide a basis for
comparison. Determining the weight was done to allow me to grasp what impacts the gravity system
may have on the lateral system, since earthquake loading is dependent on the effective weight of the
structure; this structure weighed in at 464.53Kkips.

This floor system, like all floor systems, has many advantages and disadvantages. This system is very
versatile and adaptive to any shape that is desired, assuming that a form for the concrete can be made.
Structural concrete systems typically yield large open bays, with a minimal floor system thickness. Thus
potentially allowing for an extra floor in areas where height is a restriction. This system also works very
well in controlling vibration issues, although that does not appear to be an issue with the current
system. The drawbacks of structural concrete consist primarily of schedule and budget. The concrete
requires curring time and with tall buildings with small footprints an issue of curring time can become an
issue. Structural concrete is also very labor intensive to place and finish, which has the potential to drive
up the cost of the project, especially if schedule delays occur.
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e Hollow Core Plank Calculations

A hollow core concrete plank floor system consists of modular prestressed concrete members (or

“planks”) that are laid parallel to each other. This system provides a drastic improvement in the in span

to depth ratio that you would expect with steel members. This system will typically bear on a steel

system, but do to the minimal span to depth that is inherent with this system infill beams are typically
not needed.

TO SuIT ) . .
- Sum «  Calculations were performed on this
1%

WELDABLE 10M@1800 .
IF INDICATED ON' PLAN \ (NOTE 1) B system and these calculations
— R =X yielded the need for a 6” thick
o 09,0 — T o =g o - -
2oL e T2 1 hollow core system, reinforced with
DRYPACK e F (2)-7/16 and (2) — 3/8 strands The
h_'j'/\ = * ® beams were sized to brace the
\ CUT OUT SLOT IN BOTTOM OF SLAB columns, because in theory they
TO FEED REBAR. MAKE GOOD.
carry no load based on their
MIN 5x50 FILLET
WELD orientation to the floor system. The
STEEL BEAN .
beams were sized to be W10x14,
=t . .
which was determined based on
Figure 10: Hollow Core Plank on Steel Beam engineering judgment. The girders

were then sized to support the loads from the precast concrete plank and its own self-weight. This
design yielded a W14x74, which was determined based on a self-imposed depth limit of 16”, to control
excessive floor depths. The loads from the floor system were then transferred through the girders and
into the column. The column was assumed to be spliced 4’-0” above the 2" and 4" floors. Live Load
reduction was utilized and the column design yielded a W8x31 column above the 4™ floor, and a W8x40
below the 4™ floor. The details of these calculations can be found in Appendix H.

The effective weight of the structure was then determined for statistical purposes. This was only done
for the typical bay, which is not truly representative of the entire structure, but will provide a basis for
comparison. Determining the weight was done to allow me to grasp what impacts the gravity system
may have on the lateral system, since earthquake loading is dependent on the effective weight of the
structure; this structure weighed in at 211.59 kips.

This floor system, like all floor systems, has many advantages and disadvantages. This system is typically
very light, because it mixes the steel system with the concrete system, strategically placing the “voids”
in the concrete slab where the concrete is not very efficient. The system is also typically very quick to
construct on site as long as enough cranes are present. The major disadvantage of this system is that it
requires the use of a crane to move it around the site; in order to keep up with this additional crane
time required it would probably require a second crane. This costs extra money and may not be
possible on a very tight site. This cost can be offset with the reduction in structural weight in the beams,
girders, and columns; but this is dependent on the number of floors present in the building.
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e Long Span Deck Calculations

The long span deck system offered by EPIC Metals Corporation is designed to be more than just a deck
that can achieve long lengths without support from the structure. This system attempts to take an
innovative approach to designing a modern, visually unobstructed interior with an architectural appeal.
This is done through the deck itself, which is designed to be exposed, thus architectural acoustics
becomes a concern. The Toris CA system utilizes noise reduction technology which isn’t built into the
deck, as well as a hanger system, which is utilized by attaching the fasteners to the dovetails in the
decking.

Calculations were performed on this ~ 10"s CA

system and these calculations

yielded the need for a 7.5” Toris CA 7}.*”_-_\, / ﬂ W V 1 f,;g”},mm,
= £ v
o

slab with 3ksi concrete. The beams | *-==-=-s---- oy AT |

6 {1a2mm) 6" (152mm) 6"[152mm] 6 (152mm)
24" (610mm) coverage

ry

were sized to brace the columns and

v
A

provide redundancy, because in
theory they carry no load based on
their orientation to the floor system. Figure 11: Lond Span (EPIC Metals) Deck on Steel Beams

The beams were sized to be W10x14, which was determined based on engineering judgment. The
girders were then sized to support the loads from the long span deck and slab as well as its own self-
weight. This design yielded a W16x77, which was determined based on a self-imposed depth limit of
16", to control excessive floor depths. The loads from the floor system were then transferred through
the girders and into the column. The column was assumed to be spliced 4’-0” above the 2™ and 4"
floors. Live Load reduction was utilized and the column design yielded a W8x31 column above the 4"
floor, and a W8x48 below the 4™ floor. The details of these calculations can be found in Appendix |.
The effective weight of the structure was then determined for statistical purposes. This was only done
for the typical bay, which is not truly representative of the entire structure, but will provide a basis for
comparison. Determining the weight was done to allow me to grasp what impacts the gravity system
may have on the lateral system, since earthquake loading is dependent on the effective weight of the
structure; this structure weighed in at 267.89 kips.

This floor system, like all floor systems, has many advantages and disadvantages. This system utilizes
the floor slab when designing the girders, thus making the girders more efficient, as well as utilizing the
“long-span” aspect of the slab allows for the elimination of the infill beams. The systems best attributes
are in the architectural area. This system is intended to be left exposed on the underside and also
comes equipped with a hanger system which allows for mechanical systems, lights, etc. to be hung from
the underside. This leads to a nice aesthetically pleasing ceiling system. The major disadvantage of this
system is that it costs drastically more than the typical composite floor system. This cost can be offset
with the reduction in structural weight through the elimination of the infill beams.
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Floor System Summary

Floor System Summary |

Existing Alternatives
Composite Steel One-Way Hollow Core Plank Cor:\c;ar:)gs:cza;eck
Deck Concrete Slab on Steel
on Steel
Bay Size Changes NO NO YES NO
System Depth 24" 16” 24" 23.5”
$19.95 $17.65 $10.39 + Unknown, but
System Cost Structural Steel more than
(per Square Foot) Composite Steel
on Deck
Additional Fire Yes (Structural NO Yes (Structural Yes (Structural
Protection Steel Only) Steel Only) Steel Only)
Constructability Moderate Difficult Easy Moderate
Viability YES POSSIBLE YES YES

Table 6: Floor System Comparison

Foundations:

The foundations of the UPMC Hamot Women'’s Hospital have been sized based on allowable bearing in
most cases. This indicates that the foundation sizing is proportional to the weight of the building above,
thus changing systems would undoubtedly have an impact on the foundations. Increasing the weight
drastically may require a different foundation system all together, thus the viability of the concrete
system should include a more detailed analysis of the implications on the foundation and the increased

lateral loads.
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Lateral System Analysis

Distribution of Lateral Forces

The lateral forces of the UPMC Hamot Women'’s Hospital are assumed to be distributed by the
composite floor slab. This element is assumed to be rigid and thus distributes the forces based on the
relative stiffness of the various frames in each direction.

e STAAD Frame Analysis

A 2-D frame analysis was completed with the intention to analyze the frames individually. This is
important to this project due to the uncertainty of how the Engineer of Record determined the lateral
forces for design. When analyzing the wind forces as done previously, the question of how the 2-D
escarpment along the North wall of the structure was or was not accounted for. The use of this
simplified computer modeling technique will allow the author of this report to determine relative frame
stiffness in both the N-S and E-W directions and then distribute the lateral loads based on this relative
stiffness. This was done for both the earthquake and wind loads as determined above, based on ASCE 7-
05. Details of these calculations and distribution of forces can be found in Appendix XXX.

The STAAD parameters feature was utilized for various aspects, such as:

e Stress Level Tracker
o Member Yield and Rupture Strengths based on Shape
0 W-Shapes (A992)

= F,=50ksi
=  F,=65ksi
O HSS Shapes (A500 Gr. B)
= F,=46ksi
=  F,=58ksi

e Fully Braced Composite Floor Members where Applicable

The member strengths parameter is important to note and change within STAAD because the STAAD
default for member strengths is A36 steel, which is not used in any of these frames. The fully braced
composite floor members is important to utilize when analyzing the floor beams because a beam that is
being analyzed as unbraced is overly conservative and not representative of the behavior that is
expected.

Utilizing the stress level tracker available within STAAD allows for a much quicker analysis as to if a
member fails applicable strength limit states as detailed in the AISC Specification. The stress level
tracker output was done through the graphical user interface (GUI), set at the following parameters;
stress level below 80% is indicated in green, stress levels between 80% and 100% is indicated in blue,
and stress levels above 100% is indicated in red and would fail under the applied loads.

18
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Note that the first level columns and beams were reinforced as part of the renovation of this structure,
modeling these reinforcements to the tenth degree of accuracy was determined to be too time
consuming, and thus was omitted. In substitution the frames were modeled as if NO column or beam
reinforcement was done. This also allows the author of this report to get an idea for how necessary the
reinforcements are for the lateral system.
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Frame 1 Results
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Figure 12: Displacement Analysis for Frame 1
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Figure 13: Stress Level Tracker for Frame 1
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Frame B Results
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Figure 16: Displacement Analysis for Frame B
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Figure 17: Stress Level Tracker for Frame B
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Frame N Results
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Figure 18: Displacement Analysis for Frame N
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Figure 19: Stress Level Tracker for Frame N
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Analyzing these frames as detailed above allowed for several conclusions to be drawn.

