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Thesis Abstract

h

Indiana Regional

same Fnegieris M@ dical Center

Architecture

The Indiana Regional Medical Centeris a
seven story full-service hospital in the
heart of western Pennsyivania. It was

first introduced to Indiana, PA in
November of 1914_ Itisa 130,000
square foot fadility that stands
approximately 90 feet in the air. Its
orange brick facade and concrete lintels
have lasted throughout its several
renovations. Each floor’s functionality

ranges between patient care, laboratory
procedures, and office work.

Structural System Project Team

The Indiana Regional Medical Center is constructed of a seven Owner:
story moment steel frame. A typical bay for this steel structure is Architect:
26’ by 16’. These bays are typically comprised of W16, W14, and
W10 beams and girders at 8’ on center. The flooring throughout Contractor:
the building is composed of Composite Steel Deck with 3 % “ of Engineer:
lightweight 3000 psi concrete fill netting and a total thickness of 5
% “. The fadility lays on a shallow foundation due to the BUildiﬂ Statistics
placement of bedrock.
Size:
Construction Dates:
Delivery Method:

MEP Systems

Rooftop cooling Towers
Lab exhaust systems provided for
specialized areas
Three diesel powered emergency
generators
Heating, cooling, and ventilation
primarily achieved using a variable
air volume system

:/ /www.engr.psu.edu/ae/thesis/portfolios/2011/cas5180/index 480V-208y/120Vpower distribution

Cody Scheller - Penn State Architectural Engineering, Structural Option
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This technical report is the final establishment for senior thesis and includes information
on the Indiana Regional Medical Center. This building will be referred to as IRMC
throughout the entirety of this document. The report includes a summary of the
building’s existing structural system, a concrete redesign of the lateral and gravity
systems, a vibration analysis, a lighting breadth, and a construction management
breadth.

The IRMC is a full-service health facility that rests in rural western Pennsylvania. It
consists of six separate buildings with the main seven story building standing 97 feet
high. This main central building is 208 feet by 96 feet and contains a concrete footing
and pier foundation. A standard bay in the IRMC is 26 feet by 16 feet and is utilized
throughout the building. Composite metal decking is used for the floor system and is
placed upon a steel support structure. The rest of the gravity systems contain W14
steel columns that vary in weight throughout the building. The lateral system is
comprised of steel moment frames and braced moment frames on the perimeter of the

building.

Three alternative floor systems were taken into account when redesigning the gravity
system of the building. A two-way flat plate system was chosen due to its low floor-to-
floor heights and ease of construction. The new concrete system was designed to meet
ACI minimum thickness standards and to resist punching shear. Column sizes and
reinforcing were then determined using RAM Structural System and hand calculations.
Concrete shear walls were utilized in the redesign of the lateral system. Relative

stiffness and drift checks were completed with the assistance of an ETABS model.

A lighting breadth was completed that focused on a redesign of a lobby/waiting room
area in the facility. New LED luminaires were selected and exchanged for the current

fluorescent luminaires. The tasks of the space were redefined and used in the design.

The construction management breadth included a comparison of the existing structure

and the new structure of the building in both cost estimate and scheduling aspects.
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Building Overview

Indiana Regional Medical Center
(IRMC) is a 140,000 square foot
hospital that resides in the heart of
western Pennsylvania. It was first
introduced to the public in
November of 1914 and has seen

many renovations and additions

throughout its years. It is now the Figure 1 - Current Entrance to IRMC

only full service health facility in its county. An elevation can be seen in Figure 1 and an
aerial view in Figure 2. This building was designed and erected by Rea, Hayes, Large,
& Suckling. This team is also responsible for all this building’s renovations, including the

most recent one in 1975. Future renovations are now starting to emerge.

This hospital is a
combination of six
separate buildings that
have been made into
one single-functioning
health care facility. The
central building has 7
stories that extend 97
feet in the air and is

where most of the

Figure 2 - Site of Indiana Regional Medical Center patients reside during
their stay at the medical center. Even though it is only one of six buildings that make up
the Indiana Regional Medical Center, it is where most of the functionalities of the
business occur. As seen from Figure 2 above, the hospital resides in a more rural

environment.
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Existing Structural System

Foundation

The foundation for the IRMC
incorporates a traditional

foundation method. Itisa T- e
. _ NIO CoLs — "
Shaped foundation that consists gi' :
of a standard sized 16 inch See Puans Fol | . s
Tuis ELEVATION. B s | B
footing placed right below the . o —
frost line. And anchor bolts are ‘Gt Lavetina B2 R

To REWO, EvEVATION .
used to connect the steel T SeaRre

2 Vebnato AncH

iy

structural system to the

T A

concrete. A diagram of an

] ) Figure 3 - Anchor Bolt
anchor bolt used is show in

Figure 3 above and an example =F
of a concrete footing can be =

seen in Figure 4 to the right.

These concrete footing E‘“: 1
i - i
characteristics can be found Upi - .b\\_[\[

throughout the entire

Figure 4 — Concrete Footing

foundation except on the
corners. Each corner of the IRMC’s foundation has concrete
piers in the ground that stand 32 inches high. An example of

a concrete pier foundation can be seen in Figure 5.

Figure 5 - Concrete Pier
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Floor System
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~—— COMPOSITE SLAB
\  (SEE PLAN)

| \ g TOP/SLAB
x ;.——* —\ Aﬁ
= =
] W <\F>
W
=
NOTE:

E.Q.S. VARIES @ GIRDERS
& COL. TIES - VERIFY W/
ARCH. & STRUCT. DWGS.

