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I. Executive Summary 
 This report compares the existing structural system with five (5) alternatives that 
are analyzed and discussed in comparison. The existing system is steel frame and hollow 
core planks, with two bays horizontally and many longitudinally. The planks are 10” 
deep with 18” deep beams. For architectural reasons, the column grid will not change, 
with column to column distances range from 22’ to 30’.  
 

Proposed alternatives are composite deck and steel frame, girder-slabs and steel 
frame, two way slab with drop panels and concrete columns, post-tensioned two way slab 
with drop panels and concrete columns, and waffle slab with concrete columns. Each 
system is spot analyzed for a conservative estimate of system sizing. Each system is 
compared in a chart on page 11 based on criteria of floor and column thickness, cost, and 
time for construction. The particular architectural importance of a flat slab vs. beams in 
this building and time for construction must be analyzed further.  

 
Composite slab and post-tensioned two way slab seem to compete with the 

existing hollow core planks based on these criteria. Girder slabs probably would as well, 
but they cannot handle the high spans of the column grid, and therefore fail as an 
alternative. The composite slab conveniently uses the existing columns and lateral 
system. The benefits and disadvantages of a new general lateral system for the post-
tensioned concrete slab system must be further analyzed, as well as the possibility of 
unwanted larger concrete column sizes to resist lateral loading. Overall, a post-tensioned 
two way slab is the best alternative, at a thickness of around 9” and 9” drop panels on 12” 
square columns. 
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II. Existing Building and Loading 
 The Race Street Dormitory is a twelve story, L-shaped dormitory in Philadelphia, 
PA that resists gravity loads, wind loads, seismic loads, snow loads. Gravity Loads 
include the weight of steel members, hollow-core concrete planks, mechanical systems, 
finish conditions, and steel stud partitions and facade, live loads, and snow loads. Table 1 
compares design values of live loads, dead loads, and snow loads with those determined 
in this report. The ground floor and first floor house basic mechanical and administrative 
facilities for the building, including lobbies, mail, mechanical and electrical rooms, and 
are thereby subject to higher loads than the other floors of the building as noted in Table 
1. Floors two through eleven are typical student residence floors with live loading a 
uniform 40 psf, or factored load of 64 psf. The first floor live loading is 100 psf, or 
factored 160 psf. For roof loads, roof snow load will be considered a uniform 27 psf 
(controls over roof live load of 20 psf), a factored 43.2 psf (See figures 1 and 2). 
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III. Existing Structural System 
 The residence hall is a steel W-shaped column and beam frame with moment 
connections and braced frames. The floor heights (column un-braced lengths) are 9’4” for 
floors two through eleven, 14’ for level one, and 10’ for ground level. Beams tend to run 
predominately longitudinally along the building, as floor planks span two horizontal 
bays. Beam sizes range from W12 to W18 (most common), and span up to 30’8”. The 
third through eleventh floors have identical beam systems, while the beams at the first 
and second floors are unique and generally larger.  

The roof is flat and consists of mainly W12 purlins spaced 6’ on center and Grade 
33 structural galvanized steel decking supporting EPDM single-ply membrane roofing 
over rigid insulation.  

Each floor consists of pre-stressed pre-cast hollow core concrete planks 8” deep, 
typically 8’ wide with 2” cast-in-place concrete topping. They are typically 22’8 or 28’2” 
long (8” overhang, typ.). The maximum depth of the floors is about 26” (roughly 18” 
beams and 8” decking), but, as noted before, beams do not frame each bay of the system, 
and are not intermediately placed within bays. This allows for long (up to 90’) spans of 
10” deep flooring (see fig. 1). In general, the existing floor system is 10” deep and 28” 
deep over columns. 
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IV. Design Goals/Criteria 
 The design goals of a new structural system are: 

• Thin Floor- The thinner the floor, the greater the floor to floor height which can 
either make the building more attractive to residents, decrease the building height, 
or increase space and long runs for mechanical and electrical systems. Floor 
depths are usually not uniform, so other factors such as number of beams or beam 
depths are taken into account.  

