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Abstract

An alternative reinforced concrete structure was proposed and designed for SSM St. Clare
Health Center’s new hospital facility in Fenton, Missouri. The original composite steel structure,
with a lateral system consisting of special moment frames, special concentrically braced frames,
and perforated special reinforced concrete shear walls, was altered to a flat slab and drop panel
construction, with a lateral system of unperforated special reinforced concrete shear walls. An
analysis of resulting construction and schedule implications demonstrated the feasibility of a flat
slab to reduce cost and accelerate the construction time line. The proposed structure was designated
as government use and the site was redesigned to meet UFC Minimum Antiterrorism Standards
for Buildings. A single degree of freedom blast load analysis verified the effectiveness of the
redesigned landscape.
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1.1 General Overview
SSM St. Clare Health Center is a 420,000 square foot hospital located in a residential area

of Fenton, Missouri. The building and parking areas sit on a 54 acre site, which was previously
a 9-hole golf course with gently varying topography, large stands of trees, and a 3 acre pond.
The hospital program contains a wide variety of medical use spaces, including 158 emergency
supported inpatient beds, diagnostic and surgical services, administrative offices, dietary facilities,
and pharmaceutical dispensaries. Budgeted at $226.8 million, the hospital was constructed with
an Integrated Project Delivery method and came in well under budget at $223.5 million.

Structurally, the hospital is a composite steel frame building resting on concrete drilled piers
connected by grade beams. The structure is broken up into three buildings (bed tower, surgery
tower, and interventional care unit) isolated by expansion joints. These individual buildings each
contain their own lateral force resisting systems which include special moment frames (SMF),
special concentrically braced frames (SCBF), special reinforced concrete shear walls (SRCSW),
and ordinary concentrically braced frames (OCBF).

HGA Architects and Engineers served as the architect on record and structural engineers on
record for the project. The HGA project team worked with the MEP engineers, KJWW, and the
construction manager, Alberici Construction, through an integrated Lean project delivery con-
tract that focused on improving coordination and quality through assumption of shared risks. The
project began construction in September of 2006 and reached completion in March of 2009. SSM
St. Clare Health Center was designed in 2004 and uses the 2003 Edition of the International Build-
ing Code and ASCE 7-02 as a reference standard. Design loads were determined based on these
codes, additional St. Louis County Codes and Ordinances, and practical engineering judgments.

1.2 Site Location
SSM St. Clare Health Center is located in Fenton, Missouri (St. Louis County) surrounded on

three sides by residential communities. The site was previously a golf course, with wide property
setbacks and gently sloping terrain. On the next page, figure 1.1 shows the relative location of
Fenton, notably near the New Madrid fault line, which lies south of St. Louis. Figures 1.2 and 1.3
show the virgin site, as well as the buildings location on the site as dictated by zoning codes and
city ordinances respectively.

Note that the structure is located on the site of the former golf-course pond. This choice in
building placement, combined with the proximity to residential communities heavily influenced
foundation design. Foundations will be discussed further in the following section.
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Figure 1.1: Site location north of St. Louis, Missouri

Figure 1.2: Site landscape before construction

Figure 1.3: Site landscape and building placement accomodating for local zoning setbacks
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1.3 Existing Structure
SSM St. Clare Health center is divided structurally into three distinct buildings: the bed tower,

surgery tower, and interventional care unit as shown in Figure 1.4. The structural analysis and
redesign presented herein refers to the patient bed tower shown in green. Distinguishing between
the bed tower and the isolated structures allowed for a narrower scope and greater depth of inves-
tigation.

Figure 1.4: Structurally isolated building segments

1.3.1 Existing Gravity System
The load path of vertical gravity loads such as live, dead, snow, and rain start at horizontal

surfaces such as roof or floor diaphragms, then travel through beams, into girders, and into the
foundations through vertical columns. The structural elements mentioned make up what is known
as the ”gravity system.”

SSM St. Clare Health Center’s existing gravity system consists of a steel frame with composite
steel beams supporting composite steel deck. Bays are approximately 30 ft. square but vary
between 15 to 40 ft. based on geometry or plan architecture (as seen in Figure 1.5). The structural
grid can be seen in Figure 1.6. Beams are mainly W16x26 or W18x35 wide flange members, the
majority of which are cambered between in. and 2 in. The girders are almost entirely 24 in.
deep wide flanges with linear weights varying between 55 lbs. and 94 lbs. depending on span and
loading conditions.

The typical floor system is 3 inch, 18 gauge composite steel deck with a 3 in. lightweight
concrete topping that is reinforced with 6x6-W2.1xW2.1 welded wire fabric. Deck is connected
to framing members with 5/8 inch diameter puddle welds, and composite action is achieved with
in. diameter, 5 in. long shear studs. Rebar reinforcing is specified at geometric transitions to
strengthen the diaphragm collector regions, which are located at the transition between the main
tower structure and the outward-jutting tower wing. The roof construction is a 1 inch, 20 gauge
steel roof deck.

Columns are W14 steel wide flange members spliced at 4 ft above the second and fourth levels.
The columns range in linear weight between 61 lbs. and 120 lbs. Columns beginning at the
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penthouse floor (sixth floor) are W8x24 members and are bolted to transfer girders to transfer
penthouse roof vertical loads to the full-height columns.

Figure 1.5: Typical structural bay, dimensioned 30’ by 30’

Figure 1.6: Structural grid layout producing regular bay sizes

1.3.2 Existing Lateral System
Lateral loads such as wind pressures are transferred through the facade to the floor and roof

diaphragms. In the case of seismic loads, the mass of the building reacting to ground accelerations
causes lateral forces. The floor and roof diaphragms transfer shears to collector struts by means of
welds and studs. Collectors frame into lateral load resisting elements such as shear walls, moment
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frames, or braced frames, which then direct the loads to the ground by means of tension in the case
of braced frames, or shear and flexural forces in the case of moment frames and shear walls. These
forces are then transferred to the foundations and into the ground.

Structural elements that resist lateral forces make up what is known as the ”lateral force resist-
ing system” or LFRS. The main lateral force resisting system (MLFRS) provides stability for the
building, while other lateral systems such as envelope cladding are not essential for global stability.

The MLFRS elements in SSM St. Clare Health Center are special moment frames (SMF),
special concentrically braced frames (SCBF), special reinforced concrete shear walls (SRCSW),
and ordinary concentrically braced frames (OCBF). Figure 1.7 below shows the location of these
lateral resisting elements in the patient bed tower. Note that elements are located efficiently at the
exterior edges of the building to optimally resist torsional irregularities in the building. The stiffer
elements (concrete shear walls and braced frames) are oriented along the short axis of the building
while the less stiff moment frames are in the long direction. The layout is not only symmetrical
in plan, but is also relatively equal in stiffness between the two orthogonal directions. Ordinary
concentrically braced frames are used in the penthouse where energy dissipation and ductility are
not primary concerns. Special concentrically braced frames are employed in the bed tower and
interventional care structure where rigidity is needed beyond standard moment frames but a higher
R value was desired to reduce design loads.

Figure 1.7: Locations of lateral force resisting elements in the patient bed tower

Table 1.1 indicates the lateral force resisting elements used in other segments of the hospital.

Table 1.1: Lateral load elements utilized in each building segment

1.3.3 Existing Foundations
SSM St. Clare Health Centers foundations consist of a grid of drilled piers connected by grade

beams with a strip footing around the perimeter to support exterior walls.
Reinforced concrete drilled piers are required to support any column bearing more than 200

kips of compressive force, thus nearly every column on the project rests on a pier. 26 different pier
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types are scheduled with diameters ranging from 3 ft. to 8 ft. Each pier is reinforced with spiral
reinforcement at 4 in. on center to a depth of three shaft diameters below the lowest grade beam,
then with #4 ties at 12 inches on center to the bottom of the pier as shown in Figure 1.8. The depth
of piers varies between 16 ft. and 29 ft. Piers are 3000 psi concrete, have a bearing capacity of 40
ksf, and an assumed skin friction capacity for tension of 2.5 ksf.

Potential uplift on the foundations from lateral loads are resisted by skin friction forces in the
drilled piers of approximately 2.5 kips per foot. Also the drilled pier foundations are socketed at
least 10 ft. into limestone to resist net uplift and to reduce settlement.

Grade beams connect the piers and assist in stabilizing the structure to resist seismic forces. 22
types of grade beams are specified with maximum dimensions of 48 in. by 24 in. and a minimum
dimensions of 16 in. by 22 in. Grade beams are 4000 psi concrete.

Based on the analysis and design challenge presented by atypical soil conditions and poor seis-
mic site class, and the advantages of the existing system for noise control around residential areas
over alternative foundation systems such as driven piles, analysis and redesign of the foundation
systems have been determined to be out of the scope of this project. Given more time, a full inves-
tigation of the foundation system could yield potential alternative solutions advantageous to cost
or schedule.

Figure 1.8: Typical drilled pier reinforcement detail (Credit: HGA Architects and Engineers)
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Chapter 2

Overview of Codes and Relevant Loading
Conditions
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2.1 Applicable Codes
SSM St. Clare Health Center complies codes adopted prior to its construction date in 2006.

The most notable are IBC 2003 Edition and ASCE 7-02. While these codes are used as reference
during analysis, the redesign utilizes the most current available codes: most notably IBC 2012
Edition and ASCE 7-10. For a list of applicable state and local codes, see Table 2.1 below.

