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Executive Summary 

 

The purpose of this technical assignment is to compare alternate floor systems to the 

originally designed floor system.  The first part is a review of the existing floor system as 

was investigated in detail for technical assignment 1.  A reasonable loading is determined 

using IBC 2003 live loads, and ACI dead load guidelines.  This loading was used to later 

in the report for design of the alternate floor systems.   

 

Four alternate floor systems were considered.  The original design was also considered 

without the effects of post-tensioning.  The other systems were a one-way skip-joist, 

precast double tees, two-way waffle slab construction, and a non-composite metal deck 

system.  Each system was roughly sized using a representative bay.  Critical features of 

each system were checked and compared to other systems and the original to determine 

the feasibility of each alternative. 

 

The factors used to check the framing systems were overall structure depth, effect to 

lateral system, strength, architectural impact, fire-rating, cost, material usage, LEED 

design, and constructability.  Overall it appeared that the modified two-way slab with 

drop panels was the best choice, because the post-tensioning was not necessary in 

ultimate strength checks.  The waffle slab was another good choice, as was the precast 

tees except for their excessive depth. 



 

Introduction 

The designed structural system of the office building in downtown Washington, DC 

consists of a few different components.  The area in which this report will focus is the 

occupied tenant floors.  These floors are characterized by flat post-tensioned slabs with 

drop panels around columns.  The slabs are cast in place normal weight concrete.  Four 

alternate systems will be evaluated and compared to the original system.  Everyone 

knows DC is a concrete town, so an emphasis will be made on other concrete systems.  

The alternate systems: 

Two-way flat slab with drop panels and no post-tension – An investigative design to 

compare the effect of post-tensioning on the two-way slab system using identical 

layouts will be performed. 

One-way pan joist slab with additional columns – Additional columns will be added to 

force the span into a one-way condition. 

Pre-cast Pre-stressed concrete tee’s – A lightweight pre-cast concrete product that can be 

delivered to site and will help increase construction rate.  The tee sections will be 

topped with a 2” layer of concrete to provide a clean appearance. 

Two-way waffle slab – This two-way system will make up for the use of post-tension 

cables with an increased area of concrete. 

Cast in place slab on metal deck with steel beams. – Metal decking will be installed and 

topped with a substantial concrete slab.  This utilizes the strength of steel and the 

economy of concrete. 

These systems will be detailed and typical sized determined.  Then the pros and cons of 

each, both structural and non-structural, will be evaluated.  Finally there will be an 

opportunity to decide whether or not these systems are feasible alternatives.  Some of the 

points of structural comparison will be overall system depth, affect on lateral system 

design, stress and service load deflection.  Non-structural considerations will be; affects 

to architecture, fire-rating, cost, material efficiency, LEED impact, constructability and 

durability.   

 

 



Current design and loading 

As stated before, the current design is a cast-in-place flat slab.  The slab incorporates 

post-tensioning throughout and drop panels at columns with some thickened slab in other 

areas.  There are critical columns around the exterior of the building where there is a 20’ 

cantilever and spans approaching 30’.  This is the area that I will assume to be a typical 

and therefore representative situation.  Figure 1 and 2 detail layout of the current PT slab 

system.   

   Figure 1 – key plan with area of interest 

 

 

 

 

 

 

 

 

 



 
 

Live load: 

This area is a typical tenant occupied office.  IBC 2003 calls for live load = 60 psf in 

offices.  In addition, corridors are to be designed to 80 psf.  The design team allowed 

corridors to be located anywhere for maximum tenant configuration.  This requires that a 

minimum of 80 psf live load be used everywhere.  There is also a 20 psf allowance for 

partitions to be installed.  This comes to a total of 80 psf + 20 psf = 100 psf of live load 

distributed over the entire office floor area.  

Dead load: 

ASCE 7-02 is used to determine dead load allowances.  Whenever possible the actual 

materials are used to determine dead load, instead of relying on figures for typical office 

construction.   

Suspended plaster ceiling = 10psf 



Concrete finish floor = included in structure weight 

Light gauge steel partitions = 4psf 

Floor tile or carpet = 1 psf 

MEP = 4psf 

Total superimposed dead load is estimated at 25 psf 

Superimposed service load = 100 psf + 25 psf = 125 psf 

Superimposed factored load for CRSI = 1.4(25)+1.7(100) = 205 psf 

 

These live and superimposed dead loads will be used in the sizing of alternate floor 

systems.  These numbers are not necessarily the ones used by the engineers for the 

existing design, as some assumptions were made.  The factored load is the load 

combination necessary to use the tables in CRSI Design Handbook 2002. 