The N-S Lateral System proved to be quite representative of what would be expected. The moment
frame along column line B was determined to be much less rigid than the braced frame along column
line N. This led to the braced frame taking much more of the lateral loads in this direction, once again as
expected. The stresses in members along Column Line B were less than 80% of capacity in all members,
where the stresses in members along Column Line N had a 2 bracing members that were not deemed
adequate to carry the applied loads. This may or may not be a concern because unfortunately the way
these frames were modeled did not allow for the bracing to be designed as a tension only member,
which it may have been designed for.

The E-W Lateral System also proved to be quite representative of what would be expected; both frames
in this direction had similar stiffness, so based on the force distribution method chosen they would both
receive similar forces. Many of the first floor beams and columns ended up being overstressed, which as
before is going to be ignored for the time being. The only concern with the lateral frames in this
direction is that each frame has two roof beams that are overstressed. This is a concern but will need
further analysis to determine if the members designed were not adequate.

e RAM Steel Frame Analysis

A RAM Model was created for the analysis of the building lateral system. This model, as shown below
was intended to include as much detail as possible in order to replicate the as-built construction present
at the UPMC Women’s Hospital.
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Load Combinations

D = Dead Load

Lp = Positive Live Load

Ln = Negative Live Load

Sp = Positive Snow Load

Sn = Negative Snow Load

Ex = Earthquake X-Direction Load
Ey = Earthquake Y-Direction Load
Wx = Wind X-Direction Load

WYy = Wind Y-Direction Load

E = Eccentricity

D=10D
Lp=1.0D+1.0Lp
Ln=10D+1.0Ln
Sp=1.0D+1.0Sp
Sn=1.0D+1.0Sn
El=Ex+E
E2=Ex-E
E3=Ey+E
E4=Ey—-E

W1 =Wx

W2 =Wy

W3 =Wx+E

W4 =Wx—-E

W5 =Wy +E

W6 =Wy —E

W7 =Wx+ Wy

W8 = Wx - Wy

W9 = Wx + Wy (CW)
W10 = Wx + Wy (CCW)
W11 = Wx — Wy (CW)
W12 = Wx — Wy (CCW)

The Load Cases Listed above are the “major” load cases. In total RAM Frame analyzed 462 different load
cases that encompass every possible direction and load factor allowed under ASCE 7-05. This proves to
be the major benefit of RAM Steel, because a hand analysis of 462 load cases is not feasible.

ASCE 7-05 defines wind load in 4 cases, RAM Frame considers these 4 cases accordingly. Case 1is
covered with load combinations W1 and W2. Case 2 is covered with load combinations W3, W4, W5 and
W6. Case 3 is covered with load combinations W7 and W8. Case 4 is covered with load combinations
W9, W10, W11 and W12.
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In the analysis of the lateral system, RAM Steel was used to calculate the lateral loads and then apply
them appropriately to the floor diaphragms. This is the most realistic application of loads possible,
because RAM Steel is very efficient at finding the diaphragm center of mass and corresponding floor
center of rigidities; thus accounting for torsion and the additional forces that the respective frames
would take in a torsional analysis, as shown below in the difference in location from the Center of
Rigidity (blue) and the Center of Mass (Red) at the various floor levels

& RAM Frame - Existing_JLK - [3D View] =S ==
.T_‘l File Mode Criteria Assign  Loads Process Reports  View Window Help

HE 8 HOR +Of2ee llHifi4 &P L PO TELE M B LAGIK & ¢ 7 | &

Mode: | Anaysis x| [LoadCases - anBAchdhrprpFaol FY9IN~2%FIBHE rr ([T N

Analysis Mode @
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With mouse left buttcn down, draw rectangle to zoom in
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Figure 21: Center of Mass to Center of Rigidity Comparison

No
a



Justin L. Kovach — Structural Option Tech Report llI
Dr. Boothby, Advisor 2011-2012 AE Senior Thesis

RAM Steel was also utilized to calculate drift with torsional effects. Below are the tabulated values at
the roof level.

Story Load Combo Displacement Story Drift Drift Ratio

X-Dir Y-Dir X-Dir Y-Dir X-Dir Y-Dir

Roof D -0.0048 -0.0308 -0.0032 -0.0157 0.0000 0.0001
Lp -0.0107 -0.0278 -0.0035 -0.0151 0.0000 0.0001
Ln 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
Sp -0.0055 -0.0225 -0.0032 -0.0105 0.0000 0.0001
Sn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
El 0.8368 0.0524 0.1511 0.0086 0.0009 0.0001
E2 0.7920 -0.0246 0.1433 -0.0062 0.0009 0.0000
E3 -0.1149 0.3372 -0.0084 0.0870 0.0001 0.0005
E4 -0.0030 0.5295 0.0104 0.1229 0.0001 0.0007
w1 09611 0.0663 0.1370 0.0080 0.0008 0.0000
w2 -0.0702 0.6105 0.0034 0.1365 0.0000 0.0008
W3 0.7713 0.1361 0.1093 0.0190 0.0007 0.0001
W4 0.6704 -0.0366 0.0962 -0.0070 0.0006 0.0000
w5 -0.2129 0.1829 -0.0202 0.0576 0.0001 0.0003
W6 0.1077 0.7329 0.0253 0.1472 0.0002 0.0009
W7 0.6674 0.5081 0.1051 0.1085 0.0006 0.0006
w8 0.7723 -0.4090 0.0999 -0.0966 0.0006 0.0006
w9 0.6586 0.6519 0.1007 0.1247 0.0006 0.0007
w10 0.3425 0.1102 0.0569 0.0380 0.0003 0.0002
Wil 0.7373 -0.0359 0.0969 -0.0292 0.0006 0.0002
Wi2 04212 -0.5776 0.0530 -0.1158 0.0003 0.0007

Figure 22: Displacement Results at the Roof Level

RAM Frame Drift results were then taken and compared against allowable drift results given in ASCE 7-
05. Which states that maximum drift for wind is h/400 and the maximum allowable drift for seismic is
0.025h.

Drift Analysis

Wind Analysis Earthquake Analysis
X-Direction Y-Direction X-Direction Y-Direction
Max A 0.9611” 0.7329” 0.8369” 0.5295”
Allowable A 2.16” 2.16” 21.6” 21.6”
Results Acceptable Acceptable Acceptable Acceptable

Table 7: Comparison of Displacement Values

As expected the drift for wind was the controlling factor. This is due to the relatively low seismic region
and the 2-D escarpment present on the North side of the building.

Story Drifts were also analyzed in this manner and were deemed to be well within the allowable limits.
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Figure 23: Member Code Check

After analyzing the Lateral Force Resisting System present in the UPMC Hamot Women's Hospital all
members were found to be adequate as designed.
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After using RAM Frame to analyze the need for member stiffeners, most members were found to

require a stiffener. This is acceptable because the members in question were designed with stiffeners.
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Lateral System Summary

The use of RAM Steel and RAM Frame is for purely computational power. The computer can analyze the
structure at a much faster rate of speed than a human with a calculator could ever dream of doing this
work. This benefit comes with the disadvantage of not being able to see exactly what the computer is
doing. In order to account for that several spot checks were done as indicated and can be found in
Appendix I. The spot checks for the beam, column, and brace were all completed based on tabulated
values in the AISC steel manual. The interaction equations for combined loading were used where
applicable. This analysis supported the RAM calculations found through computer modeling. Knowing
the options and defaults of the computer software is the key to being able to safely utilize the
computational power that any structural design software can provide.

Frame Summary |

N-S Lateral Force Resisting System E-W Lateral Force Resisting System

Column Line B Column Line N Column Line 1 Column Line 17
Type Moment Frame Braced Frame Moment Frame Moment Frame
Length 42.67 50’ 161.33’ 173.33’
Frame Stiffness 66.7 k/in 240.4 k/in 31.2 k/in 27.0 k/in
Relative Stiffness 0.217 0.783 0.536 0.464

Table 8: Lateral System Summary

OO_00 O

L= -4Cs L2 M-

2

Figure 25: Members Used for Spot Checks
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Conclusion

This lateral system analysis and confirmation concludes that the lateral system of the UPMC Hamot
Women's Hospital is adequate for both strength and serviceability requirements. This was determined
through a STAAD and RAM Model and various hand calculations to confirm the results found in the
computer analysis. The analysis of the lateral system involved both wind and earthquake criteria found
in ASCE 7-05, with wind found to be the controlling load case due to the 2-D Escarpment present on the
north side of the building and the high exposure factor.

Both strength and serviceability requirement for the lateral system were found to be well within the
limits required by the code. The drift was calculated through the computer analysis and deemed to be
representative of both the expected drift.