Table 2.1: Applicable Codes

2.2 Load Combinations
The loads in this chapter are combined in standard load combinations according to ASCE 7-10

Chapter 2. A list of load combinations can be seen in Table 2.2.

Table 2.2: ASCE 7-10 Load Combinations

2.3 Site Loading Conditions
The following sections describe the determination of typical loading conditions per ASCE 7-10

under IBC Edition 2012.
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2.3.1 Gravity Loads

Dead

Dead loads in Table 2.3 are determined based on standard material weights, manufacturer data,
and engineering experience.

Table 2.3: Typical Dead Loads

Live

Live loads in Table 2.4 were determined from ASCE 7-10 and through engineering experience.

Table 2.4: Typical Live Loads

Snow

A ground snow load value was calculated in accordance with ASCE 7-10 equation 7.3-1:

pf = 0.7CeCtIspg

Using a building occupancy category of IV, snow importance factor of 1.2, exposure factor of 1.0,
thermal factor of 1.0, and ground snow load of 20 psf, it can be found that the flat roof snow load
is 24 psf. This load controls of the alternative 20 psf roof live load for most load combinations.

2.3.2 Lateral Loads

Wind

Wind loads were determined based on the design criteria in Table 2.5

Table 2.5: Wind load design criteria
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For wind load calculation, the structure was divided into two segments: the main tower and
the tower ”arm” (east-jutting tower spur). These two building segments have significantly different
length to depth ratios, which made the distinction necessary for calculating accurate leeward and
roof loads.

Tables 2.6 and 2.7 contain wind loads and base shears in the North-South and East-West direc-
tions respectively. Note that for the structural redesign presented later in this report, the building
geometry does not change, and thus the wind loads in Tables 2.6 and 2.7 remain valid.

Table 2.6: Wind design loads in the North-South direction
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Table 2.7: Wind design loads in the East-West direction

Seismic

Seismic loads were determined based on the design criteria in Table 2.8

Table 2.8: Seismic load design criteria

Seismic loads were calculated with the weights of original composite steel floor assemblies,
partitions, structural walls, and facades. Table 2.9 below contains the seismic loads at each floor
and the combined base shear for the original structure. Note that for the structural redesign pre-
sented later in this report, the structural weight changed and thus a new seismic force table is
presented.
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Table 2.9: Seismic story forces and base shear for composite steel structure
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Chapter 3

Depth: Investigation of Reinforced Concrete
Flat Slab Construction
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3.1 Weighing Alternative Solutions
Several alternative structural solutions were considered for a proposed system redesign. These

included non-composite steel framing, two-way flat plate slab, one-way slab, and one-way slab
with intermediate beams. One bay of each system was designed and compared against the other
alternatives, using the original design as the benchmark. Results of the feasibility study are shown
in Table 3.1. Since the two way slab system achieved the thinnest profile, cheapest cost, and least
environmental impact, it was proposed that SSM St. Clare Health Center be redesigned using
two-way slab construction. The proposed system is to be implemented on floors 2-6, however the
mechanical/telecommunications penthouse on the 7th story will remain a steel structure to reduce
structural weight.

Table 3.1: Alternative design matrix

3.2 Gravity System Analysis and Design
The alternative gravity system for SSM St. Clare Health Center is composed of a reinforced

concrete flat slabs with drop panels, transfer and edge beams, and columns. Each element was
designed using different software and approach, but the most important criteria for the gravity
redesign was the maintenance of the original column layout. This requirement solidified span
lengths and drove decisions throughout the design process. The following sections describe the
design process for each element, including design approach, modeling assumptions, and results.

3.2.1 Two-Way Flat Slab with Drop Panels
A two-way flat slab system was selected for its shallow depth and ability to span over regular-

ized bays with economical use of material. In general terms, 30 ft. bays are large for a flat slab, so
drop panels were a consideration from the outset.

The slabs are generally monolithic, but have some small mechanical openings spread over
the plan. Three mechanical shafts are located at column lines Aa, La, Ha, which interrupt large
portions of typical mesh reinforcement and require special detailing. Slab depressions at shower
locations were present on floors with patient rooms.

Four typical floor slabs were designed, the typical lower level (1st floor), lower level roof (2nd
floor), upper level (3rd, 4th, and 5th floors), and upper level roof (6th floor).
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Assumptions and Approach

Code Requirements: Two-way slab design follows ACI 318-11 Chapter 9, ”Strength and Ser-
viceability Requirements,” Chapter 13, ”Two-Way Slab Systems” and Chapter 21, ”Earthquake
Resistant Structures.” Table 9.5(c) was used to determine a minimum thickness for slabs so that
design calculations could be simplified. Typical dead, live, roof live, snow, construction, and other
loads were calculated based on ASCE 7-10 requirements and can be found in Section 2.3.

Layout Development: Originally, a slab depth of 10 inches was chosen based on the assumption
that ACI 318-11 Table 9.5(c) would be overly conservative. After long term slab deflections were
found to be greater than span/240 per Table 9.5(b) (with creep factor of 3.35), the slab thickness
was proportioned according to Table 9.5(c). The desire to reduce weight led to the development
of two slab thicknesses to meet deflection requirements. A 10.5 in. slab met the minimum table
requirements for a 31 ft. span, while a 14 in. slab met the requirements for a 40 ft. span. Since
longer spans are located on only the East side of the building, the East depth was increased to 14
in. and was separated from the thinner slab by a drop panel strip along grid line 4a. The resulting
layout can be seen in Figures 3.1 and 3.2 for the lower levels and upper levels respectively.

Figure 3.1: Lower Story Slab Layout

Figure 3.2: Upper Story Slab Layout
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The layout above represents the result of four design iterations.

• A 10 in. slab throughout with drop panels.

• A 14 in. slab throughout with drop panels.

• A 10.5 in. slab throughout with drop panels on the west side of the building and beams on
column lines on the east side.

• The final design: a 10.5 in. slab on the west side of the building and 14 in. slab on the east,
separated by a drop panel strip.

Initial iterations each failed long term deflection criteria of l/240 at mid-bay.
Constructibility played an integral role in the sizing of slabs and drop panels. Drop panel depth

is based on the depth of the slab plus the sizes of typical dimensioned lumber, and the depth of
horizontal 3/4 in. plywood formwork. All drop panels were sized to minimum widths of span/6.

Ddroppanel = Dlumber + 3/4” (3.1)

Modeling

The four typical floor geometries were modeled in RAM Concept to determine minimum rein-
forcement and rebar layout.

Design strips were generated in the latitudinal (N-S) and longitudinal (E-W) directions. Col-
umn strips and middle strips were assigned to have the same design properties. For bottom rein-
forcement #5 rebar was specified, while #8 was specified for the top. The design intent was to
create a standard mesh of #5 rebar, which could carry a minimum design moment in the unlikely
case of a simply supported condition developing, then add additional top reinforcement to satisfy
the negative moment developing over supports. A typical longitudinal design strip layout for the
lower floor can be seen in Figure 3.3and typical latitudinal design strip layout in Figure 3.4.

Figure 3.3: Longitudinal Design Strip Plan
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Figure 3.4: Latitudinal Design Strip Plan

The bottom reinforcement along the longitudinal (N-S) direction was identified as critical due
to the longer spans in that direction, and thus was given minimum clear cover of 0.75 in. The
latitude direction bottom cover was 1.375 in. Similarly, top cover in the longitudinal direction was
assigned 0.75 in. and latitudinal, 1.75 in. At slab depressions, the placement of top reinforcement
was 1.5 inches lower than in other portions of the slab.

Punching shear checks were specified at all interior columns. These checks were assigned to
auto-align with rectangular columns. Cross section trimming was set as ”Max Shear Core” to
allow RAM Concept to account for drop panel depth in shear utilization calculations. Punching
shear was not checked at columns with beams, as the beams were designed to accommodate design
shears. A punching shear layout for the typical lower floor can be seen in Figure 3.5.

Figure 3.5: Punching Shear Design Plan

Results

On the bottom of the slab, reinforcement was specified as a mat with additional bars where
needed. The mat was determined to be #5 bars at a spacing of 12 inches in both the latitudinal
and longitudinal directions. This mat accounts for just over 40% of total bottom reinforcement.
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Figures 3.6 and 3.7 below show the bottom reinforcement for a typical lower story. Note that the
mesh is included in the spacings called out in the figure.

Figure 3.6: Latitudinal Bottom Reinforcement
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Figure 3.7: Longitudinal Bottom Reinforcement

On the top of the slab, reinforcement was specified by bar and spacing. #8 Bars were used
consistently throughout the top layer in both the latitudinal and longitudinal directions.

Other reinforcement layouts can be found in Appendix A.
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3.2.2 Gravity Beams
Gravity beams were positioned in the slab to solve issues with localized shear, to reduce deflec-

tions, to transfer penthouse loads, and support envelope loads at the slab perimeter. The following
section describes the design of gravity beams for SSM St. Clare Health Center. Refer to Fig-
ures 3.8 and 3.9 for locations of gravity beams in the typical lower level and upper roof level plans,
respectively.

Figure 3.8: Lower Level Interior Beam Location

Figure 3.9: Upper Level Transfer Beam Locations

Assumptions and Approach

Code Requirements: Gravity beam design follows ACI 318-11 Chapter 9, ”Strength and Ser-
viceability Requirements,” Chapter 10, ”Flexure and Axial Loads,” Chapter 11, ”Shear and Tor-
sion,” and Chapter 21, ”Earthquake Resistant Structures.” Table 9.5(a) was used to determine a
minimum thickness for slabs so that design calculations could be simplified. Typical dead, live,
roof live, snow, construction, and other loads were calculated based on ASCE 7-10 requirements
and can be found in Section 2.3.
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Layout Development: At story six, penthouse columns frame into the slab at off-grid locations
and are supported by transfer girders spanning between interior columns. These transfer girders
were assumed to be integral with the slab and thus ”continuous” across column supports. Design
moments for transfer girders were determined from ACI moment coefficients in ACI 318-11 Sec-
tion 8.3.3. Torsion was determined to be negligible by torsion threshold checks in section 11.5.1.