 

 

Alternate Systems 
 

Two-Way Flat Slab with Drop Panels Non-tensioned 

To determine the effect of post-tensioning, the same two-way system used in the original 

design was calculated without the benefit of post-tensioning.  Drops were designed in 

accordance with ACI 318.  Slab design was checked by hand and using a similar bay size 

in CRSI Design Handbook 2002.  The calculations yielded a 12.5” slab with 3.5” drops 

(near minimum code allowed values).  The design of the slab and drops for the 

representative bay is shown below. 

 



 
 

 

The design aids dictate the use of a 12” slab with 11” drops around columns.  See 

appendix for reinforcing specifications.  This system appears to be adequate for the loads 

considered.  It is much lighter than the existing system but lacks much of the over-design 

strength.  Seeing that it is very similar to the existing PT flat slab with drops, other 

aspects such as constructability, vibration, lateral resisting, and fire resistance will remain 

unaffected.   See design aids for shear reinforcing specifications. 

 

 

One-Way Skip-Joist 

Adding columns in key spans will enable the bays to be designed as one-way systems.  

The area below is all open office space, so there is no architectural interference per se, 

just more unsightly columns.  The example bay ends up being 41.25’ by 19’, a ratio of 

about 2.2:1, just out of two-way range.  A common structural system to use in a one-way 

condition is a concrete pan skip-joist with concrete girders. 



Load on joist/slab: 125 psf 

Load on girder: 

CRSI table 8.3 12+10+40=372 psf 

DL (372 psf x 20’) + (25 psf x 20’) = 7.9 klf 

LL (100 psf x 20’) = 2.0 klf 

1.4(2.0) + 1.7(7.9) = 16.23 klf 

The one-way joist system selected was a 40” pan joist with 10” ribs at 50” on center.  The 

depth of the ribs and slab are 12” + 4.5” = 16.5” These joists frame into a 16.5 inch deep 

by 48 inch wide girder.  The joist section and framing plan are shown below. 

 

 

 

 

 

 

 

 

The overall structure depth for this system is only 16.5 inches.  Very thick pans are 

needed to carry the factored loads on the structure, and in turn create a lot of additional 

structure weight.  The thick pan ribs then create the need for very wide girders.  The 

structure weight ends up being more than the existing system.  This is not directly 

comparable because additional columns were added to create a one-way system, so there 

may not be foundation issues.  The one-way joist system is very strong and stiff, so 

vibration will not be an issue.  It is very easily constructed from metal pan forms, and 

economical because of the girder is the same depth as the slab and rib depth.  The 4.5” 



thick slab guarantees an adequate fire rating.  The design aids dictate the shear 

reinforcing. 

 

 

Pre-cast Concrete Pre-stressed Tee’s 

Precast structural tee’s are a possible alternate system.  They share the pre-stress solution 

used in the actual design but are cast off-site. 

Span = 42’   

Total Load (LL + SDL) =125 psf 

φMn = 330,750 ft-lb = 28 in-k 

USE 32-8.6 PT section 

Self Wt = (150 pcf)x(6.6 sqft) = 990 lb/ft (12’ section) 

Self Wt = 82.5 psf 

Precast Inverted Tee Girder 

Service load = (125 psf + 82.5 psf)(20’) = 4150 plf 

USE 28IT44 (20 strand) girder 

 

 

 

 

 

 

 

 

 

 



Precast double tees were chosen over hollow core planks because of their increased span 

capabilities.  The double tees frame into inverted T girders along column lines.  The 

girders in turn frame into columns or bearing walls (below grade).  Examples of these 

connections are shown below. 

 

 

 

 

The precast double tees seems like a very good solution, but it has one major drawback.  

Given the depth of the ribs and the thickness of the seat ledge of the inverted tee, the 

overall structure floor depth becomes and issue.  The seat ledge is 16”, the double tee has 

an over all depth of 32”, and when a 2” CIP topping is added, the total depth comes to 

50”.  That is over twice the depth of the existing system.  This almost immediately rules 

out this alternative as a viable option.  That is unfortunate because it can be erected 

quickly, it is lightweight, and it meets fire rating requirements.  The precast beams and 

tees include all necessary tendons, flexure and shear reinforcing. 

 

 

Two-way Waffle Slab 

 

Waffle slabs work best in perfectly square bays.  Some bays in this building are squares, 

and most others are very close, so this seems like a reasonable system to use.  CRSI 

Design Handbook 2002 gives design tables for 19” domes and deeper 30” domes.  The 

19” domes were considered for a case with 20’ by 20’ bays, this was already determined 



to be architecturally feasible, but not very desirable.  The waffle slab is essentially a slab 

with joists spanning both directions spaced at either 2’ for the 19” domes or 3’ for the 30” 

domes.  Sections of each are shown below. 

This pattern is continued throughout the slab until columns are encountered.  Around the 

columns, the adjacent domes are filled solid with concrete to prevent column punching 

shear.  The examples of 19” and 30” dome waffle slab framing are shown below. 