Figure 6 - Composite Steel & Concrete Floor System

Columns

Indiana, PA

The Indiana Regional Medical
Center uses a composite steel
and concrete floor system with
a typical bay size of 26’-0” x
16’-0”. The composite slab is a
Composite Steel Deck with 3
¥2” of lightweight 3000 psi
concrete fill netting with a total
thickness of 5 2”. This floor
system is throughout the entire
building as well as some fill
beams to aid with the higher
loads. Figure 6 shows a
section of this floor system.

The Indiana Regional Medical Center uses a variety of steel columns to support the

gravity load of the building. The sizes of these columns range from W14x38 all the way

to a W14x111 throughout the entire structure. The column layout of the building is very

symmetrical with its forty-eight 26’-0” x 16’-0” bays. The building is supported by these

steel columns from the 97 ft height all the way to the ground level. The steel columns

within this structural system are typically spliced together at a 24’-0” distance.
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Lateral System

The hospital consists of one large seven story building with five smaller buildings

Senior Thesis Final Report

IRMC

Indiana, PA

branching off from all sides. Each building is rectangular in shape with a brick facade

and has a flat roof. The largest building stands 97 feet in the air and contains a braced

steel frame along its perimeter and a steel moment frame. Along its North-South length,

the hospital consists of 8 typical bays made up of W10, W14, and W16 steel. The

moment frame portion of the building allows more flexibility with the floor plan and the

braced frames result in a lower cost than the moment connections. Figure 7 shows a

typical floor layout of the IRMC.

~4—26"0”
ERE i
_t_- 1 16-0"
T +
S ssemew :..- ae. - - £ - ame oy
= _ N A N _ 1610
= =
i — 4 e ; g 1650
A N R N . 1610
H . s s ok | o b o ol ]
= R e $ 4 _ e 1640
= T o il e i . s j
=T = = e
g i Rl Baeillc Nise = e 160
LTV T Db bR - -1 b-F -1 [ ] |

Figure 7 - IRMC Typical Floor Layout
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Roof System

The roof structural system is similar to the floor structural system used throughout the
Indiana Regional Medical Center. Even though the same composite deck and slab
configuration is used, the fill beams are spaced closer together to handle the greater
load from the mechanical equipment on the roof.
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Design Codes

ACI 318-05, Building Code Requirement for Structural Concrete
e AISC Steel Construction Manual, 13™ Edition

e American Society of Civil Engineers, ASCE/SEI 7-10

e PCI Design Handbook, 6™ Edition

e RSMeans Building Construction Cost Data
References
e Reinforced Concrete: Mechanics and Design

Deflection Criteria

e Allowable Story Drift: 0.010hgy (Seismic)
e Allowable Building Drift: H/400 (Wind)

IRMC
Indiana, PA
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Original Design

Tables 1, 2, and 3 contain information used in the original design.

Structural Steel Reinforcing
Type Standard Type Standard
M MM A Steel Fib ASTM A-706
Base Plates ASTM A-572 == =
Other Steel Members ASTM A-36 Welded Bars ASTM A-615
Wide Flange Shapes ASTM A-992 Welded Wire Fabric ASTM A-185
Table 1: Original Design Structural Steel Table 2: Original Design Reinforcing
Concrete
Type f'c (psi) Unit Weight (pcf)

Footings A000 150

Foundation Walls A000 150

Other Concrete 4000 150

Piers A000 150

Table 3: Original Design Concrete
New Design
Tables 4 and 5 contain information used in the redesign.
Concrete
Type f'c (psi) Unit Weight (pcf)

Columns 4000 150

Shear Walls 4000 150

Slabs 4000 150

Table 4: New Design Concrete

Reinforcing
Type Standard
Typical Bars ASTM A-615

Table 5: New Design Reinforcing
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The Indiana Regional Medical Center has an existing braced frame and moment frame
structure with a lightweight concrete composite decking system. From recent research
it was found that this structural system is the most ideal for this specific building.
However, it was also found that there are alternate systems that add comparable
benefits to the building that the existing system does not. With this in mind, it is being
proposed to change the current structural system of the Indiana Regional Medical
Center to a system that utilizes concrete material. The difference of the concrete
material could reduce total costs and result in low floor-to-floor heights. It will also be
beneficial from an educational standpoint to look at concrete after spending an entire

semester on steel.

Structural Depth

Information gathered from Technical Assignment #2 resulted in two potential
alternatives for the proposed concrete structural system. The Two-Way Post-Tensioned
system was the initial front runner because of its ability to span long distances and its
small affects on the architecture of the building. It was later discovered that the Two-
Way Flat Plate system is more convenient after a redesign was configured. The Two-
Way Flat Plate system has a lower total weight and cost per square foot than the Two-
Way Post-Tensioned system. The small impact on the architecture of the building is the
only advantage the post-tensioned system has over the flat plate system. Easy
formwork, simple bar placement, and low floor-to-floor heights are a few of the
advantages gained with the Two-Way Flat Plate system. Lateral and gravity loads will
have to be reexamined due to an increased weight of the building from the new
structural system. Strengths and weaknesses of the current system and new system

will be compared after the final design.

Page | 14



Cody A. Scheller Senior Thesis Final Report IRMC
Structural Option Indiana, PA

Lighting Breadth

A lighting breadth will be conducted that analyzes the current lighting design of a
lobby/waiting room in the facility. A redesign of the space is expected because of the
change in floor-to-floor heights and building materials due to the new structural system.
New tasks of the area need to be redefined to ensure the lighting design is effective for
the area. If a new lighting design is necessary, it will be a good opportunity to upgrade

to more modernized luminaires.

