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EXECUTIVE SUMMARY

St. Vincent Mercy Medical Center Heart Pavilion is a four story hospital that provides
diagnostics, surgery, and patient care. It was constructed for St. Vincent's Mercy Medical
Center Campus, established in 1855, in downtown Toledo, Ohio.

The facility is approximately 144,000 square feet and reaches a height of 57°6” above grade
with a typical floor to floor height of approximately 14 feet. A typical interior bay is 30 feet
by 35 feet and is comprised of composite steel with a concrete slab on deck. Non-seismic
steel moment frames are utilized to resist lateral forces at every column in both directions.

The current site of St. Vincent Mercy Medical Center Heart Pavilion was chosen by the
owner because it was already owned by Mercy Health Partners and it is adjacent to the
main hospital. For these reasons, the Heart Pavilion was kept on the existing site. Upon
investigation of the soil classification within the site, it was determined that the soil was
classified as Seismic Site Class E. This significantly impacted the base shear value, leading
to a seismically controlled building even when torsion effects were considered.

This final thesis report evaluates the efficiency of redesigning the foundation and lateral
systems utilizing Geopiers and special steel moment frames. Improvements in soil
conditions were achieved through the use of the Geopier System by providing vertical
reinforcement to the soil. In addition, the construction time was reduced by approximately
50% as Geopier elements can be installed at a rate of 30 per day. This allowed steel
erection to begin approximately 10 weeks earlier than originally scheduled.

The SMF’s also prove to be more economical even though the fabrication time for the
reduced beam section is twice that of the existing beams. The duration of detailing for the
SMF system is 17 days as opposed to the 56 days required to detail the existing system.
Due to this considerable reduction in installation time, the SMF system is more cost
efficient even when special inspections are considered.

The fagade breadth study focuses on improvements in occupant comfort with respect to
heat transfer through the wall system. By implementing the brick facade on the third floor
of the Heart Pavilion, heat transfer through the wall is reduced by approximately 30% of
that transferred by the existing curtain wall system. Heat loss within patient rooms on this
floor is reduced, thus improving occupant comfort.

The goals of this thesis were to create an efficient foundation and lateral system for the
Heart Pavilion. Based on the results discussed, these goals are clearly met. From a
feasibility standpoint, each proposed study impacts the structure in a positive manner. Itis
the recommendation of the author to implement all changes proposed within this thesis
report.
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BUILDING OVERVIEW
Function

St. Vincent Mercy Medical Center Heart Pavilion is a four story hospital that provides
diagnostics, surgery, and patient care. It was constructed for St. Vincent's Mercy Medical
Center Campus, established in 1855, in downtown Toledo, Ohio.

St. Vincent’s Heart Pavilion is one of the seven hospitals that comprise Mercy Health
Partners. As Toledo’s first and only facility for the treatment of vascular disease, St.
Vincent’s Heart Pavilion has become a staple within the community. St. Vincent’s Mercy
Medical Center Campus is now able to take a leadership role in providing education to its
students as well as saving lives through the treatment of vascular disease.

Architecture

Architectural considerations are
centered around the patients’ needs.
With bed-side check in, patients are
able to be taken directly to their
room in every effort to make their
stay comfortable. The facility is set
up in such a manner that patients do
not have to change rooms during the
duration of their stay and
accommodations for visitors staying
the night are available in every room.
Patient rooms are private and
spacious with large windows that
provide a great view to the outside,
creating a positive mood within the
space.

Modernization is emphasized through the facade of St. Vincent Mercy Medical Center Heart
Pavilion. As one approaches the building from the North, a beautiful curtain wall composed
of curved aluminum and spandrel glass is seen, thus adding great verticality to the building.
As the eye gazes along the facade, stone bands and brick veneer promote horizontal
progression to an attractive vertical component of stairs wrapped in stone veneer and
spandrel glass. The eye is then led to the pedestrian bridge, connecting the Heart Pavilion
to a parking garage, which shows off its structure through exposed chevron bracing.

Kristen M. Lechner Page 7



Construction Management

The construction of St. Vincent Mercy Medical Center Heart Pavilion started in the late
summer of 2005 and was completed in the spring of 2007. The general contractor was The
Lathrop Company (now Turner Construction) and was delivered as design-build.

From the time of design, the construction schedule was a priority. Matching the height of
the deck, the structural engineers placed all girders 2” higher than the beams on a typical
floor and 1 %2” higher on the roof. This design saved money due to the fact that the infill
beams no longer required coping. Steel was erected much quicker as a result of saved
fabrication time. In addition to these benefits, the deck connection to the girder
automatically provides a pour-stop, making placement of the concrete easier. Please
reference Figure 1 below to view a site plan for the Heart Pavilion.
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Figure 1: Site Plan
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Mechanical System

A forced air system is utilized for this facility, employing chilled water, heating water, and
steam to condition all spaces. Three medium pressure rooftop air handlers supply a total
of 134,000 CFM to the main hospital. In order to obtain acceptable humidity levels for a
hospital space, each rooftop unit is equipped with a humidifier.

As a high level of zoning is required by hospital guidelines, air is distributed via a medium
pressure duct system to a series of VAV (Variable Air Volume) and CAV (Constant Air
Volume) terminal units. Each terminal unit has a reheat coil to maintain space
temperature. A hot water ceiling radiant panel system supplements the heating of the
space.

Each operating room is supplied by a dedicated Air Supply o
air handling unit with a humidifier. Air is Primary Air Stream

supplied to the space with a Price HORD air ( gy —

—— —
distribution system, as shown in Figure 2. Heat '\ ‘ n( ( f' \
- \

is supplied by three 210 GPM boilers. Two of l . \ l
these boilers are primarily used, while the Entrained Air ’ \ Entrained Air

additional boiler is used for backup. Steam for | ¢ b
humidification, domestic water, and D-”f{rﬂ?{'ﬂ?”
sterilization is provided by two (one primary ﬁ

and one backup) 2940 MBH 60 psi steam

boilers. Chilled water is supplied by two 375
ton chillers with a 750 ton cooling tower on

the roof. Figure 2: Detail of Price HORD Air System

photo courtesy of: www.price-hvac.com

Lighting & Electrical Systems

The main hospital across Cherry Street supplies normal and emergency power to St.
Vincent Mercy Medical Center Heart Pavilion via a 15kV underground concrete duct bank.
The 15kV normal feeder is actually two feeds, each of which is capable of supplying all
necessary power to the hospital under normal operating conditions and feeds a double
ended substation. Dual feeds are utilized for two reasons: they provide redundancy in the
electrical system in the event of a failure of one feeder, and they provide a way for periodic
maintenance of the breakers on either end of the feeders. The emergency feeder feeds a
single ended substation. Each substation is equipped with a transformer that steps the
voltage down from 12,470V to 480Y/277V. From there the power is distributed to the
chillers and automatic transfer switches.

For the use of lights and receptacles throughout the building, the voltage is further stepped
down to 208Y/120V by large central transformers located in the basement. Also located in
the basement are two uninterruptible power systems (UPS). These systems are very
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important as they provide power to operating rooms and telecommunication rooms during
the event of an outage as the emergency generators are brought online.

Various types of light fixtures were used throughout the building. Linear fluorescent and
compact fluorescent lamps are the primary lamps seen throughout the facility. The
corridors utilize 2'x2" direct/indirect fixtures and 24" diameter acrylic bowl fixtures. Wall
sconces are placed on either side of the caregiver stations which are located between the
patient rooms. Compact fluorescent downlights and a 2'x4' multi-function fixture are
placed over patients’ beds. The multi-function fixture provides exam, ambient, and reading
light that can be controlled either by wall switches or the pillow speaker.
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EXISTING STRUCTURAL DESCRIPTION
Floor System

St. Vincent Mercy Medical Center Heart Pavilion’s typical floor system is made up of
composite steel framing and normal weight concrete, creating a total floor thickness of
6%,”. Composite action is created by the use of 2” 20 gauge steel deck with 5%” long, 34”
diameter shear studs evenly spaced over the length of each beam. Even though a
composite system is used, the girders are actually non-composite. In order to avoid coping
of the infill beams, the girders are placed 2” higher than the beams on a typical floor and
1%” higher on the roof as seen in Figure 3. This system saved money and fabrication time
which resulted in faster steel erection. Please reference Figures 4 & 5 to view a typical
interior bay and floor framing plan of the Heart Pavilion.
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Roof System

The roof system is comprised W14x22 beams framing into W18X40 girders. This system
was used as opposed to joists because surgery space was originally located directly below
the main roof. The mechanical and medical equipment required for these spaces is easier
to hang from wide flange beams.

The roof envelope is surrounded by a parapet wall. The roof system is made up of two
systems: 1 %2” x 22 GA. galvanized steel roof deck providing enclosure to the building, and 6
%" normal weight concrete on 1 %2” 20 GA. galvanized metal deck providing support for the
mechanical equipment located in the two penthouses. Both systems are topped with a
single ply membrane, 34” plywood, and a minimum of 3” rigid insulation.

Columns

The columns used in St. Vincent Mercy Medical Center Heart Pavilion range from
W10x119’s to W12x210’s, depending on their location within the building. While these
sizes may seem large based purely on gravity, each column must resist induced moment
since all columns are part of a moment frame. Pipe columns are used to support the roof
for the main entrance lobby and the emergency vestibule canopy. All of the main building
columns are spliced at the 2rd-3rd floor. Base plates range in thickness from 1” to 2 %4”
depending on which columns they are supporting. Each base plate utilizes a standard 4
bolt connection using either 34" A325 or 1 74" A325
bolts.

Lateral System

At the time of design, braced frames were thought to
be architecturally incompatible with this floor plan.
As a result, non-seismic steel moment frames were
used for the lateral load resisting system. Classified
as Seismic Site Class E soil, the number of moment
frames required to resist seismic loading are shown in
Figure 6.

FDO GG O O 0@ G
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Figure 6: Plan View of Lateral System
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The moment frames are connected in two different fashions as seen in Figures 7 and 8. The
beam to column web moment connection is comprised of flange plates that are fillet
welded to the column web and flange. The beam flanges are full-penetration welded to
these plates. The beam to column flange moment connection utilizes double angles
connecting the beam to the column flange, where the column flange is then full penetration
welded to the beam flange.

]
| 4
T
|

h
- \
\ ]
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|
] L BACKING BaR

Figure 7: Beam to Column Web Connection Figure 8: Beam to Column Flange Connection
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Foundation System

The foundation system is made up of 80 drilled caissons and 6 spread footings that support
the entrance lobby. The caisson caps are a uniform size of 4’x4’x3’ thick. Between caissons
are grade beams, varying in depth from 2’ to 4’ depending on the location, which transfer
facade and wall load to the foundation system. Please reference Figure 9 to view a typical
caisson detail. The ground (main) floor rests on a 6” concrete slab reinforced with W/4x4-
W4.0x4.0 welded wire fabric.

