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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 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 STRUG-

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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295A RAQUIRRMANTS:
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 CobE (UBC) AS AMENDED BY THE DE-
PARTMENT OF PLANNING AND DEVELOPMENT. THE DESIGN OF CONCRETE
STRUCTURES SHALL ALS0O BE IN ACCORDANGCE 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 RERUIREMENTS 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 LUNIFORM BUILDING
CODE REFERENCE SPECIFIC SECTIONS OF THE AMERICAN SOCIETY OF CiviL EN-
GINEERS (ASCE) 7. ONE SPECIFIC EXAMPLE OF IS WIND DESIGN. THE SEG-
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’sS DESIGN PROVISIONS
FOR STEEL CONSTRUCTION. THE IBC HAS ALSO ADOPTED ACI 318 FOR THE
DESIGN OF CONCRETE STRUCTURES. ASCE 7 1S REFERENCED REGARDING THE

MINIMUM DESIGN LOAD FOR BUILDINGS.

1 TECHNICAL REPORT 2: CODE REQUIREMENTS
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GRAVITY LOADS:

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
SPECIFIED IN THE CODE. WHERE NECESSARY MINIMUM DESIGN DEAD LOADS

FROM ASCE 7 WILL BE USED.

DESCRIPTION

SUPERIMPOSED

MECHANICAL & ELECTRICAL 5 LB/FTZ

ALLOWANCE
PARTITION LOAD 20 LB/FT?
FLOOR FINISHES 2.5 LB/FTZ
CEILING FINISHES 2.5 LB/FT?
TaTAL 30 LB/FTZ

NON-SUPERIMPOSED

CONCRETE 150 LB/FT?
TaTAL 150 LB/FT?
CoMPOSITE CONCRETE DECK 50 LB/FT?
TaTAL 50 LB/FTZ

TABLE 2-1

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 OCODE 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

I
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TAKES INTO ACCOUNT THE ADDITIONAL LOADS OF FILING SYSTEMS. IN ACCOR-

DANGCE WITH THE SEATTLE BuUuILDING 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.

DESCRIPTION UNIFORM LOAD (LB/FT?)
UNIFORM
BUILDING STRUCTURAL INTERNATIONAL
CODE DRAWINGS 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
RoOOF
RooF 25 25 20
TABLE 2-2

3 TECHNICAL REPORT 2: CODE REQUIREMENTS
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BASCRIPTION OF STRUCTURAL SYSTRM:
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 BE DESIGNED TO A STANDARD OF STRUCTURAL INTEG-

RITY HIGHER THAN THAT OF THE CODE.

FOUNDATION

THE FOUNDATION OF THE PuUBLIC 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 SQRUARE, 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 12x12x%/g. STEEL WAS ALSO EM-

PLOYED IN THE DESIGN OF THE ROOF STRUCTURE THAT HOUSES THE BUILD-

I
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R e
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 1O 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 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 PLACGCE
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.

I
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RXISTING FLO9R SYsram
THE EXISTING TYPICAL FLOOR FRAMING SYSTEM FOR THE FHCRC’sS 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 SRUARE.

THE TYPICAL POST-

/l/ TENSIONING FORCE IN THE DI-
- i e B'E":D: RECTION PARALLEL TO THE EX-
Ll |3.9" TERIOR FACES OF THE BUILD-
ING IS 17.1 KIPS/FT. IN THE
PERPENDICULAR DIRECTION,
ap < < THE TYPICAL JACKING FORCE
VARIES SIGNIFICANTLY
THROUGHOUT THE BUILDING.

THIS VARIATION IS DUE TO IR-

el el REGULARITIES IN BOTH THE
"~ IDI IDI
/1/ FRAMING SYSTEM AND THE
LOADING CONDITIONS. THE
L SD‘ L
PRE-STRESSING IN THIS DIREC-
FIGURE 2-1 TION CAN VARY ANYWHERE
UNIFORMLY FROM AS LOW AS 80 KIPs TO
DISTRIBUTED
BANDED
TENDONS TENDDNS OVER 910 KIPS. THESE CON-
/1/ CENTRATED FORCES ARE LO-

CATED AT THE FAGCES 0OF THE

SUPPORTS. PARALLEL TO THE

b - !\_ L ! (l‘__A -
T BANDED PRE-STRESSING TEN-
| H DONS THERE ARE TEMPERA-

TURE TENDONS TO HELP MINI-

MIZE CRACKING IN THE SLAB.

/L THE TEMPERATURE TENDONS
HAVE NO VARIATION IN PROFILE
FIGURE 2-2

AND ARE SPACED AT 6 INCHES

ON CENTER. THE UNIFORMLY

7 TECHNICAL REPORT 2: DESIGN LOADS
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FIGURE 2-4

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 INGCH 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 1S A CERTAIN AMOUNT OF TRADITIONAL REINFORGCEMENT 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.