Construction Breadth

The second breadth will study the alterations to the cost and schedule due to the new
structural system. Updated cost estimates and construction schedules will be created
for the new system. These updated costs and schedules will then be compared to cost
estimates and construction schedules for the original structural system. This

comparison is necessary to find which system is more efficient for the IRMC.
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Live Loads

IRMC
Indiana, PA

The values shown below in Table 6 were retrieved from the original design of the

Indiana Regional Medical Center and compared to values that were determined from

ASCE 7-10.
Design Thesis
Location
(IBC2003) | (ASCE7-10)
Office 50 psf 50 psf
Restaurants 100 psf 100 psf
Retail 100 psf 100 psf
Mechanical Rooms 200 psf -
Hospitals
Operating rooms/Laboratories 60 psf 60 psf
Patient Rooms 40 psf 40 psf
Corridors Above First Floor 80 psf 80 psf
Roof 30 psf 20 psf
Stairs & Lobby 100 psf 100 psf
Corridors 80 psf 80 psf

Table 6: Live Load Summary
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Dead Loads

The values shown below in Table 7 were used in the original design of the Indiana
Regional Medical center. The dead load during the redesign consisted of the

superimposed dead load and self-weight.

Dead Loads
Roof Load 30 psf
Superimposed Dead Load 30 psf

Table 7: Dead Load Summary
Snow Loads

Chapter 7 in ASCE 7-10 was used for the snow load calculation for the IRMC. The
exposure factor, importance factor, and thermal factor were obtained from the code and
used to calculate the resulting load of 18 psf. Since there are other buildings
surrounding the IRMC with lower roof heights, a basic drift calculation was done. The
drift information is not important because the surrounding buildings are not being

considered in this project. The hand calculations can be found in Appendix A.
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Wind Loads

Chapter 26 and Chapter 27 of ASCE 7-10 was used when determining the wind load
analysis for the Indiana Regional Medical Center. An analysis was done for both
East/West and North/South directions.

To begin, it needed to be decided if the IRMC was calculated under a rigid structure or
flexible structure. The calculations for this result are located in Appendix B and proved
that this specific building should be calculated as a flexible structure. These
calculations were computed using an occupancy category of 11l and a wind speed of 120
mph. Since the building is considered flexible, a gust effect factor was determined and

these calculations can also be found in Appendix B.

Under ASCE 7-10, four cases need to be taken into account when applying wind loads
to a building. All four cases can be seen in Figure 8 below. Microsoft Excel was used
to compute the eccentricities, torsional moments, and wind pressures for each case and

a summary of the results can be found in Appendix B.

‘ Py [ sl e
IR (IR I
S -

- -— C.75 P w1

Pax Fr \— l l l | Pry \
Lr LYty L= ‘0iPir'
CASE 1 CASE 3
By
By
1T & 0.563 Py
_ T l 1 l eneny EEENR

-t —y -— ~ ) - S,

-t f= ) - =1=0) o #

] My =| ey M7

J
aT5Pwx LTIPLy a7sPLy 363 Py 0563 Py
1 1 \j 0563 Py
,‘fr -0 75 fP;H' t PI \'IB(:"( .\1’7 - 0.75 (Pu',r' Pn’:‘Br €y :117'— 0.563 (Psn' fpj _l_'/B\'L'X + 0.563 I‘Puv'}" Py }’;‘B)‘t'y
ey = X 015 /?\ ey == (15 B, ey= T 0.75 B\ er== f I')- By
CASE 2 CASE 4

Figure 8: Wind Load Cases
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Wind Loads

Four separate analyses were completed on an ETABS model to determine which wind
load case controlled. Torsional moments and wind story forces were applied in each
case and the deformed shapes of the shear walls were checked. Case #1 was
determined to be the controlling wind case and a summary of the forces can be seen in

Table 8 and Table 9 below. A summary of each case can be seen in Appendix B.

North-South Direction - Case #1
Height Story Wind Pressures (psf) Story Story |Overturning
Floor () Height K, ¢, |Windward|Leeward|Total| Force | Shear Moment
(ft) N-5 N-S N-5 | (kips) | (kips) (kips-ft)
Roof 97 14 0.981 | 30.73 36.01 -24.58 | 60.60] 81.44 0.00 0.00

7 83 14 0.939 | 29.42 34.71 -24.58 |59.30] 79.70 81.44 7899.88
] 69 14 0.886 | 27.76 33.07 -24.58 |57.65| 77.48 | 161.14 6614.73
5 55 14 0.830 | 26.00 31.32 -24.58 | 55.90] 75.14 | 238.62 5346.28
4 A1 14 0.765 | 23.97 29.31 -24 58 | 53.89| 72.43 313.76 4132.47
3 27 14 0.676 | 21.18 26.54 -24.58 |51.12| 68.71 | 386.18 2969.60
2 13 14 0.570 | 17.86 23.25 -24.58 | 47.83| 64.28 | 454.89 1855.16

1 0 13 0.000 | 0.00 0.00 0.00 0.00 0.00 519.18 835.68
Total | 519.18 | 25653.79

Table 8: Case #1 North/South Wind Load Summary

East-West Direction - Case #1
Height Story Wind Pressures (psf) Story | Story |Overturning

Floor (#) Height K, t, |Windward|Leeward| Total| Force | Shear Moment
(Ft) E-W E-w | E-w | (kips) | (kips) (kips-ft)

