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Executive Summary 
 

A New Medical Office Building for The Primary Health Network in Sharon, Pa will serve to 

help revitalize a community that hasn’t seen new construction in 46 years. The 78,000 

sq. ft. building will be located between Pitt and E Silver streets near the Shenango River. 

Construction began in November 2014 and is expected to be completed by January of 

2016.  

The following report contains an overview of the building site, size, architecture and 

structure in the first portion. An alternate solution to the structural framing of the building 

is offered and then explored in detail. A two way flat slab with drop panels and edge 

beams was designed for strength and serviceability requirements using spSlab and 

verified with hand calculations. These slabs are supported by concrete columns 

modeled in spColumn and verified with hand calculations. 

The existing lateral system consists of Ivany Block masonry shear walls which were 

redesigned as concrete shear walls. The lateral system was modeled using ETABS 2013. 

The redesign focused heavily on keeping the original column layout with marked 

exceptions. The change to a concrete system resulted in drastically increased lateral 

loads due to seismic forces, these loads were calculated by ETABS and verified by 

hand.  

Sharon, Pa hasn’t had a commercial construction project since 1969. This gap in 

construction results in an even more pronounced gap in architecture. The new medical 

office building has to be modern enough to breathe new life into the city while 

acknowledging the surrounding buildings in order to mesh well with the community. The 

building’s façade was redesigned in order to better accomplish these goals. The 

building and site were modeled using Revit 2015. 

The Primary Health Network had a very tight budget for this project; efficiency played a 

leading role in all aspects of design. The change in building structure as well as the 

change in building façade result in an equivalent change in building cost which must 

be accounted for to determine the feasibility of the redesign. A cost comparison of the 

existing structural system to the structural redesign was completed using RS Means 

Facility Cost Data 2015. A Similar cost comparison was made between the existing and 

redesigned building facades.  

The change in building material will also affect the building construction period. A 

building construction schedule was created for the redesigned structural system only 

using Microsoft Project by referencing the information found in RS Means Facility Cost 

Data 2015. 

The redesign was found to reduce the overall structural depth while meeting all strength 

and serviceability requirements. The redesign increased the overall building cost 

primarily due to the redesign of the building façade.  
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Building Introduction 

 

 

 

The Primary Health Network’s Medical Office Building, as shown in Figure 1, will be 

located between Pitt and E Silver streets near the Shenango River in Sharon, Pa as 

denoted in red on Figure 2. The building will be 5 stories above grade, four elevated 

floors and a roof comprising a total building height of 85 feet. The tentative construction 

period is November 2014-August 2016, the demolition of existing structures on the site is 

included in this timeframe. The approximate building cost of $10 million will provide 

78,000 square feet of occupant space. The building façade is an exterior insulation 

finishing system in combination with a glazing system. The E.I.F.S. was chosen for its 

economic efficiency while the glazing serves the purpose of giving the building modern 

aesthetics.  

Figure 1 – Elevation 
Image courtesy of Taylor 

Structural Engineers 
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Figure 2 – Site Map  

Image courtesy of Taylor Structural Engineers 
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Structural System Overview 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Primary Health Network’s Medical Office Building in Sharon, Pa is primarily a steel 

framed structure. Steel columns and rolled steel girders comprise the gravity support 

system as seen in Figure 3 above. The four elevated floors consist of concrete on metal 

deck supported by steel bar joists.  The roof structure is comprised of an adhered 

membrane on rigid insulation supported by metal deck. Fully grouted Ivany block 

masonry walls encasing the three main stairs comprise the lateral force resisting system 

for the building. The building first floor is supported by a reinforced concrete slab-on-

grade while the remaining building load is transferred through the columns to 

reinforced concrete footings.  

 

 

Figure 3 – 2nd 

Floor Plan 

Image courtesy of 

Taylor Structural 

Engineers 
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Design Codes and Standards 
 

 Below is a list of all applicable building codes and standards used in design.  

 International Building Code 2009 

o NOTE: IBC 2012 selected for wind load calculations 

 American National Standards Institute 2006 

 American Society of Civil Engineers 7-05 

o ASCE 7-10 for wind calculations 

 American Concrete Institute 318-08 

 American Institute of Steel Construction 

o Structural Steel Buildings 2005 

 

 

Materials  

The following tables give the material properties of all major structural 

components used in the building design. 

 

Table 1.1 – Steel Properties 

Shape ASTM Grade Fy(ksi) 

    

Beams and Girders A992 50 50 

Plates and Bars A36 - 36 

Steel HSS A500 B 46 

Pipe A53 B 30 

Columns A992 50 50 

Bolts A325 - - 
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Table 1.2 – Concrete Properties 

 Minimum Strength(ksi) Weight (pcf) Max Water/Cement Ratio 

    

Mat Footings 4 144 0.50 

All Other Foundation 3 144 0.50 

Interior Slabs 4 144 0.45 

Exterior Slabs 

 

 

4 

 

144 

 

0.40 

 

    

 

 

Table 1.3 – Masonry Properties 

 Minimum Strength(ksi) ASTM  

    

Hollow Units 1.5 C90  

Solid Units 1.5 C90  

Ivany Block 3 -  

Standard Mortar Above 

Grade 

 

Standard Mortar Below 

Grade  

 

Mortar for Ivany Block 

3 

 

3 

3 

C270 Type S 

 

C270 Type M 

C270 Type M 
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Typical Bay 

 

A typical bay in this building is roughly 30’x30’ 

with the joists spanning north to south on the 

western half of the building and east to west on 

the eastern half. A typical bay is shown in Figure 7 

below, a typical floor plan can be seen in Figure 

8 on the next page. Steel columns support the 

floor and roof structures.  Figure 6 – Details the 

typical spliced connection at the third floor level 

where column sizes are reduced.  All columns are 

W10’s with weights ranging from 33 to 60 plf. At 

the third floor level the columns are spliced with 

the majority being decreased to W10x33’s.  

