ROBERT M. ARAOLD PUBLIC HRALTH SCiencas BUllDInG
THE FRED HUTRHINSON CHNCER RASGHARRH CENTER
SRATTLE, WHSHINGTON

TECHNICAL REPORT 1

JONATHAN P. WILLIAMS
ARCHITECTURAL ENGINEERING
STRUCTURAL






JONATHAN P, WILLIAMS FHCRC: ROBERT M. ARNOLD BUILDING
ARCHITECTURAL ENGINEERING SEATTLE. WASHINGTON

STRUCTURAL TECHNICAL REPORT 1 ADVISOR: M.K . PARFITT
___________________________________________________________________________________________________________________________________________________|

axeeutTive Summery

THE ROBERT M. ARNOLD PuBLIC HEALTH SCIENCES BUILDING WAS CON-
STRUCTED ON THE CAMPUS OF THE FRED HUTCHINSON OCANCER RESEARCH
CENTER (FHCRDO). THE PuBLIC HEALTH SCIENCES BUILDING HOUSES FOUR
PROGRAMS: EPIDEMIOLOGY, CANCER BIiOoLOGY, BIOSTATISTICS & MATHEMAT-
ICS, AND CANCER PREVENTION. THIS PURPOSE OF THIS REPORT IS TO PROVIDE
AND INTRODUCGCTION AND INITIAL INVESTIGATION OF THE STRUCTURAL SYSTEM
USED FOR ARNOLD BUILDING. INCLUDED IN THE REPORT ARE DETAILED DE-
SCRIPTIONS OF THE VARIOUS ELEMENTS WHICH MAKE UP THE STRUCTURAL SYS-
TEM OF THE BUILDING. THERE ARE ALSO SPOT CHECGCK CALCULATIONS OF GRAV-
ITY MEMBERS AND ONE LATERAL FORCE RESISTING MEMBER. THE ASSUMPTIONS
MADE IN THESE ANALYSES MAY DIFFER FROM THOSE MADE BY THE HIRED PRO-

FESSIONALS.

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 BRAGCED FRAMES.
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295A RAQUIRRMANTS:
THE ROBERT M. ARNOLD BUILDING WAS DESIGNED AND COMPLETED PRIOR TO
THE CITY OF SEATTLE ADOPTING THE INTERNATIONAL BuIlLDING CoODE (IBDO).
THE APPLICABLE BUILDING CODE AT THAT TIME WAS THE 1997 UNIFORM
BulLDING CobE (UBC) AsS AMENDED BY THE DEPARTMENT OF PLANNING AND
DEVELOPMENT. THE DESIGN OF CONCRETE STRUCTURES SHALL ALSO BE IN AC-
CORDANCE WITH STANDARDS SET FORTH BY THE AMERICAN CONCRETE INSTITU-
TION (ACI). THE SEATTLE BuILDING CODE IS COMPRISED OF THE 1997 UNI-

FORM BUILDING CODE AND THE AMENDMENTS MADE BY THE CITY OF SEATTLE.

LOAD CALRULHTIONS:

ALL LOADS SHALL MEET THE MINIMUM DESIGN LOADS SPECIFIED BY THE 1997
uBc.

GRAVITY LOADS:

ALL LOADS SHALL CONFORM TO STANDARDS SPECIFIED IN THE 1997 UBOC.
LIVE LOAD ARE TAKEN FROM TABLE 16-A, WHICH IS A TABLE THAT WAS

AMENDED BY SEATTLE.

DESCRIPTION UNIFORM LOAD (LB/FT?)

STRUCTURAL

CODE
DRAWINGS

FLOOR
OFFICES 50 80
LEVELS 1—4 (OFFICE) 50 75
LABORATORIES - 100
INTERSTITIAL - 25
CORRIDORS 100 100
PARKING 50 50
SIDEWALKS & DRIVEWAYS 250 250
PARTITION LOAD 20 20
Roor
RooOF 25 25

TABLE 1-1

2 Technical Report 1: Code Requirements
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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
TAKES INTO ACCOUNT THE ADDITIONAL LOADS OF FILING SYSTEMS. IN ACCOR-
DANGCE WITH THE SEATTLE BuUuILDING CODE REDUCGTION 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.