Roof 97 14 0.981 | 30.73 36.01 -16.96 | 52.98] 154.27 0.00 0.00
7 83 14 0.939 | 29.42 34.71 -16.96 | 51.68| 150.48 | 154.27 14963.73
6 69 14 0.886 | 27.76 33.07 -16.96 | 50.03| 145.69 | 304.75 12489.93
5 55 14 0.830 | 26.00 31.32 -16.96 | 48.28 | 140.60 | 450.43 10052.32
4 41 14 0.765 | 23.97 29.31 -16.96 | 46.27| 134.74 | 591.03 7733.08
3 27 14 0.676 | 21.18 26.54 -16.96 |43.50] 126.68 | 725.77 5524.24
2 13 14 0.570 | 17.86 23.25 -16.96 | 40.21| 117.09 | 852.45 3420.31
1 0 13 0.000 0.00 0.00 0.00 0.00 0.00 969.54 1522.14
Total 565.54 55705.78

Table 9: Case #1 East/West Wind Load Summary
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Wind Loads

With Case #1 being the controlling wind load factor on IRMC, the story forces and story
shear were determined for that case. As you can see in Table 8 and Table 9, the
East/West direction has a larger base story shear of 969.54 kips. The North/South
direction has a base story shear of 519.18 kips. The larger base story shear in the
East/West direction was expected because of the larger surface area. Figure 9 and

Figure 10 below show wind diagrams for both directions and summarize how the wind
loads affect the building.

Smrf Forces Resisting Story
Figure 9: East/West Wind Load Diagram Shear

154. 27 kips -

s 154, 277 kips
150.48 kips >

. 304.75 kips
145.69 kips >

s 450.43 kips
140.60 kips =

s 501.03 Kips
134.74 kips >

. 725.77 Kips
126.68 KiDS i

. 352,45 Kips
117.09 kips >

. 909.54 Kips

-<-
969.54 kips Base Shear

55,705.78 kips-ft Overturning Moment
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Wind Loads
Story Forces Resisting Story
Figure 10: North/South Wind Load Diagram Shear
81.44 kips ~ e—rp
s 81.44 kips
79.70 kips ===
s 161.14 kips
77.48 Kips  se—
. 238.62 kips
7514 KPS s
s 313.76 kips
72.43 KiPS ot
e 386.18 kips
68.71 KiPS i
A 454.89 Kips
64.28 kips >
. 51918 kips
-
519.18 kips Base Shear

29,653.79 kips-ft Overturning Moment
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ASCE 7-10 was referenced when calculating the seismic loading on the Indiana

Regional Medical Center. The total weight of the building above grade first needed

computed to do a seismic analysis. Excel spreadsheets were used to compile the total

weights of slabs, columns, and walls throughout the building. These tables can be

found in Appendix C. The estimated weight of the building was found to be about

26,000 kips. This value was much larger than the weight of the existing steel structure.

The Equivalent Lateral Force Procedure was used to find the base shear which loads

the IRMC. Table 10 shows all the design parameters used for the analysis and Table

11 is a summary of story and shear forces that were obtained from the analysis.

Detailed hand calculations can be found in Appendix C.

Seismic Parameters

Occupancy ]] Design Short Spectral Response 0.355

Site Class D Design Spectral Response 0.128

Seismic Design Category C Maximum Short Period Spectral Response 0.532
Effective Period 1.05 Maximum Spectral Response 0.192

Seismic Response Coefficient 0.025 Short Period Spectral Response 35% g
Response Madification Coefficient 6 Spectral Response 8%g

Table 10: Seismic Parameters

Seismic Analysis: Base Shear and Overturning Moment Distribution

. Story Story Lateral Story
Floor Height Height | Weight | h * w,eh,* Cox Force F, |Shear V, Moment M,
h, [ft) . . (kips-ft)
(Ft) | wy (Ibs) (kips) | (kips)
Roof 97 14 3342.40 | 341.30 | 1140755.01 0.29 187.46 0.00 0.00
7 83 14 3205.87 | 279.79 | B96954.63 0.23 14740 | 187.46 18183.87
6 69 14 3205.87 | 221.07 | 708726.22 0.18 116.47 | 334.86 12234.06
5 55 14 3205.87 | 165.56 | 530772.41 0.13 8722 451.33 8036.18
4 41 14 3279.37 | 113.84 | 373327.38 0.09 61.35 538.55 A4797.26
3 27 14 3279.37 | 66.83 | 219169.05 0.06 36.02 599.50 2515.33
2 13 13 3279.37 | 26.32 86311.41 0.02 14.18 635.92 972.45
1 0 0 3205.58 0.00 0.00 0.00 0.00 650.10 184.39
‘Evm.r,th,('t =3,956,016.09 3F,=Base Shear =650.10 kips Overturning Moment = 46,923.54 kip-ft

Table 11: Seismic Load Summary

Table 11 shows that the resulting base shear from the seismic analysis is 650.10 kips

and the overturning moment is 46,923.43 kip-ft.
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Load Combinations

The lateral system analyzed in this report is governed by the load combinations found in
ASCE 7-10 and can be seen in Figure 11 below. Both the north/south direction and
east/west direction were considered when running this evaluation in ETABS. Load
combination #4 resulted to be the controlling load type. The roof live load was used in
the calculation because it is greater than both the rain and snow loads. East/west

directional wind load was the controlling lateral load type because of its large base
shear.