Figure 7 – Typical Bay 

30’ 

2
8

’ 

 

 

S-2 Second Floor Plan 

Figure 6 – Typical Column Splice 

S-10 Typical Bolted Column Splice 
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Figure 8 – Second Floor Plan.  

S-2 Second Floor Plan 
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Floor System 
 

The Medical Office Building’s floor system consists of normal weight concrete on 19/32” 

26 gage galvanized form deck. K series steel bar joists of various sizes ranging from 10 

inch to 24 inch depth support the floor deck. These joist are in turn supported by wide 

flange sections with similar variances in depth. In areas where joist span direction 

changes HSS sections are used to maintain deck elevation consistent with joist seat 

height as noted in Figure 9 below.  

 

 

 

 

 

 

 

 

 

Figure 9 – Typical Framing Detail 
S-13 Section 9 
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Building Lateral System 

The main lateral force resisting system in the Primary 

Health Networks Medical Office Building is Ivany block 

shear walls. Ivany block is a concrete masonry unit 

which, when fully grouted, provides similar performance 

as an f’c=3ksi cast in place concrete shear wall system 

with significant cost savings. Ivany block gains another 

advantage over typical CMU blocks in the placement 

of reinforcement; Ivany block has slots for rebar allowing 

for a consistent “d” value to be used in flexural 

calculations, as shown in Figure 10. Ivany block shear              Figure 10 – (Source: koltcz.com) 

walls partially encase the three stair towers as shown in             Ivany Block with Reinforcing 

red on Figure 11 below.  

 

 

 

 

 

 

Figure 11 
S-2 Second Floor Plan 
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Shear wall considerations 
 

Lateral loads enter the building 

through the façade and transfer 

through girders and tie-beams to 

ultimately be taken by the Ivany 

Shear walls. These shear walls 

which rest on mat footings extend 

vertically to the roof level. The 

shear wall located on the western 

side of the building has openings 

in the wall at each floor level, this 

restricted the flexural capacity of 

the wall by decreasing its depth 

by 4 feet. The vertical and 

horizontal bars are #4 spaced at 

16” on center. The flexural 

reinforcing consists of twelve #6 

bars spaced at 8” on center up to 

the third floor where a 28” overlap 

splices into twelve #5 bars at the 

same spacing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 
S-11 Shearwall notes 
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Foundation Design 

 

Greenleaf development services conducted a site survey. Their geotechnical report 

showed that the soil had a bearing capacity of 2500 psf. This was the basis for the 

design of the buildings footings. The overall design ideology for the foundation was to 

keep a shallow profile of individual and spread footings resting on the soil.  

All interior columns rest on individual concrete spread footings, a section of which is 

shown in Figure 13. Exterior columns rest on a continuous concrete wall footing. The 

ivany block walls sit on mat footings as can be seen in Figure 14.  

 

 

 

  

 

 

 

 

 

 

 

          

Figure 13 – Spread Footing 
S-12 Section 2 

Figure 14 – Mat Footing 
S-12 Section 4 
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Load Path 

 

This section discusses the manner in which forces are transferred and distributed through 

the building structure ultimately leading to their dissipation.  

Gravity 

Gravity Loads in The Primary Health Networks Medical Office Building are received by 

the concrete floor deck which transfers the load to the steel bar joists. The bar joists 

transfer the load into the wide flange steel girders which bring the load to steel 

columns. From there the load is transferred down into spread footings which ultimately 

dissipate the force into the soil.  

Lateral Loads 

Wind forces are received by the building façade and then transferred into exterior 

girders. The lateral loading continues through the floor diaphragm, comprised of 

concrete on metal deck, to the Ivany block shear walls. These shear walls transfer the 

energy into the foundations and ultimately the soil.  

 

Design Loads 

In the design of The Primary Health Network’s Medical Office Building two different 

codes were used to determine design loads. All gravity loads were determined using 

ASCE 7-05, whereas the lateral forces were determined using ASCE 7-10.  

Dead Loads 

The floor dead load was taken as 50 psf to account for the concrete deck, steel joists 

and girders, MEP and a false ceiling. 20 psf was used as the roof dead load, the 

reduction due to an adhered membrane being used instead of concrete on the roof 

deck.  

Live Loads 

All of the floors were designed for a 100psf live load typically used for lobbies or first floor 

corridors instead of the typical office live load listed in ASCE 7-05. This allows for flexibility 

in future changes to the floor layout. A roof live load of 35 psf controlled over the 

ground snow load rating of 25 psf. This design choice was likely made to account for 

additional mechanical equipment as well as snow drift where the roof level changes. 