Edge beams were located around the perimeter of the slab at column lines. The design moments
were calculated using direct design method according to beam-slab relative stiffnesses.

Both transfer girders and edge beams were sized to take advantage of t-beam behavior for
positive moments.

Results

Transfer Beam Design: Transfer beams are typically 24 in. by 26 in. The sizing represents
a balance between constructibility considerations and maximum reinforcement ratios. For con-
structibility, width of the beams was set at 24 in. to match the width of interior columns and
thus simplify formwork fabrication. The depth was the minimum necessary to meet maximum
reinforcement ratio limits for the beams.

Transverse reinforcement design was governed by shear, rather than torsion, at a distance d/2
from the edge of support.

Figure 3.10 shows a diagram of typical beam reinforcement. Appendix A contains flexural and
shear calculations for the three levels of girder reinforcement.

Figure 3.10: Typical reinforcement for a transfer beam

Edge Beam Design: Edge beams are typically 14 in. by 20 in., with the horizontal dimension
limited by slab edge at some locations. Initial sizing was based on CRSI Manual tables for spans
of 30 ft. and loads of 80 psf. The beams were designed for moment, shear, and torsion. Transverse
reinforcement design was governed by torsion, rather than shear. Figure 3.11 shows a typical
reinforcement design for an edge beam. Further hand calculations can be found in Appendix A.
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Figure 3.11: Typical Edge Beam Reinforcement

3.2.3 Gravity Columns
The design of columns to support all gravity loads is an important distinction because it alle-

viates shear walls from taking axial loading. The effects of this assumption will later allow for an
increase in the seismic R-factor from 5 to 6, reducing seismic story forces and base shears.

Assumptions and Approach

Code Requirements: Gravity beam design follows ACI 318-11 Chapter 9, ”Strength and Ser-
viceability Requirements,” Chapter 10, ”Flexure and Axial Loads,” and Chapter 21, ”Earthquake
Resistant Structures.” Slenderness of the columns was checked according to section 10.10.1 and
10.10.5.2. A hand calculation of slenderness checks can be found in Appendix A. Typical dead,live,roof
live, snow, construction, and other loads were calculated based on ASCE 7-10 requirements and
can be found in Section 2.3.

Layout Development: As previously stated, the column layout matches that of the original steel
structure, with the design intent of minimally impacting the hospital architecture. A view of the
original column layout can be seen in Figure 3.12. For constructibility, and because of some
penthouse-induced moments, the columns were designed to remain the same size from the ground
level to the 6th story roof.
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Figure 3.12: Column layout on typical lower floor plan

Modeling

Columns were modeled in an iterative method that cycled between RAM Concept and Struc-
turePoint (SP) Column. Initially, all columns were assumed to be 22 in. square based on design
rules of thumb. These columns were modeled in RAM Concept with ”pinned-fixed” end condi-
tions for first and roof levels, and ”fixed-fixed” conditions for middle floors. All columns were
assumed to be compressible with a bending stiffness factor of 1. Factored design forces, includ-
ing Mr, Ms, and Fz were obtained from the Concept model and exported to an excel spreadsheet
where columns were sorted based on force percentiles. From these percentiles, four groupings
were defined and columns were designed in SP Column based on height and worst-case loading
within the four groupings.

Once the columns were designed, the Concept model was updated and new factored design
forces were obtained. These forces were then applied back into the SP column files to ensure the
sizes were still viable. Columns were designed to have a reinforcement ratio less than 4% to avoid
need for mechanical splices and to reduce rebar congestion during construction.

Results

Reinforced concrete columns in SSM St. Clare Health Center range in size from 16 in. square
to 26 in. square. Table 3.2 below shows a schedule of column sizes and reinforcement. Figure 3.13
shows the relative location of these columns on the floor plan.

Table 3.2: Column schedule per floor
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Figure 3.13: Column locations on typical lower floor

3.2.4 Gravity System Comparison
Out of the several factors associated with system efficiency, the most important are cost, con-

struction schedule, and weight. A cost and schedule comparison is presented in detail in Chapter 4.
Weight of the structure, and particularly weight reduction, in SSM St. Clare Health Center to

reduce seismic base shears in controlling seismic load cases. In the case of this structural redesign,
the weight of the structure has increased significantly from the original system to the redesigned
system. Table 3.3 shows the weights per square foot for both systems.

A significantly higher weight does not preclude the reinforced concrete flat slab system from
being more economical, but does make the design of an efficient lateral system more challenging.

Table 3.3: Weight comparison of existing and redesigned structure

3.3 Lateral System Analysis and Design
The lateral system redesign modified existing elements from special steel moment frames

(SMF), special concentrically braced frames (SCBF), and specially reinforced concrete shear walls
(SRCSW) to all SRCSWs. SWCSWs provide higher rigidity than the original systems and better
serve to resist the additional seismic weight of the redesigned gravity system.

The following sections outline the SRCSW design, including code requirements, load determi-
nation, system layout, modeling procedure, and design results.
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3.3.1 Code Requirements
Shear wall design follows ACI 318-11 Chapter 9, ”Strength and Serviceability Requirements,”

Chapter 10, ”Flexure and Axial Loads,” Chapter 11,”Shear and Torsion,” and Chapter 21, ”Earth-
quake Resistant Structures.” Typical lateral wind and seismic loads were calculated based on ASCE
7-10 requirements and can be found in Section 2.3.

3.3.2 Lateral Loads
Both wind and seismic loads were considered in the structural redesign. Wind loads, which

can be found in Section 2.3, were found not to control for strength design, but were considered
for deflection criteria. Seismic loads were recalculated to reflect the additional mass of the new
reinforced concrete structure. Seismic story forces and base shear can be seen in Table 3.4 below.

Table 3.4: Seismic story forces and base shear

ASCE 7-10 section 12.5.3 requires orthogonal combination of seismic loads of 100 percent in
one direction and 30 percent in perpendicular direction. Since the building is in SDC D, section
12.5.4 also applies and the maximum forces determined from either direction of these loadings
was used in design.

3.3.3 Layout Development
The design criteria for developing lateral element plan were:

• Minimize impact to plan architecture

• Minimize impact to facade architecture

• Maximize shear wall length

• Maximize wall distance from diaphragm centers of mass

• Avoid seismic horizontal and vertical irregularities specified in ASCE 7-10 tables 12.3-1 and
12.3-2

A plan view of the resulting design can be seen in Figure 3.14.
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Figure 3.14: Plan view of lateral system layout

3.3.4 Modeling
The lateral system was modeled and iteratively designed using Etabs. The Etabs model in-

cluded only floor diaphragms and shear walls. This decision was based on the assumption that
gravity loads were carried solely by the gravity columns, which allowed for a seismic ”R” value of
6.

Analysis Procedure

By ASCE 7-10 table 12.6-1, equivalent lateral force procedure (ELF) is not permitted for a
building in SDC D with structural irregularities. The structure has several irregularities including
horizontal torsional (1a.) and reentrant corner (2.) irregularities, as well as a vertical weight
(mass) irregularity (2.). Thus a modal response spectrum analysis was used. The analysis followed
provisions in section 12.9.

Results of the analysis showed a decrease in base shear by greater than 85 percent of ELF base
shears, so the response factors were increased to meet the 85 percent limit as shown in Table 3.5.

Table 3.5: Modal response scale factors
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Due to the horizontal torsional irregularity, modal response forces have an additional eccen-
tricity given by equation 12.8-14:

Ax = (
δmax

1.2δavg
)2

This amplified the standard 5 percent eccentricity to 5.2 percent.
With 25 modes, the model was able to achieve the modal mass participations shown in Ta-

ble 3.6. The majority of mass participation was concentrated within the first five modes.

Table 3.6: Modal mass participations

Assumptions and Considerations

Section 12.7 of ASCE 7-10 provides criteria for seismic modeling. Section 12.7.3 requires
the use of a 3-D model for structures with torsional irregularities. The Etabs model satisfies this
requirement. Table 3.7 provides a list of the assumptions used during modeling for each element
type. ASCE 7-10 permits period approximations that would have yielded a higher period than
the Etabs-calculated value for ELF base shear determination; a lower ELF base shear would have
allowed for a smaller increase in modal response analysis forces. However the calculated value was
used to yield the most ”true” value for ELF base shears, considering that in Etabs modal response
is determined from model-calculated modal periods.

Table 3.7: Modeling assumptions for lateral system modeling

P-delta effects were also considered in calculations. A P-delta stability coefficient was calcu-
lated for each story per ASCE 7-10 Section 12.8.7, and the results are presented below in Table ??
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Table 3.8: P-delta stability coefficients exceed 0.1

3.3.5 Results

Drift

Story drift under wind and seismic loads was a major design criteria for lateral system design.
Note that the Cd factor for seismic loading is 5 for special reinforced concrete shear walls and seis-
mic deflections are scaled according to this value to check against maximum permitted deflections
of h*.025.

The graphs in Figures 3.15, 3.16, and 3.17 show the total building displacements for wind and
seismic loading respectively.