BASIC LOAD COMBINATIONS

APPLICABLE LOAD TYPES LATERAL LOAD TYPES ONLY

1.4D

(-

I

12D +1.0L + 05(L; or Sor R)

3 1.2D + 1.0(L; or S or R) + (L or 0.5W) 0.5W

4 12D +1.0W + L+ 0.5(L; or SorR) ' CONTROLS 1.oW

5 1.2D + 1.0E + L + 0.25 1.oE

6 0.9D + 1.0W 1.oW

7 0.9D +1.0E 1.oE

D = DEAD LOAD L=LIVE LOAD R = RAIN LOAD W =WIND LOAD
E = EARTHQUAKE LOAD L. = ROOF LIVE LOAD S=SNOW LOAD

Figure 11 - Load Combinations
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Two-Way Flat Plate Design

When designing the two-way flat plate system for the Indiana Regional Medical Center,
it was a goal to keep the current perfect symmetry of the building. The current layout of
the bays for the building did not meet the requirements for the Direct Design Method, so
the Equivalent Frame Method was used. All panels were assumed to be loaded by a

full live load and all initial dimensions were used. A basic example of a two-way flat

plate system is shown in Figure 12.

Once the correct minimum thickness
eguations were obtained, the resultant ’h
thickness for the two-way flat plate system
was 9”. This slab thickness is used

throughout all seven stories of the building

and used 4000 psi concrete. The large LL
span is 26’-0” in the North-South direction
and 16’-0” in the East-West direction.

Figure 12 - Two-Way Flat Plate Example

Steel reinforcing is used in the newly designed two-way flat plate system. It utilizes both
top and bottom #6 bars throughout the column and middles strips. Top bars are placed
where negative moments occur and bottom bars are places where positive moments
occur. There are as many as 12 bars in the strips and as few as 6 bars in others. The

steel reinforcing spans both the North-South direction of the building as well as the

East-West direction. Figure

13 represents how the

S

Exterior equivalent frame
-

column and middle strips N
. . ' ‘ 3 HEET 7 \ A. e \m Column strip
were split up to design the AR s >/
: _..‘/:/{ E=

Column strip

steel reinforcement.

Figure 13 - Example of Column and Middle Strip Division
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Two-Way Flat Plate Design
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All hand calculations for the two-way flat plate system design and a summary of the

calculated slab weights are located in Appendix D. A final summary of the

reinforcement needed to support the slab can be seen in Table 12, Table 13, Table 14,

and Table 15 below. The reinforcement for the interior and exterior bays are very

similar due to the symmetry of the building.

Interior Bay Reinforcement - Long Direction

Interior Bay Reinforcement - Short Direction

Bar Position Bar Size Number of Bars Bar Position Bar Size Number of Bars
Column Strip Column Strip
Top Bars #b 12 Top Bars #b
Bottom Bars #6 6 Bottom Bars #6
Middle Strip Middle Strip
Top Bars #6 12 Top Bars #b
Bottom Bars #b 12 Bottom Bars #b

Table 12: Interior Reinforcement Summary

Table 13: Interior Reinforcement Summary

Exterior Bay Reinforcement - Long Direction

Exterior Bay Reinforcement - Short Direction

Bar Position Bar Size Number of Bars Bar Position Bar Size Number of Bars
Column Strip Column Strip
Top Bars #6 13 Top Bars #6 8
Bottom Bars #0 b Bottom Bars #b Fil
Middle Strip Middle Strip
Top Bars #b 10 Top Bars #b b
Bottom Bars #0 10 Bottom Bars #b 6

Table 14: Exterior Reinforcement Summary

Table 15: Exterior Reinforcement Summary

After the slab thickness was determined and the needed reinforcement was configured,

the slab was checked for shear and punching shear. Punching shear was checked for

interior, exterior, and corner columns. It was found that punching shear would not be a

problem and no drop panels would be needed for the slab design. The shear check

also met all necessary standards.
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Two-Way Flat Plate Design

The maximum total load deflections of the interior and exterior bay met the limits of
L/240 for dead loads and L/360 for live loads. The largest deflection calculated was
0.652 and that is less than both limitations. An image of the deformed structure from
gravity loads can be seen in Figure 13A below.

Figure 13A - Deformed Image of IRMC

Roof Layout

The roof layout of the building is almost identical to that of the floor system except that it
has a slab thickness of 12” to account for the mechanical room. It still has the 26’-0” x

16'0” spans just like every other floor throughout the building.
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Column Design

One of the main goals for this project was to keep the symmetrical layout of the building
as well as enhancing its potential to be renovated at anytime. The column layout that
resulted consists of 26’-0” x 16’-0” bays completely throughout the entire building. As
seen in Figure 14 below, the initial bay and column layout has been preserved.
Columns range from 16” x 16” to 20” x 20” throughout the building and extend the
entire 14’-0” space between each floor. Each floor-to-floor height in the building is 14’-
0” except the ground floor which has a vertical distance of 13’-0”. Every column utilizes

#9 bars running vertically and #3 ties every 16 inches.

Figure 14 - Concrete Column Layout

Hand calculations were completed when designing the new column layout for the IRMC.
These calculations can be found in Appendix E. RAM Structural system was also an
aid during the design process to help approximate the gravity loads on the building.
After base column sizes were determined from the preliminary analyses, Microsoft

Excel was used to summarize the total axial loads on each column.
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A corner column, interior column, and exterior column on each floor were all taken into

consideration because of the different tributary areas they obtain. A summary of the

results for each of these column locations can be found in Table 16, Table, 17, and
Table 18 below.