 

Lateral Loads  

Wind loads were calculated using ASCE 7-10 with a building category II, exposure B and 

a 115mph base wind speed. The building was designed using seismic design category 

A, site class B and use group 1. 
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Joint Details 

 

In the Medical Office Building typical connections include joist to girder, girder to 

column, joist to block wall and deck to block wall. The first of these two connection 

types are to be detailed by the steel fabricator, as such this section will focus on the 

remaining two. 

Typical joist to block wall connection 

Steel bar joists and steel girders transfer loads into the Ivany block walls via ½” Plates 

with two ½” dia. By 6” headed studs. Figure 15 below shows a joist seat sitting on the 

plate supporting the joist floor system. The concrete deck is flush to the wall with a ½” 

isolation joint.  

 

 

     

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 – Typical Joist to block 

wall connection 
S-13 Section 4 
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Typical concrete deck to block wall connection 

Where the concrete on metal deck meets the masonry block walls in an unsupported 

condition a 4”x4”x1/4” steel angle is fastened to the block wall in order to support the 

deck via ¾” dia. hilti sleeve anchors spaced at 16” on center. This type of fastener has a 

casing that expands as the connection is tightened.  This is shown in Figure 16 below.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 
S-13 Section 8 
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Lateral Loads 

Modeling Process 
Ram Structural Systems was initially chosen as the modeling program due to familiarity.  

After modeling part of the gravity system it was determined that model was becoming 

unnecessarily over-complicated. To simplify the model only the lateral system was 

modeling using ETABS 2013. The four masonry shear walls were modeled using the 

properties associated with 3000psi f’m, 2700ksi E masonry. The cracked section modifier 

for concrete of 0.7 from ASCE7-10 was used for the full height of all walls. The fully 

grouted masonry walls will exhibit similar performance to 3000psi f’c concrete and 

therefore the concrete section of ASCE7-10 can be used. The walls were to the rigid 

floor diaphragm that was created at each level. The weight of the floor structure was 

included in all previously calculations and therefore the floor diaphragms were 

modeled as having no mass. The walls were modeled as fully fixed at the base level.   

The wind loads were taken from technical report II and applied at the center of each 

diaphragm in its respective direction as a point load assuming the rigid diaphragm will 

distribute the load based on stiffness. The corrected seismic loads from technical report 

II were applied to the buildings center of mass as point loads at each floor level.  

 

Center of Rigidity 

 

 

 

 

The center of rigidity for the structure is highlighted in red above. The center of rigidity in 

the x direction moves to the right by a total distance of 3.46’ over the height of the 

structure, this is a 2.4% difference and can be considered negligible. The reason for the 

change in XCR is due to the differing lengths of shear wall effective in this direction. 

Shear wall 1 (as seen in plan above) is only 19’ in length whereas shear wall 4 is 24’ in 

length. Rigidity is a factor of displacement, which is based heavily on wall length.  

The center of rigidity was calculated by hand at the roof level in order to consider 

ultimate displacements and to consider the highest value eccentricity. The calculated 

value for the center of rigidity was found to be XCR=89.8ft and YCR=45.5ft. This gives an 

error value of 0.4% in the x direction, and a value of 0.03% error in the y direction. 

Supporting hand calculations can be found in Appendix A.  
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Wind Loads 
 

Wind loads on the building were calculated in accordance with ASCE 7-10 chapter 27 

for Main Wind-Force Resisting Systems using the Directional Procedure. This method was 

deemed most viable due to the buildings regular geometry and low overall height. The 

controlling wind direction was case 1 per ASCE 7-10 chapter 27.4-8. This method gave 

resulting wind pressures as shown in figure 15, with a maximum base shear occurring in 

the building North-South direction with a value of 304 kips. The overall building 

dimensions were simplified for the procedure to the dimensions shown in Figure 17 

below. All hand calculations are included in Appendix A.  
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Figure 18 - 
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Seismic Loads 
 

Seismic calculations were determined in accordance with ASCE 7-10 Chapters 11 and 

12, using the Equivalent Lateral Force Procedure.  The building weight, W, was 

estimated by hand in order to determine the building base shear. A full set of hand 

calculations can be found in Appendix A. The seismic story and base shears as 

calculated can be found on Figure 19 below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Figure 19 
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Comparison of Lateral Forces 
 

In order to establish whether wind or seismic forces would control the lateral design, the 

resulting shears and overturning moments were compared. For the Primary Health 

Networks Medical Office Building wind loading in the North-South direction controlled 

both in base shear and overturning moment. Supporting hand calculations can be 

found in Appendix A.  
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Problem Statement and Proposed Alternate Solution 
 

Structural Depth 
 

The Primary Health Network’s medical office building in Sharon, Pa meets all applicable 

code standards for strength and serviceability per technical reports I-IV. The current 

steel framing design consists of wide flange columns and girders supporting a concrete 

on metal deck with steel bar joist floor system.  This system was requested by the 

building architect.   However, alternative framing systems explored in technical report III 

provided the potential for a more efficient design.  The building will be redesigned to 

demonstrate to the architect the value of an alternate design.  The most promising of 

the three previously explored alternate systems was a two-way flat plate. The average 

bay size of roughly 30’x30’ lends itself perfectly to two-way concrete design. Technical 

report III concluded that a two-way concrete system would have a shallower structural 

depth, cost less per square foot, and provide a greater overall fire rating. The main 

disadvantage of the two-way flat plate slab investigated in technical report III was the 

increased column size, this can be greatly reduced by the incorporation of drop 

panels. The floor and roof systems will be redesigned as two-way flat slabs with drop 

panels. The redesign will tentatively utilize all existing column locations to help maintain 

the existing building layout. All loading conditions from the original design will be used. 