The use of the computer models was done to expedite the process of lateral frame analysis and
individual member design. As well as to analyze drift and loads on the structure quickly and efficiently.
Three spot checks (a beam, column, and brace) were done to confirm the strength requirements found
were accurate and reliable, which they were determined to be.
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Appendix A: Gravity Load Calculations

A.1 — Dead Load Calculations
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SLAB INFORMATION

Total Siab Theo. Concrete Volume Recommended

Depth, in. Yd' /100 fif [ Welded Wire Fabric
4 083 0.250 6B - W1.4xW1.4
212 1.08 0.292 Bx6 - W1.4xW1.4
5 1.23 0.333 Gixb - W1.4xW1.4
5174 1.31 0.354 6x6 - W1.4xW1.4
51/2 1.39 0.375 6x6 - W2 1xW2 1
-] 1.54 0417 Bx6 - W2.1xW2.1
5 1/4 1.62 0.438 Bx6 - W2. 1xW2.1
B 1f 1.70 0.458 6x6 - W2.1xW2.1

(N=14.15) LIGHTWEIGHT CONCRETE (110 PCF)

/ VULCRAFT

TOTAL SDI Max. U Superimposed Live Load, PSF
SLAB DECK Clear Span Clear S, fL.-in.
DEPTH TYPE 1SPAN | 2SPAN | 3SPAN | 6-0 ] 7o T8 80 86 | 90 96 | 100 106) 110 | 116 | 120 126 | 130
2vLi22 1 10-3 107 238 209 186 167 152 120 108 98 90 B2 75 69 &4 59 55
400 2VLIZ0 -6 11-8 121 268 235 209 187 169 153 140 129 101 | 92 B4 bi:] 72 66 61
=2.00) 2VLhe 1010 13-0 13-2 297 260 230 206 185 168 153 141 130 121 93 86 79 73 68
30PSF 2vLna 17 127 137 3z24 285 253 227 205 187 17 158 146 136 127 119 a2 B6 80
2VLI1E 123 143 144 377| 330| 2o2| 261| 235 214 95| 79| 65| 153 143| 133] me| e8| @1
VL2 T8 910 102 276 243 216 194 155 139 126 14 104 95 88 81 75 69 64
2vL120 g0 113 17 312| 273| 243| 217) 196| 78| 83| 12a| 17| 107 e8| @0 a3 77 72
=2.50) 2vVL18 103 125 12-9 346 302 268| 239 215 185 178 164 151 118 108 100 92 85 ]
35PSF 2VLne 1.2 1341 131 are| In 204|264 238 217| 199 183 170 158 147 116 107 100 a3
2VLIE 117 13-8 13-10 400 384 | 340 303 273 248 227) 208| 192 178 166 155 123 114 106
V0122 4 95 9.9 as| 277 | 247| 97| 76| 158| 43| 30| 18| 08| 100 a2 85 73 73
500 2VLI20 8.7 10-9 m-2 355 312 276 248 224 203] 161 146 133 122 112 103] 95| B8 B2
=100) | 2vL9 a9 1411 124 394| 345| 305| 272| 245| 223| 203| 187 147 135| 124 14| 105 97 20
39 PSF 2vLii8 108 129 129 400 3 335 300 212 247 227 200 193 180 143 132 122 14 106
VL8 1140 131 135 400 400| 2387) 346] 311) 283| 258) 23y| 210 203| 189)| 151| 140 130[ 121
aviizz 7-2 93 -7 334| 294| 262| 209| 187| 168| 152 138| 126| 16| 106 98 20 B4 78
525 2VL120 8-5 10°-7 1011 377| 331| 203| 2e3| 237| 1m0 71| 185 4142] 130] 119] 10| 101 94 a7
=3 25) 2VLIe ] 118 121 400 366 324 289 260 236 216 198 156 143 131 121 m 103 95
42 PSF Vs 106 12-7 12-7 400 400 355 319 288 263 241 222 205 191 151 140 130 121 13
2vie | 1009 1210 13-3 400| 4p0| a4po| 2367| aso)| 3po| 2va) 2s2) 239 295 173| 160) 148| 13m) 128
2vLiz2 70 @ 9.5 353 n 27| 222 198 178 161 147 134 122 13 104 96 89 82
5 2ZVLI20 8.3 104 10-9 399| 3so| 30| 278) 251 201| 181] 165| 50| 137| 126 116] 107 99| 92|
+=3.50) avLng 94 -6 1-10 400 387 342 306 275 250 | 228 182 165 151 139 128 118 109 101
244 PSF 2vVLi8 10-3 125 125 400 400 Ire| 337 305 278 254 234 217 174 160 148 138 128 118
2VLIB 106 12-7 13-0 400 | 400 400| 388 450 317 290 266 246 228 184 170 157 146 136
2VLI22 -8 8.7 811 400| 362| 201| 258| 231| 208 188| 71| 56| 43| 31| 21| n2| 103 9
625 2VLI20 79 9-10 10-2 400| aoo| 361 323| 260 234 21| 192| 175| 160| 147| 135 125| 115| 107
=2 25) 2vVLng a9 1011 13 400 | 400 398 3% 320 291 23 212 193 176 162 149 137 127 118
51 PSF VL8 ¥8 11-10 11 400 | 400 400| 302 355 323| 296 273 220 202 187 173 1680 148 139
2VLI6 g-11 1Z-0 125 400| 400)| 400 400| 400| 369| 337 aiﬂ 253| 232| 214| e8| 83| 70| 158

=
=
=
=
=
=
=
=
=
=
=
-
=
=
=
= .
=
=2
=
=
=
=
=
=
=
=
=
=
=
=

If these minimum langths are not provided, web crippling must be checked
Aways contact Vulcraft when using loads in excess of 200 psf. Such loads ofien result from concentrated, dynamic,
of long term load cases for which reductions due to bond breakage, concrete creep, etc. shouid be evaluated.
All fire rated assemblies are subject to an upper ive load limit of 250 psf,

1. Minimum exterior bearing length required is 2.00 inches. Minimum interior bearing length required is 4.00 inches.

JLISOdNOD

[¢8]

(€8]
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A.3 —Vulcraft Manual Page for 1.5B Roof Deck

1.5 B, Bl, BA, BIA

™ Maximum Sheet Length 42'-0
Extra charge for lengths under 6'-0
ICC ER-3415
Factory Mutual Approved”
Deck type & gauge — Max. deck span
1.5B22, 1.5BI22.......cccccnemnee 6'-0"
1.5B20, 1.5BI20................... 6'-6"
1.5B18, 1.5Bl18................... 75’
FM Approvals No. 0C8A7.AM & 0G1A4.AM

4004

i1
2
1.5B16, 1.5B116.......00000000.. 94 [ Interlocking side lap
FM Approvals No. 3029260 is not drawn lo show

i
2 ]
2
A

|

‘--|

actual detail.
* Acoustical Deck is not approved by Factory Mutual l |
30" OR 36"
SECTION PROPERTIES
) Section Properties
Dack besun W v, F,
type i, pst Iy Sy I, S, Ibsft Ksi
in'm in’m in*im in'm
B24 0.0239 146 0.107 0.120 0.135 0.431 2634 60
B22 0.0295 178 0.155 0.186 0.183 0.192 1818 33
B20 0.0358 214 0.201 0.234 0222 0.247 2193 33
B19 0.0418 249 0.246 0.277 0.260 0.289 2546 33
B18 0.0474 242 0.289 0.318 0.295 0327 2870 33
816 0.0598 354 0373 0.408 0373 0411 3578 33
Type B (wide rib) deck provides excellent structural load carrying
ACOUSTICAL INFORMATION capaciy per pound of steel utlized, and its nestable design eliminates
Deck Absorpiion Coeflicient Tioise Feduction the need for die-set ends.
Type  [125 ! 250 | 500 | 1000 | 2000 | 4000 Coefficient 1* or more riaid insulation i required for Type B dack.
1.5BA, 1.5BIA | .11 a8 .66 | 1.02 | 0.61 l— 033 0,60 rigd i e
Acoustical deck (Type BA, BIA) is particulary suitable in structures
' Source: Riverbank Acoustical Laborataries. such as auditoriums, schools, and theatres where sound control is
Test was conducted with 1.50 pef fiberglass balts and desirable. Acoustic perforations are located inthe vertical webs where
2 inch polyisocy foam i ion for the SDI. the load carrying properties are negligibly aflected (less than 5%).

Inert, non-organic glass fiber sound absorbing batts are placed in the
i openings to absorb up to 60% of the sound striking the deck.

VERTICAL LOADS FOR TYPE 1.5B il are [0 o Al ey e e Sopemeton,

Max. Allowable Total (PSF) / Load Causing Deflection of Li240 or 1 inch (PSF}
No. of Deck 501 Const. Span (fL-in.} ctr to ctr of supports

Spans Type Span 50 56 60 BB 7-0 7-6 20 86 9-0 96 100
B24 4'-8 15/56 95742 80 /32 68126 59720 51117 45714 a0/ 1 36110 32i/8 277
B22 5-7 _oa/81 81/61 68147 58737 50/ 30 A4/ 24 38/20 3417 301014 271712 25/ 10
1 B20 &-5 123 /105 102179 88/8B1 73/48 B3/38 55/31 4B/ 26 4311 3aris 34715 313
B18 -1 1467128 121/97 | 101775 86 I 58 74147 65738 57/31 51126 457122 40719 36/ 18
B18 T8 168 /152 | 138/ 114 116788 99/69 85755 T4/45 B65/37 58/ 52126 46722 42719
B18 B-8 215/ 196 | 1787147 | 149/ 113 127189 10/ 71 06/58 B84/48 74140 B6 /34 60 /20 54124
- B24 510 1247153 | 103/ 115 86/88 TAITO 6456 56145 49737 43/: 39/28 35/22 K NERL:]
ﬂ B22 8-11 1007213 83/ 160 70/ 124 59797 51/78 45 /83 39752 35/43 31/37 2813 25/27
2 B20 9 1287267 | 106/ 201 B89/155 781122 66/97 STITS 51165 4554 40/ 46 36/39 327133
B19 8-5 150/320 | 124/240 | 1047185 | 897145 77/ 116 67 /95 59/78 52165 A7 /55 42147 38740
ﬁ B18 a1 169/ 369 | 140/277 118/ 213 | 101/ 168 871134 781109 67190 59/78 53/83 48/ 54 43/ 48
B16 103 213/471 | 176/354 | 1487273 | 127/214 107172 85/ 140 B4 115 74198 686 /81 60/ 69 54159
ﬁ B24 §-10 154 /120 | 128790 108/ 69 92155 79/ 44 69735 61729 54/24 48/ 21 43117 38115
B22 6-11 124 /167 | 103/126 8r./a7 74176 B4/81 56150 49/ 41 A3/34 39729 | 351234 Nin
3 B20 -] 1587209 | 132/157 | 1M1/ 85/95 82/76 72162 83751 56143 50736 45131 401 26
2 ‘ B19 8.5 186 /250 | 154 /188 | 130/145 [ 1117114 96/91 BA/T4 74161 B5/51 58143 52137 4713
B18 91 210/289 | 174/ 217 | 1477167 | 1267132 | 108/ 105 95/ 86 8m T4/58 66150 59142 54736
B16 10-3 264 /368 | 219/277 | 185/214 | 158/ 168 | 136/135 | 119/109 105/ 50 93/75 B3/63 74154 67146

2 Notes: 1. Minimum exterior bearing length required is 150 inches. Minimum interior bearing length required is 3.00 inches.

