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Executive Summary 

The ASHA National Office is a five story office building with two floors of subgrade parking. 
The parking structure is composed of a flat slab system with drop panels and the superstructure is 
composite steel. The gross area of the building is 133,870 square feet. In this technical report, the 
existing structural system of the ASHA National Office building is discussed and analyzed. The 
report includes a detailed description of the building’s structural system. Images are used to 
allow for a better understanding of the system and its components. A list of building codes and 
standards used to design the building is also included in this report. The properties and strengths 
of the materials used for the structure of the building are also provided. 

This report includes a study of alternative floor systems for the ASHA National Office Building. 
Four different floor systems were analyzed including the existing floor system. The four systems 
that were analyzed included composite steel, one-way pan joist and beams, one-way slab and 
beams, and a precast hollow core plank system supported by steel beams. A three-bay strip of the 
floor plan was designed for gravity loads for all four systems. These systems were then 
compared to each other in a number of ways. The factors that were considered for each floor 
system include architecture, lateral system impacts, cost per square foot, fire protection, weight, 
vibration, and total depth of system. After the calculations were done for each floor system, a 
table was made in order to compare all of the floor systems. 

It was concluded that the best option for the ASHA National Office Building is the current 
composite steel floor system. This is due to the lost cost per square foot, the light weight, and the 
constructability of the composite steel system. With the large 40 foot exterior spans, it seems that 
the efficiency of the composite steel beams is unmatched. The most viable alternative floor 
system is the one-way pan joists with beams. This is due to the fact that this system has a system 
depth of merely 18.5 inches. This would decrease the height of each floor by 7.5 inches. This 
will decrease the total height of the building, thus helping to decrease the cost of the building. 
Another viable alternative floor system is the one-way flat slab with beams. Advantages of this 
system include the ability to span the long 40’ bays and the fact that the system allows for a flat 
ceiling between beams. This allows for adequate space for the terminal mechanical units that are 
located above the ceiling throughout the building. 
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Codes and References 

Design Codes and References 

“The International Building Code – 2003”, International Code Council. 
 
“Minimum Design Loads for Buildings and Other Structures” (ASCE 7), American Society of 
Civil Engineers. 
 
“Building Code Requirements for Structural Concrete, ACI 318-02”, American Concrete 
Institute. 
 
“ACI Manual of Concrete Practice – Parts 1 through 5”, American Concrete Institute. 
 
“Manual of Standard Practice”, Concrete Reinforcing Steel Institute. 
 
“Building Code Requirements for Masonry Structures (ACI 530, ASCE 5/ TMS 402)”, 
American Concrete Institute, American Society of Civil Engineers, and The Masonry Society. 
 
“Specifications for Masonry Structures (ACI 530.1/ASCE 6/TMS 602)”, American Concrete 
Institute, American Society of Civil Engineers, and The Masonry Society. 
 
“Manual of Steel Construction – Load and Resistance Factor Design”, Third Edition, 2001, 
American Institute of Steel Construction (Including Specifications for Structural Steel Buildings, 
Specification for Structural Joints using ASTM A325 or A490 bolts, and AISC Code of Standard 
Practice. 
 
“Detailing for Steel Construction”, American Institute of Steel Construction. 
 
“Structural Welding Code ANSI/AWS D1.1” American Welding Society. 
 
“Design Manual for Floor Decks and Roof Decks”, Steel Deck Institute. 
 
“Standard Specifications for Open Web Steel Joists, K-Series”, Steel Joist Institute. 
 
“Standard Specifications for Longspan Steel Joists, LH-Series and Deep Longspan Steel Joists, 
DLH-Series”, Steel Joist Institute. 
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Thesis Codes and References 
 
Steel Construction Manual 13th edition, American Institute of Steel Construction (AISC). 
 
Building Code Requirements for Structural Concrete, American Concrete Institute (ACI 318-08). 
 
Minimum Design Loads for Buildings and Other Structures, American Society of Civil 
Engineers (ASCE 7-10). 
 
PCI Design Handbook, Precast and Prestressed Concrete, 6th Edition. 
 
