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EXECUTIVE SUMMARY 

Technical Report 2 is the Structural Study of Alternative Floor Systems Report.  This 
report was generated to investigate alternative floor systems for the House of Sweden.  
Four alternative systems were considered and preliminary designs were conducted and 
compared to the original post-tensioned system.  The north-east corner of the north 
building was taken as a representative area for the preliminary designs.  The four 
alternative systems are: 

 Composite Steel Deck with Non-Composite Beams 

 Composite Steel Deck with Composite Beams 

 Pre-Cast Hollow Core Slab on Pre-Cast Beams 

 Two-Way Reinforced Concrete Slab 

When the systems were compared, none of the alternatives systems were immediately 
recognized as a viable alternative to the existing system.  This is due to the 22’ 
cantilever that exists on the north side of the building.  This cantilever presented a 
design challenge that was met by devising a steel tube hanger system for the composite 
steel systems and a non-prismatic beam with hollow core slabs for the concrete 
systems. 

Overall, the composite steel deck with non-composite beams was not a viable system; 
however, this system was only analyzed as a baseline for the composite steel beam 
system.  The two-way reinforced concrete slab might be a possible system, but is hard 
to construct and has the very deep non-prismatic beam.  The hollow core slab is viable 
due to the ease of construction, but steel might want to be investigated to reduce the 
depth of the system.  The most viable alternative is the composite steel deck with 
composite beams because of the weight is very small, the construction is fairly easy, 
and the erection time is short.  It was noted that the existing system, is still the best 
option in overall depth, construction time, budget, and cantilever solution.   
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House of Sweden 
Structural Study of Alternative Floor Systems 

2900 K St. NW 
Washington, DC 20007 

INTRODUCTION 

This Structural Study of Alternative Floor Systems contains a description of the slab 
conditions currently existing in the House of Sweden, including gravity loading and 
deflection criteria.  It provides a synopsis of the structural components including gravity 
and lateral load systems.  Through analysis of the serviceability and strength of 
alternative floor systems, this report discusses the feasibility of implementing these 
systems in a later re-design that might become part of the overall proposal. 

BACKGROUND 

House of Sweden (Cover Figure) is located in Georgetown, Washington D.C. at the 
intersection of Rock Creek and the Potomac River.  This development is built on a 
single mat foundation with a parking garage level and then two separate towers rise out 
of the site.  The south building consists of 5 stories and a mechanical penthouse; the 
north building is 6 stories and a mechanical penthouse.  Construction of the two 
buildings began on August 4, 2004 and finished on May 12, 2006.  It was delivered in a 
design-bid-build method where the design of the south building was commissioned as a 
competition in Sweden. 

Wingardh Arkitektkontor AB completed the winning design for the south building and 
houses the Swedish Embassy along with an exhibit hall, convention center, rooftop 
terrace, and apartments.  They designed this building to be “a shimmering jewel in the 
surrounding parkland.”  To accomplish this goal, the base of the building is clad in light 
stone, while the upper floors are clad in glass laminated with a traditional Nordic blond 
wood pattern.  This glass façade is backlit at night to create the illusion of the structure 
floating above the river. 

Housed in the north building are offices and apartments, which incorporate expansive 
balconies and long stretches of ribbon windows to maximize exterior views.  The façade 
employs the same type of light stone on the podium, but the upper floors are clad in 
metal panels.  This lets the north building relate to the south building, yet keep its own 
identity.  
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Both building envelopes are steel stud construction with faced blanket insulation and 
gypsum wallboard attached.  A standoff system is used on the north building to attach 
light stone panels to the podium of the building and metal paneling to the upper floors.  
This same standoff system is used on the south building to attach light stone paneling 
on the lower level.  The upper levels employ a different standoff system of laminated 
glass panels as cladding.  None of these cladding systems are used as a barrier 
system, which is why the insulation is faced to prevent moisture penetration.   

DOCUMENT AND CODE REVIEW 

The following documents were either furnished for review or otherwise considered for 
this report: 

 ASCE/SEI 7-05 Minimum Design Loads for Buildings and Other Structures 
published in 2006 by the American Society of Civil Engineers 

 IBC 2006 International Building Code published in January 2006 by the 
International Code Council, Inc. 