If these minimum lengths are not provided, web crippling must be checked.
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A.4 — Live Loads from ASCE 7-05

Lie loads (p57)

Lo bb"@g
Hoafa ta ‘5

P,:{'b?eab

Corrideors,, above Ficse Flwc

Ficst: Fhor Corridors

055 sces
Stacs

/"{édwkdl
RosSs

Operasing %:;/ Labs

[68]

(]
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Appendix B: Snow Load & Drift Calculations

B.1 - Snow Load and Drift Calculations

Soou Loads.

The ciey oF Erte, Pl 'd‘«?- e fo
;:;’f}/ the 3rz;wc( ;—::zf“?oaaf lojug==? ﬂ.aacéff /31/20l

5&& Hmt-z_edr'aw
A&E 7-05"
Fhe Reo> Stew Load
ﬁ{:: 67l CtI Pj

Py = 0 ps¥, sec pete above
I=)) =Table 74 (Ascr 7-05)
= &Lw?,z/ i, (Aﬁa_—' ';):J;) Eneency Factlrtres
¢y <l.o =Table 7-3 (ALE 7-05)
0.9 =>Table 7-2 (AsCE 7-05)
Z']F:;i’lwngxg:;arfy D, on -!:Le lake

pe = O7 (o-9)(1-6)(1.1) (90,95-7)
[pe=21e4 7 )

a
-4
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B.2 - Snow Load and Drift Calculations (con’t)

ads _(con)
M E 705
it | Gnets Lodd |{ Pecabimsse. R )
7’0»1319, + M =0.13(%) + 1= 9.2 ps

N-5 Do E-IN Drse
f“e @'-0” fu-.: "-}O'-—O"
lﬂc': 20"0” ,ﬂ‘.; 30'—'0”
P28’ Loy Y25

Do Use by 425!
weih = 17'-0"

ke PJ = le/ =<l,125ﬂ’x f"f..'?f,,,-Fj+,?9£ = 104,2)05?

[Fipiis

S
& 104.2 P’F
:n \\
- T '\|\\R ﬂ-éFS‘F
e w_l 1 l l l l
‘b qp ‘I,
We'-0" 17-0"
P
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B.3 - Snow Load and Drift Calculations (con’t)

Lo Loads _(cont)

ASCE 7-05
Dotz S0 Load [ Staic Pop-out)
y:p.mﬁ + 4 =0.3(0)+ H=(9.2 Po‘:

U3 Drise E-0 Desse
L < 10" Io" L 265"
h, = lo"-2" h.= b'-0"

" le‘ ,.75“ . Iﬂd ¥ ’-75}

W = ?}"d 31{(,'75")= 7"
by 13 e 06 = B9

Js
' P J='5?-2 /
9
2
= 522 pef
[
& Ih‘m'“"“"'----..,.__h__ 246 P;F
£ ; FPiid
+ K -
a-e° 70"
(.o )
« 7 )
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B.4 - Drift Plan
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Appendix C: Wind Load Calculations

C.1 — Wind Calculations

Wyd Loads
AScE 7-05
Method Q“Analy{a‘m‘ Prc edure

AS € Enclosed Bald)
'E Rls)t; &J’Jigj

Wind Sromr  Nor s
V=9 sph = Figuee £-]
K, =095 = Table -y
T=1l5 =Table &l

Owuﬂwy Catejay =T —Table 1~/
K 4K, = Table -2 =» luse 2

Sucface Rmﬂlmes D = Ex,aasam D

-0 = | 2% s

-7 =1.3Y

5‘6'-60'= 1.3] 82)"‘-37’-—- |
Yo'-50'= ).27 P-92'= |.
3-9'= )22

25 -%"'= |k

0-25'= )2

5 -a0'= ).og

6'-15'= 103

0
9| = Fecpolgsed Value
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C.2 — Wind Calculations (con’t)

Wind Loads  (cone)

DPMe
2 WH
K&g’(’*K;&Zs) 4
Lo’
kl - d- 15-"(!'0) Lake
1x! Ere? /ﬁl“——'—;—l‘
=(1-%7 60
Ky = (' ALy
Jfy .- a5 * AD  Escarpment
—(l 5’(5")) - Exfoswz
'_-.J = %ﬂ = /éo = ’.0
= y%ﬂ
Ks= e P=RS
2= 80 =0.034
z=70 =0.059Y 2=90 = 0.0
2= = 0-982
Z2=50 Z0.1a%
Z=4o =0.1%99
z=3% =0.2%7
Z=3T =0.353
2=20 =0.435
Z=15 Z46.5355
Z=0 = .0
( ]

o~
~
Ha

A
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C.3 — Wind Calculations (con’t)

(M ad Mec
: (Caﬂt’) 1 dwsard  Dieecston

EL L e UPML Harot IH‘S‘
kz-g@;' }',ég * 2. "+

Kﬁ": ,‘b " " 252

Kee yo = 1.3 Plaa_View
K = L.bAo /
K:::— = ). 793 Lo= sz
Kzg 2 = }. %7 Kzgn, = )0070 = O-H:
ch w = 375 Km= |.o¥%

2.0~ 3 go3

Cust Factor => Sec 5.9
G 0.5

Enclosed Bwlchg = F,'jurz &5
Glpi = - 018

C’P Values -t F?3W¢ A
lp2O.8 = Niadsard Wall
CP-:‘O-'S'-"Le.e.M'J Wall ‘
(/f= 0.9 = ew-r = 0w 3

6f=‘0-7="’&9$: = 39" & 75’”
Cpz ~05 = Ross = 78" 20 M5
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C.4 — Wind Calculations (con’t)
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1210330%
Pz A187 774

Wind loads ~ (cone)
9. '\/a{ag => Secton b.5.10

. 3p.91
g:': = 3.5
Pois T 33.29
fror- T 5.2l
a0 = Yo.0b
Tess = q). 9&
Ggas = 4923
Te20 = 1190
Lzt © A9

Windard Wall Pressures = Sec 6.5.12.4.2

h=¢%0 P% = A Yo

h=7' ® 69F h=90 = 26.03
h= ¢’ .= A%.13 h=92 = A5.7/
h=30' j;:f 21.87 fe

h=4o' Pro = 32, 76

L-='30: pso = 3403

L,:Rﬁ' sz.'—'- 3@35

In’.w" P = 39.31

h=15 P = 59.51

Leward Wall Pressuras = Sec 6.5. .4.2
P-s"’ ’55—5_
(2 )
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C.5 — Wind Calculations (con’t)

!E!‘EMJ ég # (Crmt’)

Witd Seomr  East o West
V=90 npl. =2 Fgure /-1
K,=095 = Tabe £-Y
T=1I5 =>Table ¢
Occuparcy Cotggory =L = Table (-]
K.+ K, =Table £-3 —~lase &
Siface chjLﬁes.-r D = Exposure D

0-80= ).38

-70 = .3y

50-40 = |3 Co-9 = |.40

Yo-6v = ).A7 W-92= .Y/ = ;)l-s-rp.w
2o-9s = L3R Value
x-3 = LG

20-25 = |z

15-20 = )0

o-l|5s = |.o3

Keg =10 = No Brdse 1 this directton = S £5.7.2
bust Factr = S L.5.€

6 =085
Enclsed Bildn = Figure -6

6ly; = 7 op
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C.6 — Wind Calculations (con’t)

Tech Report llI
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Wiad

d (comr)

CP Va!ue,s - F—hurc A 14

2 0.8 = Nudward Nq{I

= ~0.37 @ |eecvard Qa' In-écr'
=09 =t =0 %
lp= 01 = s =*31‘¢a7?
= -0.5 Q& 278 & 156
2=0.3 Doy == 7KL

RN EEY

9, Values = Secrion 5 [0

9250 = 27.17
i:?o = 27',‘6
Taeo = 2%.55 -zmié??.ssr
Izs0 ;ﬂgg Zﬂ‘-—ﬁf'.f? =2
p :
32:,, = 23.5]
= dd
<
Lo aw
2.5 = d0R

| 237/ |
UPHE Hamer ‘—l;');" w
orer\
MQM View
% 25 s~
= .63
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C.7 — Wind Calculations (con’t)

[Nind [ads ( tont)

Windwsrd Wall Pressares = Sec £5.12.9.2

Peo = Y16

P“’ = 43.47

Péo = d3.05 Peo= 2494
, £ d2.50 = AY.5%

be ez i

P;o = do. 99

Par = 90-43

Pr = 19.8¢

F,f 2 I?Ro

Lavard Wall Fresswes =% Sec 65.)7.4.2
P.—. - 14.13

o~
~
[«

A
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C.8 — Wind Calculations (con’t)