DEAD LOADS

AS SPECIFIED BY THE SEATTLE BuUILDING 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
OR REFERENCE SPECIFIED BY THE CODE. WHERE NECESSARY MINIMUM DESIGN

DEAD LOADS FROM ASCE 7-05(APPENDIX 2) WILL BE USED.

DESCRIPTION

MATERIALS

STEEL IN SUPERIMPOSED
DEAD LOAD

CONCRETE 150 LB/FT?

TABLE 1-2

SNOW LOADS

THE UNIFORM BUILDING CODE DOES NOT SPECIFY A METHOD FOR DETERMINING
SNOW LOADS. THE DIVISION CONCERNING SNOW LOADS STATES ONLY THAT
SNOW LOADS IN EXCESS OF 20 LB/FT? MAY USE A REDUCTION FACTOR. FOR

THIS INITIAL INVESTIGATION THE SNOW LOAD WILL BE TAKEN TO BE 20 LB/FTZ.

Technical Report 1: Design Loads 3
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LATERAL LOADS:

WIND LDADS

THE WIND LOADS WERE CALCULATED IN ACCORDANCE TO THE METHODS DETER-
MINED BY THE SEATTLE BUILDING CODES. FOR THE PURPOSE OF THIS REPORT
CALCULATIONS OF WIND PRESSURES WERE COMPLETED THROUGH THE USE OF

TABLES AND RUERIES IN A MICROSOFT ACCESS DATABASE. A REPORT OF THESE

CALCULATIONS MAYBE BE FOUND IN APPENDIX 1.

DESIGN WIND PRESSURES (LB/FT?)
NUMBERS CORRESPOND TO PRESSURE
CALCULATIONS FOUND IN APPENDIX 1

FIGURE 1-1

TECHNICAL REPORT 1: DESIGN LOADS
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SEISMIC LOADS

THE SEISMIC LOADS WERE CALCULATED USING ONE OF THE METHODS DETER-
MINED BY THE SEATTLE BUILDING CODE. THE STATIC FORCE PROCEDURE WAS
USED IN CALCULATING THE BASE SHEAR OF ARNOLD BUILDING. ASSUMPTIONS
REGARDING SOIL CONDITIONS WERE TAKEN FROM THE DRAWINGS SINCE THE
SOILS REPORT IS CURRENTLY BEING RETRIEVED. THE WEIGHT OF THE BUILDING
WAS APPROXIMATED USING DATA FROM LEVEL D. THE SELF WEIGHT OF THE
STRUCTURE OF LEVEL D WAS CALCULATED USING THE CUBIC WEIGHT OF CON-
CRETE AND THE SIZE OF EACH MEMBER. APPENDIX THREE IS A SUMMARY OF
THE WEIGHT OF THE CONCRETE MEMBERS. THIS WEIGHT WAS THEN DIVIDED BY
THE SQUARE FOOTAGE OF THE FLOOR TO PROVIDE THE APPROXIMATION, IN LBS/
FTZ, WHICH WAS USED IN CALCULATING THE WEIGHT OF THE STRUCTURE. THE
BUILDING BASE SHEAR WAS CALCULATED TO BE 5900 KIPS AND THE BASE
SHEAR LISTED ON THE DRAWINGS IS LISTED AS 5980 KIPS. THE DIFFERENCE
IS PROBABLY DUE TO THE APPROXIMATION MADE IN CALCULATING BUILDING

SELF WEIGHT.