 ACI 318-08 Building Code Requirements for Structural Concrete published 
in January 2008 by the American Concrete Institute 

 AISC 13th Edition Steel Construction Manual published in December 2005 
by the American Institute of Steel Construction, Inc. 

 PCI 6th Edition Design Handbook published in 2004 by the 
Precast/Prestressed Concrete Institute 

 Post-tensioned Concrete Floors authored by Sami Khan and Martin 
Williams published in 1995 by Butterworth-Heinemann Ltd 

 Notes on ACI 318-08 Building Code Requirements for Structural Concrete 
published in 2005 by the Portland Cement Association 

 Two-Way Post-Tensioned Design Example published by the Portland 
Cement Association 

 Construction Documents originally dated October 28, 2003 by VOA and 
TCE 
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STRUCTURAL SYSTEM DISCUSSION 

Foundation 

Cast-in-place piles support a mat foundation.  These piles are 16” in diameter with a 
concrete compressive strength of f’c = 6,000 psi and exist under the north perimeter of 
the parking garage.  The mat foundation exists over the entire parking garage.  It is a 
minimum of 38” thick, and 42” at the columns with a concrete compressive strength of f’c 
= 4,000 psi and rests on a 2” thick mud slab.  It is reinforced with rebar varying from #18 
bars to #6 bars and at a variety of spacings.  This foundation is either set on the piles at 
the north perimeter, or held with tie-downs.  Columns from both the north and south 
buildings will be supported on the mat foundation. 

Framing System 

House of Sweden is located in Georgetown, Washington, DC; therefore, the use of a 
post-tensioned concrete structural system was an obvious choice to help minimize the 
slab thickness and maximize the number of floors.  Most of the floors above grade are 
two-way post-tensioned concrete flat slabs.   

The north building has 6 levels above grade.  The first floor slab is a 9”-10.5” thick 
reinforced with #4 and #5 bars and the drop panels are 5”, 8”, or 10” thick and 
reinforced with #7 and #8 bars.  The second through sixth floors are 7”-8” thick with 
drop panels reinforced with #5 and #6 bars.  Typical concrete strength on these floors is 
6 ksi or 8 ksi.  Concrete strength and slab thickness vary on each floor, which means 
that the slabs were not placed as single, monolithic pours and they had to be completed 
in sections.  Because of the irregular building shape, there is no typical bay spacing, 
although many bays were kept at 30’ x 30’, possibly accounting for the change in slab 
strength and thickness. 

The south building has 5 levels above grade.  The first floor slab is a 9”-12” thick 
reinforced with #4-#6 bars and the drop panels are 8”, 10”, or 12” thick and reinforced 
with #6- #9 bars.  The second through fifth floors are 10”-12” thick with drop panels 
reinforced with #5 and #6 bars.  Typical concrete strength is 6 ksi or 8 ksi.  Concrete 
strength and slab thickness vary on each floor, which means that the slabs were not 
placed as single, monolithic pours and they had to be completed in sections.  Because 
of the irregular building shape, there is no typical bay spacing, although many bays 
were kept at 32’ x 22’, possibly accounting for the change in slab strength and 
thickness. 
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The penthouse roof of the north building is similar to the floor slabs.  It is a two-way, 
post-tensioned slab, 7” thick with a concrete strength of 6 ksi.  It has drop panels 
reinforced with #4 and #5 bars.  This roof was designed to hold a 30 psf snow load, plus 
snow drift load around the mechanical equipment. 

The main roof of the south building is similar to the floor slabs.  It is a two-way, post-
tensioned slab, 10” or 12” thick with a concrete strength varying from 6 ksi to 8 ksi.  The 
drop panels are reinforced with #5 and #6 bars.  This roof was designed to hold a 30 psf 
snow load plus snow drift load around the mechanical equipment and the penthouse to 
the north.  Since the south half of the roof has a convention space, it was designed to 
hold a 100 psf terrace load plus a 25 psf paver load. 