Figure 3.15: Drift due to wind loading
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Figure 3.16: Drift due to seismic loading in the X-direction

Figure 3.17: Drift due to seismic loading in the Y-direction
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Typical Shear Wall Design

An example shear wall design (plan and elevation) is shown in Figures 3.18 and 3.19.

Figure 3.18: Plan view of shear wall reinforcement
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Figure 3.19: Elevation view of shear wall reinforcement
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Other shear wall designs as well as sample calculated hand checks can be found in Appendix A.
Seismic detailing of shear walls is described in detail in report Section 3.4.2.

3.3.6 Lateral System Comparison
The redesigned lateral system of SSM Health Center is significantly less efficient than the

original design in terms of weight.
The central East-West shear wall located along column lines is 30 in. wide and could cause

coordination issues in the elevator core. The original lateral system specified 16 in. wide perfo-
rated reinforced concrete shear walls (total of 32 in.) along column lines Ga and Ja. These walls
were less efficient than the 30 in. wall due to their more complicated reinforcement detailing and
formwork requirements. The net savings of 2 inches along the East-West direction in the core is
offset by the need for partitions (most likely 6 in. steel stud) along elevator lobbies. The total
width of the core would thus be increased by a net of roughly 12 inches. This change could easily
be accommodated without noticeable alterations to plan architecture.

The additional rigidity of the reinforced concrete lateral system increased the controlling seis-
mic base shears by reducing building period from 0.970 seconds in the North-South direction to
0.843. Since the response modification coefficient (R) remained 6 between designs, the change in
period is a controlling parameter (excluding weight) in the elevated base shears.

Overall, the lateral system is determined to be less efficient than the original design based on
weight, period, and base shear. Nevertheless, cost and schedule criteria govern system selection.
Cost and schedule data for the structural system are discussed in Chapter 4.

3.4 Seismic Detailing
SSM St. Clare Health Center is located in a seismic category D site, which means reinforce-

ment must meet the requirements of ACI 318-11 Chapter 21. This section provides a general
overview of the requirements, although for scope reasons, only a shear wall example has been
investigated. The shear wall example can be found in Appendix A

3.4.1 Slab and Beam Detailing
Flexural members must have at least 2 bars continuous on the top and bottom. Transverse

reinforcement should be specified with 135 degree and 90 degree hooks in two pieces for con-
structibility. Any flexural lap splices should be confined by transverse reinforcement with a maxi-
mum spacing of 4 inches or one quarter ”d”.

3.4.2 Wall Detailing
A demonstrative example of seismic shear wall detailing can be found in Appendix A. The

Etabs detailing in that section have been validated for shear, flexural, and axial reinforcement.
However, the Etabs transverse reinforcement for special boundary elements do not satisfy Sec-
tion 21.4.4.2 or 21.4.4.3 for minimum transverse reinforcement spacing and horizontal cross-tie
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spacing. These elements would have to be examined further prior entering the construction doc-
ument phase. Nevertheless, the Etabs output was valuable in verifying wall sizing and general
reinforcement layouts.
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Chapter 4

Construction Breadth: Cost and Schedule
Comparison
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4.1 Data and Sources
All construction cost and scheduling data presented in the following sections comes from RS

Means Facilities Construction Cost Data 2014. It has been converted for applicability in Fenton,
Missouri in 2007. Alberici Constructors has provided the original cost estimate and schedule data
for the composite steel structure.

4.2 Construction Estimate
The following sections contain a detailed cost estimate for the existing composite steel system

and redesigned reinforced concrete flat slab with drop panels.

4.2.1 Steel Structure Estimate
A structural estimate for the composite steel structure can be seen below in Table 4.1. The

budget reflects total costs from steel and cement contractors including overhead and profit. The
source estimate provided by Alberici Constructors can be found in full in Appendix B

Table 4.1: Steel Cost Estimate

4.2.2 Reinforced Concrete Estimate
A detailed cost estimate was created for the redesigned reinforced concrete structure. The

results are presented in Table 4.2. The full cost estimate can be found in Appendix B.

Table 4.2: Conrete Cost Estimate
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4.3 Construction Schedule
The following sections contain schedule data for the existing composite steel system and re-

designed reinforced concrete flat slab with drop panels. The schedules provided include only
structural activities, and span from beginning of the first floor to the completion of the mechanical
penthouse.

4.3.1 Steel Structure Schedule
The steel erection and concrete deck placement schedule can be found in Appendix B. The

total duration was expected to take just over a year at 377 days; from May 10, 2010 to June 8,
2008. This time does not include the structural steel fabrication, which was assumed to take place
off site.

4.3.2 Reinforced Concrete Schedule
The redesigned reinforced concrete placement schedule (including gravity and lateral systems)

can be found in Appendix B. The total duration was expected to take a total of 54.4 weeks, or 381
days; from May 10, 2007 to May 23, 2008.

4.4 Comparison and Conclusions

The structural redesign in reinforced concrete is expected to save roughly $687,800.00, which
constitutes approximately 0.4% of the total project cost.

The structural erection sequence takes approximately 4 days longer for the concrete system.
This additional scheduled time could be reduced with the addition of more crews, prefabrication
of standard formwork, or acceleration in the concrete curing time with additives.

Overall, the system is not only feasible by a cost and scheduling perspective; it represents a
significant cost savings for a similar construction schedule. The system should be presented as a
cost savings to the owner.
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Chapter 5

Landscape Architecture Breadth: Designing
for Force Protection
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5.1 Overview and Design Objectives
The landscape architecture breadth was devised to investigate security and force protection de-

sign. It is based on the premise that SSM St. Clare Health Center has become an United States
military-occupied facility and provides care for military affiliated and high-profile political pa-
tients.

As such, the site and building must be secured and constructed according to U.S. Department of
Defense (DoD) Unified Facilities Criteria(UFC). The goal of design is to mitigate risk to building
occupants and damage to the building in the event of an attack through alterations to the site. The
following sections provide a background on UFC criteria, the redesign of SSM St. Clare Health
Center’s site, and investigations into the effectiveness of the redesign to mitigate blast damage to
the building facade.

5.2 Literature Review of Force Protection Design Criteria
Security and force protection design is a general topic that refers to any design which serves

to secure a facility against damage or casualties due to an act of aggression. UFC design criteria
represent one of the most thorough, but certainly not the only, set of criteria on the topic. UFC is an
aggregate of standards that provide guidance in planning, designing, constructing, and maintaining
DoD facilities. UFC documents pertaining to force protection fall under the umbrella of UFC 4-
010-01 ”DoD Minimum Antiterrorism Standards for Buildings.”

UFC 4-010-01 was created with the intent to ”minimize mass casualties in buildings or por-
tions of buildings owned, leased, privatized, or otherwise occupied, managed, or controlled by or
for the DoD in the event of a terrorist attack.” The document provides the minimum antiterror-
ism protection standards for DoD facilities, recognizing that high levels of protection are often
prohibitively expensive or technically unobtainable. The document references other UFC docu-
ments, which provide further detail on topics ranging from glazing design to chemical weaponry
resistance design.

Subsidiary reference documents utilized in this report include those pertaining to site, land-
scape, and facade design. These include:

• UFC 4-010-02 ”DoD Minimum Antiterrorism Standoff Distances for Buildings”

• UFC 4-022-01 ”Security Engineering: Entry Control Facilities / Access Control Points”

• UFC 4-022-03 ”Security Fences and Gates”

UFC 4-010-01 also references several ASTM standards which govern the testing and design of
facade components. These standards include:

• ASTM F1642 ”Standard Test Method for Glazing Systems Subject to Airblast Loadings”

• ASTM F2927 ”Standard Test Method for Door Systems Subject to Airblast Loadings”

• ASTM F2912 ”Standard Specification for Glazing and Glazing Systems Subject to Airblast
Loading”
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Additional resources related to the design of building enclosure systems for blast loading in-
clude recommendations on glazing design in Norville and Conrath, ”Simplified Design Procedure
for Blast Resistant Glazing” and on airblast response limits of conventional steel stud walls, in-
cluding:

• Godhinho, Gallant, Quiter, ”Design & Detailing of Metal Stud Wall Systems in Response to
Air-Blast Loading and Effects”

• PDC-TR 06-08, ”Single Degree of Freedom Structural Response Limits for Antiterrorism
Design”

Several other security and force protection design criteria have been reviewed, including United
States Army PDC Technical Report 10-01, ”Conventional Construction Standoff Distances for the
Low and Very Low Levels of Protection”; however, the standards are not as complete or generally
adopted within the AEC industry. UFC criteria have the widest acceptance and most plausible
applicability to SSM St. Clare Health Center.

5.3 UFC Site Planning Requirements
Site planning incorporates security requirements into the placement of the building, roadways,

parking, and landscaping on a site. The site plan presented in the next section reflects the highest
level of minimum protection defined in UFC 4-010-01.