The floor and roof designs will be created using programs such as spSlab and spColumn 

and then spot checked with hand calculations. All structural members will be designed 

to ACI318-11 specifications.  

The existing lateral system is a reinforced type of concrete masonry called ivany block, 

which when fully grouted claims to have similar performance to concrete with an f’c of 

3000psi. The redesigned lateral system will be comprised of concrete shear walls with an 

f’c of 3000psi located in the same locations as the current lateral system. The redesign 

will challenge the claim by attempting to achieve similar performance with less material 

than the original design.  The new concrete shear wall system will be modeled in ETABS. 

The change in material for the buildings superstructure will have a significant effect on 

construction.  
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Architecture Breadth 
 

The current design of the building’s façade involves the use of an external 

insulation finishing system coupled with a glazing system. This provides a stark 

contrast to the brick façade that has become common place in downtown 

Sharon.  The façade will be redesigned to incorporate common motifs of 

downtown Sharon such as brick in combination with more modern looks such as 

glazing systems.  The original design focused heavily on cost efficiency, as such 

all cost implications of the new façade system will be considered and 

compared. The new façade will then be created and rendered in Revit.  

 

Construction Management Breadth 
 

By changing the structure from steel to concrete the construction timeline will 

change dramatically.  The construction of formwork and concrete curing time 

will need to be taken into account, as well as temperature considerations for 

pouring concrete. The site is located in an urban center and as such logistics will 

need special considerations. A detailed concrete construction schedule will be 

developed for the redesign in order to account for both site existing conditions 

and new structural demands. The change in materials will also affect the project 

cost. This will be investigated through a cost estimate comparison between the 

as built and redesigns.  
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Structural Depth 
 

Gravity System 
 

Introduction 

 

A preliminary design for the gravity system was created through the use of the 

Concrete Reinforcing Steel Institute Design Handbook (CRSI) table 10-27. Assuming an 

average span of 30 feet, 4000psi f’c concrete, with a superimposed load of 100psf CRSI 

suggests a 10 inch slab with 10ft square, 8.25 inch deep drop panels supported by 12 in 

square columns. All elevated floor slabs were designed using an 80 psf live load for 

corridors above the first floor to allow for flexibility in future renovations. An additional 

20psf superimposed dead load was added to account for mechanical, electrical and 

plumbing equipment. The floorplan footprint does not change above the second floor, 

as such only two slabs were modeled for all elevated floor slabs. The roof slab will use 

the same design as similar floor slabs. Slab openings for M.E.P. equipment were not 

modeled since the project drawings did not show any openings in the floor system 

greater than 3 inches which is considered negligible. The intent of this thesis project was 

to redesign the buildings primary superstructure from a primarily steel framed structure 

into a reinforced concrete structure. The redesign focuses on retaining the original 

buildings design layout where possible, as such column locations and interior partition 

locations match the original layout unless noted otherwise. The original design had the 

stair towers encased in masonry. Sections of the masonry were designed as shear walls, 

while the remaining portions functioned as masonry bearing walls as seen in figure 20 

below. The redesign considers the masonry bearing walls as interior partitions and as 

such will not include a redesign. These bearing walls will be used as supports for the floor 

structure was in the original design. All masonry shear walls will be redesigned to 

concrete in the lateral portion of the report.   
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Figure 20 - Existing Masonry Shear Walls & Masonry Infill Walls 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Masonry Shear Walls are highlighted in red  

 

Masonry Infill Walls are highlighted in blue  
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Slab design 

 

All elevated floor slabs were modeled using spSlab. spSlab implements the equivalent 

frame method as outlined in ACI 318-11 for elevated two-way concrete slabs. All spSlab 

models used effective (cracked) sections for deflection calculations including a long 

term deflection load duration of 60 months. Initial designs in spSlab using the 

recommendations from the CRSI design handbook listed previously resulted in punching 

shear failures at roughly half of all column locations. It was determined that this shear 

failure was being caused by insufficient capacity for the transfer of moment in the 

column to slab connections resulting in the excess moment being transferred through 

shear. An initial redesign aimed at mitigating these excess moments by reducing the 

stiffness share for failing columns resulting in an increased moment on previously 

adequate columns. This method succeeded in reducing the loads on previously failing 

columns but resulted in more net failures than the original design.  

The next design increased column sizes to 18” square while reducing drop panel 

dimensions to 9’ square width and 8” depth.  This change coupled with modifying the 

stiffness share in trouble locations succeeded in mitigating previous punching shear 

problems at all interior locations. The exterior columns still experienced failures due to 

punching shear which resulted in the addition of slab edge beams. 

 The edge beams were sized to the drop panel depth and column width in order to 

increase constructability and reduce required formwork. In locations where a 

sufficiently long span met a comparatively short span the drop panels were shortened 

to 1/6 the short span length in the shorter span direction.  

The equivalent frame for column lines F3-F7 resulted in a deep 

beam between the supporting masonry infill wall and column F4 

coupled with a 28’ span from column F4 to F5. The negative 

moments created at column F4 continuing into the deep beam 

required reinforcing exceeding minimum spacing requirements. 