For ease of calculation, the north building was used as a representative building for the 
alternative slab designs.  Calculations were completed using regular bay spacings of 
30’x30’ with the 22’ cantilever and 24”x24” square concrete columns in the Northeast 
corner.  Refer to Figure 1. for the specific location. 

 

Figure 1.  North Building Alternative Slab Area of Design 
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Lateral System 

Shear walls make up the lateral system of the north building from the garage to the 
fourth floor (Figure 2.).  These walls vary in width and are 8 ” or 12” thick with concrete 
strength of 6 ksi reinforced with #4 bars at 12” spacing in two curtains.  These shear 
walls stop below the fifth floor where the structure becomes a concrete moment frame.  
This system resists lateral loads in the north-south and east-west direction depending 
upon the orientation of the wall.  

 
Figure 2.  North Building Column and Shear Wall Layout 

 

Shear walls exist in the garage under the south building and are 12” thick with a 
concrete strength of 6 ksi reinforced with #4 bars at 12” spacing in two curtains.  
However, these walls do not extend past the garage level, and the building lateral 
system becomes a concrete slab-frame moment system to resist lateral loads in both 
the north-south and east-west directions Refer to Figure 3. for a typical floor plan. 
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Figure 3.  South Building Column Layout 

GRAVITY LOAD DISCUSSION 

To analyze the gravity system of the House of Sweden, the static and dynamic loading 
on the structure had to be determined.  The following is a summary of the approximate 
design gravity loads and criteria used to spot check the House of Sweden’s gravity 
system.  Load references are listed in the tables.  

Deflection Criteria 

Floor Deflection – IBC 2006 Table 1604.3 

 Typical Live Load Deflection for Floor Members  L/360 

 Typical Total Deflection for Floor Members  L/240 

Floor Dead Loads 
Occupancy Design Load Reference 

Normal Weight Concrete 150 pcf ACI 318-08 
Roof Pavers 25 psf Structural Drawings 
Ballast, Insulation, and 
waterproofing 

8 psf AISC 13th Edition  

Glass Curtain Wall 6.4 psf Glass Association of North 
America 

Studs and Batt Insulation  4 psf AISC 13th Edition  
 



Kimberlee McKitish    House of Sweden
Structural Option    Washington, DC
   
Advisor: Dr. Andres Lepage  Technical Report 2  October 24, 2008

 

 
 

9

Roof Live Loads 
Occupancy Design Load ASCE7-05 Load 

Public Terrace 100 psf 100 psf 
Snow Load** 30 psf* 20 psf* 
Rain Load** --- 41.6 psf 

 

**Snow drift will accumulate around the penthouse and on the lower roof of the north 
building.  This load was calculated and can be found in the Appendix B along with the 
flat roof snow load and rain load calculations. 

 

Floor Live Loads 
Occupancy Design Load ASCE7-05 Load 

Penthouse Machine 
Room 

150 psf* Not listed specifically, but 
light storage warehouses 

- 125 psf* 
Residential 40 psf + 20 psf for partitions* 40 psf* 
Stairways 100 psf 100 psf 
Corridors 100 psf 100 psf 
Commercial and Plaza 
Area 

100 psf* Offices - 50 psf, Corridors 
above 1st floor - 80 psf, 

Lobby - 100 psf* 
Elevator Machine Room 300 lbs of concrete load on 4 

square inches 
300 lbs of concrete load 

on 4 square inches 
Loading Dock 400 psf Not listed specifically 
Parking Garage 50 psf and 2000 lbs of 

concrete load on 20 square 
inches* 

40 psf and 3000 lbs of 
concrete load on 20 

square inches* 

 

*For load discrepancies, worst case scenario loading was used. 
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ALTERNATIVE FRAMING DISCUSSION 

System 1: Composite Steel Deck with Non-Composite Beams 

This system was analyzed as a 
reference point for System 2: 
Composite Steel Deck with Composite 
Beams.  The design is 3000 psi 
concrete reinforced with welded wire 
fabric on top of a 2” metal 18 gauge 
Volcraft deck.  The beams are 10’ on 
center. 

To address the large cantilever, a 
hanger system was devised out of 
Round HSS steel.  The tube is 
anchored at the top of the exterior 
column and connects to the 6th floor at a 
46.1° angle.  The 7th floor is only an 11’ 
cantilever so it is able to carry its own 
weight to the column. 