The use of a deep foundation system with structural steel framing may seem odd at first
glance, however the site soils were reported to be very soft in nature. When the
geotechnical investigation was done, it was found that the first 12 feet below grade were
poorly graded sand with silt, silty sand, silty clay, and lean clays. Very stiff lean clays were
encountered to a depth of 80 feet below existing grade. Below depths of 80 to 85 feet, very
dense silty and sandy soils and heavily consolidated clayey soils were encountered in all
borings to depths of 89 to 100 feet, where the drilling process was terminated. As a result,
drilled caissons with belled bases were recommended for the foundation system based
upon the soft clays found 12 to 40 feet below grade.
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Figure 9: Caisson Detail at Interior Grade Beam
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FLOOR PLANS & BUILDING PHOTOS

The following figures are provided for a side by side reference of architectural function and
floor framing for each floor within the Heart Pavilion.

Patient Rooms
Administration
Lab/O.R. Space
Lobby Space
Storage
Stairs/Elevators

=2
.-’.:
o~
Main Floor Architectural Plan Main Floor Framing Plan
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WX
0
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NS ©
58
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First Floor Architectural Plan First Floor Framing Plan
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CODE REFERENCES & MATERIAL PROPERTIES

The following table shows the code references used by the design engineer and those used
throughout the duration of this thesis study.

Codes used for this thesis Codes used by the engineer of record
2006 IBC as adopted by the State of Ohio 2002 IBC as adopted by the State of Ohio
Minimum Design Loads for Buildings and Minimum Design Loads for Buildings and
Other Structures (ASCE 7-05), American Other Structures (ASCE 7-02), American
Society of Civil Engineers Society of Civil Engineers
Specification for the Design, Fabrication, and Specification for the Design, Fabrication, and
Erection of Structural Steel for Buildings— Erection of Structural Steel for Buildings—
LRFD, Thirteenth Edition, American LRFD, Third Edition, American Institute of
Institute of Steel Construction Steel Construction
The Building Code Requirements for The Building Code Requirements for
Structural Concrete (ACI 318-08), American  Structural Concrete (ACI 318-02), American
Concrete Institute Concrete Institute

Multiple materials were used for the construction of St. Vincent Mercy Medical Center
Heart Pavilion. The details of these materials are listed in the following table.

Concrete Strength Density
Foundations 3000 psi 150 pcf
Walls 3000 psi 150 pcf
Slabs 3500 psi 150 pcf
Grade Beams 4000 psi 150 pcf
Reinforcing Steel ASTM Metal Deck & Shear Studs Size
Reinforcing Bar A-615 Composite Floor 2”7 20. GA.
Tie Wire A-82 Roof Deck 134" 22 GA.
Welded Wire Fabric A-185 Shear Studs %" x 5 %"
Structural Steel ASTM Fu (ksi) Fy (ksi)
Wide Flange A992 65 50
Angle, Plate, Channel A36 65 50
Square/Rectangle (HSS) A500, Grade B 58 46
Round (HSS) A500, Grade B 58 42
Connection Bolts A325
Anchor Bolts A307 or A36
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STRUCTURAL DEPTH
Existing Structural System Check
Loading Conditions

Loading conditions are a very important consideration for the design of any structure. The
dead load conditions assumed by the engineer of record at the time of design and live load
conditions obtained from ASCE 7-02 are provided for reference below. The dead and live
load values listed in Figure 10 are the values used for the duration of this thesis project.

Applicable Loads
Dead Loads Live Loads

Concrete 150 pcf 1st Floor Corridors 100 psf

Steel 490 pcf Lobbies 100 psf

Partitions 20 psf Loading Dock 100 psf

M.E.P. 10 psf Penthouse Floor 100 psf

Wlndows & 10 psf Corridors above 1st Floor 80 psf
Framing

Finishes & Misc. 5 psf Patient Rooms 60 psf

Roof 20 psf Operating Rooms 60 psf

Bridge Floor 60 psf

Roof 20 psf

Figure 10: Applicable Design Loads

Vibration Criteria

In the early design concepts for the
Heart Pavilion, the surgery suite was
located on the third floor as shown in

Figure 11. However, this space was
later moved to the East side of the
building on the first floor as shown in
Figure 12. The beams supporting this
space were not designed for vibration
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criteria since it was not the original

1|

surgery space. Please reference
Appendix B for detailed calculations Al ;
using AISC Design Guide 11 for the O CIDICD )
vibration criteria check on this space. Figure 11: Original Figure 12: Relocated
Surgery Suite on 3 Floor ~ Surgery Suite on 15t Floor

1
1
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Wind Loads

Wind loads were analyzed using the analytical procedure of ASCE 7-05 §6.5. The
assumptions listed below were used to determine gust effect factors, wind pressures, and
story shears. The following tables show calculated story forces for wind acting in the
North-South direction and the East-West direction. As expected, wind forces were not
found to control the structural design of the lateral system once torsion was considered in
the RAM Model, since this facility sits on Seismic Site Class E soil. Please refer to Appendix
A for more information regarding wind analysis.

Basic Wind Speed 90 mph
Exposure Category B
Importance Factor 1.15
Internal Pressure Coefficient +0.18
Directionality Factor 0.85
Topography Factor 1.0

Figures 13 & 14 below show the calculated wind pressures and story forces for wind acting
in the North-South direction and the East-West direction, respectively. As expected, wind
forces were not found to control the structural design of the lateral system once torsion
was considered in the RAM Model, since this facility sits on Seismic Site Class E soil. Please
refer to Appendix A for more information regarding wind analysis.

Wind Pressures (psf)

Floor Total
Height Level Height K, qz I\_I'S N-S N'S E.'W E-W E_-W
(ft) (ft) Wlnd_ Lee' Slde Wlnd- Lee— Slde
ward ward Wall ward ward Wall

14.50 Roof 5750 0.84 17.09 14.10 -9.97 -1254 1431 -7.54 -12091
14.00 3 43.00 0.78 15.74 13.23 -9.97 -12.54 1342 -7.54 -1291
14.00 2 29.00 0.69 14.06 12.15 -9.97 -1254 1232 -7.54 -12091
15.00 1 15.00 0.57 11.65 10.59 -9.97 -12.54 10.73 -7.54 -1291

Figure 13: Distribution of Windward and Leeward Pressures

Wind Design g
Level Load (k) Shear (k) Moment (ft-k) %
NS EW NS EW N-S E-W - ®
Roof 42 28 0 0 2437 1580 2SI
3 82 53 42 28 3536 2287 =
2 78 50 125 81 2254 1450 2 it
1 76 48 202 131 1137 726 ==
Total 278 179 278 179 9364 6043 ===
O @ @) (O (G
Figure 14: Total Base Shear from Windward and Leeward Pressures ﬁ E-W Wind
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Seismic Loads

The Heart Pavilion is a hospital in which surgery is performed, therefore it is categorized as
occupancy category [V and uses an importance factor of 1.5 as shown in the table below.

Occupancy Category I\Y
Importance Factor (1) 1.5
Seismic Design Category C

The following values describe the site’s response to earthquake ground motion.

Ss=0.170

Mapped Spectral Response Accelerations $,=0.056

The site coefficients and adjusted maximum considered earthquake spectral response
acceleration parameters were determined according to ASCE 7-05 § 11.4.3.

Site Class E
. F.=2.5
Site Class Factors F,=3.5
Sws=Fa(Sa) 0.425
Sv1=Fy(S1) 0.196

The following design spectral acceleration parameters were determined per ASCE 7-05 §
11.4.4.

Sps=2/3(Swms) 0.283
Sp1=2/3(Sm1) 0.131

The main lateral force resisting system for this facility is non-seismic steel moment frames.
The base shear value was determined in accordance with Chapter 12 of ASCE 7-05. The
following design values and limitations were used for the existing design.

Response Modification Factor (R) 3 (non-seismic steel moment frames)
Deflection Amplification Factor (Cq) 3
Over Strength Factor (o) 3
Building Height Limitation Not Limited
Span to Depth Ratio 35'/30’=1.167
Diaphragm Type Concrete filled metal deck
Diaphragm Flexibility Rigid
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The Seismic Response Coefficient was determined per ASCE 7-05 § 12.8.1.1.

Ct 0.028
Cs 0.092

After calculating all of these seismic coefficients, the story forces were then calculated
based on the weight of each floor. Once this was done, the base shear and overturning

moment were determined as seen in Figure 15 below.

Base Shear and Overturning Moment Distribution

Story hy (f6) WeSitg%rty(k) heWy  Cw  Fe=CuV Vi (k)

Roof 575 1132 100432 0219 241 241
3 43 2824 181955 0396 436 677
2 29 2751 114571 0250 275 951
1 15 3100 62203 0135 149 1100

Main 0 2236 0 0.000 0 1100

Total 57.5 12043 459162 1.000 1100

Base Shear = 1100 k

Figure 15: Base Shear and Overturning Moment Distribution

M, (ft-k)

13817
29103
27591
16507
0
87017
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RAM Modeling of the Existing Lateral System

The Heart Pavilion was modeled in RAM Structural System in order to verify lateral forces
calculated by hand. The following assumptions were made during the modeling process:

- Arigid diaphragm was assigned to every floor within the model.

- Dead and live loads were assigned to the diaphragm with respect to what function
the spaces served.

- All columns were assumed to be pinned at the base because this more
conservatively predicts the actual behavior.

- All beams and columns within the moment frames were assigned fixed at each end
(except the columns at the base).

- The total number of load combinations generated within RAM was 321.

- A 5% eccentricity was applied to account for accidental torsion of seismic loading.

- P-Delta effects were automatically taken into account within the model.

Figure 16: Structural Model Including
Gravity Elements

Figure 17: Structural Model Displaying
Only Lateral Elements
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Torsion Effects
Inherent Torsion

Per ASCE 7-05 §12.8.4.1, diaphragms that are not flexible must consider inherent torsional
moment at each level. When the resultant shear force of lateral loads acts at an
eccentricity, the resultant force will try to twist the building around its center of rigidity.
This concept is known as torsion. Depending on the building footprint, torsion effects can
have a significant impact on the controlling load case used for structural design.

Accidental Torsion

Per ASCE 7-05 §12.8.4.2, diaphragms that are not flexible must also consider accidental
torsional moment for seismic loading. This is caused by assumed displacement of the
center of mass away from its actual location by a distance equal to 5% of the dimension of
the structure perpendicular to the direction of the applied forces.

Controlling Load Case

After taking torsion effects from lateral loads into account as well as the load combination
factors for both wind and seismic, it was concluded that seismic loading controls the
structural design of St. Vincent Mercy Medical Center Heart Pavilion. This was expected as
the base shear for seismic loads was approximately 1100 kips as opposed to a base shear of
278 kips for wind in the North-South direction. However, a torsion analysis was necessary
because greater torsion forces were generated by wind loading. This result was expected
because the eccentricity for torsion from wind is measured from the center of pressure to
the center of rigidity whereas the eccentricity for torsion from seismic is measured from
the center of mass to the center of rigidity. Based upon this conclusion, the controlling
LRFD load combination for this structure is 1.2 (Dead) + 1.0 (Seismic) + 1.0 (Live) since the
structural design is ultimately controlled by seismic loading.
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Seismic Design Forces

Upon reaching the conclusion that this is a seismically controlled site, a comparison of the
hand calculated story forces and shears and the RAM output was prepared. Please
reference Figure 18 below to view the percent difference between these values.

