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The 400 is a condominium complex located in Bremerton, Washington, right 
across the bay from Seattle.  The building consists of two levels of structured 
concrete parking below four stories of residential metal frame construction.  The 
majority of the parking is above ground.  Ground has recently been broken for 
construction of The 400, and updated plans are in the process of being 
developed.  No Mechanical, Electrical, or Plumbing designs are readily 
available, but they should be available by mid-November, 2005. 
 
This technical assignment consists of an analysis of the existing structural system.  
Many aspects must be taken into consideration while designing a structural 
system, many of which are included in this assignment.  The loading (dead, live, 
and snow) are calculated to be used for analysis.  These calculations are 
followed by detailed explanations of the structural and foundation system as 
well as lateral system.  The 400 consists of four stories of residential metal frame 
construction (condominiums) above two stories of structural concrete parking.  
The metal construction is a non-composite system of steel floor joists supported 
by girders; steel studs are used for the walls.  The parking consist of slab on grade 
wherever possible and a post-tensioned slab wherever slab on grades are not 
possible. 
 
The analysis of the lateral system, both wind and seismic, includes diagrams with 
supporting calculations in Appendix A.  The controlling lateral case, seismic, is 
then evaluated, further explained in Appendix B.   
 
Finally, a typical RAM floorplan was created.  A simplified rectangular floorplan 
was used for analysis in spot checking several members.  While the members 
were relatively close in size, variation in sizes is most likely due to length variation 
throughout the actual floorplan.  The same codes used to design the building 
were used in this RAM analysis.  Detailed calculations supporting these spot 
checks are located in Appendix C.  Sketches of plans and details are included 
throughout the assignment and in the Appendix to help clarify design process. 
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Introduction: 
 
The 400 is a condominium complex located in Bremerton, Washington, right 
across the bay from Seattle.  The building consists of two levels of structured 
concrete parking below four stories of residential metal frame construction.  The 
majority of the parking is above ground.  Ground has recently been broken for 
construction of The 400, and updated plans are in the process of being 
developed.  No Mechanical, Electrical, or Plumbing designs are readily 
available, but they should be available by mid-November, 2005. 
 
The 400 is located within walking distance from the ferry boat which connects 
directly to downtown Seattle, and the condominium complex is going to be 
built right along the Port Washington Narrows.  Maximum use of the site is being 
implemented for design, and careful design considerations needed to be taken 
into account because the building is so close to the water.  Due to the heavy 
seismic activity possible in the geographic location of The 400, additional design 
requirements need to be considered. 
 
Overall Structural System: 
 
The bottom two stories of The 400 consist of slab on grade or post-tensioned slab 
parking (generally 8” normal weight).  Four stories of light gage steel residential 
frame construction are built above the two levels of parking.  Wooden trusses 
are then used to frame the roof.  The gross floor area for The 400 is 
approximately 124,000 square feet.   
 
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 the LRFD Manual of 
Steel Construction were used for analysis of the building both while being 
designed and in the following calculations. 
  
The concrete strength in The 400 ranges from 3,000 psi for the pile caps and 
footings to 4,000psi for the slabs to 5,000 psi for the concrete shear walls and 
columns.  Steel grades and strengths are outlined in the table below: 
 
 
 
 
 
 
 
 

 
Table 1 

Member ASTM SPECIFICATION Fy 
Wide flange and WT shapes A992 50 ksi 
Plates, angles, channels, and rods A36 36 ksi 
Pipe members A53 35 ksi 
Structural tubing A500 46 ksi 
Anchor bolts A307  
Connection bolts A325-N  
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National Codes/Design Codes: 
 

• 2003 International Building Code 
• ASCE 7-02 
• ACI 318-05 
• LRFD Manual of Steel Construction  

 
 
Design Loads: 
 
Live Loads (From ASCE 7-02 Table 4-1): 

Roof live load (including snow) 25 psf 
Floor live load (parking) 40 psf 
Floor live load (corridors/lobbies) 100 psf 
Floor live load (residential units and decks) 40 psf 
Attic live load (non-simultaneous with roof live load; 
no storage or living) 