Column F4 (noted in green on figure 18) was moved to column 

line F4.1(Noted in Blue on Figure 18) in order to mitigate the 

excessive negative moments 

as well as the need for any 

“deep beam” provisions listed 

in ACI 318-11.  

 

 

 

                 Figure 21 
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Figure 22 - Equivalent frames in the East-West Direction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22 above represents the locations where equivalent frames were modeled using 

spSlab. Each rectangle represents an individual frame. Figure 23 on the following page 

is a representation of the frame created from column line 2A-2F. 
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Figure 23 – Equivalent frame modeled in spSlab along column lines 2A-2F. 
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Figure 24 - Equivalent frames in the North-South Direction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 22 and 24 show the equivalent frames created for the second floor plan. The 

second floor plan features a large opening between column lines 4.1 to 5 and D.5 to E 

(Can be seen in Figures 22 and 24). To create a layout for the remaining elevated floor 

slabs all frames which intersect with the opening were remodeled in spSlab. 
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Figure 25 – Drop Panel Locations 

 

 

 

 

The above figure demonstrates the locations of drop panels on a typical floor plan.  
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Reinforcement Layout 

 

An initial reinforcement layout was generated from spSlab. This layout proved to be 

highly impractical in terms of constructability due to frequent variances in both bar size 

and bar spacing between bays as seen in the sample output from two adjoining bays 

below (figures 26 & 27).  

 

Figure 26 – spSlab reinforcement output (column line 4A-4C) 
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Figure 27 – spSlab reinforcement output (column line 5A-5D.5) 

 

 

 

 In order to create a more feasible layout a reinforcement grid was implemented over 

the entirety of the slab for bottom reinforcing bars. 40% coverage was determined to 

be the optimal balance between constructability and structural efficiency. All required 

areas of reinforcement for the frames modeled in spSlab were brought into an Excel 

spreadsheet from which the reinforcement area covering 40% of frames was 

calculated. This calculated area proved to be the value for minimum reinforcement.  

The reinforcement grid chosen was #5 bars spaced at 12 inches on center in each 

direction. The additional reinforcing area required for each bay was then calculated, 

any additional area required less than 0.04 in^2/ft. was considered negligible. All 

additional reinforcement used were #7 bars. #7 bars were implemented in order to 

clearly differentiate on site between the bars used for the grid and the add. bars. All 
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top reinforcement will be #5 bars with varying spacing requirements. A Full 

reinforcement layout can be seen in Figure 28 below.  

 

Figure 28 – Reinforcement layout  
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Deflections 

 

ACI 318-11 governs the minimum thickness of slabs in chapter 9. The minimum thickness 

for a two way slab with drop panels using 60 ksi reinforcing is l/36 for interior panels as 

well as exterior panels with edge beams per ACI 318-11 Table 9.5(c).  Therefore a 10” 

slab may have up to a 30’ span.  Slabs having a thickness less than this minimum shall 

be permitted where computed deflections do not exceed the limits provided in Table 

9.5(b) per ACI 318-11 9.5.3.4. Table 9.5(b) requires a deflection limitation of l/360 due to 

immediate live load only for floors not supporting or attached to non-structural 

elements not likely to be damaged by large deflections as well as a limitation of l/240 

due to dead and live loads including long term loads for floors supporting or attached 

to non-structural elements not likely to be damaged by large deflections.  Figure 29 

below highlights the spans requiring deflection calculations.  

 

Figure 29 – Spans requiring deflection calculations 
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Deflections of long spans along column line 2 
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Deflections of long spans along column line 3 
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Deflection of long spans along column line 4 

 

 

 

 

spSlab calculates a deflection greater than the permissible per ACI 318-11 due to an 

inability to accurately model the masonry bearing wall along column line 3. The 

masonry bearing wall not only shortens the tributary area of column A4 by extending 

down past column line 3, but also provides a support condition extending nearly half 

the span length. Therefore by inspection the bay passes deflection criteria as the 

calculated value is only marginally higher than the allowable.  
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Deflection of long spans along column line 5 
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Deflection of long spans along column line 6 
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Column Design 
 

The redesign focused heavily on keeping the existing column layout, only changing one 

column location as noted earlier. The original design had a floor to floor height of 15’-2” 

for floors 1-4 with a fifth floor height of 18’-2”.  The redesign regularized the floor to floor 

height to 15’-6” typical giving an overall building height of 77’-6” as compared to the 

original buildings two varying heights of 73’-4” and 79’-0”. Column geometry and 

reinforcement layout will not change throughout the height of the column and as such 

all columns were designed at base level. This design decision was made due to the 

buildings low height and live loads. Four column locations were investigated for design 

in order to balance constructability and structural efficiency. These locations included 

two interior columns and two exterior column. Out of the interior columns, one location 

was selected for having the largest tributary area while the second location was 

selected for having large tributary widths in two direction coupled with small tributary 

widths in the opposing directions likely leading to biaxial bending. The exterior column 

locations were both selected for having large tributary widths, one of these was also a 

corner column which could also experience the effects of biaxial bending. All columns 

were designed as 18” square using spColumn. spColumn produced the same 

reinforcement layout for both exterior columns, and produced similar reinforcement 

layouts for each of the interior columns; as such the redesign will utilize one layout for all 

exterior columns and one layout for all interior columns. All four column designs 

produced by spColumn were verified by hand plotting a minimum of two points on the 

column interaction diagram. These calculations are available in Appendix B.  