LPMC Hamot Womarns Hopital|

havtin Kovach UPMC Hamot Womens Hospital| [lustin Keneach
AR Senioe Thesls 2011-2011 Edie, PA AT Sarior Thesis 20132011 Evie, A
Base Shear and Overturming Moment Calcalator Base Shear and Overturming Moment Calculator
Deseription: Wind from North Description: Wind from East
Length of Main Wall Perpendicular to Wisd wn Length of Main Wall Perpendscitar 1o Wind 145 ft
Lengeh of Stair Wall Perpendscular to Wind | Length of Stir Wall Perpendicular to Wind 15 N
Lamgth of Panthouse Wall Parpendicutar to Wind 160 ft Length of Penthouse 1o Wind ™
Main Building Msin Building
L R pr 2640 put LS nn p= 2416 paf
L 0 R L 700
Ve 125 kips V= 7.0 kips
M= BERS fi-kios M= A815 fekips
[ 70 h pe 2658 put LS 70 »e 2347 put
L™t &h h= B f
V= 639 kips V= 34.0 kips
M= 41563 fr-kios M= N0 fekips
By = 60 p= 2813 pof LS 6 ft pe 2305 paf
L 50 e s h
'L E67 kips Ve 334 kips
M= 36667 frkips M= 1EBRZ Mbips
Py = s p= 0T put [ sn pe 2250 pst
B = a0 n L 0 ft
Ve 0.8 kips V= 326 lips
M FIESE Pk M= 146R1 freddps
[ 0 n pe 3276 paf LS 40 p= 2182 puf
[ £ T B W0k
'8 77.6 kips V= 306 ks
M= ITI7A Rkips M= 1107.4 hkigs
B = 0N pe MOI g L 0k pe 2099 psf
L Bh h= »mh
Ve 403 kips v 15.2 kgt
M= 11050 fodips M= 4IRS freiigs
[ nn p= 3635 pul [ mh pr 2043 gt
L 20 [ 0h
'S anl kips V= 148 kips
MT 9652 frads M= 3333 friips
By ™ Wn B 3930 puf B 0 h p= 1958 gl
P 15 R ™ 15 K
' 467 hips Va 144 kips
Ma EIES P M= 2522 frlips
b = 15h p= 59.51 psf LS 5k p= 1920 psf
L oh = on
V= 16 kips V= L8 kips
M= 15867 frkips M= 3132 fricps
Stair Pop-Out Stair Pop-Out
L a2h p= 26,03 paf by, = mn pe 2484 pst
P = 50 R b B fr
V= 1.0 kips V= 0.7 kigs
M= BAY frodom M= 594 freiips
By = B0 pE 2640 puf hey 80 N pe 2416 gt
[ hn [ nh
B 42 g Ve 29 ps
M= 3200 i Me 2203 friigs
Mechanieal Penthose Machanicsl Penthouss
™ an p= 257 pat By = 2 fr o= 2458 paf
b= %0 R LSt %0 R
v= 8.2 kips V= 37 kg
M= TART fr-kips M= 3355 fr-dips
LW 0 h pe 26.03 pat b= 90 fr pe 2484 psf
by ™ 0t b= &0
V= 416 kips Ve 183 Kips
M= 35401 fikis M= 15581 Rekips
oy = w0 p= 2640 pat her 80 p= 2436 paf
hee® nn P 7h
V= 318 kips Ve 145 kps
M= 25632 frddps Ma 11007 foedkips
Suction Suaction
= nh pe 1555 pat LS R P 1413 paf
Py ™ on LS ofn
¥ 2653 kips V= 1475 kips
M= 95524 fikis M= 53106 fikips
Py ® "2 h p= 1555 mf L 2k p= 343 gt
T ™ nn [ N
V= 31 kps Ve 2.3 igs
= 285 Mk M= 1632 frdipe
By = "R p= 1555 pof h= 9 fi P 2403 paf
Py ™ nn L h
V= 438 kips V= 212 Wi
M= a0m03 fi-kps M= 17380 fiekips
Total Tatal
Vi ® 10403 kips Vi = 4359 kips
Mo = 22308 fi-kips M= 189272 fekips

S

N
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Appendix D: Seismic Calculations

D.1 — Seismic Calculations

EQ Leoadk

AXE 705

R- 2 = Not Specifically Devaled Sor  Sesewe = Table 18.2-)
T=1.85 = Table [l5-1
e T, = Fy 215"

Cu= 1.7 =>Talle 12.8-1

= (, WX = 0.0m () = Lo

ST f.7(f. 0(;3) = |.77%

S =0.17 }
s From Uses
Sy = 0079 i

Sobe) = " Blae) = 0.0727
4‘__ ‘n/(r%) = 0. ’7%’1,"773}/25)" O.0I83
Min $ﬂ % % ..-0.078’ (JV /25) = 0- }ﬁl}”
5. bg= OOF3

V= ¢ W = 001%3 (1,008)
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D.2 — Seismic Calculations (con’t)

ER lagds (conz)
W= 35 hog= 92’
W= 74.3% by = 8R
Wy = )blL.o g ]nx‘ 73:
Uf'; -?O??e?.?k l"5'= 5-?'
Wy = 234%.6 hy= 4y
Wg = 240l. 9 * by = 22
W, = 25671 “ .t lg
k= 1.5265 = Taterplation
k
PH Wpy by . 5 313750
B w‘ I’IH k ol ’,)05;751;
5 ¢ b, = 1,133, €49
3 Wy hs | = 38872
& ahd T = | S92
3, €61, &34
Cvoi = 0.081I%
Cus@ = 0.01L0Y
Cug = 0.3861
Cyg = O.21093
Cuy # 0.19607
Cyz = 0.10058
Cyz = 0-0898
29—
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D.3 — Seismic Calculations (con’t)

E8 Loads (o)

oy = Cvm V= f7-"‘qk
F‘E:,’ Cug V = 3.41*
Fa = Cvg V = 6077:
Fe = Gs V=0¢l71,
Fe = é\rq \/’-‘-‘H.é"l’k
¥ = é“ V = 3.3 "
Fe ™ Cua V= ¢a

[en]
-4

o~
(€]
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Appendix E: Lightweight Concrete on Metal Deck Calculations

E.1 Lightweight Concrete on Metal Deck Caculations

Cvn'xsféc = Conccete on Meral Peclr (530‘5&13)

o= Tee—k —=(P

;I"'q“

3ES
‘\_—4

\ 4 —_— —f— -
& 3 10,
L _ L
T A 1
|
® ©
Loads _
Dl= 73 pF = Shb |ewle = Y&
Ll= & ‘;:? “ PF

ﬁn = 2}’_% e 7,"2”
t=l" =>Towal Thickness =L"

AVLT20 ek
Max Uoshaed Clea %afn ( 3 Spun CMJ;.W,—,)
S 7L 0=V =5, - ok

—

P
[€,]
[UEN

A\
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E.2 Lightweight Concrete on Metal Deck Caculations (con’t)
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E.3 Lightweight Concrete on Metal Deck Caculations (con’t)
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E.4 Lightweight Concrete on Metal Deck Caculations (con’t)
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E.5 Lightweight Concrete on Metal Deck Caculations (con’t)
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E.6 Lightweight Concrete on Metal Deck Caculations (con’t)

@Hfbé}éc => Concere on Meal Deck
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E.7 Lightweight Concrete on Metal Deck Caculations (con’t)
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E.8 Lightweight Concrete on Metal Deck Caculations (con’t)
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E.9 Lightweight Concrete on Metal Deck Caculations (con’t)
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E.10 Lightweight Concrete on Metal Deck Caculations (con’t)
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E.11 Lightweight Concrete on Metal Deck Caculations (con’t)
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Appendix F: One-Way Slab Calculations

F.1 One-Way Slab Calculations
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F.2 One-Way Slab Calculations (con’t)
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F.3 One-Way Slab Calculations (con’t)

One Vdct/ Concere Sl
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F.4 One-Way Slab Calculations (con’t)
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F.5 One-Way Slab Calculations (con’t)
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F.6 One-Way Slab Calculations (con’t)

Bems (zont)
A;w oté.ln (T—'B““ ﬁdwkr)

M= 1391 (1) = ¢4$.C(.{ J?Pc )"‘"”ds@(H %)

612 > 752 A,, sYIA?
[£e1.2

- Ll

Try (¢) -#75 ,sfww?-‘?fﬁ
Sprcwg M= (" b,z #C t€ "’b *7 $uin = 20110 7 ="

Ay DS st £ L ache = Gud heug

Ta‘o Sbee|

M= 268.2 5L = 32194 in-k

H 3279, ;
= 9?(]9) = ?.77 Ma

'T?y (5)"#67 ”—*?/‘pr'grhz
éimﬁ/{w )" h2sh+Ys, = 97 soK




Justin L. Kovach — Structural Option Tech Report llI
Dr. Boothby, Advisor 2011-2012 AE Senior Thesis

F.7 One-Way Slab Calculations (con’t)
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F.8 One-Way Slab Calculations (con’t)
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F.9 One-Way Slab Calculations (con’t)
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Hollow Core Plank Calculati

Appendix G

G.1 Hollow Core Plank Calculations
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G.2 Hollow Core Plank Calculations (con’t)