RSMeans CostWorks.  <www.meanscostworks.com>. 
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Material Properties 
Minimum Concrete Compressive Strength (f’c) 

Member Type  28 Day Strength 
Footings  3000 psi 
Grade Beams  3000 psi 
Foundation Walls  4000 psi 
Shear Walls  4000 psi 
Columns  4000 psi 
Slabs‐on‐grade  3500 psi 
Reinforced Slabs  5000 psi 
Reinforced Beams  5000 psi 
Parking Structure  5000 psi 
Normal Weight on Steel Deck  3000 psi 
Elevator Machine Room  4000 psi 
Lightweight Topping  3000 psi 

 
Reinforcement: 
     Deformed Reinforcing Bars   ASTM A615, Grade 60 
     Weldable Deformed Reinforcing Bars  ASTM A706 
     Welded Wire Reinforcement (WWF)  ASTM A185 
     Full Mechanical Connection Splices  Dywidag, Lenton or equal meeting 
         (Threadbar and Coupler)   ACI 318 Section 12.14.3 
     Adhesive Reinforcing Bar Dowels  Hilti HIT HY-150 System or equal 
     Slab Shear Reinforcement    Decon Studrails or equal 
 
Steel: 
     Wide Flange Shapes and Tees   ASTM A992 
     Round Hollow Structural Shapes   ASTM A53, Grade B, Fy=35 ksi or 
       ASTM A501, Fy=36 ksi 
     Square or Rectangular Hollow   ASTM A500, Grade B, Fy=46 ksi 
         Structural Shapes 
     Base Plates and Rigid Frame   ASTM A572, Grade 50 
         Continuity Plates 
     Other Structural Shapes and Plates  ASTM A36 
     High Strength Bolts    ASTM A325-N or ASTM F1852 
     Anchor Bolts     ASTM F1554, Grade 36 
     Galvanized Steel Floor Deck   ASTM A653 SS, Grade 33, G-60 
     Galvanized Steel Roof Deck   ASTM A653 SS, Grade 33, G-90 
     Grout       ASTM C1107, Non-Shrink, Non-Metallic 
       f’c = 5000 psi 
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Gravity Loads 
 

Live Loads 
Area  Design Load  ASCE 7‐10 Load
Assembly Areas  100 psf  100 psf 
Corridors  100 psf  100 psf 
Corridors Above the First Floor  80 psf  80 psf 
Mechanical Rooms  150 psf  ‐ 
Offices  80 + 20 psf  50 + 15 psf 
Parking Garages  50 psf  40 psf 
Stairs & Exitways  100 psf  100 psf 
Storage (Light)  125 psf  125 psf 
Roof (Minimum)  30 psf  20 psf 

 
Snow Loads 

Load Type  Design Load  ASCE 7‐10 Load

Flat Roof Snow Load pf  21.0 psf  21.0 psf

Drift Surcharge Load pd  ‐  55.5 psf
 
 

Superimposed Dead Loads 
Area  Design Load 
Floors  10 psf 
Roof  15 psf 
Mech/Elec  15 psf 

 
 

Composite Slab and Deck Weight 
Floor  Area (sq. ft.)  Load (psf)  Weight    
2nd  24116  54  1302.3 k
3rd  24116  44  1061.1 k
4th  24116  44  1061.1 k
5th  23615  44  1039.1 k
Roof  23615  44  1039.1 k
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Column Self Weight 

Floor 
Height Below 

(ft) 
Height Above 

(ft) 
Weight Below 

(plf) 
Weight Above 

(plf)  Total Weight    

2nd  15  6.75  3097  3097  67.4  k 

3rd  10.75  2.75  3097  2167  39.3  k 

4th  6.75  6.75  2167  2167  29.3  k 

5th  6.75  6.75  2167  2167  29.3  k 

Roof  6.75  0  2167  0  14.6  k 
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One-Way Pan Joists and Beams 
 
The first alternative floor system considered is a one-way pan joist and beam system. Two 
variations of this system were analyzed. The first system analyzed is a one-way skip joist system 
in which the joists span the 20 foot direction. The other system analyzed is one that the joists 
span the 40 foot direction. Both of these were done in order to determine which direction the 
joists should span to be more efficient. Figure 13 shows the skip joists that span the 20 foot 
direction and Figure 14 shows the skip joists that span the 40 foot direction. Hand calculations 
were done to design the skip joists for both systems and the beams were designed using SP 
beam, and the top reinforcing at the interior support was checked by hand. Detailed calculations 
are shown in Appendix A for the one-way joist systems in both directions. Both systems have a 4 
½” slab to achieve a two hour fire rating. The skip joists that span 20 feet are 14” deep, which 
makes the beams 18.5” deep. The skip joists that span 40 feet are 20” deep with 24.5” deep 
beams. It was found that the system with the joists that span the 40’ direction has a lower cost 
per square foot. 
 
