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The Robert M. Arnold Public Health Sciences Building was con-

structed on the campus of the Fred Hutchinson Cancer Research 

Center (FHCRC).  The Public Health Sciences Building houses four 

programs: Epidemiology, Cancer Biology, Biostatistics & Mathemat-

ics, and Cancer Prevention.  This purpose of this report is to provide 

and introduction and initial investigation of the structural floor 

system used for Arnold building.  Included in the report are de-

tailed descriptions of the various elements which make up the struc-

tural system of the building.   

 

The structure of Robert M. Arnold Building has various different 

elements.  The floor system is compose primarily of two way slabs. 

These slabs transfer the load to what are typically concrete col-

umns. At the base of the columns the loads are then transferred to 

spread footings. Lateral loads are resisted by a combined system of 

shear walls and braced frames. 

 

The typical existing floor system is a two-way post-tensioned floor 

slab with drop panels.  While this is a very efficient design, four al-

ternative floor systems were examined.  The preliminary designs of 

these proposed structural systems determined that the existing 

floor system is one of the best choices.  Of the proposed alterna-

tives, the composite system is the one with the most potential and 

should be explored further. 
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Technical Report 2: Code Requirements 

The Robert M. Arnold Building was designed and completed prior to 

the City of Seattle’s adoption of the International Building Code 

(IBC).  The applicable building code, when the building was designed, 

was the 1997 Uniform Building Code (UBC) as amended by the De-

partment of Planning and Development.  The design of concrete 

structures shall also be in accordance with standards set forth by 

the American Concrete Institution (ACI). The Seattle Building Code is 

comprised of the 1997 Uniform building code and the amendments 

made by the City of Seattle. The current building code in Seattle is 

now the IBC. These design requirements will also be examined. Fur-

ther investigations, analyses, and designs will comply with the cur-

rent code.  It is therefore necessary to look at any differences be-

tween the design requirements set forth by design professionals, 

the UBC, and the IBC. 

 

The Uniform Building Code Refers to the American Institute of Steel 

Construction (AISC) for design provisions of steel structures. Re-

garding concrete construction the UBC has based it’s own provi-

sions on the American Concrete Institute 318 but has not explicitly 

adopted the standard.  Certain portions of the Uniform building 

code reference specific sections of the American Society of Civil En-

gineers (ASCE) 7.  One specific example of is wind design.  The sec-

tion of ASCE 7 on wind design is referenced, however, the UBC speci-

fies its own method for determining wind pressures.   

 

The International Building Code Refers to AISC’s design provisions 

for steel construction.  The IBC has also adopted ACI 318 for the 

design of concrete structures.  ASCE 7 is referenced regarding the 

minimum design load for buildings.  

Code Requirements: 
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Floor Dead LOADS   

Description   

Superimposed   

    Mechanical & Electrical  
          Allowance 

5 lb/ft2 

    Partition Load 20 lb/ft2 

    Floor Finishes 2.5 lb/ft2 

    Ceiling Finishes 2.5 lb/ft2 

Total 30 lb/ft2 

   

Non-Superimposed   

    Concrete 150  lb/ft3 

Total 150 lb/ft3 

    Composite Concrete Deck 50 lb/ft2 

Total 50 lb/ft2 

Table 2-1  

Dead Loads 

 

As specified by the Seattle Building Code, the dead loads are con-

sidered to be, “the weight of all materials and fixed equipment incor-

porated into the structure.”  Unlike the live loads, there is no table 

specified in the code.  Where necessary minimum design dead loads 

from ASCE 7 will be used. 

Gravity Loads: 

  

Live Loads 

Table 1-1 shows the live loads as obtained from the code and also 

those obtained from the structural drawings.  Certain loads are not 

specified by the Seattle Building Code and do not fall into a 

broader category.  The loads listed on the structural drawings in 

some areas differ from the code.  For the purpose of analysis the 

Live loads determined by the design professionals will be used.  The 

structural engineers had more information regarding building occu-

pancy, building equipment, and building use.  The office live load 
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Technical Report 2: Code Requirements 

takes into account the additional loads of filing  systems.  In accor-

dance with the Seattle Building Code reduction of live loads are 

permitted, however, the structural engineers have specified that 

there will be no live load reduction for the first level through the 

fourth level.   