 

Exterior Column Design 

 

Exterior columns will have 4 #9 tied vertical bars 

providing a reinforcement utilization of 1.235% as 

seen in Figure 30.  Figure 31 below represents the 

column interaction diagram for exterior columns. 

 

 

 

        Figure 30 – Exterior Column 
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Figure 31 – Exterior Column Interaction Diagram 
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Interior Column Design 

 

Interior columns will have 16 #9 tied vertical bars providing a reinforcement utilization of 

4.94% as seen in Figure 33.  Figure 34 below represents the column interaction diagram 

for interior columns. 

 

 

 

 Figure 33 – Interior Column Design 
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Figure 34 – Interior Column Interaction Diagram   
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Non-Sway 

 

Slenderness effects were ignored in the design of both interior and exterior columns. 

Slenderness effects are permitted to be neglected if the design meets the criteria in ACI 

318-11 section 10.10.1. This section has criteria dependent on whether or not members 

are braced against sidesway. It also shall be permitted to assume a story within a 

structure is nonsway if the section 10.10.5.2 is met. The column design for The Primary 

Health Networks new Medical Office Building in Sharon, PA met all requirements 

permitting slenderness effects to be neglected. All relevant calculations can be found 

in Appendix B.  
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Shear Wall Design 
 

The original design featured Ivany block 

masonry shear walls that also acted as 

masonry bearing walls. As previously 

mentioned the redesign intends to retain 

the original plan layout within reason and 

as such will keep the original shear wall 

locations. The redesigned shear walls will 

also function as concrete bearing walls in 

order to retain the original number of 

columns. The proposed solution intended 

to compare the efficiency of the existing 

masonry shear walls to the redesigned 

concrete shear walls. This is not feasible 

due to an increase in the concrete 

compressive strength, and more 

importantly a drastic increase in overall 

building weight due to the change from 

steel to concrete.  All concrete shear walls 

were modeled using ETABS 2013. 

Discrepancies between hand calculated 

seismic loads and loads from ETABS stem 

from the building period. Hand calculations used the approximate period where as 

ETABS calculated the exact period which led to a difference in the Seismic Response 

Coefficient (Cs). The exact period calculated by ETABS was used in design. 

 

Design & Modeling Assumptions: 

 Cracked sections 

 Thin shells 

 12” thick 

 Fully fixed at base level   

 

Due to the increased building weight seismic loads controlled the lateral design. Seismic 

loads were calculated in ETABS per ASCE 7-10 and can be found in Appendix B. Each 

floor was modeled as a diaphragm having zero mass. The building mass at each floor 

level was then added as a point mass at the floor levels center of mass. The buildings 

seismic loads were calculated by hand using ASCE 7-10 and compared to the loads 

determined using ETABS to verify the model, all relevant seismic calculations can be 

found in Appendix B.     
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Shear Wall Reinforcement Design 

 

The reinforcement layout was designed using the simplified C&T method in ETABS. Figure 

35 below shows the shear wall layout. 

Figure 35 – Shear wall locations 
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Shear Wall 1 (CW1) 

 

Figure 36 – CW1 reinforcement layout 

 

 

 

 

 

As shown in figure 36 above shear wall 1 has horizontal reinforcing of #4 bars at 13” on 

center coupled with a grid of 14 #7 bars vertical throughout. The main flexural 

reinforcing consists of 22 # 7 bars each side tied with #4 bars at 4” on center. This layout 

is consistent throughout the full wall height as shown in Figure 37 below. 

 

Figure 37 – CWI Elevation and reinforcement detail 
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Shear Wall 2 (CW2) 

 

Figure 38 – CW2 reinforcement layout 

 

 

 

 

 

As shown in figure 38 above shear wall 2 has horizontal reinforcing of #4 bars at 13” on 

center coupled with a grid of 18 #7 bars vertical throughout. The main flexural 

reinforcing consists of 26 # 7 bars each side tied with #4 bars at 4” on center.  

 

 

 

 

Shear Wall 3 (CW3) 

 

Figure 39 – CW3 reinforcement layout 

 

 

 

 

 

As shown in figure 39 above shear wall 3 has horizontal reinforcing of #4 bars at 13” on 

center coupled with a grid of 18 #7 bars vertical throughout. The main flexural 

reinforcing consists of 26 # 7 bars each side tied with #4 bars at 4” on center.  
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Shear Wall 4 (CW4) 

 

Figure 40 – CW4 reinforcement layout 

 

 

 

 

 

As shown in figure 40 above shear wall 4 has horizontal reinforcing of #4 bars at 13” on 

center coupled with a grid of 18 #7 bars vertical throughout. The main flexural 

reinforcing consists of 26 # 7 bars each side tied with #4 bars at 4” on center.  

 

 

P-Delta effects 

 

P-delta effects on stories are not required to be considered where the stability 

coefficient as determined by ASCE 7-10 12.8-16 is less than 0.10.  

 

 

 

 

To determine if p-delta calculations were necessary equation 12.8-16 was applied to 

the worst case location, story 1.  