L
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STRUCTURAL SYSTAM:

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 0OF 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 0OF STRUCTURAL COMPLEXITY UNSEEN IN RECTILINEAR
BUILDINGS. ARNOLD BUILDING HOUSES THE PuBLIC HEALTH SCIENGCE DEPART-
MENT OF THE FRED HUTCHINSON CANCER RESEARCH CENTER. FHCROC sPECI-
FIED THAT THE BUILDING A STANDARD OF STRUCTURAL INTEGRITY 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, AR-
NOLD BUILDING USES DEEPER DRILLED PIERS. THE AVERAGE FOOTING IS
ABOUT 12 FEET SRUARE, HOWEVER, THEY COULD BE VARIOUS SIZES RANGING
FROM EIGHT FEET SRQUARE 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
STRUCTURE, HOWEVER, THERE ARE SOME PORTIONS OF THE BUILDING WHERE
STEEL HAS BEEN USED. STEEL FRAMING WAS USED FOR THE STAIRS AND SKY-
LIGHT IN THE ATRIUM. A SPECIAL STIPULATION WAS MADE THAT THE STRUC-

TURE OF THE ATRIUM BE DESIGN SUCH THAT IT wOULD NOT CAUSE ANY TOR-

I
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SIONAL LOAD ON THE REST OF THE BUILDING. THE COLUMNS ON THE FIFTH
STORY ARE MADE OF TUBE STEEL WITH THE TYPICAL SIZE BEING TS 12x12x%/g.
STEEL WAS ALSO EMPLOYED IN THE DESIGN OF THE ROOF STRUCTURE THAT
HOUSES THE BUILDING’S MECHANICAL EQUIPMENT. THE TYPICAL STEEL COL-

UMN IN THIS AREA IS A TS 4x4x4'/,. THE IRREGULARITY OF THE STEEL ROOF
STRUCTURE LEND 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. 0ON CERTAIN FLOORS COLUMNS MAY HAD A
DIAMETER OF 24 INCHES INSTEAD OF A WIDTH OF 24 INCHES. SUPPORTING
CAMPUS 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 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 REIN-
FORCED CONCRETE SLABS. THE ROOF SLAB IS COMPOSED OF REINFORCED CON-
CRETE. WITH THE NOTED EXCEPTIONS THE TYPICAL FLOOR SYSTEM IS A FLAT

POST-TENSIONED CONCRETE SLAB WITH COLUMN CAPITALS.

I
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LATERAL FORCE RESISTING SYSTEM

FOR THE PURPOSES OF THIS REPORT IT HAS BEEN ASSUMED THAT THE LATERAL
FOR IS RESISTED SOLELY BY THE SHEAR WALL AND BRACED FRAMES THAT ARE
PRESENT IN THE STRUCTURE. LOCATED ON THE MECHANICAL LEVEL IS A LAT-
ERAL SYSTEM OF BRACED FRAMES WHICH TRANSFER THE LOAD DIRECTLY TO
THE SHEAR WALLS FURTHER ASSUMPTIONS HAVE BEEN MADE IN THE ANALYSIS
OF LATERAL LOADS. THE SHEAR WALLS IN PLANES PARALLEL TO THE APPLIED
LATERAL ARE ASSUMED TO FULLY RESIST THE LOAD. THE SHEAR WALLS IN
PLANES THAT ARE NOT PARALLEL ARE ASSUMED TO HAVE AN EFFECTIVE DEPTH
EQUIVALENT TO THAT OF A COLUMN AND ARE CONSERQUENTLY ASSUMED TO RE-
SIST NO PORTION OF THE LATERAL LOAD. IN FURTHER ANALYSIS OF THE LAT-
ERAL SYSTEM THESE SHEAR WALLS WILL BE FACTORED INTO THE RESISTANCE
OF THE RESULTING BUILDING TORSION CAUSED BY THE DISTANCE BETWEEN THE

CENTROID OF THE APPLIED LOAD AND THAT OF THE RESISTING FORCE.

I
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STRUCTURHIL ANALYSIS;

IN ORDER TO VERIFY THE ASSUMPTIONS MADE FOR THIS ANALYSIS SPOT
CHECKS OF VARIOUS STRUCTURAL ELEMENTS OF THE BUILDING DONE. THESE

MAY BE FOUND IN APPENDIX FOUR.

I
TECHNICAL REPORT 1: STRUCTURAL SYSTEM 7