5.3.1 Explosive Weights
UFC 4-010-01 specifies standards for site planning which ”address vehicle borne and hand

placed explosive threats.” These threats are classified as explosive weights I and II. The exact TNT
equivalent weight of the threats is withheld for security reasons, but they are described as a truck or
car threat (I) and ”consistent with a brief case or satchel sized object” (II). Figure 5.1 from FEMA
428, ”Primer for Design Safe Schools Projects in Case of Terrorist Attacks,” shows typical ranges
for explosive weights. The range of hand-carried explosive weights extends from 30 to 100 pounds
of TNT. The exact weight used in the following analyses will not be disclosed for security reasons.
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Figure 5.1: Spectrum of blast weights by delivery method

5.3.2 Standard Standoff Distances
To mitigate the two threat levels, UFC 4-010-01 identifies standard construction standoff dis-

tances, past which the given threats cause minimal injury or destruction. The standard allows for
reduction of threats to level II within a controlled perimeter (CP), assuming that security at the
perimeter would detect explosive weight I threats and prevent them from entering. Table B-2 in
the document defines the standard construction standoff for a primary gathering (PG) facility, sub-
ject to explosive weight I, and with metal stud and brick veneer enclosure as 207 ft. This setback
was used to establish the CP for the site redesign.

For explosive weight II, the minimum setback according to Table B-1 is 13 ft, while the stan-
dard construction standoff is 82 ft. The 82 ft. value was used to establish the ”unobstructed space”:
a safety perimeter within which an explosive device of explosive weight II could easily be detected.
Unobstructed means no obstructions that could conceal a device greater than six inches in height.
Safe parking (B-1.1.6) and trash receptacle locations (B-1.1.14) are also required to be outside of
the unobstructed space. No plants with foliage below 3 ft above the ground are permitted.

The standard standoff distances have been superimposed on a map of the site in Figure 5.2.
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Figure 5.2: UFC standoff distances superimposed on site plan

5.4 Landscape Design
The landscape breadth focuses on two aspects of landscape design: the aesthetic design of

spaces for occupant enjoyment, and the functional design of spaces for operation and logistical
needs. The following sections present a garden design and site plan design, which fit the afore-
mentioned categories and which meet the security requirements of UFC 04-010-01.

5.4.1 Garden Design
The first aspect of the landscape redesign was a micro-level redesign of the garden space within

the unobstructed space (82 ft. setback line) on the east side of the building. Located at the base of
a hill, the garden starts at ground level and climbs 16 ft. to the first story level.

The redesign requires the use of plants with foliage below 3 ft. and elements that cannot
hide potential threats. A concept was created that incorporates a healing labyrinth surrounded by
outdoor seating. The labyrinth fits the religious nature of the hospital, as well as provides a healing
recreation for patients and a point of visual interest. An inspiration labyrinth is shown in Figure 5.3
below.
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Figure 5.3: Inspiration healing labyrinth design

The seating and labyrinth were surrounded with flowering dogwood trees (Cornus florida L.),
the state tree of Missouri. Flowering dogwoods bloom white or pink in the spring and turn hues
of red and orange in the fall. They provide further visual interest, shade, and dynamic color to the
landscape. Figure 5.4 shows a group of flowering dogwood trees.

Figure 5.4: A group of flowering dogwood trees (Cornus florida L.) in bloom

Figure 5.5 shows a plan of the garden design in its entirety.
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Figure 5.5: Plan view of garden design

5.4.2 Site Design
On the master-planning scale, site design focused on meeting the setback requirements identi-

fied in UFC 4-010-01. In order to assume parking limits up to the standard construction setback
(82 ft.), a control perimeter was established beyond the critical setback for explosive weight I (207
ft.)

A view of the control perimeter can be seen in Figure 5.6. Note the control access points
at the North and South of the site. The north control access point allows for traffic flow both
into and out of the site, while the south control point is only an exit. The flow allows for more
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security, and decreases the cost of additional facilities. The south control point contains only a
guard house and barricade, while the north requires a full visitor and inspection center. The design
of the control perimeter and guard facilities follows UFC 4-022-01, ”Security Engineering: Entry
Control Facilities/Access Control Points.”

Figure 5.6: Plan view of control perimeter and locations of access control points
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Guard Facilities

Site entry layout meets provisions of UFC 4-022-01 Section 6.2 ”General Layout Require-
ments.” This section details the requirements for the three protection zones for mobile threats:
the approach zone, access control zone, and response zone. These zones are shown in Figure 5.7
for the north control access facility. The approach zone curves to slow traffic, with several speed
bumps located before the access control zone to further slow mobile threats. The access control
zone consists of a full visitor and inspection center. Private vehicles can be processed in three
lanes, while commercial and delivery vehicles have a separate inspection lane at the rear of the
facility. The lane nearest to SSM St. Clare Health Center is reserved for emergency vehicles and
hospital personnel.

Figure 5.7: Plan view of access control facility

A final denial barrier of retractable bollards is located at the end of the response zone. The
response zone is shorter than that required by the UFC requirements, so a full-stop checkpoint was
added in the response zone to eliminate the threat of a high-speed attack.

The south control access point also contains three zones and similar design, including re-
tractable bollards and stop checkpoint.

Site Alterations

Several site alterations were made to make the existing parking and trash receptacle locations
UFC compliant. Figure 5.8 shows the standard UFC standoffs and highlights problem areas where
parking or trash receptacles were relocated. The trash receptacles were placed outside of the stan-
dard construction standoff distance and enclosed by only two walls to avoid the need for full



47

enclosure. Several rows of parking were added to the east parking lot to offset the parking lost to
setback distances. The net number of parking spaces is greater than the original design (including
the same number of ADA compliant spaces).

Figure 5.8: Plan view of site alterations to meet setback requirements
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5.5 Effectiveness of Threat Mitigation
An analysis was conducted to verify the effectiveness of the new site design in mitigating stan-

dard threats. The analysis simplifies the building enclosure to a single-degree-of-freedom (SDOF)
system determines deflections and rotations based on a given explosive weight and setback dis-
tance. The following sections present an overview of blast loading theory, the analysis methodol-
ogy, and summary of results. The explosive weight used in the analysis will not be disclosed for
security reasons.

5.5.1 Overview of Blast Loading
Blast loads are a function of air pressure changes on a building surface. After detonation, a

shock-wave of high-pressure air forms and spreads outward from the energy source. The incidence
of this pressure on the building is known as a disturbance or pressure pulse, and is a function of the
distance from the building and the energy released in the explosion. As the pressure pulse moves
past the building, the pressure changes from highly positive to slightly negative (suction), reversing
the force on the enclosure. Figure 5.9 shows a typical pressure-time graph of an airblast at a given
point of interest.

Figure 5.9: Typical pressure-time graph of an airblast at a given point of interest.

5.5.2 Overview of Existing Enclosure
A section of the existing cavity wall enclosure can be seen in Figure 5.10. The wall’s structural

system consists of eight inch, 800S162-54 steel studs spaced at 16 in. on center. The brick is 4 in.
and assumed to have Portland cement/lime mortar, type M or S, with a solid unit flexural tensile
capacity of 40 psi. Glazing systems were not evaluated as part of this general analysis.
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Figure 5.10: Typical steel stud cavity wall section

5.5.3 Analysis Methodology
The analysis was based on the assumption that standard construction standoff distances have

been met, and thus the largest and closest possible threat was that of an explosive weight II device
at 82 ft. The goal of the previously described site and landscape redesign was to ensure the validity
of this assumption.

A copy of the Single Degree of Freedom Blast Design Spreadsheet (SBEDS) was obtained
from the U.S. Army Corps of Engineers for this analysis. The spreadsheet was developed to reduce
complex structural systems such as building enclosures into SDOF systems which could be easily
analyzed. SBEDS is capable of analyzing metal stud cavity walls with brick veneers as SDOF
components.

A list of modeling assumptions for SBEDS can be seen in Table 5.1.

Table 5.1: List of assumptions used in SBEDS modeling

5.5.4 Results
A example charge weight-standoff diagram has been reproduced in Figure 5.11 from PDC TR-

06-08. This diagram shows iso-damage lines for varying explosive weights and standoff distances
(for a given set of damage criteria).
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Figure 5.11: CW-S diagram for Reflected Blast Load

An SBEDS generated charge weight-standoff diagram is shown in Figure 5.12. This figure
shows iso-damage lines for ”superficial damage” and ”moderate damage” based on response limits
for steel stud walls from PDC TR-06-08,as well as those from an independent Simpson, Gumpertz,
and Heger (SGH) investigation. The SGH results are plotted in red and light blue, while the PDC
results are in purple and dark blue. Note that the PDC limits are significantly more stringent
than the SGH limits for the same expected level of damage. The range of values indicated in red
represent the range of hand-delivered threat weights at an 82 ft. standoff distance. It can be seen
that these values are within the limits of moderate damage criteria established by both PDC and
SGH.
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Figure 5.12: PDC and SGH CW-S Diagram for Reflected Blast Load

An SBEDS analysis of the wall showed a support rotation of -1.1 degree and a ductility ratio
of 1.31. The maximum deflection was -1.9 in., meaning that the negative pressure portion of the
blast history controlled both rotation and deflection. A full output report for SBEDS, including
displacement and resistance graphs can be found in Appendix C.

Table 5.2 provides a summary of the PDC and SGH response limits as well as the theoretical
wall response at the given loading and standoff.