 

𝜃 =
10427 ∗ 0.000611 ∗ 1

315.337 ∗ 15.5 ∗ 4
 

             Θ = 0.00033 < 0.10          

 

 Permitted to neglect P-Delta Effects 

 

 



 

  

DANIEL E GOFF 53 

 

FINAL REPORT 

Structural Summary 

 

The redesign consists of 10” two way slabs with drop panels and edge beams. Drop 

panels are typically 18” thick and 9’ square. Edge beams are 18” wide and 18” deep. 

The slabs were modeled using spSlab; columns were modeled using spColumn. All 

columns are 18” square. All concrete has a compressive strength of 4000 psi. The lateral 

system redesign of concrete shear walls was modeled using ETABS 2013 and kept the 

geometry of the existing lateral system.  

The structural redesign meets all requirements for strength and serviceability. The overall 

structural depth was reduced from an average of 30” to 18”, a reduction of 40%.  
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Architecture Breadth 
 

Figure 41 – Existing Façade  

 

 

 

 

 

 

 Source: sharonherald.com 
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The Background 

The new medical office building for The Primary Health network will be the first 

commercial construction project in Sharon since 1969. The project, as rendered in 

Figure 41, is intended to help revitalize the town and a major challenge will be bringing 

modern architecture that also acknowledges the surrounding buildings. Downtown 

Sharon is dominated by brick facades with glazed storefronts and as such it was 

necessary to find a more modern material that could also compliment the surrounding 

architecture. A number of materials were considered, including brick, concrete, glazing 

systems, synthetics and terra cotta. The materials were compared to typical buildings in 

downtown Sharon and it was determined that a combination of terra cotta panels and 

glass curtain wall would best compliment the surrounding buildings while breathing 

fresh life into the area.  

 

 

Figure 42 – Tsinghua Law Library  
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Figure 43 – Diana Center at Barnard College 

 

 

 

 

 

The Inspiration 

The Tsinghua Law Library and the Diana Center at Barnard College (Figures 42 & 43 

above) provided inspiration for the redesign. Both buildings have a strong fundamental 

concept of the mixing solid and void. This concept inspires wonder as the buildings 

appear to not be structurally sound. The mixing of solid and void also stands to 

represent the mixing of new and old in the city of Sharon. The building will be 

recognized regardless of situation in the small town since it’s the first new construction in 

46 years; as such to not acknowledge the vast gap would create an unsettling 

atmosphere. The gap in construction, in architectural advance, is represented by the 

void and is being encompassed by the modern materials and shapes represented by 

the solid.  
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Figure 44 – Site Model 

 

 

 

 

The Process 

Revit 2015 was chosen as the modeling software due to its flexibility in design and ability 

to integrate with other programs. The building site was modeled between W State 

Street and E Silver Street from the Shenango River to N Railroad Street. The sites 

topography was brought into Revit from Google Earth to accurately represent the 

contours of the area. The buildings main faces in terms of entrance and sight lines are 

looking to the north and east respectively, as such all buildings large enough to be seen 

from the locations previously mentioned were modeled generically as blocks having 

brick facades. Streets, parking lots, and landscapes within these views were also 

modeled to give a more realistic feel. The full building site model can be seen in Figure 

44 Above. 
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Figure 45 – North East View 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 46 – North View 
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The Model 

The buildings main architectural components are terra cotta panels coupled with a 

glass curtain wall. The vertical strips are intended to increase the buildings perceived 

height in an attempt to inspire ambition. The main architectural feature is the diagonal 

glass strip that steps up each floor starting at the bottom west corner of the south 

façade climaxing at the top east corner. The strip when lit at night creates the illusion of 

the void discussed previously, allowing for the remaining solid sections to create the 

illusion of enclosure. The increased glass area allows for more daylight into the spaces 

as well as giving the building an overall lighter appearance as compared to the original 

façade.  
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Construction Management Breadth 
 

Background 

 

The new medical office building for The Primary Health Network was a project driven by 

cost. The budget for the project was small and tight, as such efficiency was paramount 

in every aspect of design. To determine if the redesign is truly feasible a cost 

comparison between the changes in structural system as well as façade must be 

accounted for. Furthermore the change from steel to concrete could drastically effect 

the construction timeline. The existing lateral system of masonry shear walls is fully 

grouted and has the same dimensions as the redesigned concrete shear wall system, as 

such the cost difference between the systems can be considered negligible and was 

not included in the cost comparison.  

 

Cost Estimate 

 

RS Means 2015 Facilities Cost Data was used to estimate the cost of the new structural 

system. The components included in the estimate were all concrete slabs, beams, 

columns, rebar, finishing, placement, formwork, and concrete material. The estimated 

costs of the slabs was taken from section 03-30 1950 for elevated slabs with 30’ spans 

having a load of 125 psf. This line item includes formwork with an average of four uses, 

grade 60 rebar, Portland cement type 1, placement and finishing of the slabs. The line 

item for columns was found by linearly interpolating between references 03-30 0820 

and 03-30 0920, columns 16”x16” and 24”x24” respectively, to obtain values for 18”x18” 

columns with average reinforcing between 2-3%. The line item for beams was taken 

from section 03-30 0350.  
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The location multiplier was also taken from RS Means Facility Cost Data 2015 for New 

Castle Pa, the closest listed location. The cost estimate for the existing building was 

obtained from John N Gruitza associates and can be found in Appendix D. The line 

items relevant to the steel structure were taken from the estimate and can be seen 

below. 