Seismic Design

Story Loads (k) Story Shears (k)
Stor Hand RAM % Hand RAM %
y Calculations Output Difference  Calculations Output Difference
Roof 241 231.85 3.9 241 235.41 2.4
3 436 395.18 10.3 677 647.49 4.6
2 275 259.65 5.9 951 916.40 3.8
1 149 157.31 5.3 1100 1112.48 1.1
Total Base
Shear (k) 1100 1044 5.4
Overturning
Moment 87,017 84,617 2.8
(ft-k)
Figure 18: Story Forces for Seismic Design
Serviceability

Drift is an important serviceability requirement that can cause several problems within a
building if the limitations are not met. Seismic drift is addressed in ASCE 7-05 and is
limited based on the occupancy category of the building. St. Vincent Mercy Medical Center
is classified as occupancy category IV and normally would be limited to an allowable story
drift of 0.010 hsx. However, since the facility is only 4 stories, the allowable story drift is
limited to 0.015hsx per ASCE 7-05 Table 12.12-1. Story drift ratios for seismic loading were
determined by RAM Frame as summarized in Figure 19.

Seismic Drift

Story Story Actual .Drift Allowablle Drift
Height (ft) Ratio Ratio

Roof 57.5 0.0021 < 0.0075 OK

3 43 0.0036 < 0.0075 OK

2 29 0.0046 < 0.0075 OK

1 15 0.0047 < 0.0075 OK

Figure 19: Actual Seismic Drift Ratio vs. Code Limitations
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Existing Design Check Summary

The following table provides a summary of findings upon completion of the analysis of the
existing lateral system.

Check Comment Status
ASCE 7-05 Approximate period=1.22 s
RAM model period=1.427 s
Since the RAM model period is higher than the
Modal Period approximate period and the structure is OK
proportionally related to the inverse of the stiffness,
it can be concluded that the structure is not
overdesigned
Torsion Inherent and accidental torsion were both taken into OK
account in the RAM Model
Structure is assigned to SDC C, therefore value for p
is allowed to be taken as 1.0 per ASCE 7-05 § 12.3.4.1
Member sizes meet strength requirements; however
Member Spot Checks  vibration criteria for O.R. spaces are not met. Refer NG
to Appendix B for detailed calculations.
Drift requirements are met in both orthogonal
directions

Redundancy OK

Story Drift OK

Kristen M. Lechner Page 25



Existing Lateral System & Serviceability Problem Statement

The nature of the site for St. Vincent Mercy Medical Center Heart Pavilion had a significant
impact on the structural design of the building. Based on field and laboratory test data
within the geotechnical report, it was determined that the soil located 12 to 40 feet below
existing grade has an un-drained shear strength of less than 500 psf. For this reason, the
soil is classified as very soft to soft lean clay and is characterized by the Ohio Building Code
as Seismic Site Class E, “Soft Soil Profile”. This significantly impacted the base shear value,
leading to a seismically controlled building even when torsion effects were considered.

In order to avoid seismic detailing, non-seismic steel moment frames were placed at every
column line in both directions. While avoiding seismic detailing is typically the most cost
effective choice, it may prove to be a valid solution for this poor soil site. By using a higher
response modification coefficient, seismic loads are lowered and the base shear value is
decreased. As a result, fewer steel moment frames would be required to resist the seismic
forces which may have a significant impact on construction cost and time.

At the time of design, the third floor was designed for vibration criteria as the operating
rooms were originally located on this floor. However, the O.R. spaces were later moved to
the first floor on the East side of the building. Since it was late in the design process, the
structure supporting these floors was not redesigned to meet vibration criteria.

Drilled caissons with belled bases were used for the foundation system based upon the soft
clays found 12 to 40 feet below grade. Deep foundation systems are widely used; however,
there are other solutions that may be explored to actually improve soil conditions. A
Geopier Intermediate Foundation System is a soil replacement method that actually
provides vertical reinforcement for the soil through the method in which they are placed. A
beveled tamper is used to ram well graded aggregate into the drilled cavity where the poor
soil was removed. A bottom bulb is formed at the bottom of the cavity from the beveled
tamper ramming the aggregate down. This ramming process prestresses and prestrains
the aggregate at the bottom of the cavity, causing lateral pressure to build up in the
surrounding soil. The aggregate is rammed into the cavity in thin lifts of approximately one
foot to form the full Geopier element. This foundation system may prove to be very
efficient and cost effective for the Heart Pavilion.

M.A.E. Acknowledgement

Structural computer modeling will be used intensely throughout the duration of this thesis
project. The Heart Pavilion will be modeled in RAM Structural System in order to predict
the reaction of the redesigned structure under gravity and lateral loads. In addition, basic
connection design principles will be utilized to carry out more advanced calculations for
the design of seismically detailed connections.
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Surgery Space Redesign

The beams supporting the operating rooms in the Heart Pavilion were redesigned to
accommodate vibration criteria per AISC Design Guide 11 Chapter 6. According to Table
6.1, Vibration Criteria for Sensitive Equipment, operating rooms are required to meet a
vibrational velocity limit of 8,000 p in/sec. The final design of the beams for the surgery
space is shown in Figure 20. Please reference Appendix C for detailed calculations on the
design of these beams for this critical space.

The following assumptions were taken into account for the redesign of these beams:

- Assumed weight of a person was 185 pounds
- Assumed walking velocity was 100 steps per minute (considered “fast walking” per
AISC Design Guide 11)

In order to design these beams for vibration, the following steps were taken:

- Determine yuar, effective slab width, and transformed moment of inertia for beams
and girders

- Find the mid-span flexibilities of the beams and girders (Aoj & Agp)

-  Determine the effective number of tee-

beams (Ne) B |l| W24x68 i_
- Determine mid-bay flexibility (Ap) v
- Establish footfall to weight ratio (Fun/W)
from Table 6.2
- Determine the footfall impulse parameter
(Fim)
- Find the corresponding pulse rise frequency
(f) ] R | { R 1 N
- Establish the vibrational frequency of the 3 = 3 = z
floor slab (fu)
- Determine pulse rise frequency to floor slab
frequency ratio (fo/fn)
- Find maximum displacement of the floor
(Xmax) A
- Find the constant corresponding to walker _ 4 — T—
weight and walking speed (Uy) | Wadnes v
- Determine the maximum vibrational Figure 20: Typical Interior Bay for O.R.
velocity of the floor (V) and compare to Spaces

allowable vibrational velocity as determined
in Table 6.1
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Lateral Force Resisting System Redesign
Introduction

The current site of St. Vincent Mercy Medical Center Heart Pavilion was chosen by the
owner because it was already owned by Mercy Health Partners and it is adjacent to the
main hospital. This structural depth will focus on the effects of using a higher response
modification coefficient to reduce seismic loads, thus reducing the number of lateral
resisting elements required to resist lateral loads within this poor soil site. Ideally, this
solution would optimize the lateral system while still meeting the demands of the
seismically controlled site.

The reduced beam section was not a very commonly used detail prior to the 1994
Northridge earthquake and the 1995 Kobe earthquake. However, after these two disasters,
it was observed that the welded connections within steel moment frames were
experiencing premature brittle fracture. As a result, the reduced beam section (RBS)
became more commonly used for seismically detailed connections.

The RBS configuration is a weakening method. It essentially forces yielding to occur in the
beam, away from the connection. This is done by reducing the plastic moment capacity of
the beam at a short distance from the column face. The design concept is to concentrate
damage at certain points that will not affect the gravity load carrying capacity of the
structure. The reduced flange portion of the beam can be thought of as a “structural fuse”
that dissipates energy by going through plastic deformation. By weakening this portion of
the beam, it is forced to yield before anything else. This allows the rest of the beam, the
columns, and connections to remain elastic. Figure 21 below illustrates this concept.

4 !
Reduced Flange Section
(“Structural Fuse”)

&

Remain Elastic

Figure 21: Design concept of RBS connections
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A higher response modification coefficient is permitted to use for an SMF system because of
the energy dissipation capacity of the structure. Since SMF’s are very flexible and can
dissipate energy very efficiently, seismic forces can be reduced by using a higher R value.
As seen in the table below, the special moment frame system will reduce approximately
38% of the base shear value.

Non-Seismic Steel Moment Seismically Detailed Steel
Frames (Existing System) Moment Frames (New System)
Response Modification 3 8
Coefficient (R)
Approximate Period
(CaT) 1.22 1.22
Seismic Response
Coefficient (Cs) 0.092 0.034

Structural Depth Design Goals
The goals of this structural depth are listed as follows:

- Reducing the number of steel moment frames required by using a higher
response modification coefficient.

- Reducing the base shear value in efforts to reduce the tonnage of steel used for
the lateral system.

- Reduce cost and construction time by using fewer frames of a more complex
system.

- Improve soil conditions by redesigning the foundation system with Geopiers.
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SMF (RBS) Design Codes

The codes used to design the SMF system are listed as follows:

American Institute of Steel Construction, Seismic Design Manual

American Institute of Steel Construction, Steel Construction Manual 13t Edition
American Institute of Steel Construction, Specification for Structural Steel
Buildings (AISC 360-05)

American Institute of Steel Construction, Seismic Provisions for Structural Steel
Buildings (AISC 341-05)

American Institute of Steel Construction, Prequalified Connections for Special
and Intermediate Steel Moment Frames for Seismic Applications (AISC 358-05)
Federal Emergency Management Agency, Recommended Seismic Design Criteria
for New Steel Moment Frame Buildings (FEMA-350)

SMF (RBS) Design Limitations

Use only standard wide-flange sections

Use in only flexurally controlled beam spans (L/d ratio > 5)

Do not reduce the flange by more than 50%

Ensure that the left and right sides of the beam and the top and bottom flanges
are symmetrically reduced
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SMF Design Considerations

The following considerations were taken into account during the preliminary layout of the
SMF system.

- Minimize the number of SMF’s placed on the interior of the building to ultimately
reduce interior member sizes.

- Keep the layout of the SMFs as symmetrical as possible to reduce torsion effects
from lateral forces.

- Orient the SMFs in such a way to keep the center of rigidity and center of mass as
close as possible to reduce torsion within the system.

After taking these ideas into account, the following SMF layout was designed:

e (Center of Rigidity

e Center of Mass

|h | First Floor Plan = Second Floor Plan

_| |.!_

==
IIEIJ;'“

Third Floor Plan Roof Plan

e
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SMF Design Process

Seismic forces in the X and Y direction were recalculated using the response modification
coefficient corresponding to special steel moment frames. A summary of seismic values are
provided in the table below.