Instructions For Using Hollow Core Safe Load Table

A. NOTATION ] B. UNIFORM LOADING - Whan all superimposed locads
A = cross sectional area of Hollow Core sections. are considered to be live loads. (wyq = 0;w, = W, ).
Ac = g sectional area of composite hollow core o the given/ & w, select the required standard
section. ) designation directly from the load table
b, = minimum web width.
D = dead loads or related internal moments and C. UNIFORM LOADING - When superimposed load
forces consists of both dead and live loads. (w; = wgy + W, ).
f. = specified compressive strength of concrete. a, Calculate modified Wy = —S-Wg4 + W,.
foq = compressive strength of concrete at transfer b. Enter the table with the given / and modified w,,
of prestress and select the standard designation.
foe = compressive stress in concrete due to
prestress only (after all losses) at bottom D. NON-UNIFORM LOADING
fiber of the section 1. Calculate maximum Mu = 1.2 My + 1.6 M,
fou = specified tensile strength of prestressing 2. Enter the column in the load table entitled "¢M,," and
steel. : : select standard designation having oM,z M,.
frs = stress in presiressing steel at nominal strength. 3 cpeck development requirements of prestressing
fs = initial or tensmnlng stress in pr&stressmg steel strands in accordance with Section 12.9 of ACI 318.
lyp = moment of inertia of the gross Hollow Core 4. Check flexural stresses at service loads:
section. ) ) a. Calculate maximum M.
lge = moment of inertia of the gross composite section. b. Enter the column in the load table entitled "M". For
I = spanlength , the standard designation selected in Step 2, M
L = live loads or related internal moments and forces should be = M..
M = service load moment causing flexural tension »

c. If M<M,, select standard designation having M=Ms.
5. Check shear strength of concrete to determine if any
shear reinforcement is required.

of 7.5VF, = (7.5V f+fye)
My = moment due to service dead load (including
weight of the structural unit)

M, = moment due to service live load E. CAMBER AND DEFLECTION
Ms = moment due fo service loads modified to 1. The table indicates maximum safe loads, however,
correspond the composite seclion camber and deflection may limit the use of a
= M, l'.GEYL + Mgy + M, prest(essed unit even though the load carrying capacity
gYbc . is satisfactory.
Mgq = moment due to superimposed deadloads 2. Camber and deflection must always be investigated for
; ; : the contemplated loading condition and span so that
ted by co it ction : 5 : i
M, = 5,'3,?-:?},3 n;bgmenmtpsot?e:g?ﬁ, asstlming fully these factors are opmpanble with abutting materials in
developed strands the proposed building. Consult your local

M, = applied factored moment = 1.2M, + 1.6M, manufacturer, Molin Concrete Products Company.
M

,, = moment due to weight of Hollow Core slab DESIGN CRITERIA
and topping (resisted by Hollow Core Principal design criteria used for development of the load
section only) table are:
U = required strength to resist factored loads or 1. f,, calculated by Section 18.7.2 of ACI 318.
Wi & L?:?f:ﬁ:,llzt:r:g:; W:e":ggzs Bk foies Total loss of prestress assumed = 18% of fy; with initial
$i = 109
W, = uniform superimposed load = wsd + w, loss gt ?ransfer of prestress gssumed 10% of'fsj.
; ; : 3. Premissible flexural stresses in concrete at service
wgg = uniform dead load due to superimposed loading loads: Compression = 0.45 f,, Tension = 7. 5\,:?: .
yp = distance from bottom fiber to center of gravity of 4 ghear strength conservatively assumed to be limited to
the Hollow Core section ) 3.5 Vf, in accordance with ACI 318 Section 11.4.2.
Yoe = distance from bottom fiber to center of gravity of Additional shear strength may be available with more
the composite section detailed analysis.
©® = strength reduction factor
oM,= design moment strength, assuming fully
developed strands

Molin Concrete Products Company 415 Lilac Street Lino Lakes, MN 55014

'ﬂ Office: 651.786.7722 Fax: 651.786.0229 Toll Free: 800.336.6546
PCL www.molincom  e-mail: info@molin.com January 2006
(- )
I &
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G.3 Hollow Core Plank Calculations (con’t)

Hollow lore Concrete on Steel Beans
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G.4 Hollow Core Plank Calculations (con’t)
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Wexlos uaule’ wark dﬁr 3mv)-tyJ an,J.s, 5 J;:.g’cc) to
Use MYy Englneerin udgemeqc an M,oo_se A se
wn5tm}f:.c jTLIs 'j J P;tmp:;’y +o -dAat:
a dFFerence & &" lol-F betqwun bem.s le Aear//
neg h ble, as well as « (0" deef Sectian weuld ' not
4‘9 o .C'!ms}, W a4 pn-siructual engineer

[)“’K -t}ae opia— o arcLu-bect‘)

CGricder 045?5/?
Dl= 7 o (29) = 1470 pIf
SOL= QSE 2‘1" o P/-F

ULz %Fssr ,2-;)# 1920 oIS
W, = L2( 1.69+0.0)+ f.é().‘?&) = 5.9 ki~

U£= l.92 (33
5.g(3.33)

sq A V, = 2

’75; %7' s Vu=06l95 o

L 1
) L

-4

o f? 5.7 (Rl. “)9

Mz " ==
S Ma=320.Y $e-k
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G.5 Hollow Core Plank Calculations (con’t)

Hollo Core lincete on Steel Peans
Cicder Design (cont)

Usig Table 3-lo (Steel fomal) :
UBL = 7.5
Use WHx7Y = G4, = 370 so-L >y .. ok

Shea— Cheok
B = 1. 2(0F, Ay & = o(0.9(5) (192 x 045)).0)

P17k Selas kL ok
LL Deflectran

b, £l = 070"
5.0  s(r)(2.5) "1725)
A= SRET * 3ey(R020)( 795)

M= 03%8° 2 o.m” . ok

Total (oad DeSTection

Aﬁ. T ’(/290‘: [.obo7"

Al 2 swl _ s(saazy (17
L= SYET = T35y (2400595)

By= 117" >1067" i No Loxd
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G.6 Hollow Core Plank Calculations (con’t)

\L}'&l{m Cu(‘c Cm:rcbe an étw, ge‘mg
Gider Desljn (C"""f)
Total Load DeSlectton (ot
y 5(se)(al.39) (172%)

s,
Lo = ﬁ%‘f > L okb7 ¥ (21000 Tray

"Ly = 576 34"

Table 3-3 (Seeel Mirsal
Use WIEXLT =T, = 95Y b > T754,7 [ ok
Comes From o sels ppused depth e o = (6"
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G.7 Hollow Core Plank Calculations (con’t)

Holbw Core Concete on Steel Bems
Column Dea}y

~ Ret
~ G
]
-y
- 2
I«;/um /fea
! {
& o it A= aq') =)
Sk = hae g2
- of
ol i ﬁ':Luwy%jrw

A = (29')(%')
~A, =980 R
LK, =Y

N\ = Tofluence Area

j//' =le>u-hry A’u

AT

ﬂq'——&‘ A 2y'—o"
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G.8 Hollow Core Plank Calculations (con’t)

Hollow lore Concrete o Stes| Beans
Column bas[jfl ("’”t)
Load Bel 57

Bz 29.L4 o5 (450 723 = Nw2
P.= 6.572 () (30 5:?) = A%k

W= 025 + 75 = 6502
R = 20(430)+ (i) = 55.2*
P, = ).2(55.2) + [L(2a.76) + 0.5 . ¥3)
5 Re = loR.L"
Load Beho 37
P- g3k

P, - 180l +30s)]= 196.9 *
P. = 0.14s(3) g0 X f0)= S157*

Legs = 0.95 + q’“m) = 0.Y45
Rug= -2( e 1.6(51.5%) ros(Ivd) = o1k
Loed| Boks 2
P- Lzt

P, - Y302+ y(#6)] = N2 ™
a'—' 0-‘/2!(‘/X?o)(9;9)= 6469

e 1
1 = .25 o+ = O.
LL(‘J & . { @!

R, 12( 1+ 1.¢(69.69) +os5(172) = 339.7 ©
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G.9 Hollow Core Plank Calculations (con’t)

Hollwo Core  Concrote. on  Steel Beams
Colvonn Desins (cent)
Belows &% Fhe
bug log.b*
Table 4~1 (S el Monal) :
kL= 1Y
Use WEX3
It = 2~ = 1o74"
Bebw 3™ Flor—
Pz 264.1%
KL= 15!
Use INB x40
4 =2t > gk
Rebws 2% Flor
P, = 338t
KL= )g!
Ose WTxYP
B> bt 2 3373
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Appendix H: Long Span Deck Calculations

H.1 Long Span Deck Calculations

TORIS® CA & C COMPOSITE FLOOR DECK CEILING SYSTEM TECHNICAL TABLES

Toris CA

LAY Y I VA
e

6 (152mm) 6 (152mm) 6 (152mm) 6 (152mm)
24 (10mm) coverage

Toris CA 50%

[ S!?Iﬂl? -W‘I?;::m,

6 (15emm) & (152mm) 6 (152mm) & (152mm) |
247 (610mm) coverage

Toris C

I 2w
k {83.5mm)
| | |

6" (152mm) 6 (152mm) 6 (152mm) 6 (152mm)
247 (10mm) coverage o

Superior Fire Rafings

The Toris GA Acoustical Floor Deck Ceiling System has

an eficient unprotected fire rating listed in the table to the right.
Toris C Composite Floor Deck Fire Ratings under U.L. Design
Numbers D971 is superior to fire ratings of generic compos-

ite fleor decks. In most instances, the fire ratings of Toris C
Composite Floor Deck slabs require from Y%-inch to 1%-inch less
slab depth than generic profile slabs.