• Thin Columns- Columns interrupt the interior space if not concealed within the 
walls, and can be an architectural problem. 

• Cost- Cheaper is often better. 
• Construction time- slower construction means losing money, and more likelihood 

of delays. 
 
V. Proposed Structural Systems and Analysis 
 The following four structural systems will be analyzed in place of the existing 
steel frame and pre-cast hollow-core concrete plank system. They include:  

a) Steel frame with composite slab 
b) Steel frame with girder-slab system 
c) Concrete columns and flat slab with drop panels 
d) Concrete columns and post-tensioned flat slab with drop panels 
e) Concrete columns and waffle slab 

The roofing system for options a) and b) will stay the existing system, while roofing for 
options c), d) and e) will match the typical flooring respectively. 
 
Note: For a composite slab (part a) and girder-slab (part b) alternative flooring structure 
will be spot designed for a typical bay in floors two through eleven (see fig. 4). Column 
sizing is not particularly important. 
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a) To design for steel frame and composite slab, the footprint of the existing steel frame 
is to be used, and columns and lateral bracing are to be the same. Composite slabs can 
only span up to 15’, so in order to account for this, beams must be placed intermediately 
within the framing grid and existing beam sizes must be changed (see fig. 4).  Based on a 
maximum unshored span of 11’ (see fig. 4), A 16 gage 2” x 12” Steel Deck (2” Lok-
Floor) with 5” deep f’c = 3 ksi and 145 pcf concrete can carry 210 psf Live Load, well 
over the 160 psf required for the first floor, and 64 psf for consecutive floors. With a 
suspended ceiling, the fire rating is about 2.5 hours for this system. For floors two 
through eleven, the spot checked beam (see fig. 4) is required to carry 190 ft-k and is 
sized at W12x26 with a depth of 12.2”. This beam is representative of a beam that carries 
one of the larger loads over one of the longest spans of this floor plan, thereby a 
conservative estimate for most other beams in the plan for simple gravity loading. In 
conclusion, a composite steel system will have a deck thickness of 5” with a depth of 
around 17.2” under beams that are far more prevalent than in the existing system. 
 
b) According to design aids on the Girder-Slab Technologies website, Steel members for 
the girder-slabs are only up to DB9x48 (9” depth), which is a far insignificant size to 
carry 30’ spans under the given loading conditions. The system would work if these 
spans were half as long, but this would complicate the column grid severely. In 
conclusion, girder-slab is not a viable choice. 
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Note: For two way slabs (part c and d) and waffle slabs (part e) slab and drop panel sizes 
are estimated using CRSI design charts with 12’ ceilings and either 30’x30’ bays or 
31’x31’ bays. This is due to the dormitory’s typical bay size of [30’ or 30’8”] x [22’ or 
27’6”] and because the Direct Design Method cannot be used since there are not three 
continuous bays in either direction of the building. In order to maintain the same column 
grid, the dormitory will have two bays its least direction. Furthermore, concrete column 
sizes are important to impacting architectural requirements of the building, and although 
sized by gravity loads in this section, will probably become larger to resist lateral loads. 
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Figure 5b 

 
 
c) Refer to figure 5. According to the CRSI manual, drop panels must be used for a slab 
over 28’ span. An 11” deep slab will be used due to it being the thinnest slab that can 
carry 31’ square bays. According to pg. 10-24 of the design manual, an 11” deep two way 
slab with 9” deep drop panels on 12” square columns (as shown in fig. 5b) can carry 100 
psf factored live load in a 31’ x 31’ bay, more than the required 64 psf factored load. For 
a 30’ x 30’ bay, the drop panels decrease to 7”. These depths can also hold a 200 psf load 
with increased reinforcement, which satisfies the required 160 psf of the first floor. Drop 
panels are 10” to 10.33” larger than columns. Steel reinforcement weighs from 3.40 to 
3.42 psf for edge panels, and 2.77 to 2.75 psf for interior panels. Concrete volumes range 
from 0.981 to 1.000 ft^3 per square foot of floors two through eleven. According to axial 
compression, a 12” square column is acceptable with this structural configuration (based 
on ground floor column axial load, see Table 2). In conclusion, for this design the 
maximum required flooring design depth is 11” for the two way slab and 7”-9” deep 
for drop panels. The minimum design concrete column size is 12” square. 
 