Corner Column
. . . Slab
Level Height _ Sl:n:a Ar S!ah W, SDL Live |Factored Weight P,
(ft) | (inxin) [ () | (in) [ (pcf) | (psf) | (psf) (Ib) (Ib) (kips)
Roof 14 l6x16 | 118 12 150 30 20 8024 17700 | 25.72
7 14 l6x16 | 118 9 150 30 80 19352 | 13275 | 58.35
6 14 16x16 | 118 9 150 30 80 19352 | 13275 | 90.98
5 14 16x16 | 118 9 150 30 80 19352 | 13275 |123.61
4 14 16x16 | 118 9 150 30 80 19352 | 13275 |156.23
3 14 l6x16 | 118 9 150 30 80 19352 | 13275 |188.86
2 13 16x16 | 118 9 150 30 80 19352 | 13275 |221.49
Table 16: Corner Column Axial Load
Interior Column
Height Size Ar |Slab| w, | SDL | Live |Factored Sl-ah ]
Level o ) Weight |P, (kips)
(ft) | (inxin) | (ft%) | (in) |(pcf)| (psf) [ (psf) [ (Ib) (Ib)

Roof 14 16x16 | 416 | 12 | 150 30 20 28288 62400 90.69
7 14 16x16 | 416 9 150 30 80 68224 46800 | 205.71
6 14 16x16 | 416 9 |150| 30 80 68224 46800 | 320.74
5 14 16x16 | 416 9 150 30 80 68224 46800 | 435.76
4 14 20x20 | 416 9 | 150 30 80 68224 46800 | 550.78
3 14 20x 20 | 416 9 150 30 80 68224 46800 | 665.81
2 13 20x20 | 416 9 |150| 30 80 68224 46800 | 780.83

Table 17: Interior Column Axial Load
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Exterior Column
Height| Si Slab SDL | Li Factored Slab P
el 1zZe a W, e actore
Level | C et SEE |4 g2y [ ¢ Weight [sw ()| "
(ft) [(inxin) (in) [ (pcf) |(psf)| (psf) | (lb) (Ib) (kips)
Roof | 14 |16x16|225.33| 12 150 | 30 | 20 |15322.4| 33800 | 36400 | 85.52
7 14 |16x16|225.33| 9 150 | 30 | 80 |[36954.1| 25350 | 36400 | 184.23
6 14 |16x16|225.33| 9 150 | 30 | 80 |36954.1| 25350 | 36400 | 282.93
5 14 |16x16|225.33| 9 150 | 30 | 80 |[36954.1| 25350 | 36400 | 381.63
4 14 |16x16|225.33| 9 150 | 30 | 80 |36954.1| 25350 | 36400 | 480.34
3 14 |16x16|225.33| 9 150 | 30 | 80 |[36954.1| 25350 | 36400 |579.04
2 13 |16x16|225.33| 9 150 | 30 | 80 |36954.1| 25350 | 36400 | 677.74

Table 18: Exterior Column Axial Load

Once all the axial loads were calculated, sample columns were designed by hand. The

column was found to be part of a non-sway frame and not a sway frame. The moment

magnification factor did need to be calculated because the column was found to be a

little over the slenderness standard, but it was discovered that the moment

magnification would not influence the column. During the design process 4000 psi was

used for concrete strength and 60000 psi was used for the strength of steel. The

resultant column sizes were within the base sizes acquired from RAM. A summary of

the column sizes and the reinforcement needed for each are located in Table 19, Table
20, and Table 21.
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Column Design
Corner Column Design Interior Column Design
Size Long Size Long
Level | .. . A, (in . . Level in’
(inxin) s (in°) Reinforcing eve (in xin) As(in%) Reinforcing
Roof | 16x16 [ 8.00 8 #9 Roof | 16x16 | 8.00 8 #9
7 16 x16 8.00 8 #9 7 16x 16 8.00 8 #9
6 16 x 16 8.00 8 #9 6 16x 16 8.00 8#9
5 16 x16 8.00 8#9 5 16x16 8.00 8 #9
4 16x16 | 12.00 8 #9 i | 20x20 12.00 12 #9
3 16x16 | 12.00 8#9 3 20x20 12.00 12 #9
2 16x16 | 12.00 8 #9 2 20x20 12.00 12 #9
1 16x16 | 12.00 2 #9 1 20% 20 12.00 12 #9

Table 19: Corner Column Size & Reinforcing

Table 20: Interior Column Size & Reinforcing

Exterior Column Design

Size . Long

Level (inx in) A (in’) Reinforcing
Roof | 16x16 8.00 8 #9
7 16x 16 8.00 8 #9
b 16x 16 8.00 8 #9
5 16x 16 8.00 8 #9
4 16x 16 12.00 8 #9
3 16x 16 12.00 8 #9
2 16x 16 12.00 8 #9
1 16x 16 12.00 8 #9

Table 21: Exterior Column Size & Reinforcing
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Shear Wall Design

Once the gravity system was redesigned to meet the proposed concrete structural
solution of the project, the lateral system was taken into account. Since the existing
steel structure has both braced frames and a partial steel moment frame, perimeter
beams and shear walls were both considered. After much research, it was decided to
replace the current braced frames with concrete shear walls. Creating a model in
ETABS was the first step in this lateral redesign. A three dimensional model of the

building can be seen in Figure 15.

Figure 15 - Three Dimensional ETABS Model
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Shear Wall Design

The 9” two-way flat plate which was designed for the new gravity system was used in
the ETABS model. It was also assumed that the slabs brace all the columns that were
designed previously. The column sizes that were used for the lateral analysis were the
resultant sizes from the concrete gravity system redesign. Placement of the concrete
shear walls for analysis was based solely on the location of the current braced frames in
the IRMC. The shear walls were placed in four separate locations on the exterior the
building and they were assumed to be 16” thick. They can be seen below in Figure 16.
The red areas surrounding the structure of the building are where the shear walls are

located.