Table 5.2: Summary of blast results

5.5.5 Conclusion
The enclosure does not meet PDC TR-06-08 superficial damage criteria for rotation and duc-

tility at an 82 ft. standoff; however it does meet the moderate damage PDC criteria and superficial
damage criteria based on SGH study values (Figure 5.2). By these criteria, the wall is subject to
only superficial damage at the analyzed standoff and explosive weight. Should a higher explo-
sive weight be used, the wall would sustain greater damage, but would have additional capacity to
protect against ultimate failure and loss of life.
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Appendix A

Structural Depth References
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A.1 Slab References
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Typical Reinforcement Plan: Lower Level Latitudinal Bottom
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Typical Reinforcement Plan: Lower Level Longitudinal Bottom
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Typical Reinforcement Plan: Lower Level Latitudinal Top
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Typical Reinforcement Plan: Lower Level Longitudinal Top
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Typical Reinforcement Plan: Lower Level Roof Latitudinal Bottom
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Typical Reinforcement Plan: Lower Level Roof Longitudinal Bottom
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Typical Reinforcement Plan: Lower Level Roof Latitudinal Top
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Typical Reinforcement Plan: Lower Level Roof Longitudinal Top
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Typical Reinforcement Plan: Upper Level Latitudinal Bottom
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Typical Reinforcement Plan: Upper Level Longitudinal Bottom
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Typical Reinforcement Plan: Upper Level Latitudinal Top
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Typical Reinforcement Plan: Upper Level Longitudinal Top
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Typical Reinforcement Plan: Upper Level Roof Latitudinal Bottom
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Typical Reinforcement Plan: Upper Level Roof Longitudinal Bottom
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Typical Reinforcement Plan: Upper Level Roof Latitudinal Top
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Typical Reinforcement Plan: Upper Level Roof Longitudinal Top
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A.2 Beam References
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A.3 Column References



80



  STRUCTUREPOINT - spColumn v4.81 (TM)                                                                    Page   2
  Licensed to: Penn State University Park. License ID: 62821-1044150-4-2CF68-2CF68                        04/06/15
  X:\Thesis\Models\SP Column\Type_S_rev1.col                                                              01:57 AM

  General Information:
  ====================
    File Name: X:\Thesis\Models\SP Column\Type_S_rev1.col
    Project:  SSM
    Column:   TEST                           Engineer: CJB
    Code:     ACI 318-11                     Units: English

    Run Option: Design                       Slenderness: Not considered
    Run Axis:   Biaxial                      Column Type: Structural

  Material Properties:
  ====================
    f'c   = 4 ksi                            fy   = 60 ksi
    Ec    = 3605 ksi                         Es   = 29000 ksi
    Ultimate strain = 0.003 in/in
    Beta1 = 0.85

  Section:
  ========
    Rectangular: Width = 16 in               Depth = 16 in

    Gross section area, Ag =  256 in^2
    Ix =  5461.33 in^4                       Iy =  5461.33 in^4
    rx =  4.6188 in                          ry =  4.6188 in
    Xo =  0 in                               Yo =  0 in

  Reinforcement:
  ==============
    Bar Set: ASTM A615
    Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)
    ---- --------- -----------   ---- --------- -----------   ---- --------- -----------
    #  3      0.38        0.11   #  4      0.50        0.20   #  5      0.63        0.31
    #  6      0.75        0.44   #  7      0.88        0.60   #  8      1.00        0.79
    #  9      1.13        1.00   # 10      1.27        1.27   # 11      1.41        1.56
    # 14      1.69        2.25   # 18      2.26        4.00 

    Bar selection: Minimum number of bars
    Asmin = 0.01 * Ag = 2.56 in^2,  Asmax = 0.08 * Ag = 20.48 in^2

    Confinement: Tied; #3 ties with #10 bars,  #4 with larger bars.
    phi(a) = 0.8,  phi(b) = 0.9,  phi(c) = 0.65

    Layout: Rectangular
    Pattern: All Sides Equal  (Cover to transverse reinforcement)
    Total steel area: As = 10.16 in^2 at rho = 3.97%
    Minimum clear spacing = 4.22 in 

    8 #10   Cover = 1.5 in

  Factored Loads and Moments with Corresponding Capacities:
  =========================================================
    Design/Required ratio PhiMn/Mu >= 1.00
                 Pu         Mux         Muy      PhiMnx      PhiMny PhiMn/Mu NA depth Dt depth    eps_t    Phi
    No.         kip        k-ft        k-ft        k-ft        k-ft                in       in
    --- ----------- ----------- ----------- ----------- ----------- -------- -------- -------- -------- ------
      1      617.10       46.51        7.86      130.62       22.08    2.808    15.46    15.84  0.00007  0.650  
      2      611.00       36.34       15.38      116.97       49.50    3.219    16.68    17.76  0.00019  0.650  
      3      644.56       66.33       45.94       93.85       65.00    1.415    17.90    18.65  0.00012  0.650  
      4      655.17       71.43       58.87       85.24       70.25    1.193    18.39    18.94  0.00009  0.650  
      5      646.85       57.11       92.34       60.18       97.30    1.054    17.84    18.47  0.00011  0.650  

    *** End of output ***
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  STRUCTUREPOINT - spColumn v4.81 (TM)                                                                    Page   2
  Licensed to: Penn State University Park. License ID: 62821-1044150-4-2CF68-2CF68                        04/06/15
  X:\Thesis\Models\SP Column\Type_M_Rev1.col                                                              02:01 AM

  General Information:
  ====================
    File Name: X:\Thesis\Models\SP Column\Type_M_Rev1.col
    Project:  SSM
    Column:   20x20                          Engineer: CJB
    Code:     ACI 318-11                     Units: English

    Run Option: Design                       Slenderness: Not considered
    Run Axis:   Biaxial                      Column Type: Structural

  Material Properties:
  ====================
    f'c   = 4 ksi                            fy   = 60 ksi
    Ec    = 3605 ksi                         Es   = 29000 ksi
    Ultimate strain = 0.003 in/in
    Beta1 = 0.85

  Section:
  ========
    Rectangular: Width = 20 in               Depth = 20 in

    Gross section area, Ag =  400 in^2
    Ix =  13333.3 in^4                       Iy =  13333.3 in^4
    rx =  5.7735 in                          ry =  5.7735 in
    Xo =  0 in                               Yo =  0 in

  Reinforcement:
  ==============
    Bar Set: ASTM A615
    Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)
    ---- --------- -----------   ---- --------- -----------   ---- --------- -----------
    #  3      0.38        0.11   #  4      0.50        0.20   #  5      0.63        0.31
    #  6      0.75        0.44   #  7      0.88        0.60   #  8      1.00        0.79
    #  9      1.13        1.00   # 10      1.27        1.27   # 11      1.41        1.56
    # 14      1.69        2.25   # 18      2.26        4.00 

    Bar selection: Minimum number of bars
    Asmin = 0.01 * Ag = 4.00 in^2,  Asmax = 0.08 * Ag = 32.00 in^2

    Confinement: Tied; #3 ties with #10 bars,  #4 with larger bars.
    phi(a) = 0.8,  phi(b) = 0.9,  phi(c) = 0.65

    Layout: Rectangular
    Pattern: All Sides Equal  (Cover to transverse reinforcement)
    Total steel area: As = 15.24 in^2 at rho = 3.81%
    Minimum clear spacing = 3.72 in 

    12 #10   Cover = 1.5 in

  Factored Loads and Moments with Corresponding Capacities:
  =========================================================
    Design/Required ratio PhiMn/Mu >= 1.00
                 Pu         Mux         Muy      PhiMnx      PhiMny PhiMn/Mu NA depth Dt depth    eps_t    Phi
    No.         kip        k-ft        k-ft        k-ft        k-ft                in       in
    --- ----------- ----------- ----------- ----------- ----------- -------- -------- -------- -------- ------
      1      223.70      180.40      205.20      248.30      282.43    1.376    13.05    24.64  0.00267  0.701  
      2      350.70      219.70      100.50      336.67      154.01    1.532    13.62    23.48  0.00217  0.659  
      3      360.30      293.20       15.50      434.57       22.97    1.482    10.54    18.58  0.00229  0.669  
      4      557.83      200.80       19.32      377.16       36.29    1.878    13.26    19.41  0.00139  0.650  
      5      562.87      133.70      130.90      233.99      229.09    1.750    16.74    24.64  0.00142  0.650  
      6     1101.90      110.20       48.02      174.39       75.99    1.582    23.35    22.58 -0.00010  0.650  
      7     1139.70       77.62        4.35      176.13        9.87    2.269    21.28    18.26 -0.00043  0.650  

    *** End of output ***
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  STRUCTUREPOINT - spColumn v4.81 (TM)                                                                    Page   2
  Licensed to: Penn State University Park. License ID: 62821-1044150-4-2CF68-2CF68                        04/06/15
  X:\Thesis\Models\SP Column\Type_L_Rev1.col                                                              02:01 AM

  General Information:
  ====================
    File Name: X:\Thesis\Models\SP Column\Type_L_Rev1.col
    Project:  SSM
    Column:   24x24                          Engineer: CJB
    Code:     ACI 318-11                     Units: English

    Run Option: Design                       Slenderness: Not considered
    Run Axis:   Biaxial                      Column Type: Structural

  Material Properties:
  ====================
    f'c   = 4 ksi                            fy   = 60 ksi
    Ec    = 3605 ksi                         Es   = 29000 ksi
    Ultimate strain = 0.003 in/in
    Beta1 = 0.85

  Section:
  ========
    Rectangular: Width = 24 in               Depth = 24 in

    Gross section area, Ag =  576 in^2
    Ix =  27648 in^4                         Iy =  27648 in^4
    rx =  6.9282 in                          ry =  6.9282 in
    Xo =  0 in                               Yo =  0 in

  Reinforcement:
  ==============
    Bar Set: ASTM A615
    Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)
    ---- --------- -----------   ---- --------- -----------   ---- --------- -----------
    #  3      0.38        0.11   #  4      0.50        0.20   #  5      0.63        0.31
    #  6      0.75        0.44   #  7      0.88        0.60   #  8      1.00        0.79
    #  9      1.13        1.00   # 10      1.27        1.27   # 11      1.41        1.56
    # 14      1.69        2.25   # 18      2.26        4.00 