d) With a post-tensioned slab, the design chart on page 121 of The Architect’s Studio 
Companion shows the slab thickness cut down from 11” to 9” for a 30’ span. Column 
sizes and drop panels remain the same size as with non post-tensioned slabs. This looks 
to be a much more reasonable thickness. The non-post-tensioned slabs, however, were 
based on a bay size larger than actual bays. For without post-tensioning, RS Means notes 
a 9.5” deep slab for a more accurate 25’x30’ bay estimation, which might suggest post 
tensioning is not needed to achieve this depth. More investigation is needed. In 
conclusion, for post-tensioned two way slabs, the maximum required flooring design 
depth is 9” for the two way slab and 9” deep for drop panels. The minimum design 
concrete column size is 12” square. 
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Figure 6b 
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e) Refer to figure 6. According to the CRSI manual, the waffle slab shown in cross 
section in fig. 6b can carry a 100 psf load over a 30’ x 30’ bay with 2.29 psf of steel 
weight and 15” square columns. For spans just over 30’, this waffle slab and the 19” x 
19” void waffle slab of the same depth both have punching shear problems at columns 
and require much larger column sizes. For the first floor with a factored load of 160 psf, 
waffle slabs jump to 15” deep and minimum 16” square columns. According to axial 
compression, a 16” square column can hold the gravity loads of the building (based on 
ground floor column axial load, see Table 3). This is the deepest flooring (sans beam 
depth) and the heaviest. Due to the thin top layer of 3” of concrete, the fire protection is 
also poor at only an up to 1 hr rating. Overall, for a waffle slab the maximum required 
flooring design depth is 13” for the 2nd through 11th floor waffle slabs and 15” for 
the 1st floor. The minimum design concrete column is 16” square.  
  
VI. Summary of Alternative Systems 
 The four functioning alternative floor systems- composite slab, two way slab, post 
tensioned two way slab, and waffle slab differ in various ways. Each system costs 
roughly the same per square foot. The composite slab utilizes the existing columns and 
lateral system, but requires more beams and larger girders. The floor itself is thinner than 
the hollow core planks, and probably involves only slightly longer installment time than 
the existing due to the added 2” cover on the hollow core planks. Because of the added 
under floor space within bays, and since it is a time proven system, the composite slab 
should be considered as an alternative. This system was, however, however ruled out in 
the initial design due to the speed of plank construction. Further analysis is necessary. 
The waffle slab is probably an unwise choice for an alternative. The slab is slightly more 
expensive, much more complex to form on site, and much deeper than the other systems. 
A post tensioned two way slab is probably the most effective alternative at reaching the 
design goals, despite a longer time period for construction than hollow core planks. It is a 
thinner option with better fire protection. A new lateral system of shear walls and thicker 
columns will probably be necessary. At this stage in design, 12” square columns do not 
interrupt the interior space. Larger columns may be a problem and shear walls will be 
tricky to fit into the plan layout. This concrete system will not require any foundation 
changes, although the ground level exterior wall is pre-cast concrete that could be 
incorporated into a concrete structure better. Concrete can be left exposed throughout the 
building, unlike steel, which is covered in this building for aesthetic reasons.  
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VII. Comparison Chart  

Comparison of Structural Systems 

  