Occupancy Category IV
Importance Factor (I) 1.5
Seismic Design Category C
Mapped Spectral Response Accelerations S
S$1=0.056
Site Class E
. Fa=2.5
Site Class Factors F,=3.5
Sms=Fa(Sa) 0.425
Sm1=Fv(51) 0.196
Sps=2/3(Swms) 0.283
Sp1=2/3(Swm1) 0.131
Response Modification Factor (R) 8 (special steel moment frames)
Deflection Amplification Factor (Cq) 5.5
Over Strength Factor (o) 3
Building Height Limitation Not Limited
Diaphragm Type Concrete filled metal deck
Diaphragm Flexibility Rigid
Ct 0.028
Cs 0.034

After calculating all of these seismic coefficients, the story forces were then calculated
based on the weight of each floor. Once this was done, the base shear and overturning
moment were determined as seen in Figure 22 below.

Base Shear and Overturning Moment Distribution

Story hy (f6) Wesitg%rty(k) haWx G Fe=CuV Vi(k) My (fe-K)
Roof 575 1093 97320 0174 118 118 6790
3 43 2917 188250 0337 228 347 14900
2 29 4074 169941 0304 206 553 16029
1 15 5136 103204 0185 125 678 10169
Main 0 6593 0 0.000 0 678 0
Total 57.4 19812 558715 1.000 678 47888
Base Shear = 678 k

Figure 22: Base Shear and Overturning Moment Distribution
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RAM Modeling of the New Lateral System

The Heart Pavilion was modeled in RAM Structural System in order to verify lateral forces

calculated by hand as well as ensure that the new lateral system was able to withstand

lateral forces while applied in 321 combinations. The same modeling assumptions were

made for the new lateral system model as were made for the existing system’s model. Note

that a 5% eccentricity was applied within the model to account for accidental torsion of

seismic loading.
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Relative Stiffness & Distribution Factors

Relative stiffness was computed using SAP 2000 for each frame using the concept that
stiffness is load divided by deflection. A one kip load was applied, the deflection was

measured, and the inverse was taken, thus producing the relative stiffness of that frame.

This procedure was carried out for each moment frame within the building and Figure 25
below was provided based upon this data.

X
Direction
AW N

Y
Direction

Frame

1

O© 0 3 O Ul

—_
o

Roof

26.9
31.2
30.6

20.1
20.1
20.9
18.7

Stiffness (k/in)
3rd 2nd
25.6 25.6
26.9 26.9
31.2 31.2
30.6 30.6
- 29.2
- 30.8
20.1 20.1
20.1 20.1
20.9 20.9
18.7 18.7

Distribution Factors

Figure 25: Frame Stiffness and Distribution Factors

First Floor Plan

"

Second Floor Plan

1st ROOf 3rd 2nd 1st
25.6 - 0.224 0.224 0.224
26.9 0.303 0.235 0.235 0.235
31.2 0.352 0.273 0.273 0.273
30.6 0.345 0.268 0.268 0.268
1.000 1.000 1.000 1.000
29.2 - - 0.209 0.209
30.8 - - 0.220 0.220
20.1 0.252 0.252 0.144 0.144
20.1 0.252 0.252 0.144 0.144
20.9 0.262 0.262 0.149 0.149
18.7 0.234 0.234 0.134 0.134
1.000 1.000 1.000 1.000

1

2 2
PEEE—— Illl_r-lli

I a
Y 00

| \ ===
\ ==

o \"-.L_ E.{',. il |

Third Floor Plan Roof Plan
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Center of Rigidity & Center of Mass

The center of rigidity was calculated by hand in order to verify the values obtained from
RAM Frame. This was done for all floors by multiplying frame stiffness by the distance the
frame is from the origin and dividing by the sum of all stiffness times the distance from the

origin. Figure 26 was provided based upon this data. The equations used are as follows:
Kiy*diy/ZKiy (for frames 1-4) Kix*dix/2Kix (for frames 5-10)

The intersection of column lines A and 1 are taken as x=0.00 and y=0.00, respectively.

Hand Calculations Ram Output % Difference
COR (ft) COR (ft) % Diff. x % Diff.
Floor XR VR XR VR XR VR
Roof 92.50 92.07 89.65 103.88 3.18 11.37
3 92.50 92.07 84.53 104.76 9.43 12.11
2 71.50 144.24 79.30 132.40 9.84 8.94
1 71.50 144.24 78.19 131.38 8.56 9.79

Figure 26: Center of Rigidity

The RAM output for the center of rigidity is very close to what was calculated by hand. The
variation is a result of ignoring the entrance canopies, pedestrian bridge, and openings in
the floors for the hand calculations. Therefore, it was concluded that the values obtained
from RAM Frame were satisfactory to use within this report.

Torsion Effects

A total building torsion analysis was done for lateral forces acting along the two major axes
of the building. Torsional moment due to seismic loading is caused by the eccentricity
measured from the center of mass to the center of rigidity. This torsional moment was
found in accordance with ASCE 7-05 §12.8.4.1. Accidental torsional moment was also
accounted for within the RAM model. Figures 27 & 28 provide a summary of the torsional
moment acting on each story for the North-South and East-West direction, respectively.

Torsional Moment Due to Seismic Loading
North-South Torsional Moment

Story Torsional
COM (ft) COR (ft) ex (ft) Story Force (k) Moment (ft-k)
Roof 84.05 89.65 5.60 114 638
3 74.79 84.53 9.74 271 2640
2 67.77 79.30 11.53 208 2398
1 69.20 78.19 8.99 130 1169

Figure 27: North- South Torsional Moment
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Torsional Moment Due to Seismic Loading
East-West Torsional Moment

Story Torsional
COM (ft) COR (ft) ey (ft) Story Force (k) Moment (ft-k)
Roof 97.00 103.88 6.88 114 784
3 102.42 104.76 2.34 271 634
2 132.04 132.40 0.36 208 75
1 157.03 131.38 25.65 130 3335

Figure 28: East-West Torsional Moment

Since the Heart Pavilion is categorized within SDC C, consideration of the torsional
amplification factor was required per ASCE 7-05 §12.8.4.2. These amplification factors
were found based on the total displacement of each story in the x, y, and z-directions. For
detailed calculations regarding the amplification factors for each story, please reference
Appendix C. Figures 29 & 30 show a summary of the amplification factors for each story in
the North-South and East-West direction. Since all of these values were less than 1.0, the
amplification factor was taken as 1.0.

Amplification Factor, A,

Story North-South Direction
Ox (in) 6z (in) dava (in) Omax (il’l) Ax
Roof 5.08 0.363 5.08 5.44 0.796
3 4.26 0.362 4.26 4.62 0.817
2 3.15 0.302 3.15 3.45 0.833
1 1.56 0.110 1.56 1.67 0.796

Figure 29: North-South Amplification Factor

Amplification Factor, A,

Story East-West Direction
Ox (in) 0z (in) dave (in) Omax (in) Ax
Roof 4.66 0.030 4.66 4.69 0.703
3 3.90 0.114 3.90 4.01 0.734
2 2.86 0.120 2.86 2.98 0.754
1 1.42 0.122 1.42 1.54 0.817

Figure 30: East-West Amplification Factor

Kristen M. Lechner Page 36



In order to spot check frame story force values obtained from RAM Frame, story forces for
all ten SMF’s were calculated by hand. To obtain the direct force on each story, the
distribution factor of the frame was multiplied by the total story force. Next, the torsional
force on each frame was calculated using the following equation:

e Cent fM
torsional force = Fi = My(kixi) /Ip + Mx(kiyi) /Ip enter of Mass

5 e Center of Rigidity

where My = torsional moment in the y-direction
My = torsional moment in the x-direction

ki = frame stiffness

x;i = distance of frame from x-axis

yi = distance of frame from y-axis
[=Ik+]y

The total forces for these frames are calculated by adding the direct force and the torsional
force. These forces were then multiplied by a factor of 1.0 because this is the LRFD load
factor for seismic loading.

By looking at the orientation of the SMF’s with respect to the center of rigidity and center of
mass, it would be expected that SMF 1, 4, 5, and 10 would take the most torsional force.
This conclusion is confirmed by the figures provided below.

Total Factored

Force Direct Force Torsional Force
Story (k) (k) (k) Force on Each
Story (k)
Fix=(Kix/XKix)F Fix=((Ki*xi)/Ip)M F=DF+TF
-- 114 -- -- --
Frame 1 3 271 60.7 3.079 63.8
2 208 46.6 2.254 48.8
1 130 29.1 1.675 30.8
Force Direct Force Torsional Force Total Factored
Story (k) (k) (k) Force on Each
Story (k)
Fix=(Kix/XKix)F Fix=((Ki*xi)/Ip)M F=DF+TF
Roof 114 34.6 1.162 35.7
Frame 2 3 271 63.8 1.550 65.3
2 208 49.0 0.902 49.9
1 130 30.6 1.045 31.6
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Story

Roof
Frame 3 3

Story

Roof
Frame 4 3

Story

Roof
Frame 5 3

Story

Roof
Frame 6 3

Force

(k)

114
271
208
130

Force

(k)

114
271
208
130

Force

(k)

114
271
208
130

Force

(k)

114
271
208
130

Direct Force

(k)

Fix=(Kix/ZKix)F
40.1
73.9
56.7
35.5

Direct Force

(k)

Fix=(Kix/ZKix)F
39.3
72.6
55.7
34.8

Direct Force

(k)
Fix=(Kix/ZKix)F

Direct Force

(k)
Fix=(Kix/ZKix)F

Torsional Force

(k)

Fix=((Ki*xi)/Ip)M
0.650
0.486
0.688
1.023

Torsional Force

(k)

Fix=((Ki*xi) /Ip)M
1.276
1.849
1.864
1.893

Torsional Force

(k)
Fix=((Ki*xi) /Ip)M

Torsional Force

(k)
Fix=((Ki*xi)/Ip)M

Total Factored
Force on Each
Story (k)

F=DF+TF
40.7
74.4
57.4
36.5

Total Factored
Force on Each
Story (k)
F=DF+TF
40.6
74.4
57.6
36.7

Total Factored
Force on Each
Story (K)

F=DF+TF

Total Factored
Force on Each
Story (K)

F=DF+TF
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Story

Roof
Frame 7 3

Story

Roof
Frame 8 3

Story

Roof
Frame 9 3

Story

Roof
Frame 10 3

Force

(k)

114
271
208
130

Force

(k)

114
271
208
130

Force

(k)

114
271
208
130

Force

(k)

114
271
208
130

Direct Force

(k)

Fix=(Kix/ZKix)F
28.7
68.3
29.9
18.7

Direct Force

(k)

Fix=(Kix/ZKix)F
28.7
68.3
29.9
18.7

Direct Force

(k)

Fix=(Kix/ZKix)F
29.8
70.9
31.1
19.4

Direct Force

(x)

Fix=(Kix/ZKix)F
26.7
63.5
27.8
17.4

Torsional Force

(k)

Fix=((Ki*xi)/Ip)M
0.827
0.637
0.138
1.056

Torsional Force

(k)

Fix=((Ki*xi)/Ip)M
0.256
0.424
0.117
0.147

Torsional Force

(k)

Fix=((Ki*xi) /Ip)M
0.412
0.541
0.674
0.805

Torsional Force

(k)

Fix=((Ki*xi)/Ip)M
0.743
0.698
0.692
1.597

Total Factored
Force on Each
Story (K)

F=DF+TF
29.6
69.0
30.1
19.8

Total Factored
Force on Each
Story (K)

F=DF+TF
29.0
68.7
30.0
18.9

Total Factored
Force on Each
Story (K)

F=DF+TF
30.2
71.4
31.7
20.2

Total Factored
Force on Each
Story (k)

F=DF+TF
27.4
64.2
28.5
19.0
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Member Contributions

In order to optimize the member sizes chosen for the special steel moment frame system,
the method of virtual work was used to calculate the contribution of each member within

the frame.

