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Executive Summary

The Student Health Center (SHC) is a five story building on the Penn State campus that
serves as a health care services and hospital facility. After completion in the fall of 2008, this
building now houses University Health Services and Counseling and Psychological Services, two
departments of Penn State’s Division of Student Affairs.

The facility is 77 feet in height from the first level and is approximately 64,000 SF in
area. It has a brick facade rising from the ground with large curtain wall on the south side the
building. The structure is held up primarily by a steel frame. The overall structure sits on a
mini-pile foundation through use of pile caps, piers, and grade beams. Composite steel with
concrete slab on deck is use for the floor system throughout the SHC.

This technical report will explore three alternate floor systems to the concrete slab on
deck already in place at the SHC. A two-way post tensioned slab, a two-way flat slab, and a
hollow core concrete plank on steel beam system are the alternate floors being examined. The
characteristics of the four systems will be compared and plausible alternatives to the existing
system will be determined. These characteristics include cost, serviceability, constructability,
self weight, as well as others. A typical interior bay was chosen as the basis for comparison.
Conclusions were then drawn from this analysis as to which floor system would be a viable
replacement to the composite steel with concrete deck.

As end result of this analysis, the two-way post tensioned slab and the two-way flat
plate slab seem to be possible alternatives to the current system. The costs are similar to the
system in place and the total floor thickness is significantly smaller. The self-weight of these
proposed floors are higher creating a great load on the foundation. Also, the current partially-
restrained steel frame cannot be used for these systems. Therefore, the impact of both on the
foundation and an alternative for the lateral system would need to be addressed in a further
report to truly confirm system efficiency.
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Introduction

Located on Penn State campus, the Student Health Center serves as the center of health
services for the college. The five story, 64,000 SF building was built in such a way as to bring in
natural sunlight and create a healthy atmosphere for office workers and patients. The facade
of the SHC is composed of the curtain wall as well as face brick accented with stone bands. The
brick facade at the base of the building helps it fit in with the master plan of the rest of the
university.

A composite steel floor system is utilized in the SHC and the purpose of this report is to
explore three other floor systems and see how they would fit in the current building layout. By
the end of this report, there will be a better idea of the viability of the current floor and the
best options available if the floor construction was changed.

Structural Systems

Foundation:

The foundation of the SHC is composed of grade beams and piers that are supported by
mini-piles with pile caps. The mini-piles are arranged in configurations of 1-5 piles per pile cap.
They are to be at a depth of 45 feet and have an 80 ton allowable capacity. The partially-
restrained moment frame employed in this building is either connected directly to a pile cap or
to a concrete pier. The depth of these mini-piles will counteract the moment of the partially-
restrained moment frame caused by lateral loads.

Floor System / Beams:

The floor system used in the SHC is composed of 3 1/4” lightweight concrete fill on 2”-
20 gage galvanized composite floor deck LOK floor for a total slab thickness of 5 1/4". Also
included are 3/4¢ x 4” long shear studs equally spaced along the entire lengths of all interior
beams and girders that are not part of the partially-restrained moment frame. The shear studs
are not on the moment frame because the beams on the frame cannot be too rigid so that they
can deform. This composite floor deck is supported by steel W-shape beams spanning between
steel columns.
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Columns:

The P.R. moment frame consists of W14 steel columns running from the foundation up
to the roof level. Columns that are not part of the P.R. moment frame range in size and shape.
Round HSS shapes are used both with and without concrete fill, as well as square HSS shapes
and W shapes to resist gravity loads.

Roof / Penthouse Level:

The roof system is composed of 5 1/4” normal weight concrete fill on 3”-20 gage
galvanized composite floor deck LOK floor for a total slab thickness of 8 1/4". The main roof is
at the 6 level with a screen wall around the rooftop mechanical equipment. There is also a
green roof around the perimeter of the main roof level (Fig. 1). On the north end of the
building, at the 5™ level, there is another green roof (Fig. 2) that is nearly 20 feet wide and runs
the length of the building.

Fig. 1 —Green Roof
on Main Roof

S S
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" Fig 2 - Green Roof on 5"
Floor

Lateral System:

A partially-restrained moment frame is used to resist lateral loads on the SHC. These
frames are to have Flexible Moment Connections (FMC) designed by the steel fabricator per
Part 11 of the AISC- Load & Resistance Factor Design Manual. A typical beam to column flange
connection for these frames is detailed below (Fig. 3). There are eight partially-restrained
frames employed in this building, with seven running in the north/south direction, and one in
the east/west direction (Fig. 4). These frames run vertically up to the 5" Level or Main Roof
Level of the building depending on the location. Frames are shown below in elevation (Fig. 5-
7).