10 psf 

Stair live load 100 psf 
Guardrails/balcony rails 50 plf / 200 lb 

Table 2 

 
Dead Loads: 
 

Metal Roof Deck 2 psf 
Trusses (roof) 20 psf 
Ceiling 5 psf 
Mechanical/Electrical/Plumbing 15 psf 
Concrete (with metal deck) 30 psf 
Concrete Slab (parking) 100 psf 
Perimeter Wall 15 psf 

Table 3 

 
NOTE:  Construction loads of at least 20 psf must be accounted for during 
construction procedures.   
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Snow Load: 
 
Chapter 7 of ASCE 7-02 was used to calculate the snow loads for The 400. 
 
The roof is considered to be flat; therefore, section 7-3 applies: 
 
 rf = 0.7CeCtIrg  
 Terrain Category = B (6.5.6.2) 

Ce = 0.9 (Table 7-2) 
Ct = 1.0 (Table 7-3) 
Building Category = II (Table 1-1) 
I = 1.0 (Table 7-4) 
rg  = 20psf (Figure 7-1) 
 
rf = 0.7(0.9)(1.0)(1.0)(20psf) = 12.6 psf  
 
Minimum rf for rg of 20psf or less:  rg (I) = 20psf (1.0) = 20psf 
 
Therefore, rf = 20psf 
 
NOTE:  Structural notes of building specify a snow load of 30psf was used; 
this is by convention to use a minimum of 30psf in the Bremerton area.
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Typical Floor layout: 

 
NOTE:  While exact floor layout varies between floors, this floorplan is considered 
to be most typical and assuming a rectangular layout; overall floor area per 
floor generally changes by less than 5%. 
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Following is a more detailed description of what is specifically unique to each 
level: 
 
Lower Parking Level – P2 
 
A four inch slab-on-grade with one #4 for reinforcement at 18 inches on center 
each way is the primary slab, while a 6 inch slab with an f’c of 4000 psf is used at 
the exterior edge on this 25,844 gross square feet level.  This level is supported by 
7’6” square pilecaps 48 inches deep and is connected with standard hooks on 
both top and bottom, and the footings reach a height of 51’0”.  Control joints 
must be spaced so as to not exceed 225 square feet, and the areas should be 
approximately square with no acute angles. 
 
Twelve shear walls are located on the on this level, 12” thick.  Most reinforcing for 
the shear walls is one #5 for reinforcement at 18” on center each way, each 
face.  At critical points, reinforcement can reach up to nine #6 for 
reinforcement at 3” on center, each face, and the lap splices range from 16” to 
132”, depending on bar size and concrete strength. 
 
Three foot wide square spread footings one foot deep are located throughout 
the P2 level.  The depth, however, can reach up to three feet, depending on 
location.  Eight inch concrete walls (not shear) are located throughout the lower 
parking level.  The P2 level generally contains vertical tube steel 6x6x1/4 
throughout the exterior concrete walls, and the only grade beams specified are 
36” x 30”. 
 
 
Upper Parking Level - P1 
 
Of the 13,685 gross square feet P1 level, approximately half of the level contains 
a 4” slab-on-grade just like the P2 level, and the other half contains an 8 ½” 
post-tensioned slab.  The post-tensioned slab contains 9’4” square drop panels 4 
¼” deep at each column, and four #4 are used continuously on the top and 
bottom; this is general reinforcement requirements for the P1 level. 
 
The P1 level contains 8” concrete walls.  Just as in the P2 level, 6x6x1/4 tube steel 
is typically used vertically throughout the exterior concrete walls.  One corner 
contains a 3’9”x3’9”x4 ¼” drop cap.  This is because of the poor soil which is 
located in the southeast building corner, requiring additional load distribution.  
Unique to this level, however, is a three foot closure/pour strip and an extra stair 
well for access to the P2 parking level. 
 