 

 

 

 

 

 

 

 

 

Structural Cost Comparison 

 

Figure 47 - Structural Cost Comparison 

 

Figure 47 shows the relative costs of 

each structural system. It was 

determined that the change to a 

concrete structure would result in an 

approximate increase of 12.44% in 

building cost for structural systems. 
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Architectural Cost Comparison 

RS Means Facility Cost Data 2015 was also used to determine the cost of the new 

architectural façade. The façade components included a terra cotta panel system 

reference 04-21 0750 and an architectural glazing system reference 08-44 0150. These 

line items include all required fasteners and labor costs.  

 

 

The line items relevant to the architectural façade were taken from the existing cost 

estimate and can be seen below. 

 

 

 

 

 

 

 

 

 

 

 



 

  

DANIEL E GOFF 63 

 

FINAL REPORT 

Façade Cost Comparison 

 

Figure 48 – Façade Cost Comparison 

 

 

 

Figure 48 shows the relative costs of each 

façade system. It was determined that the 

architectural redesign would result in an 

approximate increase of 127.54% in building 

cost for façade systems. 

 

 

 

 

 

Summary 

 

The overall change in building costs from the redesigns would result in an increase of 

$1,324,275. Due to the cost sensitive nature of the project this increase is unacceptable. 

The structural redesign resulted in a minor increase to the budget and is considered a 

feasible option. The architectural changes to the project resulted in a comparatively 

large increase to the budget and as such cannot be considered a feasible redesign.  
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Construction Schedule 

 

A construction schedule for the redesigned concrete structure was created using 

Microsoft Project 2013. The schedule includes all structural items listed previously in the 

cost estimate. Durations were calculated based on the daily output from the 

recommended crews for each section. The crew recommended for concrete line item 

slabswas “c-14b.” The crew recommended for both columns and beams was “c-14a.” 

Crew c-14b consists of 1 Carpenter Foreman (outside), 16 Carpenters, 4 Rodmen, 2 

Laborers, 2 Cement Finishers, 1 Equipment Operator (Medium sized), 1 Gas Engine 

Vibrator, and 1 Concrete Pump (Small). Crew c-14a has one less Cement Finisher than 

Crew c-14b. Due to the large size of the recommended crew, only one crew was 

implemented for each task. The total duration for each item was then broken down into 

a per floor basis. The edge beams should be poured integrally with the slab, as such 

slab and beam durations were considered as one duration even though they are listed 

as individual line items. The duration for slab + beams for each floor is just under two 

days, the duration for columns is only one day. The concrete will need a minimum of 

four days curing time before it can support work on the next floor level; as such 

concrete curing was added into the schedule so that there is a minimum of four days 

between the pours of respective elements. The existing projects construction schedule 

could not be attained, as such no comparison between schedules can be made; 

because of this the project start date was set to May 11, 2015 to provide optimal 

conditions for concrete curing.  This eliminates the need to heat or protect the 

concrete during the curing process. Because the schedule only incorporates the 

concrete structure the critical path follows the construction schedule exactly.   
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Conclusion 
 

The report contains an overview of the building site, size, architecture and structure in 

the first portion. An alternate solution to the structural framing of the building is offered 

and then explored in detail. A two way flat slab with drop panels and edge beams was 

designed for strength and serviceability requirements using spSlab and verified with 

hand calculations. These slabs are supported by concrete columns modeled in 

spColumn and verified with hand calculations. 

The existing lateral system consists of Ivany Block masonry shear walls which were 

redesigned as concrete shear walls. The lateral system was modeled using ETABS 2013. 

The redesign focused heavily on keeping the original column layout with marked 

exceptions. The change to a concrete system resulted in drastically increased lateral 

loads due to seismic, these loads were calculated by ETABS and verified by hand.  

The structural redesign met all requirements for strength and serviceability while also 

reducing the overall structural depth by 40%.  

Sharon, Pa hasn’t had a commercial construction project since 1969. This gap in 

construction results in an even more pronounced gap in architecture. The new medical 

office building has to be modern enough to breathe new life into the city while 

acknowledging the surrounding buildings in order to mesh well with the community. The 

building’s façade was redesigned in order to better accomplish these goals. The 

building and site were modeled using Revit 2015. 

The Primary Health Network had a very tight budget for this project; efficiency played a 

leading role in all aspects of design. The change in building structure as well as the 

change in building façade result in an equivalent change in building cost which must 

be accounted for to determine the feasibility of the redesign. The structural redesign 

resulted in a 12.44% increase in building cost, while the façade redesign resulted in a 

127.54% increase.  

A building construction schedule was created for the redesigned structural system only 

using Microsoft Project by referencing the information found in RS Means Facility Cost 

Data 2015. 

The structural redesign reduced the overall structural depth with only minimal impact on 

cost; therefore it is a feasible design. The change in façade resulted in a drastic 

increase in cost and therefore is not a feasible design with the buildings current budget.  
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Center of Rigidity Calculations 

 



 

  

DANIEL E GOFF 69 

 

FINAL REPORT 

 



 

  

DANIEL E GOFF 70 

 

FINAL REPORT 

Wind Loads 
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Seismic Loads 
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Slenderness Effects 
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Corrections to Seismic Analysis 
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Column Load Takedowns 
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Column Interaction Verifications 
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Output from ETABS 

 

Structure Data 
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Applied Story Forces 
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Existing Cost Estimate 
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