STee RN Feh M G

DESIGN WIND & SEISMIC END MOMENTS
IN PR MOMFNT FRAME FIEVATIONS

TYPICAL DOUBLE ANGLE
SHEAR COMMECTION — DEPTH

GENERAL NOTES:

ANGLES TO BE DESIGNED PER PART 11
AISC "MANUAL OF STEEL CONSTRUCTION
THIRD EDITION FOR FLEXIBLE MOMENT

TO BE MAXIMUM ALLOWED BY
BEAM SIZE (TYP)

I. PER THE GEMERAL STRUCIURAL SIEEL MOTES, ALL COMMECTIONS ARE TO BE
BY THE STEEL FABRICATOR AND ARE TO COMFORM TO THE LATEST STANDARDS
OF THE AISC 'MANUAL OF STEEL CONSTRUCTION® (LRFD OR ASD DESIGN).

2. THE TYPICAL DETAIL SHOWNM IS ONE OF SEVERAL PRE-QUALIFIED FLEXIBLE
MOMENT CONNECTIONS (PARTIALLY RESTRAINED) PER PART 11 OF THE AlSC
‘MANUAL OF STEEL CONSTRUCTION - LOAD RESISTANCE FACTORED DESIGN'.
THE STEEL FABRICATOR HAS THE OPTION TO PROPOSE OTHER PRE ﬂLlﬁ.LIFIED
FLEXIBLE MOMENT COMNECTIONS AS RCQUIRCD TO ADEQUATELY RESIST THE
GIVEN WIND AND SEISMIC BEAM END MOMENTS.

3. THE STEEL FﬁBRIC.ﬁTOR IS TO USE THIS "TYPICAL" IN CONJUNGTION WITH THE
P.R. MOMENT FRAME ELEVATIONS FOLND ON DRAWINGS S6.0, S6.1 AND $6.2.

4 THE STEEL FABRICATOR IS TO SUBMIT FOR OUR REVIEW PER THE GENERAL
STRUCTURAL STEEL NOTES TYPICAL COMNECTION DESIGNS INCLUDING BUT NOT
UMITED TO PARTIALLY RESTRAINED/FLEXIELE MOMENT COMNECTIONS. THE STEEL
FABRICATOR HAS THE GFTION TO PROMIDE A SIMILAR COMNCCTION DETAIL TO
THE ONE SHOWN OR ANY OF THE PRE-QUALIFIED FLANGE PLATED CONMECTIONS
FOUND N FINGURES 11-5 AND 11-6 OF PART 11 IN THE AISC "MANLIAL OF
STEEL CONSTRUCTION — LOAD RESISTANCE FACTORED' DESKSN' (PAGES 11-6
AND 11-7 OF THE THIRD EDITION).

CONNECTIONS (FMC) OR PARTIALLY
RESTRAINED (P.R.) CONNECTION.

MMM (6) 574 4325 —
BOLTS — (2 IN'EACH LEG \/

(TYP. TOP"AND BOTTOM).

i

© o c o ool

BOTTOM ANGLE (LLH& DESIGN BY THE—/
STEEL FABRICATOR PER THE GIVEN
DESIGN WIND & SEISMIC END MOMENTS
INP-R. MOMENT FRAME ELEVATIONS.

TYPICAL PARTIALLY RESTRAINED (PR) BEAM
MOMENT CONNECTION — BEAM TO COLUMN FLANGE

SCALE: 3/4" = 1-07 50510705

Fig. 3
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Code and Design Requirements

Design Codes and References:
Codes used by Project Team:

International Building Code (IBC)/2003 with Borough Amendments

International Mechanical Code (IMC)/2003 with Borough Amendments
International Plumbing Code (IPC)/2003 with Borough Amendments
International Energy Conservation Code (IECC)/2003 with Borough Amendments
International Code Council Electrical Code (ICCEC)/2003

International Fire Code (IFC)/2003

ACl 318-05

AISC “Steel Construction Manual” (13th Edition)

ACI 530.1/ASCE 6/TMS 602 (2005)

Codes used for Thesis:

International Building Code (IBC)/2006

ACI 318-08

AISC “Steel Construction Manual” (13th Edition)
ASCE 7-05

Reference Material:

RS Means Square Foot Cost Data, 2007

RS Means Assemblies Cost Data, 2008

ACI 318-08 Building Code and Commentary
Nitterhouse Concrete Products - Precast Design Aids

Deflection Criteria:

Maximum Floor Deflections:
L/360 Live load
L/240 Total load
L/240 Roof
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Material Properties

Material AS.T.M. Minimum Strength
Concrete
Foundation Walls, Pile Caps, | - 3000 PSI
Slab on Grade, Retaining
Walls, Footings
Exterior Slabs, Curbs | - 4000 PSI
Reinforcement A615 (Grade 60) 60 KSI
WWEF A185, A497 70 KSlI
Structural Tubing, Round A500 (Grade B) 42 KSI
Structural Tubing, Shaped A500 (Grade B) 46 KSI
Steel Pipe A53 (Type E, Grade B) 35 KSlI
Rolled Shapes A992 50 KSI
Other Rolled Plates A36 36 KSI
Connection Bolts A325 92 KSI
Anchor Bolts A307 -
Threaded Rods A36 36 KSI
Non-shrink Grout C1107 8000 PSI
CMU C90 (lightweight) 2800 PSI
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Loads

Gravity Loads:

Dead Load:

Dead Loads were obtained using typical design values, material specifications, or
educated assumptions. My values were very similar to values stated by the Engineer of Record.

Component Obtained Values
2” Steel Deck (on floors 1-5) 2 PSF

3-1/4” Concrete on Deck (on floors 1-5) 43 PSF

3” Steel Deck (on main roof level) 2 PSF

5-1/4” Concrete on Deck (on main roof level) | 82 PSF

Green Roof 25 PSF

Ceiling with Mechanical/Electrical 15 PSF

Floor Finish 3 PSF

Live Load:

Live Loads were taken from ASCE 7-05 along with an assumption for the mechanical
rooms. My obtained values were once again very similar to the values on the drawings.

Building Location

Drawing Values

Obtained Values

Corridors (first floor)

100 PSF

100 PSF

Corridors (above first floor)

80 PSF

80 PSF

Procedure/Exam Rooms

50 PSF + 20 PSF partition

40 PSF + 15 PSF partition

Lobbies

100 PSF

100 PSF

Stairs 125 PSF 100 PSF

Mechanical Rooms 75 PSF 150 PSF

Offices 50 PSF + 20 PSF partition 50 PSF + 15 PSF partition
Light Storage 125 PSF 125 PSF

Heavy Storage 250 PSF 250 PSF

Snow Load:

Snow loads were determined using IBC 2006 and Centre Region Code.

pr=0.7 x Ce X Ct x | X pg = 30.8 psf

pg = 40 psf
C.=1.0
c=10
=11
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Alternate Floor Systems

As mentioned in the introduction, three systems were examined to determine the best
option to replace the system already in place. These alternative systems are being looked at to
see if there legitimate asset to changing the current one such as a smaller floor thickness or
decrease in construction cost. The three proposed options are a two-way flat slab, a two-way
post tensioned slab, and a hollow core concrete plank on steel W-shapes. Analysis on the
current composite steel system was completed in Technical Report 1 and will be attached to
this report for reference. A typical interior bay, 23'x29’, (shown in Appendix A) was chosen to
do calculations on the new systems. The existing column layout was utilized and for the
concrete systems, a 20”x20” column was assumed in place of the steel columns.

Composite Steel System (existing)

A composite steel floor system is currently in place at the SHC. Thereisa 3 1/4”
lightweight concrete fill on 2”-20 gage galvanized composite floor deck LOK floor for a total slab
thickness of 5 1/4". W-shapes ranging W-12s to W-24s are used in conjunction with this slab.
Also included are 3/4¢ x 4” long shear studs equally spaced along the entire lengths of all
interior beams and girders that are not part of the partially-restrained moment frame. This
floor system was examined in Technical Report 1, and the calculations are shown in Appendix B
of this report.

Advantages:

There are several advantages to using this system. The self-weight of the entire system
is low which has a low impact on the foundation. Also, the steel goes up fairly quickly once it
arrives on site. One reason for this is that there is no forming to put in place like the other
concrete systems. The light, airy nature of the architecture is also accented by the slender
shapes of a steel frame. If a concrete frame were used, the curtain wall areas wouldn’t seem as
open and inviting.