LIVE LOADS  

Description Uniform Load  (lb/ft2)  

 Uniform 
Building 

Code 
 

Structural 
Drawings 

 
International 
Building Code 

      

Floor      

    Offices 50  80  50 

    Levels 1—4 (Office) 50  75  50 

    Laboratories -  100  60 

    Interstitial -  25  - 

    Corridors 100  100  100 

    Parking 50  50  40 

    Sidewalks & Driveways 250  250  250 

Roof      

    Roof 25  25  20 

Table 2-2 
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Description of Structural system: 

Technical Report 2: Code Requirements 

The Robert M. Arnold Public Health Sciences Building is an interest-

ing collage of structural systems.  Different portions of this build-

ing employ different methods of supporting the necessary loads.  

The building itself consists of five stories above grade plus a me-

chanical “penthouse” on the roof, while also extending 3 stories be-

low grade.  The triangular transfer of load around the atrium pro-

vides an element of structural complexity unseen in rectilinear 

buildings. Arnold Building houses the Public Health Science Depart-

ment of the Fred Hutchinson Cancer Research Center.  FHCRC speci-

fied that the building be designed to a standard of structural integ-

rity higher than that of the code.   

 

Foundation 

 

The foundation of the Public Health Sciences Building consists 

mainly of spread footings and wall footings.  Where the foundation 

is required to resist lateral loads carried down by shear walls, the 

Building uses deeper drilled piers.  The average footing is about 12 

feet square, however, sizes ranging from eight feet square to 28 

feet by 24 feet. The depth ranges from 30 inches to 48 inches deep, 

but is typically around 40 inches deep.  

 

Framing 

 

The framing of Arnold building is mainly composed of concrete 

structural elements, however, there are some portions of the build-

ing where steel has been used.  Steel framing was used for the 

stairs and skylight in the atrium.  A special stipulation was made by 

the structural engineers that the structure of the atrium be de-

signed such that it would not cause any torsional load on the rest 

of the building. The columns on the fifth story are made of tube 

steel with the typical size being TS 12x12x5/8. Steel was also em-

ployed in the design of the roof structure that houses the build-
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ing’s mechanical equipment.  The typical steel column in this area is a 

TS 4x4x41/4. The irregularity of the steel roof structure lends itself 

to atypical beam and girder sizes.  They range from W 10x12 to w 

30x132. There also are a few steel columns in the main structure. 

 

Almost all of the remaining portions of the structure are made of 

concrete.  The columns are continuous cast in place reinforced con-

crete columns. The typical columns are 24 inches square and are on 

an average grid of 30 feet by 30 feet. The columns do not taper to-

wards the top, however, the amount of reinforcement can vary.  The 

shape of some columns varies.  On certain floors, columns have a di-

ameter of 24 inches instead of a width of 24 inches. Supporting Cam-

pus Drive, the turnaround, and the entrance plaza, under which the 

building extends, is an area of the building which uses cast in place 

reinforced concrete.  The average beam size is 24 inches wide by 30 

inches deep.   

 

Structural Slabs   

 

The floor system of Arnold Building is mainly composed of two way 

post-tensioned concrete floor slabs.  The slab in the basement is 

not post-tensioned but instead is made of fiber reinforced concrete.  

The portion of the building that is under the entrance plaza uses re-

inforced concrete slabs. The roof slab is composed of reinforced 

concrete. With the noted exceptions the typical floor system is a 

flat post-tensioned concrete slab with drop panels.  

 

Lateral Force Resisting System 

 

For the purposes of this report it has been assumed that lateral 

forces are resisted solely by the shear walls and braced frames 

that are present in the structure. Located on the mechanical level is 

a lateral system of braced frames which transfer the load directly 

to the shear walls  Further assumptions have been made in the 

analysis of lateral loads. 
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 The existing typical floor framing system for the FHCRC’s Ar-

nold Building is a two-way, drop panel, post-tensioned concrete 

slab.  The typical depth of the slab is 8 1/2 inches. The drop panels 

add an additional 7 1/2 inches, for a total floor thickness of 15 

1/2 inches.  The typical columns are 24 inches square.   

 The typical post-

tensioning force in the di-

rection parallel to the ex-

terior faces of the build-

ing is 17.1 kips/ft.  In the 

perpendicular direction, 

the typical jacking force 

v a r i e s  s i gn i f i c an t l y 

throughout the building. 