The following list represents a summary in the steps used in the virtual work method, as
presented in Structural Analysis using Virtual Work by F. Thompson and G. G. Haywood:

Forces applied at nodes, or at the ends of members, are considered to contribute
to external virtual work

Forces acting in members themselves are considered to contribute to internal
virtual work

¥ external virtual work = ¥ internal virtual work (where only applied forces are
considered)

A complete system of forces is represented by a capital letter; the actual system
is represented by a letter only; the virtual system is represented by a letter with
the subscript “i”

A complete pattern of displacements is represented by a lowercase letter, where
actual displacements and virtual displacements are distinguished as above

A virtual work operation is defined as the product: (Pi*p) or (m;*M)

The following procedure was followed to analyze the real work and virtual work done by
each moment frame to determine each member’s contribution within that frame:

% 1%(4) = ¥ J(Mim)/(EL)dx + Z(Fifil;i)/ (AE)
*

Beam Column
Contribution Contribution

where M = M; - (2Mix)/Li and m = m;- (2mix)/L;

1k (Ai) = 1/(E11L12) J;Ll[(MiLi-z MiX) (miLi-Zmix) dX] + (FifiLi)/(AE)

= 1/(ELL?) IOL'[(MimiLiz ~ 4MimiLix + 4Mimix?)dx] + (FifiLi)/(AE)

= 1/(EILiLi?) [(Mim;Li3) - (4Mim;Li(Li2))/2 + (4Mim;Li3) /3] + (FifiLi)/(AE)
= (Mimy)/(ELL#) [(Li*) - (4L:%)/2 + (4L*) /3] + (FifiLi) /(AE)

- (MimiL?)/(ELL2) [1 - 4/2 + 4/3] + (FifiL)/(AE)

= (MimiL;3)/(ELiLi?) [1 - 4/2 + 4/3] + (FifiLi) /(AE)

= 1/3(MimiLi3)/(EIiL12) + (FifiLi)/(AE)
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Frame Modeling in SAP 2000

To determine the force in each column and the moment in each beam within a particular
SMF, each frame was modeled using SAP 2000. The frame story shears calculated by hand
were applied to the corresponding stories as seen in Figure 31 with results for frame 3
shown in Figures 32 & 33. A one kip load case was also created to provide the frame
contributions for the virtual case as seen in Figures 34, 35, and 36 on the following page.

40.7k —»

744k —»

574k —»

365k —»

Figure 31: Frame 3 Story Shears

Figure 32: Moment Diagram (k-ft) Figure 33: Shear Diagram (k)
(Scaled at 1/125) (Scaled at ¥2)
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1kﬁ§

Figure 34: 1% Load Case

- F

Figure 35: Moment Diagram (k-ft) Figure 36: Shear Diagram (k)
(Scaled at 1) (Scaled at 100)

A
-
.

After obtaining the force in each column and moment in each beam within an SMF from the
SAP 2000 models, each member’s contribution was able to be determined based on the
following equation, as previously computed:

1k (A;) = 1/3(MimiLi3) /(ELiLi?) + (FifiLi) /(AE)

Figure 37 on the following page was provided to show the contribution of each member
within SMF 3. It was determined that the beams within the SMF’'s contribute
approximately 40% while the columns contribute approximately 60%.
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Member

Middle L. Beams
Beams

Rt. Beams

Frame 3

Col D-3 Col D-2 Col D-1
N N w

Col D-4
N

Roof

Beams
Col D-1
Col D-2
Col D-3
Col D-4

E
(ksi)
29000
29000
29000
29000
29000
29000
29000
29000
29000
29000
29000
29000

(ksi)

29000
29000
29000

29000

29000
29000
29000
29000
29000
29000
29000
29000
29000

29000

29000
29000

42.8%
16.4%
12.3%
12.4%
16.2%

Ix
(in)
2700
2700
1830

843
2700
2700
1830

843
2700
2700
1830

843

A
(in?)
56.8
56.8
42.7

42.7

75.6
75.6
51.8
51.8
75.6
75.6
51.8
51.8
56.8

56.8

42.7
42.7

M;

(ftk) (ft-k)

741
435
213
68
518
309
151
51
734
426
210
70

Fi (k)

12
7
17

7

21
22
13
7
22
21
14
11

8

m;j

3.88
2.96
2.69
1.42
2.75
2.13
1.82
0.92
3.89
2.98
2.51
1.23

fi (k)

0.03
-0.01
-0.03

0.21

-0.03
0.02
-0.01
0.32
-0.03
0.02
0.02
0.29
0.03

-0.03

0.03
0.17
1.00

Li
(ft)
25
25
25
25
35
35
35
35
25
25
25
25
L;
(ft
15
14
14

14.5

15
14
14
14.5
15
14
14
14.5
15

14

14
14.5

(MimiLi3)/(EliLi2)

Ai=1/3

+ (FifiLi) /(AE)

(MimiLi3)/(EIiLiZ)

0.00031
0.00014
0.00009
0.00003
0.00021
0.00010
0.00006
0.00002
0.00030
0.00014
0.00008
0.00003
Ai=1/3

+ (FifiLi)/(AE)

2 A=

0.00031
0.00014
0.00008

0.00005

0.00021
0.00010
0.00006
0.00006
0.00021
0.00010
0.00006
0.00006
0.00031

0.00013

0.00009
0.00004
0.00538

Member
Contribution

8.66%
3.88%
2.55%
0.93%
6.01%
2.78%
1.71%
0.63%
8.60%
3.83%
2.34%
0.83%

Member
Contribution

8.75%
3.86%
2.39%

1.42%

5.97%
2.85%
1.65%
1.80%
5.97%
2.86%
1.82%
1.72%
8.69%

3.77%

2.48%
1.23%
100%

Figure 37: Member Contribution of SMF 3
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Seismic Design Forces

Once the member sizes were finalized based on member contribution analysis, hand
calculated story forces and shears were compared to the values given by the RAM model.
Please reference Figure 38 below for a summary of the percent difference in hand
calculations and the computer model.

Seismic Design

Story Loads (k) Story Shears (k)
Stor Hand RAM % Hand RAM %
y Calculations Output Difference Calculations Output Difference
Roof 118 114.74 2.92 118 114.74 2.92
3 228 271.76 15.95 347 386.50 10.35
2 206 207.98 0.85 553 594.48 7.03
1 125 130.33 391 678 724.81 6.47
Total Base
Shear (k) 678 724.81 6.47
Overturning
Moment 47,888 51,329 6.70
(ft-k)

Figure 38: Story Forces for Seismic Design

Once the final design of the lateral system was complete, RAM Frame was used to ensure
the interaction equation for each member was less than 1.00. The interaction equation for
a member is calculated by taking the ratio of load to capacity for the controlling load case.
The contributions of both axial load and moment are taken into account in the interaction
equation. Figure 39 below shows a color coding of each lateral member’s interaction

equation.

Load/Capacity
Ratio

Figure 39: Lateral System Model Displaying <0.40

Load/Capacity Ratio 0.40-0.50
0.50-0.60
0.60-0.70
0.70-0.80
0.80-0.90
0.90-0.95
0.95-1.00
>1.00
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Redundancy

Figure 40 represents the contribution of each frame’s resistance to seismic forces for both
orthogonal axes of the building.

SMF 1
21%
!
SMF 5 SMF 6
10% 10%
SMF 7
20%
\ VIE 3 SM ql SMF 10
\| 132% — H-21%-- 19%
EQX — |11 —
Eqv 1 ML —=
SMF 4
25%

Figure 40: Distribution of Lateral Forces among SMF’s

Even though this structure is categorized within SDC C, checks were made in accordance
with ASCE 7-05 §12.3.4.2 to ensure that a redundancy factor of 1.0 is acceptable for design.
Since none of the SMF’s are resisting more than 33% of the base shear, the redundancy
factor is not required to be taken as 1.3. Therefore, the use of 1.0 for the redundancy factor
is justified.
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Seismic Drift

Drift is an important serviceability requirement that can cause several problems within a
building if the limitations are not met. Seismic drift is addressed in ASCE 7-05 and is
limited based on the occupancy category of the building. St. Vincent Mercy Medical Center
is classified as occupancy category 1V, therefore the allowable story drift is limited to
0.015hs since the Heart Pavilion is only four stories.

As seen in Figure 41, story drift values were obtained from RAM Frame and compared to
the allowable values obtained from the following equations.

Ox = Cdsxe/l
Aa = 0.015hsx

Total Story

Story Drift Drift e rx
(in) (in) Drift (in)

Roof 5.08 0.82 3.01
3 4.26 1.12 4.09
2 3.15 1.59 5.83
1 1.56 1.56 5.70

Figure 41: Seismic Story Drift

(12.8-15)

(Table 12.12-1)

Amplified Reduction

(CuTa)/Tx

1.27
1.73
2.47
2.42

AN AN AN A

Allowable
Story Drift

(in)
2.61
2.52
2.52
2.70

OK
OK
OK
OK

A soft story can also cause serviceability issues and should be addressed during the
structural design. A soft story is defined as being 70% as stiff as the floor immediately
above it, or less than 80% as stiff as the average stiffness of the three floor above it. Figure
42 below checks the soft story status of the newly designed lateral system for St. Vincent
Mercy Medical Center Heart Pavilion.

Story Story Drift Ratio

Roof 0.00471
3 0.00664
2 0.00946
1 0.00864

0.7 x Story
Drift Ratio

0.00330
0.00465
0.00663
0.00605

Figure 42: Soft Story Check

0.8 x Story Drift

Ratio

0.00377
0.00531
0.00757
0.00691

0.00694

Avg. Drift Ratio
next 3 Stories

Soft Story
Status

No
No
No
No
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Horizontal & Vertical Irregularities

After the design of the SMF system, it was necessary to check if there were any horizontal
or vertical irregularities within the newly designed lateral system. The following table
summarizes the irregularity status per ASCE 7-05 §12.3.2.1.