The overall depth of the system is 24½”.  
The necessary 2-hour fire rating for the 

deck is met by the 5¼” concrete slab thickness; however, the steel members will need 
spray fire-proofing to meet code.  The positives of this system are the ease of erection 
of steel and the elimination of formwork due to the metal deck.  Due to the non-
Composite action of the beams, they are on the heavier side and therefore, this system 
is not viable due to the excessive depth and weight. 

Refer to the chart in the System Comparison Discussion section for a comparison 
between all the systems and a look at the viability of this system. 
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System 2: Composite Steel Deck with Composite Beams 

This design is 3000 psi concrete reinforced 
with welded wire fabric on top of a 2” metal 18 
gauge Volcraft deck.  It produced beams at 
10’ on center that are thinner in depth and 
less weight than the non-composite system 
as was anticipated.  The girders are the same 
in both the composite and non-composite 
systems because deflection controlled the 
design.   

To address the large cantilever, a hanger 
system was devised out of Round HSS steel.  
The tube is anchored at the top of the exterior 
column and connects to the 6th floor at a 46.1° 
angle.  The 7th floor is only an 11’ cantilever 
so it is able to carry its own weight to the 
column. 

The overall depth of the system is 24½”.  The 
necessary 2-hour fire rating for the deck is 
met by the 5¼” concrete slab thickness; however, the steel members will need spray 
fire-proofing to meet code.  The positives of this system are the ease of erection of steel 
and the elimination of formwork due to the metal deck.  Due to the fact that deflections 
controlled the design, the beams and girders are on the heavier side but this system 
may warrant further investigation due to the handling of the cantilever and the overall 
weight of the system. 

Refer to the chart in the System Comparison Discussion section for a comparison 
between all the systems and a look at the viability of this system. 
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System 3: Pre-Cast Hollow Core Slab on Pre-Cast Beams 

This design is pre-cast hollow core 
slabs, 6” deep with a 2” normal weight 
concrete topping.  The slabs are 4’ wide 
and pre-stressed with a strand 
designation of 66-S.  The beams are 
also pre-cast and spaced at 15’ on 
center.  The exterior beams are 20” deep 
and 26” wide; the interior beams are 44” 
deep and 28” wide.  The columns are 
kept as the original 24x24 design. 

To address the large cantilever, a non-
prismatic beam was designed to carry 
the pre-cast hollow core slabs.  The total 
depth at the column is 44” and extends 
to the edge of the cantilever, where the 
beam tapers to 8”.  The pre-cast hollow 
core slabs will be supported on this 
beam and all the weight will be 

transferred to the exterior columns.  Shear reinforcing is necessary throughout the 
entire beam and will be provided by #3 stirrups.  Flexural reinforcing is fairly standard, 
12 #9 bars, but they should be located at the top of the beam to counteract the moment 
of the cantilever. 

The overall depth of the system is 44”.  The necessary 2-hour fire rating for the deck is 
met by the 8” concrete slab thickness.  No steel is used in this design, so no extra 
fireproofing is necessary for any members.  The positives of this system are the ease of 
erection, the elimination of formwork due to the pre-cast components, and the short lead 
time.  Due to the excessive depth of this system, this may not be a viable solution; 
however, using steel instead if the pre-cast beams, or possibly using a smaller beam 
spacing could make this system a more feasible solution. 

Refer to the chart in the System Comparison Discussion section for a comparison 
between all the systems and a look at the viability of this system. 
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System 4: Two-Way Reinforced Concrete Slab 

This design is 6000 psi concrete with 
beams spanning between all the 
columns.  The columns were kept as 
the original 24x24 design.  A slab 
thickness of 10½” was determined 
with 24x20 beams.  Due to the large 
bay spacing, the moments induced in 
the slab are quite high so much 
reinforcing is necessary.  #8 bars 
were used in the column strips with 
up to 25 bars necessary to support 
the exterior span negative interior 
moment in the column strip.  The 
exterior panels needed less 
reinforcing with only up to 9 bars 
necessary to counteract the exterior 
span negative interior moments.  
Deflection was not calculated due to 
the use of the deflection table in ACI 
to find the slab thickness.   