 



 

 

 
The structure weight is increased somewhat through the use of the waffle slab.  Overall 

depth is greatly reduced through the use of waffle slab construction.  The 19” dome setup 

has a depth of only 9”.  The 30” dome is somewhat deeper at 23”, but does not require 

the addition of columns into the floor plan.  See the design aids for slab and rib 

reinforcing.  Waffle slabs are not difficult to construct but do cost extra for the dome 

forms.  They are fairly useless as far as allowing mechanical systems to run through them 

because there is no linear cavity.  The minimum thickness is 3” of concrete so the fire 

rating will be slightly less than that of the other concrete systems.   

 

 

 

 

 



 

Slab on Steel Deck with Steel Beams 

Everyone knows that Washington DC is a concrete city.  Concrete is almost exclusively 

used in all construction projects.  Regardless a steel system will be investigated.  A 

common method of steel construction utilizes concrete slab on metal decking.  The deck 

is then supported by joists and girders, or directly by girders.  In this case additional joists 

were necessary to meet unshored clear span requirements of the deck.  The deck span was 

reduced to 10’.  A superimposed live load of 100 psf was used to determine the adequate 

deck.  The controlling factor actually ended up being the maximum unshored clear span 

capable of the deck in a multi-span condition.  A 2.0 SB deck was chosen with 5” max, 

3” min thickness normal weight concrete slab.   This decking is supported by joists at 10’ 

which frame into girders over 20’ spans.   

Joist design, assume fully braced by decking 

Factored load = 2.5 klf 

M max = 125 ft-k                           φMn = 139 ft-k 

V max = 25 k                                  φVn = 34 k 

USE W14x26 for joists 

Self wt (20’ x 26 lb/ft) = .52 k / 2 = .26 k 

Girder design, Lb = 10’ 

M max = 170 ft-k                            φMn =  189 ft-k 

V max = 17 k                                   φVn = 23 k 

USE W18x35 for girders 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The total structure depth at each floor for the metal deck with beams and girders comes to 

5” + 13.9” + 17.7” = 36.6”.  This is roughly 12”-13” deeper than the existing system.  

The main problem is material availability.  Steel is rare in Washington DC construction 

and therefore there are not many suppliers.  Cost will also increase for this same reason.  

The concrete provides a floor to floor fire rating, and any exposed steel will have to be 

treated with fire proofing.  This system is also relatively heavy because of all the 

intermediate framing required to hold the deck and slab.  Design aids specify the use of 

WWF for the concrete slab.  

 

 

 



 

Conclusions 

Of the systems considered, the existing system, and variants thereof, displayed the most 

potential.  Apparently the flat slab with drop panels will work just as well without the 

addition of post tensioning.  The drops were a bit shallower which will save some 

structure weight, and there is no need for the specialty post-tensioning work.  This will 

save considerably on construction costs.  A one-way system was devised with the 

addition of columns into the office space.  This was done for the purpose of incorporating 

a one-way design for comparison, but is not very practical for the actual application.  The 

prestressed precast double tee beams seemed like a good solution.  The only drawback 

was that they ended up requiring a huge floor depth.  The waffle slab was also a good 

idea but very heavy.  The total waffle depth actually ended up being slightly less than 

with the existing system.  One steel system was looked into as well.  Non-composite 

metal deck with a 5” concrete slab was placed on steel joists and girders.  The system 

ended up being fairly deep and heavy.  Also the fact that it is steel makes it an unlikely 

alternative.  Some quick points of comparison are outlined in the following table. 

 

= as good as existing system        + better than existing         - worse than existing 

 PT flat-slab 

with drops 

(existing) 

Flat slab 

with drops 

One-way 

Skip-joist 

Precast 

PT tees 

Waffle 

slab 

NC steel 

deck 

Depth = + + - + - 

Lateral = = = = = - 

Strength = - = = = + 

Arch. = = - = = - 

Fire-rating = = = = = - 

Cost = + - + + - 

Material = + - = = + 

LEED = + - + + - 

Constr. = + + + + - 

 



Overall, the existing system of flat-slab with drop panels, but without the post-tensioning 

seems like the best alternative.  Also the waffle slab makes a decent alternative.  The 

precast tees would be a good alternative as well if there was a way to reduce the depth of 

the system. 

 

 

 

 

Design Aids 
CRSI Design Handbook 2002 

LRFD Manual of Steel Construction 

PCI Design Handbook 

Wheeling Deck Product Catalog 

Nitterhouse Concrete Products Guide 

 

Two-way flat slab with drop panels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

 

One-way skip joist 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two-way waffle slab 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Precast PT Tee’s 

 

 
 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Steel deck, joists, and girders 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