" Irregularity Type Comment Status
2 Upon completion of the RAM Model,
'5 Torsional irregularity does not exist. Please reference OK
= Appendix C for detailed calculations
?:D Re-entrant Corner This irregularity does not apply to SDC C OK
= Diaphragm By looking at the floor plans, irregularity OK
Tj Discontinuity does not exist
§ Out-of-Plane Offsets By looking at the floor pl:.ms, irregularity OK
= does not exist
é N Parelliell Systeer All lateral force resisting framgs are parallel OK
to the orthogonal grid
Upon completion of story drift check,
Stiffness-Soft Story irregularity does not exist (Reference OK
Seismic Drift Section)
g Roof Wt./Adjacent Story Wt.=
:*E Weight Mass = 44psf/108 psf < 150% OK
o Reference Appendix A for story weights
?)n Vertical Geometric Al SMF’s are uniform throughout the entire -
= height of the building
- In-Plane Discontinuity
_§ of Vertical Lateral By looking at the floor plans, irregularity OK
E Force Resisting does not exist
= Element
Discontinuity in Member sizes are increased going down the
building, therefore there is higher strength OK

Lateral Strength

at the lower floors

Kristen M. Lechner
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RBS Connection Design

The chance of web local buckling and lateral torsional buckling within RBS beams is
increased due to reducing the stiffness of the flange. For this reason, the web local buckling
criterion has been modified as shown below:

Change to 418

h/tw < (520)/VEy[1-(1.54P)/(OPy)]

The four basic design concerns for an RBS connection are:

Determining the moment at the plastic hinge of the beam
Determining the moment at the column face

Ensuring the “strong column-weak beam” criterion is met
Ensuring the panel zone strength of the column is adequate

The “strong column-weak beam” criterion can clearly be met based on member selection.
However, if the panel zone strength of the beam to column connection is not adequate, it
can produce a much more detailed connection. A panel zone is a flexible component whose
deformation can contribute to the overall frame displacement. Please reference Figure 43
to view a diagram of internal forces acting on a panel zone.

W, L

@l\v

V3 .
= -
o : ; )
M Vq ! \
1P 1: Panel }

— [ o] Zone To « -
| \ 2
| \
| | V2 M,

o | K
[ —

' Va

o,
3

Figure 43: Internal Forces Acting on a Panel Zone
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The beam moments can be replaced with flange forces, as seen in Figure 44, if the following
assumptions are made:

- the flanges resist 100% of the moment
- the distance between the centroid of the flanges equals 95% of the beam depth

¢
@

M
M1/(0.95dw) | |y,

M2/(0.95ds2)

«
BN Sl g
' [ I
P, ! | Panel |
~ 4’0} Zone :DHPZ%
: v
| |
e} ljio
‘—V4 >
M1/(0.95d1) M2/(0.95dw2)
Py M,

Figure 44: Internal Forces Acting on a Panel Zone

The required shear strength of the panel zone is then defined as follows:
Vpz=M1/(0.95dp1) + M2/(0.95dw2) - V3

Note that since V3 (shear in the column) reduces the shear within the panel zone and it is
very small in magnitude with respect to the first two terms, it is typically ignored.

Columns within a special moment frame are designed to avoid axial yielding, buckling, and
flexural yielding. The “strong column-weak beam” criterion ensures that:

- Energy-dissipation capacity is improved

- Plastic hinge is formed within the beam

- Seismic resistance of the frame is increased
- Soft story formation is prevented
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Typical Frame for Design

Frame 3 was chosen for the typical RBS connection design because it
resists the largest portion of the base shear in the x-direction.
Therefore, it was assumed that this frame represents the most critical
loading case. Three different alternatives for the interior beam to
column connection were designed for comparative purposes. The
three alternatives for the interior connection and column splice
design are discussed in the following section.

=
al
Iji

ML

A typical reduced beam section connection was designed and detailed for the conditions
shown in Figure 45 per requirements stated in the AISC Seismic Design Manual. Please
reference Appendix D for detailed calculations on the design of the RBS connections.

Figure 45: Elevation of SMF 3

ROOF W21x44 W21x44 W21x44 _
] Column Splice
o = = > = |~ Connection
<t = =¥ =
S : : , %
o - W24x68 W24x68 W24x68 )
ILEVEL 3 Interior Beam to
Column Connection
: 4
LEVEL 2 W24x94 W24x94 I W24x94 Exterior Beam to
Column Connection
i)
4
LEVEL 1 W24x94 W24x94 | W24x94 1y
— 0 )
o I~ SN Rl
[ep} iTs] L oy}
_ — ™~ (o8] —
o g g g s
— — — —
= = = =
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Interior Beam to Column RBS Connection

Alternative I

Figure 46 represents the first alternative for the SMF beam to column connection.
utilizes a W24x94 beam and W14x211 column with a 1” web doubler plate and a pair of
1”x5” full depth transverse stiffeners. Please reference Appendix D for detailed

calculations on the connection design for this configuration.

In order to accommodate a smaller column size, a lot of stiffening is required. Seismic
shear buckling requirements of the panel zone within this particular configuration were
met. However, a web doubler plate was needed as the panel zone shear was too large to be
resisted without reinforcement. In addition, full depth transverse stiffeners were needed

to resist panel zone web shear and tensile/compressive flange forces.

7 F
—
‘%—_—_— :_—_—_—_—_—_—:_—:_—_—_—_—_—%
_ -4 n =
5 1-8" e
2PL 1"x5"x12 15", A36, AT !
EACH BEAM FLANGE WITH (2) \I\
x3 : 17f 16
3'x3"CORNER CLIP EACH \ | 7}(16 P
TYP,) T, | CJP TOP
! | /_< & BOT.
= i =
o : ! : a
| |
| . :/43“’
= | of =
| | ! &' SINGLE PL
| | CONNECTION
o | , L
= | =
PL, A36, ]
1"x12 2"x31 T ' \W24x94 BEAM
CIP TOP . / ! \BDLTS AS REQUIRED
& BOT. >J \l\ FOR ERECTION
i W14x211 COL.

NOTE: PROVIDE LSXSXL% KICKERS
TO BRACE BOTTOM BEAM
FLANGE AT MAX SPACING OF &'

Figure 46: RBS Connection Design- Alternative |
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Alternative I1

The second viable configuration for the SMF beam to column connection is a W24x94 beam
and W14x233 column. By utilizing this column size, the panel zone web shear and
tensile/compressive forces on the flange were able to be resisted. Therefore, the need for
the pair of full depth transverse stiffeners was eliminated. However, the shear strength of
the panel zone was still inadequate. Therefore, the 1” web doubler plate is still required for
this connection as shown in Figure 47.

—
‘%_____ :::____::____:____::__%
L] 1. -
7 1-6" 9

CJP TOP
& BOT.

T

a

~cp

J

N

“=

2" SINGLE PL
CONNECTION

o

SE——
. RIZ“ﬁ

PL A36, \
! W24x94 BEAM

_.--'-""-f,
1"x12&"x3 18"
/ | "-BOLTS AS REQUIRED
CJpP TOP ! \FOR ERECTION

& BOT. \I\
|
|

W14x233 COL.

NOTE: FROVIDE LSXSXI% KICKERS
TO BRACE BOTTOM BEAM
FLANGE AT MAX SPACING OF 8'

Figure 47: RBS Connection Design- Alternative 11
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Alternative II1

In order to obtain a “clean column” configuration, the column size was increased to a
W14x257. By utilizing a larger column size, the panel zone is strong enough to resist all
forces acting on it. As seen in Figure 48, there is much less detail incorporated into the
connection. Please see Appendix D for detailed calculations on the design of this
connection.

——_—
L?._—_—_ :______________________:__:_L/r
L — 1II =
| 7 1-6" s
|
|
| CJP TOP
| & BOT.
= -
a I I o
I I
| |/-<CIP
| |
< | o 7
| | |7 SINGLEPL
| | | CONNECTION
A R N A
= | >
| \W24x94 BEAM
| “-BOLTS AS REQUIRED
| \jOR ERECTION
% W 14x257 COL.

NOTE: PROVIDE LSXSXISG' KICKERS
TO BRACE BOTTOM BEAM
FLANGE AT MAX SPACING OF 8

Figure 48: RBS Connection Design- Alternative I1]
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RBS Connection Selection Based on Economy

The figures below were prepared to draw conclusions on which connection configuration is
the most economical detail for the newly designed lateral system.
configurations were compared with respect to equivalent weight of steel.

Basic Design Rules for Economy

Item
1 Pair of Groove Welded Stiffeners 300
1 Groove Welded Doubler Plate 300
Connection Stiffening Equivalent Wt. Total
Configuration Requirement of Steel (1bs) Column
g 1 Wt. (Ibs)
1 Pair of groove welded
Alternative I stiffeners & web 600 6963
doubler plate
Alternative II 1 web doubler plate 300 7689
8481

Alternative III No stiffening required =

First, the three

Equivalent wt. of steel (1bs)

Total Column Wt.
+ Add'l Wt. for
Stiffening (1bs)

7563

7989

8481

After speaking with the steel fabricator for the Heart Pavilion, the comparison was taken
one step further by comparing the fabrication time and cost of each alternative as shown

below.
Connection Stiffening Beam End Flang_e Stlffe_nmg Req. T(_)tal_
Configuration Requirement Prep (hrs) Reduction + Single PL Fabrication
g 9 P (hrs) (hrs) (hrs)
1Pair of groove
. welded stiffeners
Alternative I & web doubler 2.4 1.5 3.8 7.7
plate
Alternativeny ~ © Web doubler 2.4 15 2.3 6.2
plate
Alternativernn o stiffening 2.4 15 0.9 48
required
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Total

Connection Stiffening S
Configuration Requirement Fabrication
g g (hrs)
1Pair of groove
. welded stiffeners
Alternative I & web doubler 7.7
plate
Alternative II 1 web doubler 6.2
plate
Alternative III e stlffemng 4.8
required

Cost Total (per
($/Fab. hr.) connection)

45.00 $347
45.00 $279
45.00 $216

Upon completion of the comparison with respect to fabrication cost, it was concluded that
the best connection solution is alternative IIl. Using the W14x257 column eliminates the
need for any stiffeners or doubler plates and requires approximately 60% of the fabrication

time of alternative L.

Exterior Beam to Column RBS Connection

The connection for the end bay of the SMF was also
designed in accordance with the Seismic Design
Manual. A W14x193 column size was used in order
to avoid stiffening of the column, based on
conclusions drawn with respect to fabrication time.
The final design is shown in Figure 49.

The design approach for this configuration was the
same approach followed for the design of the
interior connections. However, since there is only
one beam framing into the column, the amount of
moment that the column is required to resist
changes. For this reason, detailed calculations are
available only upon request. Please refer to
Appendix D for detailed calculations of the interior
beam to column RBS connection design.

——
:____________:________:____%
4 A 1.
5 1.6" &

CJP TOP
& BOT.

=CIp
o ~

2" SINGLE PL
CONNECTION

a

sl

M.

\W24X‘Jﬁl- BEAM
"-BOLTS AS REQUIRED
I

\fOR ERECTION
W14x193 COL.
I

NOTE: PROVIDE LSXSXISS KICKERS
TO BRACE BOTTOM BEAM
FLANGE AT MAX SPACING OF 8’

Figure 49: RBS Connection Design-
Exterior Column
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Typical Column Splice

|
Column splices were designed in accordance with AISC ’
341-05 §8.4. This connection was designed based on the
required axial, flexural, and shear strength of the splice.
The maximum length of the weld access holes were
determined to ensure that the shear strength of the web (|

splice is developed through shear yielding. Please refer : 1:12":
to Figure 50 to view a detail of a typical column splice for MAX TYP.

the newly designed lateral system.