To address the large cantilever, a non-prismatic beam was designed to carry the pre-
cast hollow core slabs.  The total depth at the column is 44” and extends to the edge of 
the cantilever, where the beam tapers to 8”.  The pre-cast hollow core slabs will be 
supported on this beam and all the weight will be transferred to the exterior columns.  
Shear reinforcing is necessary throughout the entire beam and will be provided by #3 
stirrups.  Flexural reinforcing is fairly standard, 12 #9 bars, but they should be located at 
the top of the beam to counteract the moment of the cantilever. 

The overall depth of the system is 20” for the main building and 44” for the cantilever 
beams.  The necessary 2-hour fire rating is met through the use of concrete and the 
clear cover for the reinforcing steel.  The positives of this system are the small depth of 
the floor system in the main building and the elimination of fireproofing in the design 
versus steel design.  More study should be conducted to see if this system is viable due 
to the elimination of the post-tensioning while keeping the design similar to the existing. 

Refer to the chart in the System Comparison Discussion section for a comparison 
between all the systems and a look at the viability of this system.
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SYSTEM COMPARISION DISCUSSION 

 
 
 
 
 
System 

System 1 System 2 System 3 System 4 System 5 
Two-Way 

Post-
Tensioned 

Concrete Slab 
(Existing) 

Composite 
Steel Deck 
with Non-
Composite 

Beams 

Composite 
Steel Deck 

with 
Composite 

Beams 

Pre-Cast 
Hollow 

Core Slab 
on Pre-Cast 

Beams 

Two-Way 
Reinforced 
Concrete 

Slab 

Cost per ft2 $21.55 $36.99 $24.70 $25.85 $25.05 

Slab Depth 8" 5¼”  5¼”  8" 10½” 
Structural 
Depth 

22" 24½” 24½” 44" 44" 

Structural 
Weight 

100 psf 48.4 psf 47.1 psf 120 psf 158 psf 

Cantilever 
Solution 

Post-
Tensioning 

Steel Tube 
Hangers 

Steel Tube 
Hangers 

Non-
Prismatic 

Beam 

Non-
Prismatic 

Beam 
Fireproofing No Additional 

Fireproofing 
Required 

Fireproofing 
Necessary 
on Beams 

Fireproofing 
Necessary 
on Beams 

No 
Additional 

Fireproofing 
Required 

No 
Additional 

Fireproofing 
Required 

Lead Time Short Long Long Long Short 
Construction 
Difficulty 

Hard Easy Medium Easy Hard 

Formwork Necessary None 
Necessary 

None 
Necessary 

Necessary 
for 

Cantilever 

Necessary 

Additional 
Study 

-- No Yes Yes Yes 

Overall 
Feasibility 

Existing 
System 

No Most 
Possible 

Possible Least 
Possible 
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CONCLUSION 

This report analyzed four alternative slab systems and compared them to the existing 
system for feasibility.  The four alternative systems are composite steel deck with non-
composite beams, composite steel deck with composite beams, pre-cast hollow core 
slab on pre-cast beams, and two-way reinforced concrete slab.  The existing system is 
two-way post-tensioned concrete. 

The composite steel deck with non-composite beams is not a viable system, but it was 
analyzed as a reference for the composite steel deck with composite beams. 

The two-way reinforced concrete slab may be a viable system if more research is 
conducted.  This system eliminates the need for post-tensioning while keeping the slab 
at approximately the same overall depth.  The lead time, budget, and construction 
difficultly are fairly close to the existing.  The structural weight of the system is fairly high 
and reduces the possibility of use as an alternative system. 

Pre-cast hollow core slab on pre-cast beams are a possible alternative.  The main issue 
with this system is the depth of the pre-cast beams.  As further study, looking at the 
possibility of using steel beams instead of the pre-cast beams may decrease the overall 
depth and weight of this system and create a higher likelihood of use as an alternative 
system. 

Composite steel deck with composite beams is the most viable alternative.  The budget 
and structural depth are comparable to the existing system.  The need for formwork is 
eliminated, but the need for fireproofing is created.  The lead time is longer than that of 
the post-tensioned slab, but the erection time is shortened and the schedule will not 
change much.   