Disadvantages:
This system does have its faults though. The overall floor thickness (slab + steel frame)
is very thick compared to all-concrete systems. This affects the number of floors you can get

per building height. Fireproofing is required for all the steel in the system. Also, the lead time
to get the steel designed and to the site is longer than other systems.
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Two-Way Flat Slab

The two-way flat slab system was the first alternative studied for this report. This
system is popular due to its minimal slab thickness and low cost in certain locations. Another
lateral force resisting system would have to be implemented to replace the steel moment
frame, if this system was used though.

After analysis, it was determined that a 10” flat slab with 3” drop panel would suffice to
carry the loads. The reinforcing used is stated in Appendix C. F'c and Fy were assumed to be
5000 psi and 60,000 psi respectively for analysis and a column size of 20”x20” was also
assumed.

Advantages:

Advantages of using a flat slab include a shorter floor thickness than steel. Also, the cost
is the smallest out of all of the systems studied. One reduction in cost is the lack of fireproofing
needed for the concrete floor. The short lead time to get the material to the site is also highly
desirable.

Disadvantages:

One major disadvantage to this proposed system is the self-weight of it. This increased
weight will add load to the foundation and this may lead to higher foundation costs. The
coordination of trades during constructing may also suffer due to this system because of large
slab pours that need time to cure. As mentioned earlier, the larger concrete columns also may
not be desirable for the areas behind curtain walls because of their bulkiness in comparison to
the steel columns.
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Two-Way Post Tensioned Slab

A two-way post tensioned slab was researched and analyzed as another minimal floor
thickness alternative. Like the flat plate, the post tensioned system would need to implement a
new lateral-force resisting system such as shear walls.

Through doing the calculations, it was determined that an 11” flat slab will work in
conjunction with the post tensioning and other reinforcement. Further information about the
tendons and rebar quantity and placement can be found in Appendix D.

Advantages:

One reason post tensioned slabs are used frequently are their ability to cover large
spans while maintaining a relatively small thickness. The spans between columns are not
extensive enough in this building to warrant using a post tensioned slab to its full potential. The
current column grid could be change though and maybe it would open up the rooms a bit. The
thickness of 11” was the thinnest out of all of the systems looked at. The lead time on
materials is short. It is also 2-hour rated and needs no additional fireproofing.

Disadvantages:
Disadvantages may include constructability. There has to be a contractor nearby that

has experience with post tensioning to build it correctly and efficiently. Much like the flat plate,
it has a lot of weight to it and creates a bigger push down onto the foundation.
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Prestressed Hollow Core Plank on Steel

Lastly, a prestressed hollow core plank system set on steel W-shapes was examined.
Since this floor system is composed of steel and precast concrete, no labor intensive formwork
or concrete pours will be happening. The whole system can be lifted up into place by a crane.

It was found, using Nitterhouse hollow core design aids, that an 8”x4’-0” hollow core
plank with 4-1/2” Diam. Strand pattern will work the best to resist the building loads. This
plank will sit atop W24x62 beams. Calculations and design aids are in Appendix E.

Advantages:

One major advantage, mentioned earlier, is the lack of formwork and wet concrete,
which can be pretty labor intensive. In addition, the lateral-force resisting system in the
original design can be kept in place. The floor is also relatively light, reducing detrimental
effects on the foundation.

Disadvantages:

This system has many faults. The excessive depth of the plank and steel is a major cost
and/or comfort issue, either increasing the building’s height or lowering ceiling heights. The
lead time to get the steel designed, fabricated, and on the site is lengthy. Fireproofing is
needed for all the steel W-shapes and the cost of the overall system is significantly higher than
the other proposals.

Comparison
Floor Systems
Composite Steel | Two-way Flat Slab | Two-way Post Hollow Core
Tensioned Slab | Plank on Steel
System Weight (psf) 51 131 138 68
Total Depth (in) 29 13 11 32
Lead Time Medium Short Short Medium
Constructability Medium Medium Hard Medium
Formwork No Yes Yes No
Impact on - Yes Yes Little
Foundation
Impact on Lateral - Yes Yes No
System
Fireproofing Needed Yes No No Yes
Cost per SF $19.95 $17.45 $21.86 $32.10
Viable Alternative - Yes Yes No
Additional Study - Yes Yes No
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Conclusion

Technical Report 2 has examined several alternative floors systems to see which ones, if
any, are plausible for use in the Student Health Center. Two concrete-dominate systems were
looked at, as well as, another steel-dominate system. In the end, the two-way flat slab and the
two-way post tensioned slab are the best options to replace the current system, as determined
by this report.