Existing 
Hollow 
Core 

Planks w/ 
Steel 

Frame 

a) 
Composite 

Slab w/ 
Steel Frame 

b) Girder 
Slab w/ 
Steel 

Frame 

c) Two 
Way Slab 
w/ Drop 
Panels 

and 
Concrete 
Columns 

d) Post-
Tensioned 
Two Way 
Slab w/ 

Drop 
Panels and 
Concrete 
Columns 

e) Waffle 
Slab w/ 

Concrete 
Columns 

Floor Depth 
10", 28" at 

beams 

6", 24" at 
beams, 

deeper at 
girders --------------- 

11", 20" at 
drop 

panels 
9", 18" at 

drop panels 13" 

Column Size 
Required (not 
considering 
lateral loads) 

Mainly 
W12 

Same as 
existing- 

mainly W12 

Same as 
existing- 

mainly W12 12" square 12" square 16" square 

Beams 
Required 

mainly 
W18  

Girders 
around 
each 

column bay 
with 

intermediate 
beams 

spaced 11' 
or 9'2" 

FAILURE 
TO SPAN 

REQUIRED 
30' TO 

MAINTAIN 
COLUMN 

GRID none none none 
Average 
Concrete 

Volume per 
ft^2 0.550 ft^3 0.333 ft^3 --------------- 1.000 ft^3 1.000 ft^3 0.500 ft^3 

Fire Rating 

1 hr (4.5" 
net 

thickness) 2.5 hr --------------- 3 hr 3 hr 1 hr 
Cost (per 

ft^2), 
assuming 

25'x30' bays 

$9.23 + 
steel 

members  $12.70  --------------- $11.36  

$11.36 + 
post-

tensioning $13.50  

Strengths 

-planks 
easy/quick 

to erect 
-thinnest 
system --------------- -no beams 

-no beams, 
relatively 

thin 
-poor fire 
protection 

  

-relatively 
thin, few 
beams 

- good fire 
protection --------------- 

- excellent 
fire 

protection 

-excellent 
fire 

protection   
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-poor fire 
protection   ---------------       

Weaknesses 

-depth 
could be 
slightly 
lower 

-cast in 
place is 

time 
consuming --------------- 

-cast in 
place and 
shoring is 

time 
consuming

-cast in 
place and 
shoring is 

time 
consuming 

-cast in 
place is 

time 
consuming 

  -beams 

-need for 
many more 

framing 
members --------------- -depth 

-tensioning 
is time 

consuming 
and 

requires 
further 

engineering -depth 
 
VIII. Conclusion  
 In conclusion, after reviewing the pros and cons of each system, the traditional 
composite slab with steel frame and the post-tensioned two way concrete slab with 
concrete columns are the two systems that are worthy of being further investigated. 
Construction time and further cost analysis will be further considered for each alternative 
in relation to the existing system. More accurate calculations of post-tensioned slab 
thickness will also follow this report for a more concise estimate. 
 
IX. Tables  
 
--Table 1 

LOADING Existing Design This Design (IBC 2003) 
Service Level Live Loads (psf)     
All floors, u.n.o. 40 40
Lobbies 100 100
Mechanical Rooms 250 250
Mechanical Penthouse Floor 250 250
Storage Rooms 200 250
Roof 20 20
Corridors None 100

Elevator Machine Room Floor 
125 + Machine 

Reactions 250
Dead Loads (psf)     
Partitions 15 15
Finish Not noted 5
Mechanical Not noted 5
Concrete Plank Weight Not noted 82.5*
Steel Member Weight Not noted 10
      
Roof Snow Load     
Ground Snow Load, Pg 20 psf 30 psf
Terrain Category B B
Exposure of Roof Fully Exposed Fully Exposed
Snow Exposure Factor, Ce 1 0.9
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Thermal Factor, Ct 1 1
Snow Importance Factor, l 1 1
Flat Roof Snow Load, P 20 psf 27 psf

* - Changed from Technical Report 1 based on 2” concrete topping (Nitterhouse 
Concrete Products) 
 