This variation is due to ir-

regularities in both the 

framing system and the 

loading conditions. The 

pre-stressing in this direc-

tion can vary anywhere 

from as low as 80 Kips to 

over 910  kips.  These con-

centrated forces are lo-

cated at the faces of the 

supports.   Parallel to the 

banded pre-stressing ten-

dons there are tempera-

ture tendons to help mini-

mize cracking in the slab.  

The Temperature tendons 

have no variation in profile 

and are spaced at 6 inches 

on center.  The uniformly 

Existing Floor System 

uniformly 
distributed 

tendons banded 
tendons 

Figure 2-1 

Figure 2-2 
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distributed tendons have a sinusoidal profile as shown in figure 2-3. 

At the supports the tendons are located 7 1/2 inches from the bot-

tom of the slab; mid-span the tendons are located 1 1/2 inches from 

the bottom of the slab.  This produces a 3 inch eccentricity, mid-span 

and at the support, from the center of the slab. According to the 

load balancing method of analysis for pre-stressed members the 

evenly distributed tendons induce a load capable of balancing 153 

pounds per foot of slab width depicted in figure 2-4   

 There is a certain amount of traditional reinforcement in the 

floor system.  The section of the drop panel in figure 2-2 shows 

steel rebar reinforcement as solid, while the post-tensioning rein-

forcement is only an outline. 

3” 

3” 

153 lb/ft 

Figure 2-3 

Figure 2-4 

Figure 2-5 
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 The first alternative floor system that was investigated was 

composite construction. The design calculations for the composite 

system may be found in Appendix 1.  Steel deck was chosen using a 

table from Vulcraft’s Manufacturing Specifications.  Although 

lighter decks would be able to span the 10 foot spacing of beams, 

the 3VLI18 Deck with 5 1/2 

concrete slab was chosen 

because it can span 10 feet 

without any shoring.   This 

choice eliminates both the 

material and labor costs of 

shoring.  Each beam will re-

quire 38 shear studs for 

the designed composite ac-

tion. The beams [figure 2-7] 

are W14x22’s; they are 

spaced ten feet on center 

and span 30 feet which is 

shown in figure 2-6.  The 

supporting girders both span and are spaced at 30 feet.  The cross 

section of these girders are depicted in figure 2-8.  These members 

were designed to be W24x55s and require 32 shear studs each. 

 The depth of the proposed floor system is slightly greater 

than 29 inches.  This does not account for any allowances for me-

chanical ductwork or electrical conduit.  This has significant impli-

cations on the architectural design of the building.  Either the 

floor to ceiling height will need to be altered or the overall build-

ing height will need to be modified.  

 By introducing steel members, into the design fire protection is 

of greater concern.  The structural frame will need to be protected 

by some sort of fire proofing.  There are a variety of fire rated con-

structions that can make the system meet the specified fire require-

ments.  Spray on fire proofing or gypsum wallboard could each 

FHCRC: Robert M. Arnold Building 
Seattle. Washington 

Advisor:  M.K . Parfitt 

Alternate System 1: 

Technical Report 2: Structural System 

Composite Construction 

10’ 10’ 10’ 

3
0
’ 

Figure 2-6 
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 For this proposed floor construction the weight of a single 

bay is 48.63 kilo pounds, which is nearly half the weight of the ex-

isting floor system which is 96.94 kilo pounds.  These calculated 

weights are strictly the structural floor system. Consequently they 

neglect columns and superimposed dead loads, which are assumed to 

remain the same for all of the discussed floor systems.  A reduction 

in building weight could potentially reduce the size of the founda-

tion.  A reduction in building weight implies a reduction in building 

mass.  Since seismic loads are a function of building mass the lat-

eral force resisting system could also be redesigned to use less 

concrete and therefore lowering material costs.   

 The constructability of a composite design does not pose many 

problems.  Minimal form work would be necessary for end spans.  As 

noted earlier, the system would not require shoring of the metal 

deck.  The steel members could be quickly and easily erected.  One 

disadvantage would be the labor intensive placement of shear studs. 

However the existing system required waiting for the concrete to 

cure and post tensioning costs.  A preliminary calculation of the dif-

ference in costs of the proposed system reveals that it is $9400 per 

10 Technical Report 2: Structural system 
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 The second alternative floor system investigated was pre-cast 

& pre-stressed concrete  construction.  The 12 inch deep spandeck 

[figure 2-10] by Nitterhouse Concrete Products was chosen, how-

ever, other manufacturers have comparable products.  A two inch 

topping will be placed on the deck and it has a strand pattern of (6) 

1/2 inch diameter strands. 

