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Executive Summary: 
 
The 400 is a condominium complex located in Bremerton, Washington, right 
across the bay from Seattle.  The building consists of two levels of concrete 
parking below four stories of residential non-composite metal frame 
construction.  Ground has recently been broken for construction of The 400, and 
updated plans are in the process of being developed.   
 
This technical assignment consists of an analysis of the existing structural system.  
Then, four possible alternate systems are evaluated, with advantages and 
disadvantages for each.   
 

• Engineered Lumber 
• Hollow Core Planks 
• Two-way Flat Slab 
• Waffle Slab 
 

The most important considerations are site limitations for construction and soil 
properties which do not accommodate very well to large loads.  In addition, 
height requirements are also a concern because The 400 is already designed to 
the maximum possible height. 
 
All four alternate systems are then compared and contrasted to determine 
which systems should be considered for re-design (NOTE:  All calculations and 
tables used for design are located in the Appendix).  Many aspects, including 
vibration, foundation and column load implications and depth of system, were 
compared and contrasted.  The Engineered Lumber system was chosen to be 
the best candidate for re-design, for many reasons including lighter and 
cheaper overall system. 
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Figure 1 

 
Typical Bay Information: 

 
The typical bay analyzed throughout this technical 
assignment was a 25’6” x 29’2” bay.  While this is the 
most typical bay in the building, it is also the 
largest, making it a good representation while 
comparing systems.  The loads used were that of a 
typical residential level, 40psf live load and 20psf 
dead load.  The self-weight of the members are 
also included, as necessary, in each re-design. 
 
NOTE:  For worst loading, assume adjoining bays 
are the same size as the typical bay described in 
Figure 1. 
 

The soil is very critical in the structural design because of the proximity of the 
building to the Port Washington Narrows.  In addition, the soil located in the 
southwest corner of the building design is extremely critical and required  
additional support.  The foundation is built in accordance with the load that is 
required, so any design which decreases the load which is transferred to the 
foundation or the foundation design in general would dramatically decrease 
the cost of the building.  Additionally, maximum use of the site is already being 
used, so the least amount of space required for construction, the better. 
 
Existing Structural System – Non-composite Structural Steel: 
 
The 400 is built according to the 2003 International Building Code and locally to 
the Bremerton Municipal Code.  ASCE 7-02, ACI 318-05, and LRFD design were 
used for analysis of the building, as necessary. 
 
To accurately compare systems, the floorplan shown in Figure 2 was used for all 
designs and re-designs.  This floorplan was simplified as a rectangle for analysis. 
The shear walls for the seismic considerations are not considered in design or re-
design for simplicity.  The most typical bay in the floorplan is the 25’6” x 19’2” bay 
shown in Figure 1.  As mentioned above, this bay is also the largest bay in the 
floorplan, providing a very good representation. 
 
NOTE:  The members being compared are not identical to the members used in 
building design.  To accurately compare designs, an LRFD RAM model was 
created and members were re-designed according to the new floor layout. 
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Bay layouts for typical floor: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2
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The typical framing used: 
• Girder 1:  W16 x 31 
• Girder 2:  W8 x 10 
• Joists:  16K2 24” o.c. 
 

ADVANTAGES DISADVANTAGES 
• Fairly easy to run mechanical 

systems and utilities through 
existing systems 

• Fairly typical system for the 
geographical location for 
condominium application when 
compared to concrete systems, 
so labor may be less expensive, 
while experience would be 
greater 

• More durable system when 
compared to wood 

• Relatively expensive system 
• Relatively heavy weight when 

compared to wood system, 
increasing load transferred to 
columns and foundations  

• Steel not very good for exterior 
applications; not applicable for 
this application, but considered 
for possible future renovations to 
the project 

 
Summary: 

• Depth of system:  18 ½” (including 2 ½” metal deck) 
• Dead Load of System:  20psf 
• Total Dead Load:  40psf 
• Spacing:  2’ 
• Spans:  29’2” 
• Design:   Girder 1 – W16 x 26 

Girder 2 – W8 x 10 
Joists –16K2 @ 24” o.c. 