A~

_~W14x176

L=

L ——~<qp

-

s
Iy

T WELD ACCESS HOLE

PER SPECIFICATION
N SECTIONJLG (TYP)

™,
N,

\W14x257

Figure 50: Typical SMF Column Splice

Diaphragm & Collector Elements

Diaphragms and collector elements were beyond the scope of this report, but were
addressed briefly. Figure 51 shows a plan of the first floor with all SMF’s shown. Collector
elements are not typically used with a moment frame system as lateral forces will not tend
to concentrate into the frames. Collector elements become more critical when utilizing
braced frames. In addition, the SMF’s for the Heart Pavilion are oriented in such a way that
the diaphragm will distribute lateral loads uniformly.

HE——

- d

w; B

Figure 51: First Floor Plan Displaying SMF Layout
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SMF Design Conclusion

The number of steel moment frames required to resist lateral forces was significantly
reduced by utilizing a seismically detailed system. The following figures provide a
comparative summary of the existing and redesigned lateral system with respect to
tonnage, and density.

The ratio of the tonnage of steel used is approximately 41% of the existing system. The
reduction in base shear using the SMF system is 38%. Therefore, it can be concluded that
the reduction in base shear is proportional to the reduction of steel used.

Lateral System Tonnage of Steel Density of Steel (psf)
Existing System 610 7.98
Redesigned System 248 3.22

Lateral + Gravity System Tonnage of Steel Density of Steel (psf)
Existing System 894 11.69
Redesigned System 678 8.80

After speaking with the steel fabricator for the Heart Pavilion, the typical billing rate per
fabrication hour was obtained. As seen in the comparison above, the seismically detailed
connections take twice the amount of time to fabricate. However, since there are fewer of
them, the overall system is more cost efficient.

# of # of Fabrication Cost

Lateral System MF’'s Connections Time (hrs) ($/Fab. hr.) Total
Existing System 19 636 2.4 Ea. 45.00 $68,688
Redesigned System 10 170 4.8 Ea. 45.00 $36,720

Please refer to the Construction Management Breadth Study Section of this report on page
67 for a more detailed comparison of the cost and construction time for these two systems.
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Geopier Design
Introduction

Geopiers are an intermediate foundation system that is used in poor soil regions to provide
vertical reinforcement to the soil. It was developed by Dr. Nathaniel Fox in 1984. The basic
concept is that the poor soil is replaced with stronger and stiffer materials, such as graded

aggregate or granular materials.

The properties of Geopiers are gained by the construction process. This process is carried
out as follows:

- Removal of a volume of the poor soil by drilling a hole or excavating with a
backhoe

- Construction of the bottom bulb by prestraining and prestressing the soil

- Forming the Geopier shaft by compacting thin lifts of well-graded aggregate
using a “ramming” action

As the beveled tamper rams the aggregate into the cavity to form the Geopier shaft, lateral
stress is built up within the surrounding soil. This buildup over-consolidates the soil,
resulting in a stiffened Geopier element and soil mass. Please reference Figures 52 & 53 to
view a diagram of the construction process.

ier Construction Process
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Figure 52: Detail of Ramming Process Figure 53: Geopier Installation
Photo courtesy of www.farrellinc.com Photo courtesy of www.farrellinc.com
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For a long time, shallow foundations or deep foundations were the only popular choices
widely used in building projects. Now, it is no longer a choice of an inch or a mile, there is
an intermediate choice. Geopier Intermediate Foundations can be used in poor soil regions
to improve the soil or in high-quality soil regions to accommodate unusually high
compressive loads. This system has three great advantages over deep foundations:

- More cost efficient
- Quicker installation
- Can be installed in poor weather conditions to facilitate schedule

The more that soil is confined laterally, the stronger it is and the less compressible it is. For
this reason, settlement is minimized by using a Geopier system. In addition to this benefit,
bearing capacity of the soil is actually increased. Bearing capacity does not come from the
soil directly underneath the foundation; rather, it comes from the soil alongside the
foundation that keeps the soil underneath from squeezing out. Therefore, if the soil
alongside the foundation is made stronger, bearing capacity is ultimately increased. As the
Geopier elements settle, the aggregate within the shaft begins to bulge out creating even
more lateral pressure within the surrounding soil.

Geopier Design Steps
The main design steps for a Geopier Intermediate Foundation System are as follows:
Geopier Footing Capacity

- Establish allowable bearing capacity of the soil from the geotechnical report

- Determine soil properties to a depth five times deeper than the spread footing
width

- Determine soil consistency to a depth five feet deeper than the cavity depth to
find the stiffness modulus of the Geopier element and the allowable footing
bearing pressure

- Estimate soil capacity, allowable footing bearing pressure, and Geopier stiffness
modulus using the Standard Penetration Resistance (N-values)

Settlement Analysis

- Determine upper and lower zone of the Geopier element (reference Figure 54)

- Estimate the elastic modulus of the soil by the N-values and the cone penetration
results

- Measure compressibility characteristics of cohesive soils from consolidation
testing
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The upper zone is defined as the depth of the Geopier element underneath the
footing. The settlement contribution of this zone is primarily a function of the
stiffness modulus of the Geopier and the concentrated stress on the Geopier.
The lower zone is defined as the depth of soil below the Geopier that is
influenced by the loaded area of the footing.

As seen in Figure 55, the Geopier element acts as a stress sink. This means that
the actual stress on the Geopier element is much greater than that on the soil.

! B i
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o~ uN |-
5l " RSP — INTERFAGE— —
f
5 =DEFLECTIONQ Y : RIGIDEEATE
SOFT SPRING SOFT SPRING
N K= x pel K= % pel
RIGID SURFACE
SYIFF SPRING
Kgg 10x pel
i e BOTOMOELZ; i==t== STIFF SPRING ANALOGY
Figure 54: Upper and Lower Zone Figure 55: Stiff Spring Analogy
of Geopier Element of Geopier Element
Uplift Capacity

- Establish the effective friction angle of the soil from the geotechnical report

- Determine the coefficient of passive earth pressure, K, to estimate the normal
stress on the Geopier element

- Uplift capacity is typically taken as the successful uplift load test values divided
by a safety factor of 1.5

Kristen M. Lechner Page 60



Lateral Load Resistance

- Find the stiffness ratio of the Geopier element to the soil to calculate stress
concentration due to dead load on the Geopiers
- Perform lateral sliding analysis

Slope Stability

- Determine undrained shear strength of the soil from the geotechnical report
- Perform slope stability analysis

Strength History

- Clarify if soils were previously exposed to prestressing as this will decrease
settlement potential of the Geopier elements

Groundwater
- Locate the water table as this may require the use of special aggregate
Failure Modes

The main failure modes that are considered in the design of a Geopier Intermediate
Foundation System are shown in Figure 56 (all images courtesy of GeoStructures, Inc.):
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i, gl
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Bulging failure of individual Geopier Shearing below the tips of Geopier

Elements Elements

S — - -

"y %]

Shearing within the Geopier- Shearing below the bottom of the
reinforced soil matrix Geopier-reinforced soil matrix

Figure 56: Failure Modes of a Geopier Element
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Aging of Geopier Element and Surrounding Soil

The capacity and stiffness modulus of a Geopier element is the lowest immediately after it
is placed. This is due to pore pressure buildup during the installation process. As this pore
pressure dissipates near the perimeter of the Geopier, effective stresses increase. As a
result, effective lateral stress is increased over time, creating a stiffer and stronger Geopier
element over time. The only anomaly is the rare situation of clay soils that exhibit negative
pore water pressure.

Final Geopier Intermediate Foundation System Design

After using the RAM Model to determine the axial force in the columns due to gravity and
lateral loads, the following design was provided by Geostructures, Inc.

Footing Footing Geopier Geopier No. of Geopiers Quantity
Width (ft) Length (ft) Diameter (in) Length (ft) under Ftg.
35 3.5 30 8 1 19
4.0 4.0 30 10 1 3
5.0 5.0 30 8 2 5
5.5 5.5 30 10 2 1
6.0 6.0 30 14 2 1
6.5 6.5 30 14 3 9
7.0 7.0 30 14 3 3
7.5 7.5 30 9 4 2
7.5 7.5 30 14 4 4
7.5 7.5 30 16 4 1
8.0 8.0 30 10 4 11
8.0 8.0 30 15 5 5
8.5 8.5 30 10 5 3
8.5 8.5 30 11 5 2
9.0 9.0 30 11 5 2
9.0 9.0 30 11 6 2
9.0 9.0 30 12 5 2
9.0 9.0 30 15 6 2
9.5 9.5 30 12 6 1
10.0 10.0 30 13 7 4

Please refer to Appendix E to view the newly designed foundation plan and the calculations
from GeoStructures, Inc. For an enlarged plan and section view of the Geopier elements for
SMF 3, please reference Figures 57 & 58 on the following page.
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BREADTH STUDY I: FACADE STUDY

In the original design concepts, a surgery suit and conference spaces were located on the
third floor. To provide natural day lighting to these spaces, a curtain wall was utilized
along this entire level as seen in Figures 59 & 61. However, the surgery space was later
moved to a lower floor and patient rooms were added in its place. Since the functionality of
the third floor became just like the floors below it, this breadth study will focus on changing
the curtain wall system to the brick facade used on the lower levels as shown in Figures 60
& 62. These two wall systems will then be compared with respect to the thermal gradient,
cost, and construction time.

Figure 59: Existing Facade- Figure 60: Redesigned Fagade-
View from Entrance View from Entrance

Figure 61: Existing Facade- Figure 62: Redesigned Fagade-
View from Main Street View from Main Street

Thermal Gradient Comparison

The thermal gradient for both wall systems was determined by establishing the thermal
resistance (R-value) for each material within the wall. The R-values for the brick veneer
system were determined in accordance with the 2001 ASHRAE Handbook —
Fundamentals. The curtain wall system is a Kawneer 1600 Wall System and the R- value
was determined from the product specifications. Once the R values were known, the
temperature difference between materials was determined by the following equation:

Tx = Toutdoor + (Tindoor - Toutdoor) (ZRO-X/ZRo—i)
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The following assumptions were made for these calculations:

- The outdoor air temperature (Toutdoor) Was taken as 0°F

- The indoor air temperature (Tindoor) Was taken as 70°F

- The relative humidity was taken as 50%

The thermal gradients for the brick veneer and the curtain wall system are shown in

Figures 63 & 64. Please refer to Appendix F for detailed calculations showing how these

values were determined.