 

 7 

First Floor Framing –R1 
 
The first residential level, approximately 228’x115’, consists of a twelve inch post-
tensioned slab with ten foot square drop panels 6 ¼” deep with ten #5 on the 
top each way for reinforcement.  Generally, four #4 top and bottom are used 
continuously along the perimeter of the slab.  Similar to the P1 level, this level 
also contains a 3’ closure/pour strip, dividing the floor into almost two squares. 
 
Residential Framing - R2, R3, R4 
 
Each residential floor is approximately 21,000 gross square feet.  The wall framing 
consists of metal studs spaced typically 2 feet on center.  The typical deck slab is 
made up of ½” metal form deck with 2 ½” concrete.  The floor joists typically 
used are generally 10TDW16 steel joists 24” on center, supported by W10x15 
girders. 
 
Roof Framing 
 
The roof framing typically consists of C8x18.75 and W8x28 as struts throughout 
the roof framing plan.  Then, 5/8” plywood sheathing is generally used with 
connector-plate trusses 24” on center. 
 
 
Foundation Analysis: 
 
The southeast building corner has extremely poor soil, requiring additional 
support.  Considering the size of the building, the footings are relatively large, 
reflecting the relatively poor soil. 
 
 
Lateral Analysis: 
 
Shear walls comprise several major walls throughout the building, extending 
from bottom parking slab to the wooden trusses on the roof.  Due to the fact 
that few, if any, vertical design elements are available, additional framing 
information is unknown. 
 
The following lateral analyses of both wind and seismic were developed in 
accordance with Chapter 6 and Chapter 9 (respectively) of ASCE 7-02.  More 
detailed and intermediate calculations are provided Appendix A.  Worst case 
situations were evaluated laterally, and controlling lateral case, which turned 
out to be seismic, is explained in detail in Appendix B. 
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Calculating wind loads against building (psf): 
 
 

 
 
 
 
Calculating story forces and story shear (kip): 
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NOTE:  Table calculations interpolated for exact story height along the vertical 
side of the building. 
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NOTE:  Analysis identical for N-S and E-W seismic 
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NOTE:  Identical seismic analysis for both N-S and E-W direction 
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Shear Walls: 
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These shear wall lateral values make sense because for the most part, the shear 
walls carry the most load in the direction in which they are running parallel to.  In 
addition, the largest overall values are located the farthest away from the 
center of rigidity, while the smallest values are located closest to the center of 
rigidity. 
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Other Structural Elements: 
 
The increase in wind loading also comes into effect when designing for uplift on 
the roof.  The increased wind may mean an increased chance of failure due to 
uplift on the building.  Lastly, the increased wind loading can create an 
overturning moment which will need to be taken into consideration while 
designing the structural system.  This becomes very crucial when designing the 
foundation system for the building. 
 
Because of the proximity to the water and increased wind loading, higher 
strength windows were required throughout the building.  This, in turn, increased 
the cost of the building. 
 
 
Spot Checking: 
 
A RAM model of a typical floor was created to verify typical floor members and 
bays (see following page).  The vertical members (parallel to the joists) 
according to the RAM model were chosen to be W8x10.  These members were 
typically sized as W10x19 on the structural plans.  The relative sizes, however 
make sense because the smaller members should be running parallel to the 
joists because the joists would be decreasing the tributary area of the girders.  
The variation in size of typical members is most likely due to the fact that the 
lengths of the bays were sometimes longer than the length used in the RAM 
model (due to alterations in building design for architectural reasons, such as 
the courtyard area).   
 
NOTE:  The structural members are also only partially complete and not 
construction drawings; verification of members is difficult.  The structural plans do 
not currently contain enough information to provide a spot check for columns, 
so a column spot check was not yet performed.  Once updated structural plans 
are obtained, adequate spot checks will be performed. 
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RAM Model Spot Check of Existing Members: 
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APPENDIX A 
Lateral Design 
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Calculating story forces and story shear (kip): 
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NOTE:  Seismic analysis is identical for N-S and E-W distribution
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APPENDIX B 
Controlling Lateral Case: 
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Note:  While typical floorplan consists of similar protrusions, a rectangular 
floorplan for above floors (115 ft x 228 ft) is used for wind analysis
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