There are multiple advantages to a one-way pan joist and beam floor system. One is that the 
systems are relatively shallow compared to most of the other systems analyzed. The system with 
the joists that span the 20’ direction has a total depth of 18.5”. This is a reduction of 7.5” per 
floor compared to the actual design of the building. This can reduce the total height of the 
building, which will decrease the costs of the façade. Skip joists can span large spans efficiently. 
As seen in the cost analysis in Appendix B. The joist system in which the joists span the 40’ 
direction costs less per square foot than the joist system in which the joists span the 20’ direction. 
 
The disadvantages of the one-way joist and beam system are also apparent. One of those 
disadvantages is the fact that the foundations will have to be redesigned for the higher dead loads 
due to the heavier concrete floor system. In addition, the 6’ pan joists will not fit equally in the 
20’x40’ bays. This will require an adjustment of the size of the bays. Also, the interior core bays 
of the building vary greatly depending on the location in the floor plan. The pan forms will most 
likely have to be custom made for these bays, which drive the cost of the system up. 
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Floor System Comparison Chart 

Item 

Composite 
Beam 

One‐Way Joist 
and Beams 

One‐Way Joist 
and Beams 

One‐Way 
Slab  

Precast 
Hollow  

(Existing)  (Joists Span 20’)  (Joists Span 40’)  and Beams  Core Plank 

Weight   65 psf  101 psf  105 psf  134 psf  82 psf 

Slab Depth  5.5 in.  4.5 in.  4.5 in.  9 in.  6 in. 

Depth of 
System  23.5 in.  18.5 in.  24.5 in.  30 in.  33 in. 

Fire Rating 
 1 hr. with 
spray 

fireproofing 
2 hr.  2 hr.  2 hr. 

 1 hr. with 
spray 

fireproofing 
Impact on 
Foundations  No Change  Increase 

Necessary 
Increase 
Necessary 

Increase 
Necessary 

Increase 
Necessary 

Deflection 
Criteria  Okay  Okay  Okay  Okay  Okay 

Vibration 
Criteria 

Further 
Investigate 

Further 
Investigate 

Further 
Investigate 

Further 
Investigate 

Further 
Investigate 

Architectural 
Criteria 

Yes  Yes  Yes  Yes  Yes 
(Bay Sizes 

Unchanged?) 

Lateral System  No Change  Shear Walls  Shear Walls  Shear Walls  No Change 

Construction 
Process 

Efficient 
Longer 

Construction 
Longer 

Construction 
Longer 

Construction 
Long Lead 
Time, 

Construction  Process  Process  Process  Efficient 
Construction 

Cost Per Square 
Foot  $18.71/sq. ft.  $22.36/sq. ft.  $21.23/sq. ft.  $22.98/sq. ft.  $24.28/sq. ft. 

Viable System?  Yes  Yes  Yes  Yes  No 
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Conclusions 
 
This report explores alternative floor systems for the ASHA National Office building. The four 
systems that were analyzed include composite steel, one-way pan joist and beams, one-way flat 
slab and beams, and a hollow precast plank system supported by steel beams. It was determined 
that the current composite steel floor system is the best option for the building. This is due to the 
low cost, light weight and constructability of the system. Other viable alternative systems were 
found to be the one-way pan joist and beam system and the one-way slab and beam system. A 
reason why both of these systems would be feasible is that the subgrade parking structure has a 
two-way flat slab floor system with drop panels. It is not practical to continue this system into 
the office tower due to the 40’ spans, so using a one-way slab and beam system or a pan-joist 
system would be a good way to use reinforced concrete for the entire building. These two 
systems cost more per square foot than the current system, but minimizing the number of trades 
on the project by using concrete for the office tower would save money and time. The pan joist 
system would be a good alternative because it has a total floor system depth of 18.5 inches. The 
one-way slab and beam system allows for flat ceilings between beams, which provide space for 
the terminal mechanical units above the ceiling. A post-tensioned flat slab and beam system will 
also be in future reports. 
 
The systems that will be investigated further include the composite beam system, the one-way 
pan joist system, and the one-way slab and beam system. The only system that will not be 
considered further is the precast hollow core plank system. This is due to the high cost and the 
large total depth of the floor system. In addition, the precast planks would not be practical due to 
the irregular bays in the interior core of the building. The remaining systems will be examined 
for vibration criteria, impact on the foundations, and the impact on the lateral system. 
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