Figure 16 — Shear Wall Location

Overall, the theory on placing the shear walls was encouraged by the symmetry of the
building. It was assumed that the evenly placed layout would allow each set of shear
walls to get an equal portion of the shear that loaded the building. In the end this was
not the case because of the open shaft areas that are along the southern and western

sides of the building.
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Shear Wall Design

Before the shear wall design even began, the greatest shear that these walls would
experience had to be determined. The load combinations that were used previously
were relied on again for this lateral design. ASCE 7-10 was referenced for this
calculation and it requires that 30% of the seismic load be considered for one direction
of the building and 100% for the other respected direction. Load combination #4
created the controlling shear in this analysis as well. The resulting controlling load was

close to 500 kips, so that was the load used in the shear wall design.

The final designed shear walls have a thickness of 16” and are located in four separate
locations around the outside of the building. Walls on the North/South sides have a
length of 16°-0” and the walls on the East/West sides have a 26’-0” length. It was
determined that reinforcement was needed for the shear walls and a summary of the
respected bars are located below in Table 22. Hand calculations for the shear wall

design are located in Appendix F. A 3D wire frame model is also shown in Figure 17.

Shear Wall Reinforcement
Type Number of Bars Bar Size Spacing (in)
Horizontal 2 #4 10
Vertical 2 #a 10
Flexural 6 #9 2

Table 22: Shear Wall Reinforcement Summary

Figure 17: ETABS Wire Frame Model
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Drift Analysis

Wind drift and seismic drift need to be determine for strength and serviceability issues.
These factors are necessary to prevent any damage to a newly designed building, but

also to keep the occupants of buildings safe and comfortable.

Story drift values were retrieved from the ETABS model used in the lateral design and
compared to the allowable values stated by ASCE 7-10. Seismic loading was
compared to the allowable story drift equation 0.010hs and wind loading was compared
to the H/400 equation.

All respected drifts were found to meet ASCE 7-10 standards and a summary of the

results can be seen below in Table 23, Table 24, Table 25, and Table 26.

Controlling Seismic Drift: North/South Direction
Level Height (ft) Stlt:lr\_gr Drift Allaw?ble_ Story Accel::::lle or
(in) Drift (in) Acceptahle?

Roof 97 0.10991 0.14 Acceptable
7 83 0.10215 0.14 Acceptable
6 69 0.08341 0.14 Acceptable
5 55 0.04112 0.14 Acceptable
4 41 0.02045 0.14 Acceptable
3 27 0.00643 0.14 Acceptable
2 13 0.00276 0.13 Acceptable
1 0 0.00000 0.00 Acceptable

Table 23: North/South Seismic Drift Summary

Controlling Seismic Drift: East/West Direction
i Story Drift | Allowable Story Acceptable or
Level Height (ft) . e Not
(in) Drift (in)
Acceptable?

Roof 97 0.11347 0.14 Acceptable

7 83 0.10953 0.14 Acceptable

6 69 0.08837 0.14 Acceptable

5 55 0.06321 0.14 Acceptable

4 41 0.02751 0.14 Acceptable

3 27 0.00699 0.14 Acceptable

2 13 0.00325 0.13 Acceptable

1 0 0.00000 0.00 Acceptable

Table 24: East/West Seismic Drift Summary
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Wind Deflection: North/South Direction
Level Height (ft) Stﬂr‘-f Drift Allow?ble- Story Acce;l:.lt::le or
(in) Drift (in) Acceptable?

Roof 97 1.2622 2.91 Acceptable
7 83 1.1007 2.49 Acceptable
6 69 0.8523 2.07 Acceptable
5 55 0.7716 1.65 Acceptable
4 41 0.5792 1.23 Acceptable
3 27 0.3735 0.81 Acceptable
2 13 0.2257 0.39 Acceptable
1 0 0.0000 0.00 Acceptable

Table 25: North/South Wind Deflection Summary

Wind Deflection: East/West Direction
Level Height (ft) Start,f Drift Allaw?hIe-: Story Acce[;:::ale or
(in) Drift (in) Acceptable?

Roof 97 1.1062 2.91 Acceptable
7 83 1.0075 2.49 Acceptable
6 69 0.9363 2.07 Acceptable
5 55 0.6735 1.65 Acceptable
4 41 0.5481 1.23 Acceptable
3 27 0.3766 0.81 Acceptable
2 13 0.1733 0.39 Acceptable
1 0 0.0000 0.00 Acceptable

Table 26: East/West Wind Deflection Summary

IRMC
Indiana, PA
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Relative stiffness was checked in the shear walls in both the North/South direction and

the East/West direction. This calculation is necessary to evaluate the distribution of the

lateral load throughout the building. The equation of relative stiffness and stiffness were

utilized in this analysis. The equations are as follows:

k.
Relative Stif fness = T—

2k

b

An arbitrary force, P of 100 kips was used as well as a lateral displacement recorded

from the ETABS model. Table 27 and Table 28 below have the results from this

calculation.
Relative Stiffness: North/South Direction
Frame Height Load (kips) Displacement | Stiffness | Relative
(ft) (in) (k/in) Stiffness
1 97 100 0.6982 143.23 0.50
2 97 100 0.6982 143.23 0.50
Total 286.45 1.00
Table 27: North/South Relative Stiffness Summary
Relative Stiffness: East/West Direction
Frame Height Load (kips) Displacement | Stiffness | Relative
(ft) (in) (k/in) Stiffness
1 97 100 0.7165 139.57 0.50
2 97 100 0.7165 139.57 0.50
Total 279.13 1.00