    Bar selection: Minimum number of bars
    Asmin = 0.01 * Ag = 5.76 in^2,  Asmax = 0.08 * Ag = 46.08 in^2

    Confinement: Tied; #3 ties with #10 bars,  #4 with larger bars.
    phi(a) = 0.8,  phi(b) = 0.9,  phi(c) = 0.65

    Layout: Rectangular
    Pattern: All Sides Equal  (Cover to transverse reinforcement)
    Total steel area: As = 20.32 in^2 at rho = 3.53%
    Minimum clear spacing = 3.47 in 

    16 #10   Cover = 1.5 in

  Factored Loads and Moments with Corresponding Capacities:
  =========================================================
    Design/Required ratio PhiMn/Mu >= 1.00
                 Pu         Mux         Muy      PhiMnx      PhiMny PhiMn/Mu NA depth Dt depth    eps_t    Phi
    No.         kip        k-ft        k-ft        k-ft        k-ft                in       in
    --- ----------- ----------- ----------- ----------- ----------- -------- -------- -------- -------- ------
      1     1602.60       64.91       11.33      291.83       50.94    4.496    26.76    24.31 -0.00028  0.650  
      2     1595.90       98.89       22.14      292.64       65.52    2.959    27.18    25.08 -0.00023  0.650  
      3     1567.10       72.34        2.08      326.12        9.38    4.508    24.61    22.00 -0.00032  0.650  
      4     1472.30        2.99       18.39       60.92      375.08   20.396    24.85    24.51 -0.00004  0.650  
      5      753.00        3.51      245.70        9.68      678.39    2.761    14.48    21.86  0.00153  0.650  
      6     1299.70       48.45      212.90      102.82      451.81    2.122    23.33    26.04  0.00035  0.650  
      7     1360.60      281.10       36.97      437.61       57.55    1.557    23.10    24.33  0.00016  0.650  

    *** End of output ***
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  STRUCTUREPOINT - spColumn v4.81 (TM)                                                                    Page   2
  Licensed to: Penn State University Park. License ID: 62821-1044150-4-2CF68-2CF68                        04/06/15
  X:\Thesis\Models\SP Column\Type_XL_Rev1.col                                                             02:02 AM

  General Information:
  ====================
    File Name: X:\Thesis\Models\SP Column\Type_XL_Rev1.col
    Project:  SSM
    Column:   26x26                          Engineer: CJB
    Code:     ACI 318-11                     Units: English

    Run Option: Design                       Slenderness: Not considered
    Run Axis:   Biaxial                      Column Type: Structural

  Material Properties:
  ====================
    f'c   = 4 ksi                            fy   = 60 ksi
    Ec    = 3605 ksi                         Es   = 29000 ksi
    Ultimate strain = 0.003 in/in
    Beta1 = 0.85

  Section:
  ========
    Rectangular: Width = 26 in               Depth = 26 in

    Gross section area, Ag =  676 in^2
    Ix =  38081.3 in^4                       Iy =  38081.3 in^4
    rx =  7.50555 in                         ry =  7.50555 in
    Xo =  0 in                               Yo =  0 in

  Reinforcement:
  ==============
    Bar Set: ASTM A615
    Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)
    ---- --------- -----------   ---- --------- -----------   ---- --------- -----------
    #  3      0.38        0.11   #  4      0.50        0.20   #  5      0.63        0.31
    #  6      0.75        0.44   #  7      0.88        0.60   #  8      1.00        0.79
    #  9      1.13        1.00   # 10      1.27        1.27   # 11      1.41        1.56
    # 14      1.69        2.25   # 18      2.26        4.00 

    Bar selection: Minimum number of bars
    Asmin = 0.01 * Ag = 6.76 in^2,  Asmax = 0.08 * Ag = 54.08 in^2

    Confinement: Tied; #3 ties with #10 bars,  #4 with larger bars.
    phi(a) = 0.8,  phi(b) = 0.9,  phi(c) = 0.65

    Layout: Rectangular
    Pattern: All Sides Equal  (Cover to transverse reinforcement)
    Total steel area: As = 24.96 in^2 at rho = 3.69%
    Minimum clear spacing = 3.74 in 

    16 #11   Cover = 1.5 in

  Factored Loads and Moments with Corresponding Capacities:
  =========================================================
    Design/Required ratio PhiMn/Mu >= 1.00
                 Pu         Mux         Muy      PhiMnx      PhiMny PhiMn/Mu NA depth Dt depth    eps_t    Phi
    No.         kip        k-ft        k-ft        k-ft        k-ft                in       in
    --- ----------- ----------- ----------- ----------- ----------- -------- -------- -------- -------- ------
      1     1916.20      199.20        3.32      387.96        6.46    1.948    27.20    23.59 -0.00040  0.650  
      2     1863.50       82.83       36.68      375.44      166.26    4.533    30.74    30.10 -0.00006  0.650  
      3     1863.50       85.72       29.53      389.89      134.32    4.548    30.01    28.93 -0.00011  0.650  
      4     1808.70      169.90        3.92      465.90       10.75    2.742    25.82    23.77 -0.00024  0.650  

    *** End of output ***
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A.4 Lateral System References



Project: SSM ‐ St. Claire Health Center
Subject: Seismic Design Forces
CommNo: N/A
Name: Brandmeier Page:
Date: 4/6/2015 1/1

Categories Parameter Value Units Description Reference
Occ. Category IV Occupant Category Table 1‐1
Site Class D Site Class  (A, B, C, D, E, or F) Chapter 20
SDC D Seismic Design Category 11.6‐11.7
IE 1.50 Seismic Importance Factor Table 11.5‐1

SS 0.414 Short Period MCE Spectral Response Acceleration  (%g) Figure 22‐1

S1 0.163 One Second MCE Spectral Response Acceleration  (%g) Figure 22‐1

Fa 1.468 Site Coefficient at Short Periods Table 11.4‐1

Fv 2.148 Site Coefficient at 1 Second Period Table 11.4‐2
TL 12.00 s Long‐period Transition Period Figure 22‐15
Tb 0.84 s Building Period determined from Modal Analysis
Ct 0.02 Building Period Coefficient 12.8.1.1
x 0.75 Building Period Coefficient
hn 118.00 ft Height of building
Cu 1.47
N 0.00 # Number of Stories (leave blank unless apprx Ta desired)
R 6.00 Response Modification Coefficient Table 12.2‐1
Ω 2.50 Overstrength Factor Table 12.2‐1
Cd 5.00 Deflection Amplication Factor Table 12.2‐1
Concrete/masonry 
shear walls? NO
Direction X X or Y?
Ab 1200 sqft Area of base of Structure

Categories Calculated Values Value Units Description Reference
SMS 0.608 Short Period MCE Spectral Response Acc., site adjusted Eq. 11.4‐1

SM1 0.350 One Second MCE Spectral Response Acc., site adjusted Eq. 11.4‐2

SDS 0.405 5% Damped Design Spectral Response Acc. at Short Periods Eq. 11.4‐3

SD1 0.233 5% Damped Design Spectral Response Acc. at 1 Second Period Eq. 11.4‐4
Sa 3.941 Design Spectral Response Acceleration 11.4.5
Ta 0.72 s Approximate Fundamental Period 12.8.2
T0 0.12 s
Ts 0.58 s
T 0.84 s Period of the Structure
Cw 0.00 Shear Wall Coefficient 12.8‐10
Cs 0.069 T<=TL
Cs 0.101 T>TL
Cs 0.101 S1>0.6g
Cs final 0.069 Seismic Response Coefficient 12.8.1.1

Base Shear V 3410.25 Base Shear

Design Parameters

Seismic 
Response

Periods

Coefficients

Site Code 
Factors

Seismic 
Response

Period

SFRS 
Coefficients

Shear Wall 
Data

Intermediate Calculations
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SSM ‐ St. Claire Health Center
Seismic Design Forces
N/A
Brandmeier Page:
4/6/2015 1/1

Story Dia. Wx (kips) Hx (ft) k Hxk Wx*Hxk Cvx Fx 0.2SdsIwpx 0.4SdsIwpx Fpx (diaph.)
First Floor 1 10650.95 16.00 1.17 25.74 274166.87 0.06 206.79 1294.63 2589.25 1294.63
Second Floor 2 10763.05 30.00 1.17 53.76 578606.05 0.13 436.42 1308.25 2616.51 1308.25
Third Floor 3 6975.92 44.00 1.17 84.20 587362.87 0.13 443.02 847.93 1695.85 847.93

Fourth Floor 4 6975.92 58.00 1.17 116.37 811815.94 0.18 612.32 847.93 1695.85 847.93

Fifth Floor 5 6975.92 72.00 1.17 149.92 1045843.49 0.23 788.84 847.93 1695.85 847.93

Sixth Floor 6 6283.78 90.00 1.17 194.71 1223533.84 0.27 922.86 763.80 1527.59 922.86

Penthouse Roof 7 640.00 108.00 1.17 241.08 154289.33 0.03 116.37 77.79 155.58 116.37

1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00

49265.55 418.00 7.03 624.71 4521329.05 1.00 3410.25 6185.89

X Y
Shear Wall Direction Height Length Σ(eq) Σ(eq)

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Story Data and Forces

Project:
Subject:
CommNo:
Name:
Date:

Shear Wall Data
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Project: SSM ‐ St. Claire Health Center
Subject: Seismic Design Forces
CommNo: N/A
Name: Brandmeier Page:
Date: 4/6/2015 1/1