--Table 2 

Two Way Slab- Ground Level Column Check 
Floor  Live Load (psf)  Dead Load (psf) 
First Floor 100 175 
Second Through Eleventh 
Floor 400 1750 
Roof (snow controls) 27 180 
      
Total Factored Load   3369.2 
Maximum tributary area 
(ft^2) 30'x24.75'= 142.5 
Load Carried (k)   480.11 
Column Weight Above (k) 110ft*1ft^2*150 pcf= 16.5 
Total Load (k)   496.61 
Concrete compressive 
strength- f'c (psi)   4000 
Uniform Load on Column 
(psi)   3448.69 
  ok 

 
--Table 3 

Waffle Slab- Ground Level Column Check 
Floor  Live Load (psf)  Dead Load (psf) 
First Floor 100 100.7 
Second Through Eleventh 
Floor 400 1007 
Roof (snow controls) 27 105.7 
      
Total Factored Load   2299.28 
Maximum tributary area 
(ft^2) 30'x24.75'= 142.5 
Load Carried (k)   327.65 
Column Weight Above (k) 110ft*1.33ft^2*150 pcf= 22 
Total Load (k)   349.65 
Concrete compressive 
strength- f'c (psi)   4000 
Uniform Load on Column 
(psi)   2428.11 
  ok 
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XI. Calculations 
 

Girder-Slab® System        

D-Beam® Calculator Reference Tool     
10/26/2006        
        
Design Information  DB Properties     

Dead Load = 60 psf   
 
     

Partition Load = 0 psf DB Size ------------>     
Live Load = 40 psf Steel Section  Transformed Section

Topping Load = 25 psf Is = 195 in4 It = 356 in4

DB Span = 30 ft St = 33.7 in3 St = 68.6 in3

Plank Span = 28.17 ft Sb = 50.8 in3 Sb = 80.6 in3

Grout f'c = 4 psi Mscap = 84.0 ft-k b = 5.75 in 
Allowable ΔLL = L / 360  tw = 0.375 in    

Allowable ΔLL = 1.00 in       
         
Live Load 
Reduction 
(BOCA 96/99) 

 
  

       
Include LLR  (Check for Yes)     

% Reduction = N/A        
Reduced Load = N/A        

         
Initial Load - Precomposite       

MDL = 190.1 
ft-
k > 84.0 ft-k NO GOOD  

ΔDL = 5.45 in       

Δ Ratio = L / 
 

66        
Camber D-Beam  (Check for Yes)     
D-Beam Camber 0        

         
Total Load - Composite       

Msup = 206.0 
ft-
k       

MTL = 396.1 
ft-
k       

SREQ = 158.5 in3 > 68.6 ft-k NO GOOD  
ΔSUP = 3.23 in > 1.00 in NO GOOD  
ΔTOT = 8.68 in = L/ 41     

         
Superimposed Compressive Stress on Concrete    

N value = 254.39        
Stc = 17451 in3       
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fc = 0.14 ksi       
Fc = 0.00 ksi < 0.14 ksi NO GOOD  

         
Bottom Flange Tension Stress (Total Load)     

fb = 75.6 ksi       
Fb = 45 ksi < 75.6 ksi NO GOOD  

         
Shear Check         

Total Load = 125 psf       
w = 3.52 klf       
R = 52.8 k       
fv = 24.5 ksi       

Fv = 20 ksi < 24.5 ksi NO GOOD  
         
         
         
   Notice of Disclaimer:              
   This complimentary D-Beam Calculator is a reference tool only and should only be used by a Registered    
   Professional Engineer for determining whether the Girder-Slab System is appropriate for a particular project. 
   This program is solely for the purpose of convenience in quick selection and NOT to be used for final design. 
            
   Girder-Slab Technologies LLC makes no representations to the validity, accuracy or correctness of the data 
   represented in this calculator.  The user takes all responsibility for any and all calculations associated    
   with the final design.          
    Copyright 2003   Girder-Slab Technologies LLC    
      www.girder-slab.com     
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