NOTE:  All calculations and tables used for design are located in the Appendix 
 
Major advantages of the existing structural system include the ease of running 
utilities and mechanical systems through the floor system, a fairly durable system, 
and subcontractor expertise because of repetitive design on similar projects, 
while major disadvantages include and expensive and heavy system transferred 
to the columns and foundation. 
 
Alternate System 1 – Engineered Lumber: 
 
Possible Designs: 
Girder 1 (from Figure 1):  

• 3 ½” x 34” Parallam (PSL) Commercial Beam 
• 5 ¼”  x  30” Parallam (PSL) Commercial Beam 
• 7” x  26” Parallam (PSL) Commercial Beam 
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Girder 2 (from Figure 1): 
• 3 ½” x 36” Parallam (PSL) Commercial Beam 
• 5 ¼”  x  30” Parallam (PSL) Commercial Beam 
• 7” x  26” Parallam (PSL) Commercial Beam 

 
Joists (spanning the 29’2” length): 

• 18” L65 Joists 16” o.c. 
• 24” L65 Joists 19.2” o.c. 
• 16” L90 Joists 16” o.c. 
• 20” L90 Joists 19.2” o.c. 

 
All design was in accordance with the most recent Trus Joist Literature,  
Specifier’s Guide’s 1062 and 1048.  The loading was too high to use residential 
beams and joists, so commercial materials were required for this application. 
 
Recommended Design: 
 
Girder 1:  7” x  26” Parallam (PSL) Commercial Beam 
Girder 2:  7” x  26” Parallam (PSL) Commercial Beam 
Joists:  24” L65 Joists 19.2” o.c. 
 
NOTE:  Generally, deeper joists or beams are cheaper.  Because the height of 
the building is a concern, the shallowest girders were chosen, but the deepest 
joist was still less shallow than the girders, so the deepest joist would be most cost 
effective.  In addition, using the wider spacing of 19.2” o.c. reduces the joists 
necessary to span the required distance, reducing costs of the joists. 
 
NOTE:  Tables in Literature are based on L/360 deflection criteria and simple 
spans. 
 

ADVANTAGES DISADVANTAGES 
• Wood design popular in 

geographical location; 
expertise easy to locate and 
labor most likely relatively 
cheap 

• Wood cost generally cheaper 
than other material cost 
(especially steel) 

• Rigid floor diaphragm to 
transfer loads 

• Lighter system overall – this 
would allow a lighter load to be 

• All materials are commercial 
and special order materials, so 
they can be more expensive 
than other wood options 

• Current story height is 10’6”; 
depth of girders at least 26”, so 
to maintain inside ceiling 
height, the entrance to the 
garage can be lowered 

• Wood not as durable as steel 
• Wood floors can sometimes be 

“squeaky” when compared to 
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transferred to the columns and 
foundation system 

• Engineered lumber as 
compared to standard board 
lumber less defects/less squeaky 
floors 

• Pieces can be cut to desired 
length on site 

• Engineered lumber spans much 
farther than solid sawn lumber 

steel floors; other possible 
vibration issues can develop as 
well 

• Weathering can be a problem 
with wood; The engineered 
lumber cannot be exposed to 
outside elements, although 
sealants and treated material 
can be used in areas which are 
exposed to outside elements 

• Area must be altered for 
mechanical systems and utilities 
(Trus Joist does provide services 
and literature for allowable hole 
sizes) 

• The spacing of joists is changed 
from 24” o.c. for steel joists  

• If the location of bearing walls 
change, the lateral system may 
require further evaluation 

 
Summary: 

• Depth of system:  26” (not including panels) 
• Dead Load of System:  10psf 
• Total Dead Load:  30psf 
• Spacing:  19.2” 
• Spans:  25’6” 
• Design:   Girder 1 – 7” x 26” Parallam (PSL) Commercial Beam 