Both the flat slab and post tensioned slab reduced the thickness of the floor
significantly, with the post tensioned slab being slightly thinner. They both have a short lead
time and no need for fireproofing. The flat slab is slightly better in the cost and constructability
categories.

The prestressed hollow core plank on steel system did not seem to be an efficient way
to go in this project with cons outnumbering the pros on the majority.

Therefore, additional study will be performed on two-way flat slabs and two-way post

tensioned slabs.
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Appendix

Appendix A: Existing Building Layout
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Appendix B: Existing Composite Steel System
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Appendix C: Two-Way Flat Slab
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Appendix D: Two-Way Post Tensioned Slab
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Appendix E: Prestressed Hollow Core Plank on Steel

PREJIRESIED Hollow CoRe BLaME ON STEEL
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Prestressed Concrete
8"x4"'-0" Hollow Core Plank

2 Hour Fire Resistance Rating With 2° Topping

PHYSICAL PROPERTIES
Composite Section

A.=301in? Precastb, =13.13in.

l.= 3134 in* Precast Spe= 616 in’
Yoour 5.0910n.  Topping Sw = 902 in?
Y= 291 In,  Precast S, = 1076 in?
We=4.91n.  Precast Wt = 245 PLF

Precast Wt.= 61.25 PSF

DESIGN DATA F-108"
. Precast Strength @ 28 days = 6000 PSI s, W W, W, W W s
. Precast Strength @ release = 3500 PSI

1

o 15 Fa

3. Precast Density = 150 PGF 1 re J —
4, Strand = 1/2"@ 270K Lo-Relaxation.

5

E &

!
S+ 75w | ] OODOOW
. Ultimate moment capacity (when fully developed)... ¢ # " o . :

41128, 270K = 92.3 k-ft at 80% jacking force | | 1§ 5 I_ﬁ. ‘

L

G-1/2"E, 270K = 130.6 k-ft at 60% jacking force
T-1/2"@, 270K = 147.8 k-t at 80% jacking force

7. Maximum bottom tensile stress is 10 ﬁ =775 Psl
8. All superimposed load is treated as live load in the strength analysis of flexure and shear.
8. Flexural strength capacity is based on stressfstrain strand relationships.
10. Deflaction limits werae not considered when determining allowable loads in this table.
11. Topping Strength @ 28 days = 3000 PSl. Topping Weight = 25 PSF.
12. These tables are based upon the topping having a uniform 2" thickness over the entire span. A lesser
thickness might occur if camber is not taken into account during design, thus reducing the load capacity.
13. Load values to the left of the =olid line are controllad by ultimate shear strength.
14, Load values to the right are controlled by ultimate flaxural strenath or fire endurancs limits.
15. Load values may be different for IBC 2000 & ACI 318-99, Load tables are available upon request.
16. Camber is inherent in all prestressed hollow core slabs and is a function of the amount of eccentric
prastressing force needed to carry the superimposed design loads along with a number of other

variables. Because prediction of camber is based on empircal formulas it is at best an estimate, with
the actual camber usually higher than calculated values.

40

SAFE SUPERIMPOSED SERVICE LOADS IBC 2006 & ACI 318-05 (1.2 D + 1.6L)
Strand SPAN {FEET.:I
Pattern 17[18[ 18| 20|21 | 2223 24 | 25|26 27| 28| 20| 30]31[32]33] 34 35
4-112% |LOAD (PSF) 280|248 | 214 | 185|188 | 138|192 | 102 | 27 | 74 |2 | B2 | 42
8- 1/2"s |LOAD (PSF) 366|244 (318 |280| 271 J239| 291|187 [165 [ 148129114 | 401 | BR | 77 | 67 | 58 | 5O | 42
7- 12 |LOAD (PSF) 367 242 | 320 | 300|282 | 265 | 242 (221 | 202181 {181 [ 144 128 [ 114 | 101] 00 | 78 | 70 | &
NITTERHOUSE T oy O oo sperrons sonelbors o avetaths ot |
COMCRETE ‘ PRODUCTS Indihddual dasigns may be fumished to =alishy unusual condifions
L\ of haavy loads, concenirated loads, cantlevers, Tange ar sbem
opanings and narow widths. The slowable lesds ghawn in this
2685 Molly Pitcher Hwy, South, Box W Iabide raflect a 2 Hour & O Minute fre resistance rafing. B
Chambersburg, PA 17202-5203
TIT-267-4505 Fax 717-267-4518 S 8SF2.0T

Page 37 of 37