Categories Parameter Value Units Description Reference
Occ. Category IV Occupant Category Table 1‐1
Site Class D Site Class  (A, B, C, D, E, or F) Chapter 20
SDC D Seismic Design Category 11.6‐11.7
IE 1.50 Seismic Importance Factor Table 11.5‐1

SS 0.414 Short Period MCE Spectral Response Acceleration  (%g) Figure 22‐1

S1 0.163 One Second MCE Spectral Response Acceleration  (%g) Figure 22‐1

Fa 1.468 Site Coefficient at Short Periods Table 11.4‐1

Fv 2.148 Site Coefficient at 1 Second Period Table 11.4‐2
TL 12.00 s Long‐period Transition Period Figure 22‐15
Tb 0.54 s Building Period determined from Modal Analysis
Ct 0.02 Building Period Coefficient 12.8.1.1
x 0.75 Building Period Coefficient
hn 118.00 ft Height of building
Cu 1.47
N 0.00 # Number of Stories (leave blank unless apprx Ta desired)
R 6.00 Response Modification Coefficient Table 12.2‐1
Ω 2.50 Overstrength Factor Table 12.2‐1
Cd 5.00 Deflection Amplication Factor Table 12.2‐1
Concrete/masonry 
shear walls? NO
Direction X X or Y?
Ab 1200 sqft Area of base of Structure

Categories Calculated Values Value Units Description Reference
SMS 0.608 Short Period MCE Spectral Response Acc., site adjusted Eq. 11.4‐1

SM1 0.350 One Second MCE Spectral Response Acc., site adjusted Eq. 11.4‐2

SDS 0.405 5% Damped Design Spectral Response Acc. at Short Periods Eq. 11.4‐3

SD1 0.233 5% Damped Design Spectral Response Acc. at 1 Second Period Eq. 11.4‐4
Sa 9.713 Design Spectral Response Acceleration 11.4.5
Ta 0.72 s Approximate Fundamental Period 12.8.2
T0 0.12 s
Ts 0.58 s
T 0.54 s Period of the Structure
Cw 0.00 Shear Wall Coefficient 12.8‐10
Cs 0.101 T<=TL
Cs 0.101 T>TL
Cs 0.101 S1>0.6g
Cs final 0.101 Seismic Response Coefficient 12.8.1.1

Base Shear V 4990.21 Base Shear

Design Parameters

Seismic 
Response

Periods

Coefficients

Site Code 
Factors

Seismic 
Response

Period

SFRS 
Coefficients

Shear Wall 
Data

Intermediate Calculations
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SSM ‐ St. Claire Health Center
Seismic Design Forces
N/A
Brandmeier Page:
4/6/2015 1/1

Story Dia. Wx (kips) Hx (ft) k Hxk Wx*Hxk Cvx Fx 0.2SdsIwpx 0.4SdsIwpx Fpx (diaph.)
First Floor 1 10650.95 16.00 1.02 16.84 179384.38 0.07 365.84 1294.63 2589.25 1294.63
Second Floor 2 10763.05 30.00 1.02 31.95 343861.39 0.14 701.28 1308.25 2616.51 1308.25
Third Floor 3 6975.92 44.00 1.02 47.19 329198.79 0.13 671.38 847.93 1695.85 847.93

Fourth Floor 4 6975.92 58.00 1.02 62.52 436167.29 0.18 889.53 847.93 1695.85 889.53

Fifth Floor 5 6975.92 72.00 1.02 77.93 543619.25 0.22 1108.67 847.93 1695.85 1108.67

Sixth Floor 6 6283.78 90.00 1.02 97.81 614634.43 0.25 1253.50 763.80 1527.59 1253.50

Penthouse Roof 7 640.00 108.00 1.02 117.77 75374.09 0.03 153.72 77.79 155.58 153.72

1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00

49265.55 418.00 6.11 334.25 2446865.52 1.00 4990.21 6856.23

X Y
Shear Wall Direction Height Length Σ(eq) Σ(eq)

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Story Data and Forces

Project:
Subject:
CommNo:
Name:
Date:

Shear Wall Data
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Step Parameter Symbol Value Geometry
1 Risk Category ‐ IV mean roof height h 90.75
2 Basic Wind Speed V 115 horizontal building dimension parallel L 77.33
3a Wind Directionality Factor Kd 0.85 horizontal building dimension normal B 417

3b Exposure Category ‐ B Kzt Descriptions

3c Topographical Factor Kzt See Table Height of hill H 0
3d Gust Effect Factor G 0.790231552 horizontal distance to half hill height Lh 0
3e Enclosure Classification ‐ Enclosed distance from crest to building x 0
3f Internal Pressure Coefficient GCpi See Table height above ground to building site z 0

4a Velocity pressure exposure coefficient KZ See Table from Figure 26.8‐1 k1/(H/Lh) 0

4b Velocity pressure exposure coefficient Kh 0.961202163 height attenuation factor Gamma 0
5a Velocity Pressure qz See Table horizontal attenuation factor mu 0

5b Velocity Pressure qh See Table from Figure 26.8‐1 H/Lh #DIV/0!
6a External Pressure Coefficient Cp See Table G Descriptions Is the structure RIGID?

6b External Pressure Coefficient Cn N/A na 0.826446 1 for yes, 0 for no 0

h/L 1.173541963 fundamental frequency n1 0.8333 Do you want to assume G=0.85 (RIGID)?
Table 26.9‐1 Beta 0.05 1 for yes, 0 for no 0
Table 26.9‐1 b bar 0.45
Table 26.9‐1 alpha bar 0.25

gQ 3.4
gv 3.4
gR 4.145775

Table 26.9‐1 c 0.3
Table 26.9‐1 l 320
Table 26.9‐1 Epsilon Bar 0.333333
Table 26.9‐1 zmin 30

z bar 54.45
R 0.09518
Rn 0.061721
Rh 0.216723
Rb 0.052369
RL 0.248139
N1 3.662969
n sub h 4.043832
n sub b 18.58157
n  sub L 3.445835
Iz 0.275978
Lz 378.133
Vz 86.02264
Q 0.754089
Gf 0.790232
Gr 0.785183

KZ Descriptions
3‐sec gust speed power law exponent alpha 7
nominal height of atmospheric boundary zg 1200

Global Parameters Supplemental Calculations
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Location z (ft) Story Height (ft) Kh KZ Kzt qz qh Cp qzGCp (psf) GCpi qhGCpi (psf) qzGCp‐qh(+GCpi) qzGCp‐qh(‐GCpi) (ft2) Total (kips)
Windward ‐16 16 0.96 0.57 1.00 16.54 27.66 0.8 10.46 0.18 4.98 5.48 15.43 3336.00 34.88

0 16 0.96 0.57 1.00 16.54 27.66 0.8 10.46 0.18 4.98 5.48 15.43 6672.00 69.76
16 14 0.96 0.59 1.00 16.85 27.66 0.8 10.65 0.18 4.98 5.67 15.63 6255.00 66.62

30 14 0.96 0.70 1.00 20.16 27.66 0.8 12.75 0.18 4.98 7.77 17.72 5838.00 74.41

44 14 0.96 0.78 1.00 22.49 27.66 0.8 14.22 0.18 4.98 9.24 19.20 5838.00 83.01
58 14 0.96 0.85 1.00 24.34 27.66 0.8 15.39 0.18 4.98 10.41 20.37 5838.00 89.83
72 18.75 0.96 0.90 1.00 25.89 27.66 0.8 16.37 0.18 4.98 11.39 21.35 6828.38 111.77

90.75 0.96 0.96 1.00 27.66 27.66 0.8 17.49 0.18 4.98 12.51 22.47 3909.38 68.36

0.00 0.00 1.00 0.00 0.00 0.8 0.00 0.18 0.00 0.00 0.00 0.00 0.00

Leeward 90.75 90.75 0.96 0.96 1.00 27.66 27.66 ‐0.5 ‐10.93 0.18 4.98 ‐15.91 ‐5.95 37842.75 ‐413.60
Sides 90.75 90.75 0.96 0.96 1.00 27.66 27.66 ‐0.7 ‐15.30 0.18 4.98 ‐20.28 ‐10.32 37842.75 ‐579.03

Parapet WW 93 2.166 0.96 0.97 1.00 27.86 27.66 1.5 33.02 1.5 41.49 ‐8.47 74.51 903.22 37.48
Parapet LW 93 2.166 0.96 0.97 1.00 27.86 27.66 1 22.01 ‐1 ‐27.66 49.67 ‐5.65 903.22 ‐24.98

Roof (0 to h/2) 90.75 45 0.96 0.96 1.00 27.66 27.66 ‐0.9 ‐19.67 0.18 4.98 ‐24.65 ‐14.69 18765.00 ‐369.16

Roof (h/2 to h) 90.75 90 0.96 0.96 1.00 27.66 27.66 ‐0.9 ‐19.67 0.18 4.98 ‐24.65 ‐14.69 37530.00 ‐738.32
Roof (h to 2h) 90.75 180 0.96 0.96 1.00 27.66 27.66 ‐0.5 ‐10.93 0.18 4.98 ‐15.91 ‐5.95 75060.00 ‐820.36
Roof (>2h) 90.75 393 0.96 0.96 1.00 27.66 27.66 ‐0.3 ‐6.56 0.18 4.98 ‐11.54 ‐1.58 163881.00 ‐1074.67

Base Shear: 1074.70
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Appendix C

Landscape Architecture Breadth References
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