For the unprotected fire ratings shown on the folowing tables,
no spray-applied fireproofing is required on the deck.

Toris CA &Toris C Section Properties

Toris CA Fire Ratings (U.L. Design Number D971)

Restrained Fire ating |  Total Slab Depth (in) | T""‘h:'e"'""’:r’:g ot
1 hour 625 RW (147
1 hour 5 o
1% hours 675 RW (147)
2 hours 7 RW [147)
2 hours 575 LW o
3 hours 175 AW [147)
3 hours B.75 [T

NOTE: Toris CA can achleve the loads shown on page 11 with the fire ratings indi-
cated above.

Toris C Fire Ratings (U.L. Design Number D971)

Restrained Fire Rating | Total Slab Depth fin.) T""E mx":]“
1 hour 45 | RW (147)
1% hours § | RW {147|
2 hours 55 | RW {147
i ? hours 475 ] LW ino
3hours 875 | RW {147]
3hours 55 | W (110)

MNOTE: Toris C can achieve the
loads shawn on page 11 with the
fire ratings indicated above.

AW = Regular Weight Concrate
LW = Lightweight Concrata

Suggested Temp and Shrinkage Reinfi
Slab Depth {in.) Welded Wire Fabric Mesh
4 Bab-WidxWid
-5 Bxb-WZ1xWL1
55-8 6x6-W29xW29

of

See UL Fire Resi: Directory for and
fire rated assemblies. U.L. Fire Rated Slabs require 6 x 6 ~W2.9 x W2.9 mash.

Toris CA Noise Reduction Coefficients®

Absorption Coefficients
125Hz | 250Hz | 500Hz | 1000Hz | 2000Hz | 4000Hz
100% A 015 067 0.85 o0se 09 0.8 0.85
50% A | 021 068 0.74 075 0.54 040 0.70

* In accordance wih ASTM C423 and E795. Consult EPIC Metals Corporation for
ather test results and individual reports, The NAC is the average of the absorption
coatficients ot 260, 500, 1000, and 2000 Hz.. rounded off to the nearest .05,

** Estimates

Design Thickness Weight Ay Iy | S, - S,
lin.) (mm) (psf) (kg/m?} linfit) (miwfm) Gindi) | (mmYmi009 G020 | (eelfodne) | Gindm) | (medmiic)
03358 08 29 142 082 1734 0.766 1.052 0.466 25054 0428 znom i
03474 I.ﬂtﬂ | 38 185 1.08 83 1.010 1.3:” D621 ki nd 0.581 nm
10,3600 1.52 | 48 244 137 . 289 12714 1.740 0778 41878 0749 409
EPIC METALS CORPORATION

on \

- )
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H.2 Long Span Deck Calculations (con’t)

A Toris CA" & C Composite Floor Deck Systems
Maximum Clear Spen | Llnlii.n.lnl Service Load Slab Capacity, PSF/Spans (C-C of Supports)
:::I:h Dosign Without Shering (ft.-in.) ] . Continusus Span Condition
St 1 _' Simple Span Condition (see Note 2) Negative Moment Steel Reinforcing
Weight| "™ Simple Double  Triple REQUIRED (sce Note 5)
Span | Span | Span [cye 150" | 160" 180" | 190" | 2007
o 0mss | 98| 8] 103 ] 500 |
54-PSF 0.0474 5 | 116 | 111} 500
00600 | 124 | 130 | 135 | 500
- 00358 93| 96| si0| 500 |
— | o psr |_0047 011 10 | 15| 500
= 00600 | 120 | 125 | 1210) 500 |
2| s 0038 | 81| 82| 95| 500 |
£ | sspsr 0.0474 106 | 107 | 1o | s00
g 0.0600 119 | 120 | 125 | 500
8| & 0.0358 87 | &w| 91| 500
% | sopsr [ 00| 0 [ o3 | 07 | s00
£l 0.0600 s | N7 | 120 | s
5| 55 |ooorTss el s [ o0
£ 78 pPsF —— —
= 0.0600 | n2 | ng | osw
2|, | ouse | 80| 83| 87 50/
I T
o pse |00 95 . g | 91| 500
| | 0.0800 108 | 10-0] 13 | s00 |
yg | 003 0] 80| ea| 50 |
90 pSF | 004M 92 | 94| 98| 500 500 |
0.0600 104 | 107 | 01| 500 500
# e 0.0358 10- :: 1011 113 | 500 s |
0 0 pse |00 126 | 127 | 131 | 500 210
00600 | 132 | 143 | 149 | 500 %
- 0.0358 103 | 106 | 1090f 500 m
17 pse |04 122 | 122 | 127 | 500 366
5 0.0600 12:10] 139 | 142 | s00 384
o| g5 | 0038 911 | 101 | 105 | 500 306
= 51 p |04 n-s | ne | 121 | so0
-4 | ousoo | 126 | 133 | 138 | s00 |
g g |00 87 | 99| 104 | 500
% | sg psr 20T L na | v | e | 500 |
E 5 | 00600 128 | 12-10] 133 | 500
g 65" 0.0358 93 96 310| 500
g 60 PSF 0.0474 10-11] 11-0 | 114 | 500
g 0.0600 120 | 125 | 1zw] 500
= ) 0.0358 90 | 82| 96| 5w
! 0.0474 07| ws | no| 50
65 PSF | -
. 0.0500 e | 12| e | sw
g5 DSt | 80 BNl s3] 0
e | D0ATH 03 | 105 109 | 500
70 PSF ———— 1
| 0.0800 17 | 19 | 122 | 500 |

[—INo Shoring S Shoring Required in Shaded Arcas

COMPOSITE SLAB DESIGN NOTES: DECK DESIGN AS A FORM

1. All loads are 1o bo ly applied. For d ic loads, consult a. Maximum clear spans without shoring are basad on the Steel Deck Institute
EPIC Metals Corporation. recommendations for sequential loading and load resistance factor design. The

2. Simple span conditions are based on simple span composite design. tab'e is based on 40 ksi steel yield stress and deflection limits of L1180 or .75

inches, whichever is less. If heavier construction loads o less form deflection are
required, spans must be reduced. Consult Epic for recommendations.

b. Runways and planking must be used for all concreta placement.

. Minimum bearing is 2" at end suppors and 4” at interior suppons.

d. Slab weight includes 4.8 psf for deck weight.

0. Doduct 12 psf from slab weights shown above for Epicom Toris CA,

3. Deflection limit of the compaoasite slab is 360 under total load

4. Loads appoaring in shaded areas requira shoring.

&. Continuous span conditions are based on continuous span composite design
and require appropriste negative moment reinforcing steel over suppors.

6. Composite slab design is based on LRFD.

7 Tha slab weight has already been accounted for in the service loads listed above.

ﬁ lightweight concrate.
{ . i = .
* Reduce loads by 20% for Toris CA. \?:TI::: t|“:“|:;l°‘l:;:|m slab weights shown above for Epicors Toris CA, normal

EPIC METALS CORPORATION

iy
A
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H.3 Long Span Deck Calculations (con’t)

Lot Spun Deck (EPTC Beck) an Steel Beans

i L ke
- _& Al -4

\i)k‘
b r-—— -0

P &

|

(

|
éD 2Y-¢"
Loads

"T?y Toctc A (mfzuf-ae Floo Deck Zseom (Ff’IC /"’cwfs)
0’“’{"0" %\

Use 756" shb w/3% Noral Wahe Concrete

%f, o pF »es pF Decke ok
by Bedwston Jo- <A Deck

No
-4

P
co
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H.4 Long Span Deck Calculations (con’t)

Lorg Spn Deck (EPEC Deck) an Seecl Baanrs
Bean Design

z:zdu_bm

thereforz. m anly weuld parder W
d('e. nchfo Tlne erve the

f.WW ofo o l){‘ad Lhe
(olwns  in t{«ar‘ Weak axis. é/L._ decistan hbs Made +o
nse WIoxIR beaws, Al

WEXlos peuld wak Se—
5r‘&\l!¥'}f }éac‘S, s S CL?CJM

o Use M Meer \ud- |

fhpsc a sels~ mmﬁf; "’1"’6 s fx};w:dg// dg 3 Jﬂm Sact

that A dSFeresce ofF LeM‘LS s Nealy ly

ng/; e, as wel as a lf Je9o Seoﬁm walf fo= g
’Ibnsr to a

troed I Sruceindd <ert
e e T G
(rirdec Degfjn

D= s (24) = 2160 P
5&—2 sf-'(m)' éf‘*’pi_‘
f

S?c:»'f;; (249) = %0
W, = ],2(7.}5 $06) + !.,é(.'.?:)) =6.38 k&
I.Jg = ’.‘?.2 ki 2.3
W, Vt.-" g_gfz_j
|74 [V ..' Vhf- G?-lh
T ar—yr wi? c3e(alsy”
ﬂu" g = 4

M= 3630 Fe-k
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H.5 Long Span Deck Calculations (con’t)

Lng Spr Deck (EPEC Deck) on Soeel Boms
brirder Degigp (00t}
us;,s Table 3-fo (Steel Mmual):
URL= Al.s™
Use WHx7Y =>FH=3 Sk > FB.0f-L ok
T Chpeck
PVn= 1.0(00) €, Auty = l-o(0d 50X W.2x0.45)1.0)
S a= 19075 5 GRIE Lok
Live Lod  Deflectton

Au_,é %60 >0.70 v

sut! _ 50920
Bu=34er = Timy(amp( 70D

A,=0.38"2« 0.21I" o Ok
Total laad DeHawton
A»n, ¢ oo < .047"

sugt _ 5(6. 3@ (1m)

An TEL T 3¢ (o) (AF5)
B = l.&10" > |o67" Sl v
r oA \
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H.6 Long Span Deck Calculations (con’t)

Lo Spon Deck (EPLC Deck) at Sbeel Bos
Gicder  Destgn (cne)

Tokal Load DeSlectron (eart)

A . sles@.33 7=
%ot > %‘%f = 1.067" = ey (700 C

ey = .2 1Y

Table 3-3 (Stee| Montal)
Use Wb x77 =15z Mown? > W2’ 20K
Comes $om a zelf ;‘Afoﬁﬁ-" deprl linre of x Jo"

(]
A\
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H.7 Long Span Deck Calculations (con’t)

Long Spun Deck (EPTC Nek) on Stol Bams

Loliom oo
= RooS
< 5'#.
it
- q&-
_ 2 ﬁbutary Acea
‘j‘-q" Lyt ¥
i b, L5 25 ) (o)
ol
- ? '-. Ab-; q?g _QR
o T Crand J::F?'amce /ira.