Girder 2 – 7” x 26” Parallam (PSL) Commercial Beam 
Joists –26” TJI L65 Commercial Joists 
 

NOTE:  All calculations and tables used for design are located in the Appendix 
 
Major advantages to an Engineered Lumber design include decreased building 
weight to be transferred to the columns and foundation, increased expertise of 
subcontractors due to relatively common design for condominiums, and 
relatively cheap cost.  Major disadvantages include decreased joist spacing, 
increased vibration in and “squeaky” floors, low durability of wood material 
(especially in exterior applications), and increased structural system height 
required. 
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Alternate System 2 – Hollow Core Planks: 
 
The hollow core planks are to span the 25’6” direction, parallel to girder 1 in 
Figure 1.  The same load of 40psf live load and 20psf dead load are used.  Using 
the PCI Handbook, a 4HC6-96-S (9 strands of 6/16ths thickness) topped was 
designed for this application. 
 
Using the dead load of hollow core planks, an LRFD RAM model was created 
with a non-composite metal deck.  This RAM model is shown in the Appendix. 
 

ADVANTAGES DISADVANTAGES 
• Relatively fast construction 
• Reduced labor 
• Do not need to attach 

subflooring to joists as in other 
possible systems 

• Vibration and “squeaking” 
reduced 

• Pre-cast, so do not need much 
extra space on the site, which is 
a problem to begin with 

• Ready-made holes for conduit 
• Flexibility to penetration 
• Weathering less of a problem 

when compared to wood or 
steel system 

• Heavier load, which increases 
load transferred to the columns 
and foundation, which is critical 

• Cannot easily vary in length 
• Relatively expensive 
• Problems accommodating 

utilities (possible suspended 
ceiling) 

• Walls can become poured 
concrete or masonry, which is 
harder to altar the structural 
system, if desired 

• Lateral resistance system 
changes 

 
NOTE:  To decrease floor height, hollow core planks will be connected on the 
inside of the steel I-beams using angles.  This will allow the height of the system to 
be solely the required I-beam sizes. 
 
Summary: 

• Depth of system:  24” (height of largest steel I-beam) 
• Dead Load of System:  74psf 
• Total Dead Load:  94psf 
• Spacing:  4’ wide planks 
• Spans:  25’6” 
• Design:   Planks - 4HC6+2-96-S 

Girder 1 – W24 x 55 
Girder 2 – W 8 x 10 
 

NOTE:  All calculations and tables used for design are located in the Appendix 
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Major advantages include increased construction time, decreased labor costs, 
and pre-cast materials, so not much on-site space is necessary.  Major 
disadvantages to Hollow Concrete Plank Design are increased dead load, 
expensive system, and inability to vary in length. 

 
Alternate System 3 – Two-way Flat Slab System: 
 
The loads used were 40psf live load and 20psf dead load, but the 1992 CRSI 
Manual was used, so the 1.4DL + 1.7LL factors were used instead of 1.2DL + 1.6LL.  
The load to be used in the tables, then, was 96psf total load. 
 
A 10 ½” slab with 10’ x 10’ drop panels 7 ½” deep was sized for this application. 
 
Edge Panel Design: 
 
Reinforcing Bars: 
Column Strip 

• Top exterior – (14) #5 
• Bottom – (15) #7 
• Top interior – (23) #5 

Middle Strip 
• Bottom – (10) #7 
• Top interior – (10) #6 

 
Total steel: 3.35psf (NOTE: this does not need to be included in dead load 
values because 150pcf was used for reinforced steel) 

 
Interior Panel: 
 
Reinforcing Bars: 
Column Strip 

• Top – (20) #5 
• Bottom – (16) #5 

Middle Strip 
• Top – (12) #5 
• Bottom – (11) #5 

 
Total steel:  2.64psf (NOTE: this does not need to be included in dead load 
values because 150pcf was used for reinforced steel) 
 