Each panel of spandeck is 

four feet wide.  Figure 2-9 

shows a typical framing lay-

out.  The pre-stressed deck 

will be supported by rectan-

gular beams that span from 

column to column. The 

beams are 16RB40’s [figure 

2-11] which were designed 

using a table found in the 

PCI Handbook [Appendix 3].  

The total depth of the pre-

cast floor system is 54 

inches. This is a dramatic in-

crease from the original 

floor system’s depth of 16 

inches. The main advantage 

of using a pre-cast system is 

its constructability.  The 

members can be manufac-

tured, transported to the 

site, and erected much more 

quickly than other systems.    

 Concerning fire rat-

ings the system will be ac-

ceptable.  With the specified 

2 inch topping the system 

FHCRC: Robert M. Arnold Building 
Seattle. Washington 

Advisor:  M.K . Parfitt 
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Pre-cast Pre-stressed Construction 

Figure 2-9 

Figure 2-10 
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 Other design implications of a pre-cast system that must be 

considered are those regarding the seismic loading and foundation 

design.  The weight of the proposed system is 112.3 kilo pounds, 

about a 16% increase from the 96.9 kilo pound existing system.  Due 

to this increase in weight the foundation would have to be designed 

to support this added load.  As an increase in weight implies an in-

crease in mass, the lateral system would also incur significant de-

sign changes.  Both changes to the foundation and changes to the 

lateral force resisting system would generate a significant increase 

in cost, however, the cost of the actual floor system is comparable 

to the existing.  
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Figure 2-11 
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The third proposed system is a cast in place concrete floor system. 

This system is made up of a one-way slab with beams and girders.  

This concrete system has a slab thickness of 8 inches.  The beams 

are 24 inches wide and 20 inches deep, while, the girders [figure 2-

14] are 24 inches square in cross sec-

tion.  Although the beam cross section 

in Figure 2-13 shows both top and bot-

tom reinforcement the beams are de-

signed to act as singly reinforced.  

Figure 2-16b shows where the rein-

forcement is discontinuous.  The mo-

ment coefficients specified by ACI were 

used in calculating the required mo-

ment capacity of the beams.  The mo-

ments used were those for an exterior 

span because these would control the 

design of the beams.  Since interior 

spans are subjected to more balanced 

load conditions these beams could be 

more efficiently designed. The beams 

require #8 stirrups, a significant 

amount of shear reinforcement.  The 

girders on the other hand require only 

#4 stirrups.  Figures 2-15B and 2-16b 

show where shear reinforcement is dis-

continued In order to use the proposed 

system it would be advantageous to re-

fine the design in order to reduce the 

amount of necessary shear reinforce-

ment. 

 With Regards to Fire resistance 

this proposed system meets the minimum 

requirements.  A cast in place concrete 

FHCRC: Robert M. Arnold Building 
Seattle. Washington 

Advisor:  M.K . Parfitt 

Alternate System 3: 

Technical Report 2: Alternate 3 

Cast in Place (one-way) Concrete Floor System 

Figure 2-12 

Figure 2-13 

Figure 2-14 
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slab with beams and 

girders with a slab 

6.6 inches thick re-

quires a minimum of 

3/4 inch cover on 

reinforcement to 

achieve a fire rating 

of 4 hours. The 

cover for this de-

sign is 1 1/2 inches 

and therefore meets 

these minimum re-

quirements.   

 The overall depth of the floor system has significant design im-

plications as mentioned in the previous proposed systems.  The over-

all depth of the system is 24 inches deep,  the depth of the girder.  

This is significantly larger than the existing 16 inch depth but does 

not come close to the pre-cast system depth of 54 inches.  The dif-

ference between this floor design and the existing one may be man-

ageable, and may be reduced with further development of the design.   

 Potential changes to other areas of the structural system in 

the building must be taken into consideration.  The proposed floor 

system design produces approximately an 11% increase in building 

weight.  The foundation would need to accommodate this change in 

the design loads.  Being dependant on building mass the lateral sys-

tem would also be greatly affected.  Story shears and building base 

shear would all increase significant amounts.  As a result direct re-

sult of the redesign of these parts of the structural system con-

struction costs would also increase.   