Overall, the composite steel deck with composite beam system is the most viable 
alternative and warrants further study.  A look at the comparison chart shows that no 
specific system is a better alternative to the existing system.  The existing system is 
also able to address the cantilever with an overall structural depth of 22” and no hanger 
system to hinder the exterior cladding of the building.  Further study may be conducted 
into one of the alternatives, but the existing post-tensioned system appears to be the 
most economical and effective system for the House of Sweden.
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APPENDIX A – Two-Way Post-Tensioned Concrete Slab (Existing) 
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Two-Way Post-Tensioned Concrete Slab (Existing) 
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Two-Way Post-Tensioned Concrete Slab (Existing) 
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Two-Way Post-Tensioned Concrete Slab (Existing) 
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Two-Way Post-Tensioned Concrete Slab (Existing) 
Dead Load Moments 

Joint 1 2 3 4
Member 1-2 2-1 2-3 3-2 3-4 4-3

DF 0.521 0.343 0.343 0.343 0.343 0.521
COF 0.509 0.509 0.509 0.509 0.509 0.509
FEM 295 -295 295 -295 295 -295

          
DIST -153.7       153.7
CO   -78.23     78.23

DIST   128.02     -
CO     65.16 -65.16 

DIST     - 123.54 
CO     62.88 -62.88 

DIST     -32.01 32.01 
CO   -16.29     16.29

DIST   5.59     -5.59
CO 2.84       -2.84

DIST -1.48       1.48
CO   -0.75     0.75

DIST   0.26     -0.26
CO     0.13 -0.13 

DIST     -0.05 0.05 
CO   -0.02     0.02

DIST   0.01     -0.01
CO 0.00       0.00

DIST 0.00       0.00
          

Neg. M 142.7 -256.4 267.6 -267.6 256.4 -142.7
M @ 

Midspan 
137.95 69.91 137.95 

 

Live Load Moments 
Joint 1 2 3 4

Member 1-2 2-1 2-3 3-2 3-4 4-3
DF 0.521 0.343 0.343 0.343 0.343 0.521

COF 0.509 0.509 0.509 0.509 0.509 0.509
FEM 221 -221 221 -221 221 -221

    
DIST -115.1    115.1
CO -58.61     58.61

DIST 95.91     -
CO 48.82 -48.82 

DIST - 92.55 
CO 47.11 -47.11 

DIST - 23.98 
CO -12.20     12.20

DIST 4.19     -4.19
CO 2.13     -2.13

DIST -1.11     1.11
CO -0.57     0.57

DIST 0.19     -0.19
CO 0.10 -0.10 

DIST -0.03 0.03 
CO -0.02     0.02

DIST 0.01     -0.01
CO 0.00     0.00

DIST 0.00     0.00
    

Neg. M 106.9 -192.1 200.5 -200.5 192.1 -106.9
M @ 

Midspan 
103.63 52.66 103.63 

 

Balanced Load Moments
Joint 1 2 3 4

Member 1-2 2-1 2-3 3-2 3-4 4-3
DF 0.521 0.343 0.343 0.343 0.343 0.521

COF 0.509 0.509 0.509 0.509 0.509 0.509
FEM 221 -221 221 -221 221 -221

    
DIST -115.1 115.1
CO   -58.61 58.61

DIST   95.91 -95.91
CO   48.82 -48.82

DIST   -92.55 92.55
CO   47.11 -47.11

DIST   -23.98 23.98
CO   -12.20 12.20

DIST   4.19 -4.19
CO 2.13 -2.13

DIST -1.11 1.11
CO   -0.57 0.57

DIST   0.19 -0.19
CO   0.10 -0.10

DIST   -0.03 0.03
CO   -0.02 0.02

DIST   0.01 -0.01
CO 0.00 0.00

DIST 0.00 0.00
    

Neg. M 106.9 -192.1 200.5 -200.5 192.1 -106.9
M @ 

Midspan 
103.63 52.66 103.63 
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APPENDIX E – Two-Way Reinforced Concrete Slab 
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