ADVANTAGES DISADVANTAGES 
• Two-way system generally more 

economical than one-way 
• Concrete system in general 

more expensive than wood 
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system 
• Depth of 18”, so more shallow 

than wood system 
• “Squeaky” floors and vibrations 

less of an issue with concrete 
system 

• Spans relatively far 

• Dead Load of structural system 
of 144psf negatively affects 
columns and foundation, which 
is critical 

• Fairly thick concrete system to 
be altered if holes are necessary 
for utilities 

 
Summary: 

• Depth of system:  18” (including 7.5” drop panel) 
• Dead Load of System:  144psf 
• Total Dead Load:  164psf 
• Spacing:  N/A 
• Spans:  30’ 
• Design:  10 ½” slab with 10’ x 10’ drop panels 7 ½” deep 

 
NOTE:  All calculations and tables used for design are located in the Appendix 
 
Major advantages of Two-way Flat Slab Design include long spans, more shallow 
system height than for Engineered Lumber system, and decreased vibration 
issues.  Disadvantages include increased weight transferred to columns and 
foundation, thick concrete system to make alterations for MEP equipment, and 
relatively expensive system when compared to wood. 
 
Alternate System 4 – Waffle Slab: 
 
The loads used were 40psf live load and 20psf dead load, but the 1992 CRSI 
Manual was used, so the 1.4DL + 1.7LL factors were used instead of 1.2DL + 1.6LL.  
The load to be used in the tables, then, was 96psf total load. 
 
Edge Panels: 
 
Reinforcing bars (each direction): 
Column Strip 

• Top Edge – (29) #4 
• Bottom 

o Long Bars - #6 
o Short Bars - #6 

• Top Interior – (25) #5 
 
Middle Strip 

• Bottom 
o Long Bars - #5 
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o Short Bars - #5 
• Top Interior – (15) #4 

 
Total steel:  2.44psf (NOTE: this does not need to be included in dead load 
values because 150pcf was used for reinforced steel) 

 
Interior Panel: 
 
Reinforcing Bars (each direction): 
Column Strip 

• Bottom 
o Long Bars –  #5 
o Short Bars - #6 

• Top Interior – (24) #5 
 
Middle Strip 

• Bottom  
o Long Bars –  #4 
o Short Bars - #5 

•  Top Interior– (15) #4 
Total steel:  2.33psf (NOTE: this does not need to be included in dead load 
values because 150pcf was used for reinforced steel) 

 
ADVANTAGES DISADVANTAGES 

• Increased surface area when 
compared to wood systems 
because relatively easy to span 
long directions 

• Sound barrier between floors 
• Light fixtures can be recessed in 

the slab 
• Concrete over wood or steel 

can be used for passive solar 
heating (thermal storage) and 
save on HVAC costs 

• Vibration benefits with concrete 
as compared to other systems 

• Relatively cheap system for 
concrete and as compared to 
steel 

• Decreased story height 

• Additional thermal mass will alter 
structural and seismic loads 

• Additional dead weight of 68psf 
will negatively affect the 
supporting columns and 
foundation, which is critical 

• Aesthetically, waffle slabs are 
usually not as appealing as other 
systems, so additional features 
may need to be added to 
ceiling 

• Relatively expensive system 
when compared to wood 
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Summary: 
• Depth of system:  11” (including 7.5” drop panel) 
• Dead Load of System:  68psf 
• Total Dead Load:  88psf 
• Spacing:  N/A 
• Spans:  30’ 
• Design:   30” x 30” voids; 6” ribs @ 36” o.c. 

 
NOTE:  All calculations and tables used for design are located in the Appendix 
 
Major advantages for a Waffle Slab include an increased sound barrier, spaces 
for recessed lighting, and possibilities for passive solar heating.  Major 
disadvantages include additional dead load to be transferred to columns and 
foundation, aesthetically displeasing design, and relatively expensive system 
when compared to wood. 
 