Table 28: East/West Relative Stiffness Summary
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Overturning

After some lateral analysis it was found that Seismic Loads control in the North-South
Direction and Wind Loads control in the E-W Direction. Overturning moments caused
by the Seismic Loads were counteracted by the dead load of the building. The Seismic
load is on 2.5% of the dead load. Overturning moments from Wind Loads need to be
less than the resisting moment to avoid any risks. The resisting moment is the weight of
the building multiplied by half the width of the building. In this case, the overturning
moment created from the wind load is much smaller than the resisting moment. The

overturning hand calculations can be found in Appendix G.
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Current Design

The Indiana Regional Medical Center has a 20’-0” x 30’-0” lobby and waiting room on
the first floor of their facility. The new two-way flat plate system does not affect the
space at a drastic level, but it does affect the lighting design. The change of structural
systems has increased the height of the room cavity ratio from 11 ft to 12 ft. The
different use of materials will also change the initial reflectances used for the respected
surfaces. This is also a good opportunity to upgrade the current luminaries from
fluorescent based lamps to LED luminaries.

Design Criteria

It is always important to outline the most important tasks for the space that is being lit.
The target illuminance for a lobby is usually between 10 and 15 foot-candles. Since the
area is a medical center and has a majority of elderly patients the target illuminance can
be doubled to account for the older population. The following is a list of guidelines that

are important when designing this specific space.

e Target illuminance level: 15 fc

o Tasks: walking, gathering, and talking

e CCT: neutral/warm, utilize natural daylight

e CRI: atleast 70, higher desirable

e Control: two switches utilized for daytime and nighttime lighting for energy
savings

o Aesthetic/Style issues: Use luminaires to guide people to where they need
to be.

¢ Luminance ratio: 10:1 for far and 3: for near

e Light Distribution: direct
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The new luminaire that was selected is a 6” LED downlight from Gotham Architectural

Downlighting. It is a one 31 Watt fixture that is installed into the celing cavity. Figure 18

is a picture of the actual
luminaire. The
specifications for this lamp
are located in Appendix H.
This specific fixture is
designed strictly for
aesthetics. Its modern feel
and use of LED technology
makes it a wise choice for a
lobby in any building.

The Lumen Method

-

Figure 18 - 6” LED Downlight

The Lumen Method calculations were completed and can be found in Appendix H. The

resultant factor allows this space to receive twelve 6” LED Downlights throughout the

entirety of the room. The target illuminance for the room was 15 footcandles and the

actual calculated illuminance is 14.2 footcandles after light loss factors. A simple layout

of the lighting fixtures
can be seen in Figure
19. The Photometric
Viewer files can be

found in Appendix H.

o o o o
o o o o
o o o o

Figure 19 - Luminaire Layout
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Lighting Breadth Conclusion

The lighting for this space was designed based on convenience, functionality, and
aesthetics. The luminaires selected do not make the room too gaudy and omit the
perfect amount of light for the area. Figure 20 shows these specific lamps in an

environment that is very similar to the one that was designed for.

Figure 20 - Reality example of new luminaires
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The construction management breadth’s true purpose is to compare the actual
structural system’s cost and sequencing with the new structural systems. Neither
schedule was available to compare so they both were created respectively. This is also

a good chance to see if the new structural system is affordable.

Schedule Comparison

A random day was chosen for both projects to start when designing both the schedules.
They both started on the same day because it was interesting to discover that the
concrete system was erected at a faster pace than the steel system. The concrete
system’s construction was split into 3 different sections while the steel system was one
continuous job. The steel structure might take a few more weeks to construct, but the
construction of the concrete system needs constant attention. Both schedules designed
can be found in Appendix I. Overall, the concrete system would be completed well

before the steel system.

Cost Comparison

When a new structure is being designed, the owner usually wants to get the best price
possible. That is where cost comparison comes in handy, especially for firms who are
in the bid-build business. The cost for each system was run through a pricing
application from data that was retrieved from a pricing website. Figure 24 has the

comparison in a chart of both systems.

Cost Comparison
O&P Costs Bare Costs Total
Concrete $3,970,430 $10,243,456 $14,213,886
Steel $1,546,452 $8,190,760 $9,737,212

Figure 29 - Cost Comparisons
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The fact that the O&P costs were more for the concrete system was not a surprise since
it is the more tedious system to construct. The closeness in the values overall was not

expected in the end.

Construction Management Conclusion

The newly designed two-way flat plate system has shown some advantages in the cost
comparison and schedule analysis. Its speed of construction is definitely an asset, but
its steep prices and constant labor might not outlast the appeal of the steel structure.
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From the outcome of the research and analyses done on the Indiana Regional Medical
Center, it is safe to say that the two-way flat plate system would be an effective
structural alternative for the building. It is not the most beneficial in every aspect, but it

has achieved some goals.

One main goal of this project was to keep, if not enhance, the layout of the building.
The owner appreciates the very simple and symmetric layout of the hospital because it
is easy to renovate or adjust as needed. The fact that the two-way flat plate system
could maintain the symmetrical bay sizes and even incorporate the same size columns

throughout the building was an achievement.

This concrete system even proved to be slightly promising with its fast construction,
easy formwork, and improved floor-to-floor heights. The braced frame that is currently
the structure of the building stilled proved to be cheaper, less labor intense and the

clear choice in the long-run.

Overall, being able to explore the structural world of concrete after spending so much
time on steel was a nice change of pace. The outcome was a lot better than expected

and there is still much to be learned.

Page | 43