Between Y Rox
Material (°F ft2 h/BTU)
0-1 0.17
1-2
(brick) 0.28
2-3
(air space) L%
3-4
(vegetable 2.86
board)
4-5
(batting 21.86
insulation)
5-i 22.54
23.10
u 0.0433
(BTU/°F ft2 h) )
Between Y Ro-x
Material (°F ft2 h/BTU)
0-1 0.17
1-2
(glass panel) 2.80
2-3
(air space) SR
3 6.58
(glass panel) '
7.09
U
(BTU/°F ft2 h) 0.141

Temperature
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8.67
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Figure 63: Thermal Gradient for
the Brick Veneer System
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the Kawneer 1600 Wall System

Kristen M. Lechner

Page 65



Cost & Construction Time Comparison

A rough estimate of cost and construction time of the brick veneer system and the Kawneer
1600 Curtain Wall system were prepared using RS Means. The estimate for the brick
veneer system is solely base on square footage and does not include cost for scaffolding,
grout, or horizontal reinforcement. For a more in depth estimate, scaffolding would need
to be considered as it would take time to set up. However, for the purposes of this breadth
topic, a simple square footage analysis is sufficient. This estimate is summarized in the
table below.

. Time of
Wall S.F. Cl:ew Material Labor Total Daily Construction
System Size Output

(days)

Brick 3 Brick  $470.25 $758.25 1900
Veneer 178 Layers ($/MSF) (§/MSF) ‘8820  op 4
Curtain 2 30.49 6.94
wall Y78 Glagiers ($/SF)  ($/sF) 268673 195SF 37

Conclusion

The thermal gradient of the brick veneer wall is very gradual due to the batting insulation
used within the system. Upon comparison of the heat transfer values (U-values), the
curtain wall system transfers approximately 30.7% more BTU/hr than the brick veneer
system. Therefore, it can be concluded that utilizing the brick veneer system on the third
floor would minimize heat loss within patient rooms. Ultimately, occupant comfort would
be improved by utilizing this system.

In addition, the brick veneer wall is more cost efficient with respect to construction time.
As previously stated, this cost estimate was only based on square footage and scaffolding
would need to be considered for a more accurate comparison. However, it can still be
concluded that the installation of the brick veneer system is more efficient than that of the
curtain wall system. It is recommended that the brick veneer wall system be implemented
for the facade of the third floor.
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BREADTH STUDY II: CONSTRUCTION MANAGEMENT

Utilizing the Geopier System will impact when the first sequence of steel erection can begin.
Since this system is intermediate, it does not require as much excavation as a deep
foundation system. Ideally, this will save significant time on the construction schedule
which will ultimately allow the Heart Pavilion to open sooner.

Implementing seismic detailing of the lateral system will affect the construction schedule of
the Heart Pavilion. Welders with a higher level of qualification would be required to install
the seismically detailed connections. In addition, highly qualified inspectors must be
available for regular visits during construction to ensure that the seismic detailing is being
constructed properly.

For these reasons, a cost and schedule analysis was prepared for both the existing
foundation and lateral systems, and the redesigned foundation and lateral systems.

Construction Schedule of the Existing Structural System

The existing structure of the Heart Pavilion was scheduled to
start on August 1, 2008. However, due extensive labor
required to install the deep foundation system, the steel

SEQ.1 |
erection was delayed until August 24, 2008. Q

The steel erection plan is divided up into six sequences for the
building. Since this facility is only four stories high, one
sequence was completed from the main floor to the roof before
moving on to the next sequence. This sequencing plan is

shown in Figure 65. SEQ. 6 \ | :
SEQ. 3 |

SEQ. 2

After talking with the steel fabricator and erector for the Heart !
Pavilion, a mock schedule for the foundations and steel |
structure was created for the existing system. A summary of SEQ.4 | SEQ.5 ™
the construction time is provided in Figure 66 on the following
page. Please refer to Appendix G to view a more detailed
construction schedule.

KEY PLAH

Figure 65: Sequencing Plan

Construction Schedule of the Redesigned Structural System
The redesigned structural system follows the same sequencing plan as shown above.

A lot of construction time was saved by utilizing Geopiers and the SMF system. This result
makes sense as the Geopier elements can be installed at an approximate rate of 30 per day.
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The Geopier elements are considered an intermediate foundation system; therefore, they
do not require nearly the amount of excavation of a drilled caisson system.

In addition, a lot of field labor was saved by using a SMF system. This system requires a
total of 170 moment connections as opposed to the 636 required by the existing lateral
system. As a result, the duration of detailing on site was significantly reduced. Please see
Appendix G for a more detailed construction schedule of the redesigned structural system.

Please refer to Figure 66 to view a side by side comparison of the construction time for the
existing and redesigned system.

Existing System Redesigned System Savings
Component (days) (days) (days)
Foundations 92 44 + 48
Structural Steel 119 88 +31
Connections 56 17 + 39
Total +118

Figure 66: Construction Time Comparison

Cost Estimate of the Existing Systems

Foundations
Foundation Amount Material Cost Labor Equipment Total
Component Cost Cost
Footings 17 C.Y. 100/C.Y. 12.70/C.Y. 0.41/CY. $1,923
Caissons 1385 C.Y. 100/C.. 8.70/C.Y. 3.24/CY. $155,037
Grade Beams 478 C.Y. 106/C.Y. 10.15/C.Y. 0.33/C.Y. $55,677
$371,344
Gravity System
Pounds of Tonnage Material Labor Equipment
[tem Steel of Steel ($/ton) ($/ton) ($/ton) i)
Beams 547,063 274 2,250 375 130 $754,870
Columns 20,042 10.0 2,250 375 130 $27,550
$782,420
Lateral System
Pounds of Tonnage Material Labor Equipment
Item Steel ofSteel  ($/ton)  ($/ton)  ($/ton) R
Beams 690,027 345 2,250 375 130 $950,475
Columns 530,154 265 2,250 375 130 $730,075
$1,680,550
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Connection Fabrication

, # of Fabrication Cost
# of MF's Connections  Time (hrs) ($/Fab. hr) leiz]
19 636 2.4 Ea. 45.00 $68,688
Connection Installation
Installation Installation Cost Total
Time (days) Time (hrs) ($/Labor hr)
56 448 $67.20 $30,106
Cost Estimate of the Redesigned Systems
Foundations
Foundation Mobilization = Modulus Material &
. Total
Component (%) Test ($) Installation ($)
Geopiers 25,000 15,000 150,000 $190,000

The cost of the Geopier Foundation System was provided by GeoStructures, Inc.

Gravity System
Pounds of Tonnage Material Labor Equipment
[tem Steel of Steel ($/ton) ($/ton) ($/ton) ey
Beams 763,333 382 2,250 375 130 $1,052,410
Columns 96,508 48.3 2,250 375 130 $133,067
$1,185,477
Lateral System
Pounds of Tonnage Material Labor Equipment
Item Steel ofSteel  ($/ton) | (§/ton)  [§/ton) R
Beams 179,495 89.7 2,250 375 130 $247,124
Columns 317,449 159 2,250 375 130 $438,045
$685,169
Connection Fabrication
, # of Fabrication Cost
o oLl Connections Time (hrs) ($/Fab. hr) Waite)
19 170 4.8 Ea. 45.00 $36,720
Connection Installation
Installation Installation Cost Total
Time (days) Time (hrs) ($/Labor hr)
17 136 $67.20 $9,140
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Seismically detailed connections require inspection after they are installed. For this
reason, a highly qualified inspector will carry out ultrasonic testing on the RBS connection
welds after each sequence of detailing is complete. Ultrasonic testing allows the inspector
to determine if subsurface defects exist within the weld that cannot be seen by any other
inspection method. A high level of qualification is required to carry out this testing to
ensure that pulse-echo patterns are interpreted correctly.

Since there are only four sequences within the newly designed lateral system that contain
SMF’s, the inspector would only be required to be on site for four days. After speaking with
the steel erector for the Heart Pavilion, the labor rate of a highly qualified inspector was
obtained and the total cost for this service is provided in the table below.

Connection Inspection

Inspection Inspection Cost Total
Time (days) Time (hrs) ($/hr)
4 32 $115 $3,680

Cost Comparison

After completing the cost estimate of the separate systems, the following table was put
together to draw conclusions on the overall efficiency of the redesigned systems.

Component Existing System Redesigned System Savings
Foundations $371,344 $190,000 +$181,344
Structural Steel $2,462,970 $1,870,646 + $592,324
MF Connections $98,795 $49,540 + $49,255
Total $2,933,000 $2,110,000 + $823,000
Conclusion

The use of the Geopier Intermediate Foundation System significantly impacts the cost and
construction time of the Heart Pavilion. Since Geopier elements can be installed at a rate of
30 per day, the construction time was reduced by approximately 50%. In addition, the
Geopier Intermediate Foundation System is more cost efficient since less excavation is
required.

The SMF’s also prove to be more economical even though the fabrication time for the
reduced beam section is twice that of the existing beams. Due to the considerable
reduction in installation time, the SMF system is more cost efficient even when special
inspections are considered.

Please reference Appendix G to view a detailed construction schedule for these systems.

Kristen M. Lechner Page 70



CONCLUSIONS & RECOMMENDATIONS

The main focus of this final thesis report is to optimize the foundation and lateral systems
for the Heart Pavilion. Classified as Seismic Site Class E soil, it was necessary at the time of
design to utilize a deep foundation system to support the structure and 19 non-seismic
steel moment frames to resist lateral forces. While this design exhibits no problems
structurally, both systems are an area of possible optimization.

The lateral analysis proves that the use of a special steel moment frame system
considerably improves the efficiency of the lateral system. By using a higher response
modification coefficient, seismic loads were lowered and the base shear value was
decreased by approximately 38%. As a result, only 4 three-bay SMF’s and 6 two-bay SMF’s
were required to resist seismic forces. The ratio of the tonnage of steel used for the SMF
system is approximately 41% of the existing system, which ultimately reduced erection
time. Due to this significant reduction, the SMF’s prove to be more economical even though
special inspections are required and the fabrication time for the reduced beam sections is
twice that of the existing beams.

Improvements in soil conditions were achieved through the use of the Geopier
Intermediate Foundation System. Vertical reinforcement is provided to the soil due to the
over consolidation of the soil from the Geopier placement. In addition, the construction
time was reduced by 50% as Geopier elements can be installed at a rate of 30 per day. By
implementing the Geopier Foundation System and the SMF System, steel erection could
begin approximately 10 weeks earlier than originally scheduled.

The fagade breadth study focuses on improvements in occupant comfort with respect to
heat transfer through the wall system. By implementing the brick facade on the third floor
of the Heart Pavilion, heat transfer through the wall is reduced by approximately 30% of
that transferred by the existing curtain wall system. Heat loss within patient rooms on this
floor would be reduced, thus improving occupant comfort.

The goals of this thesis were to create an efficient foundation and lateral system for the
Heart Pavilion. Based on the results discussed, these goals are clearly met. From a
feasibility standpoint, each proposed study impacts the structure in a positive manner. Itis
the recommendation of the author to implement all changes proposed within this thesis
report.

All design values used and procedures carried out were done in accordance with applicable
codes. Please refer to the appendices for further review of detailed notes, figures, or tables
regarding this matter. Questions should be directed to Kristen M. Lechner via email:
kml5016@psu.edu.
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