 
Special Considerations: 
 
Typical condominiums in specifically the Bremerton, WA area and more 
generally in the whole state of Washington and most of the west coast in 
general are: 
 

• Entirely wood (less than 5 stories) 
• Concrete parking with wood above 
• Concrete parking with steel above 

 
Generally, concrete condominiums are not that popular, due to price and 
increased weight.  Also, as previously discussed, concrete buildings (especially 
masonry walls) do not generally allow for building expansion.  This is very 
important in areas which are experimenting with condominiums, such as 
Bremerton and condominiums in general.  If, at some point in time, the owner 
would like to expand on the existing building or purchase the adjoining 
condominiums, the structural systems can more easily and less expensively be 
combined in a wood or metal frame as compared to a masonry façade. 
 
Because these are the typical building styles, more experienced subcontractors 
would be available for construction of buildings which conform to one of these 
three most popular designs.  While this should not prevent other systems from 
being used, cost of labor and expertise should and would contribute heavily to 
design. 
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Other system considerations: 
 
While only the residential structural floors were evaluated, other systems were 
evaluated.  The current structural system consists of concrete parking with steel 
above.  To simplify construction (costs and labor, because only one trained 
crew could be hired for the entire building), an entire steel system or an entire 
concrete system was considered. 
 
Entirely Steel System: 
 
The main change to the existing system for this system is changing the parking to 
steel framed.  The extreme drawback of steel parking garages is deflection and 
deterioration due to outside elements.  While the majority of the parking is not 
exactly exteriorly exposed, the entrance would most likely be influenced by the 
outside elements and would require extra maintenance that other designs 
would not. 
 
As far as deflection is concerned, even though structurally it might not be failing, 
the more deflection in a building, the more generally uneasy the users of the 
structure feel.  Considering the prices of some of the condominiums, the tenants 
should feel safe in their building, so a steel parking garage with excessive 
deflection might not be the best solution. 
 
Entirely Concrete System: 
 
As displayed in the Hollow Core System in Alternate System 2, concrete systems 
increase the dead loading (when compared to wood systems), and an 
increased dead loading makes the foundation design requirements more 
critical.  When foundation requirements are already critical, increasing dead 
weight throughout each floor of the building is probably not a good idea. 
 
Two-way Flat Plate System: 
 
Because the typical bays were rectangular, a two-way flat plate system was 
analyzed, but the system could not span the required 30’.  The bays could be 
decreased, but that would cut back on the size of the condominiums, which 
would decrease the value they could be rented for. 
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Summary of Alternate Systems: 
 
SYSTEM SYSTEM RECOMMENDED 

FOR REDESIGN? 
REASONS 

Engineered Lumber Yes • Lighter weight 
• Increased 

expertise 
• Cheaper system 

Hollow Core Planks No • Increased weight 
• Relatively 

expensive 
• Lengths cannot 

easily be altered 
Two Way Flat Slab No • Increased weight 

• Relatively 
expensive 

• Difficult to 
accommodate 
mechanical 
systems and utilities 

Waffle Slab No • Increased weight 
• Relatively 

expensive 
• Not aesthetically 

pleasing 
 
Overall, the only system to be considered while weighing all of the factors is the 
engineered lumber system.  This corresponds with what the industry views as 
typical for the four story condominium. 
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APPENDIX 
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Existing Design: 

Figure 3 
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Alternate System 1: Engineered Lumber: 
3 ½” PSL (Parallam) Beam: 

Figure 4 
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7” PSL (Parallam) Beam: 

Figure 5 
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TJI L65 Load Tables: 

Figure 6 
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Design Properties Commercial Joists: 

Figure 7 
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Engineered Lumber Calculations: 

Figure 8 
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Alternate System 2: Hollow Core Planks: 

Figure 9 
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Hollow Core Planks Calculations: 

Figure 10 
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Alternate 3 – Two Way Flat Slab System: 

Figure 11 
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Two Way Flat Slab Calculations: 

Figure 12 
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Two Way Flat Slab Calculations (continued): 

Figure 13 
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Alternate 4 – Waffle Slab: 

 
Figure 14 

 
 