 The cost of materials and labor of a cast in place concrete 

floor system would be about $14,000 per bay.  This is slightly more 

than the existing system.  both formwork and curing time are impor-

tant considerations regarding constructability.  Since the existing 

system would require similar amounts of formwork and curing time it 

is not a significant concern.  
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Figure 2-16 

(A) (B) 
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Alternate System 4: Two-way Drop Panel Slab Construction 

 The fourth and final alternate system being proposed is a cast 

in place two-way drop panel system.  This system was designed using 

a table from the CRSI manual, which may be found in Appendix 6.  It 

uses older load factors but they are still acceptable to ACI specifi-

cations, which produce a more conservative design.  A typical bay  is 

depicted in figure 2-17.  The 

drop panels are 10 feet 

square and extend 7 inches 

below the 11inch slab. Figure 

2-18 shows a typical detail of 

the drop panel in section. 

 The total depth of the 

system is then 18 inches. This 

is the closest of the proposed 

systems to the existing sys-

tem’s depth of 16 inches.  It is 

understandable that the exist-

ing system is thinner.  One of 

the main advantages of post-

tensioning is a reduction in 

floor system depth.   

 The Total weight of the 

system is 132.4 kips which is 

the heaviest system explored 

thus far.  This is a 38% in-

crease from the existing sys-

tem.  Such a dramatic increase 

in foundation and lateral 

loads make this system less 

attractive.  

 The cost of such a sys-

tem is comparable to the exist-

Figure 2-17 

Figure 2-18 
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ing.  While the cost of post-tensioning has been eliminated in this de-

sign, there is also a significant increase in the amount of concrete 

required for the design.   

 Regarding constructability the existing system required similar 

amounts of field work, excluding that related to post-tensioning, as 

the proposed system does. The amounts of labor may be relatively 

similar but there would be more formwork.  In addition to the added 

formwork, the increase in cubic yards of concrete would warrant a 

greater amount of shoring during the construction phase. 
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 The cast in place two way slab with drop panels can quickly be 

eliminated.  The depth of this system is close to that of the existing 

system, but it is the heaviest system explored.  The additional dead 

weight’s impact on the foundation and lateral force resisting system  

make it impractical to examine this system any further.  

 The pre-Cast, Pre-stressed floor system has the advantage of 

constructability.  The ease of assembly and accelerated construc-

tion schedule are attractive advantages of this system.  This being 

said, the depth and weight of the system cannot be overlooked.    

There are other options with a pre-cast/pre-stressed system that 

Comparison of floor systems 

System Fire 
Rating 

Weight/
Mass 
[Kips] 

Cost 
 

[$/bay] 

Depth of 
System 
[inches] 

Constructability 

2-Way Post-
Tensioned (existing) √ 

96.9 12500 15.5 Fair 

Composite  x 48.6 9400 29 Very Good 

Pre-Cast Concrete √ 112.3 13573 54 Very Good 

Cast-In-Place 1-Way  √ 107.9 14000 24 Fair 

Cast-In-Place 2-Way  
w/ Drop Panels 

√ 132.4 11600 18 Good 

      

 The existing two-way post-tensioned slab appears to be one of 

the better systems. Post-tensioning allows this construction to have 

the smallest depth.  Punching shear requires there to be drop pan-

els at the column locations.  The other main advantage to this sys-

tem is a result of the floor thickness being minimized.  This advan-

tage is the self weight of the system.  The existing floor construc-

tion is one of the lighter systems.  Even though the existing system 

is a well suited choice alternatives were explored.  Table 2-3 is pro-

vides a comparison of each of the floor systems.   

Table 2-3 

Comparison of Floor Systems 
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could be examined. Custom members could be ordered, but the eco-

nomics would be dependent on the repetition of these members in the 

building.   

 The one-way cast in place concrete floor system is a slightly 

better option than the two-system (without post-tensioning).  The one-

way system uses fewer cubic yards of concrete than the two-way sys-

tem, however, it would require a greater amount of formwork and la-

bor.   

 The composite floor framing has the advantage of being the 

lightest, however, it is also significantly deeper than the existing 

floor system.  The constructability of this system is also an impor-

tant advantage.  While added labor for the shear studs will be 

needed no shoring will be required.  This means that the floor above 

can be poured immediately after the floor below. The construction 

schedule is independent on the curing of the concrete of the previ-

ous floor.   

 Further investigations into alternative floor systems should 

explore other ways to apply composite construction.  Composite sys-

tems have the potential to be shallow and light while remaining stiff 

enough to limit deflections and other deformations to an acceptable 

level.  While deflections were not considered in the design of the 

systems they will eventually need to be checked.   