Az - (19~9 "+ 219" 45'-0")
:- A‘- - H‘S-ﬂ ;_;3

M= Y

//Z’ "rr'JLutnr)f Area

240t 2y

[«
-4

P
co
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H.8 Long Span Deck Calculations (con’t)

Loy Spa Deck (EPEC Dack) an Sece| Bems
Columa Dessgn (cant)
Load  Below 5%
D= 290 pes(teg 7?) = 12.02 %

P = l,'?gfpo-!-,bﬁ'j = Q.OK
Pi-_-o.siro(eo)( Ys¥) = 3.0 K

Wreg = 0.25+ % =z 0.95%0

Pe= 1.2 (610 16(a5.0) +0.5(12.0d) = 140 %

Lol | Bl (X7
P.= 12.02"

P . ype[ 24 3(15)| = I£3.95 K
ﬁﬁ ot ( 3){30)(9;9): 52,34 *

Wred < 6.95 + ?ﬁ%ﬁ = 0.4
P = 12(183 49+ (L sz 20 ros(1Red = 255 77k
Coqc‘ Qa’dd 2“

P~ IR.02 e

B',b” - Yz 20 ulis)] = 219.72%
= 0.42(Yw)yrs) = 565+

5
U«J"'O.ﬂﬁ"i‘*m = 6.Yo0
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H.9- Long Span Deck Calculations (con’t)

Lorg Span Deck (EPre Deak) o1 Seed Boss
Colun Dessynn  (con)
Belis 5% Flar
P~ lleo*
Table 4| (SteelMad): LU=
Use w3
Fo=ak > ok oK
Beb 27 Floor
Ps= 785 8%
Tabe 4- [ ( Secel Manal)! kL= 1’
Ue WEXYE
Ab= spokz a5k ok
Bebw 2" Floer
Ra = 3LFLE
Tabe 9-1( Sted Marnd): kL= )2
Use WIEXYT
I -w7¥z L Lok

——

co
-4

P
co
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Appendix I: Lateral System Analysis and Calculations

1.1 — Stiffness Calculations and Wind Force Distribution

Justin Kovach UPMC Hamot Womens Hospital
AE Senior Thesis 2011-2011 Erie, PA

Description: Distributes the Lateral Wind Forces to the Applicable Frame

N-S Direction
Frame | Load (kips) | A (inches) k Krefative
B 100 1.499 66.7 | 0.217
N 100 0.416 240.4 0.783
Story Story Forces Frame B Forces Frame N Forces
Roof 161.64 18.23 65.69
5th 143.57 27.93 100.64
4th 163.80 29.27 105.48
3rd 188.95 30.21 108.86
2nd 22521 25.22 90.88
E-W Direction
Frame | Load (kips) | A (inches) k Krelative
1 100 3.209 31.2 0.536
17 100 3.705 27.0 0.464
| Story I Story Forces Frame 1 Forces Frame 17 Forces
" Roof 83.92 44.97 38.95
Sth 128.57 68.90 59.67
4th 134.75 72.21 62.54
3rd 139.08 74.53 64.55
2nd 116.11 62.22 53.89
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1.2 — Stiffness Calculations and Earthquake Force Distribution

Justin Kovach

UPMC Hamot Womens Hospital
AE Senior Thesis 2011-2011

Erie, PA

Description: Distributes the Lateral EQ Forces to the Applicable Frame

N-S Direction
Frame | Load (kips) | A (inches) k Krelative
B 100 1.499 66.7 0.217
N 100 0.416 240.4 0.783
Story Sto_rv Forces Frame B Forces | Frame N Forces
Roof 60.77 13.20 47.57
Sth 61.71 13.41 48.30
4th 41.64 9.05 32.59
3rd 21.36 4.64 16.72
2nd 6.26 1.36 4.90
E-W Direction
Frame | Load (kips) | A (inches) k Krelative
1 100 3.209 31.2 0.536
17 100 3.705 27.0 0.464
Story Story Forces Frame 1 Forces Frame 17 Forces
Roof €0.77 32.56 28.21
5th 61.71 33.07 28.64
4th 41.64 22.31 19.33
3rd 21.36 11.45 9.91
2nd 6.26 3.35 2.91
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I.3 — Beam Spot Check

Bean

k
ngi’éak } Emdege (Asp Forces)
WaYxb2  Bemg
Table 3-2 = Avuilile Sha Sereg,
Vi, = Rov*
Table 311 = Juilible  Fleviod Seteuth, Conposion W~ Shgies

4’/& e BER" on Lonserinesve
5{92(., Sectdn E7

UnswrBaed é/aroér' E/em:@s = 5 Ka=lo
Y= 220 _ )93 2 058dER < 06647 - 13w

O == Q=BT /.0

klpo = Fully baced bl=b=s"
e[ o] sy PG ]

Lo BE- _,5(213'—"—‘3 - Yoot
L Fe®ll8T = P%: Farty = 257(182) = “‘*"'S%H&ﬂ

%:M?!492
k"'ﬂw
Yo . Vr+ ﬁoxJ,Mq(j Lo @38 B, S
X 4 i 27 Tz IR < lo
H Cm } i Tos Bem e OF]

fary
A
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1.4 — Column Spot Check

Colunn
b= 9% s1*
/’fk 2.1 -7 " Enu&(ay?e ( A3\ quces}
L*a 70 ¥

WOXGO == Cofuma NT

Table Y-/ = Auslable Sereasth 10 Axin] Conpressian
hiwe k=o —=lse kL - 12
ﬁ'/ =352k e It' > w1t ok

th - B2 0.290 »0.2

b .
+9 (}1“ +%_&,L&'

Table 310 => Auilible Momers: ws. Unbrned Lewtl,
Ya = 1" Q) > ™

Thsenppon

2757 ‘?Ja)_ :
35;4' Jé‘? 0.3 ¢ |0 Lok

E/ma i OK/
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I.5 — Brace Spot Check

279
Pr= IRIBE = Enilpe — Axed Face arfy 0 Bace (ASh Ficce)
HsS &xpx3f”

Asswe keto — Uhe kL= 19.23 220
Table 4-9 = Malable Seroyth i Axal  Copressio

B4 = 191* e 20" » Ikt ol
Table 5-5 = Awilible Strogh i Axid Tersion

P/ = asth > in.gk = Terssn Yl 2 ok

%-‘-2&?@" > IRagE = Ters, &m

D e (Daca Jon ot alete, A | 108 T
“U%GLM Labhacwqx{ltﬁlhﬁﬁ‘z/ngtheaw

-g Nanbe— [z eonsecviats e éaw{fhossam Stregth




Justin L. Kovach — Structural Option Tech Report llI
Dr. Boothby, Advisor 2011-2012 AE Senior Thesis

Appendix J: Relevant Building Plans

J.1-S200 - Second Floor Structural Plan

[0]O]
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T
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1o -
]t
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i ERRET
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J.2 = S302 - Moment Frame Elevations

I RBArchitects
PR LSS AL T {TTY

]
11

N
i1
-

— e e e Ll R _— . s
L L L L # 8 L L #
g [ " [ " " I " 1l " 4
i
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NE *1° R TN Ll MOWENT ATION
- — -

- M N P = NS = wumse/ +\'Ei-gr 2
-~:ﬁm*mm-ﬂm-““-“-~.H.:.H.H-_H_.-H v g e
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e | . { _ 1 . | . F . d _ - 1 . i L e 545’5
- | ——— - W = [ = o ==l j‘l
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1.3 -S303 - Braced Frame Elevations

l RBArchitects
LoANSTAREALE s RRMARN .2

2]

3

- I davr — - ] L 1.
- Th /e /- CENY g
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J.4 = S400 - Column Schedule and Typical Column Reinforcements
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J.5-5401 - Column Schedule and Typical Beam Reinforcements
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1.6 —S402 — Column Schedule and Typical Beam Reinforcements

—
R2Z|S|S|s5 |5 | T Uv|uUj|L v
15

zlz 5
e8foa)tz (17 |ealofiz] 139155 18 |10.9

=
4
o

=

TlSINEAY, LA

vy
A
o
[
=
=
L=
o
ig

|l
"
B

n0nae

=R gyt

HUb:
1
Huoauud
Hududigugguuu

=(f e
P epeupefa]eyefe
1
Hodguuupug
1

didguuupng

]
]
1
]
"
i
[
]
n

]
REGIONAL CENTER FOR MOTHER AND
BABY HEALTH
—
COLUMN BCHEDULE AND DETALS

5402




Justin L. Kovach — Structural Option Tech Report llI
Dr. Boothby, Advisor 2011-2012 AE Senior Thesis

J.7 — S403 - Foundation Overbuilds
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