FIGURE 2-5
I
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HLTARNATA SYSTAM 1. ComPosITE CONSTRUCGTION

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 VULGCRAFT’'S MANUFACTURING SPECIFICATIONS. ALTHOUGH
LIGHTER DECKS wOULD BE ABLE TO SPAN THE 10 FOOT SPACING OF BEAMS,

THE 3VLI1T8 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-

0e

RUIRE 38 SHEAR STUDS FOR
THE DESIGNED COMPOSITE AC-
TION. THE BEAMS [FIGURE 2-7]

ARE W14x22’s; THEY ARE

H | SPACED TEN FEET ON CENTER

AND SPAN 30 FEET WHICH IS
10 10’ 10
SHOWN IN FIGURE 2-6. THE

FIGURE 2-6
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 W24X555 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 GCON-
STRUCTIONS THAT CAN MAKE THE SYSTEM MEET THE SPECIFIED FIRE REQUIRE-
MENTS. SPRAY ON FIRE PROOFING OR GYPSUM WALLBOARD COULD EACGH

I
=) TECHNICAL REPORT 2: STRUCTURAL SYSTEM



JONATHAN P, WILLIAMS FHCORC: ROBERT M. ARNOLD BUILDING
ARCHITECTURAL ENGINEERING SEATTLE. WASHINGTON
STRUCTURAL TECHNICAL REPORT 2 ADVISOR: M.K . PARFITT

l“—“-‘q/‘-“-‘
=
=
2
’
!
nmihzl
‘
wzz 2rzra
FIGURE 2-7 FIGURE 2-8

ACHIEVE THE NECESSARY RATING.

FOR THIS PROPOSED FLOOR CONSTRUCGTION THE WEIGHT OF A SINGLE
BAY IS 48.63 KILO POUNDS, WHICH IS NEARLY HALF THE WEIGHT OF THE EX-
ISTING FLOOR SYSTEM WHICH 1S 96.94 KILO POUNDS. THESE CALCULATED
WEIGHTS ARE STRICTLY THE STRUCTURAL FLOOR SYSTEM. CONSEQRUENTLY THEY
NEGLECT COLUMNS AND SUPERIMPOSED DEAD LOADS, WHICH ARE ASSUMED TO
REMAIN THE SAME FOR ALL OF THE DISCUSSED FLOOR SYSTEMS. A REDUCGCTION
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 wWOULD BE NECESSARY FOR END SPANS. AS
NOTED EARLIER, THE SYSTEM wOULD NOT REQUIRE SHORING OF THE METAL
DECK. THE STEEL MEMBERS COULD BE QRUICKLY AND EASILY ERECTED. ONE
DISADVANTAGE wOULD BE THE LABOR INTENSIVE PLACEMENT OF SHEAR STUDS.
HOWEVER THE EXISTING SYSTEM RERUIRED 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 $94D|:| PER

I
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ALTARNATA QYQTAM P: PRE-CAST PRE-STRESSED CONSTRUCTION

THE SECOND ALTERNATIVE FLOOR SYSTEM INVESTIGATED WAS PRE-CAST

& PRE-STRESSED CONCRETE CONSTRUCTION. THE 12 INCH DEEP SPANDECK
[FIGURE 2-10]1 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
2-111 WHICH WERE DESIGNED

USING A TABLE FOUND IN THE

PCl HaNDBDOOK [APPENDIX 3].

THE TOTAL DEPTH OF THE PRE-
gl
CAST FLOOR SYSTEM 1S 54
FIGURE 2-9
INCHES. THIS IS A DRAMATIC IN-

CREASE FROM THE ORIGINAL

2 e S P S FLOOR SYSTEM’S DEPTH OF 16

INCHES. THE MAIN ADVANTAGE

s s T e T e OF USING A PRE-CAST SYSTEM IS
ITS CONSTRUCGCTABILITY. THE
e e MEMBERS CAN BE MANUFAG-
TURED, TRANSPORTED TO THE
SITE, AND ERECTED MUCH MORE

QUICKLY THAN OTHER SYSTEMS.

CONCERNING FIRE RAT-

INGS THE SYSTEM WILL BE AQCGC-

CEPTABLE. WITH THE SPECIFIED
FIGURE 2-10
2 INCH TOPPING THE SYSTEM

I
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FIGURE 2-11

ACHIEVES A 3 HOUR RATING.

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 WwWOULD ALSO INCUR SIGNIFICANT DE-
SIGN CHANGES. BOTH CHANGES TO THE FOUNDATION AND CHANGES TO THE
LATERAL FORCE RESISTING SYSTEM wWOULD GENERATE A SIGNIFICANT INCREASE
IN COST, HOWEVER, THE COST OF THE ACTUAL FLOOR SYSTEM IS COMPARABLE

TO THE EXISTING.

I
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ALTARNATA CYCTAM 3: CAsST IN PLACE (ONE-WAY) CONCRETE FLODOR SYSTEM

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 SRUARE IN CROSS SEC-

= ﬂ/’l = TION. ALTHOUGH THE BEAM CROSS SECTION
i iy -
- __1:[ _________ RO H__ IN FIGURE 2-13 sSHOWS BOTH TOP AND BOT-

TOM REINFORCEMENT THE BEAMS ARE DE-
SIGNED TO ACT AS SINGLY REINFORCED.

FIGURE 2-16B SHOWS WHERE THE REIN-

MENT COEFFICIENTS SPECIFIED BY ACI| WERE
USED IN CALCULATING THE REQUIRED MO-

1

1

1

1

1

I

1

1

1

| £, FORCEMENT IS DISCONTINUOUS. THE MO-
1

1

1

1

I

1

1

: MENT CAPACITY OF THE BEAMS. THE MO-
1

--]:[ --------- B e ]:[-- MENTS USED WERE THOSE FOR AN EXTERIOR

SPAN BECAUSE THESE wOULD CONTROL THE

DESIGN OF THE BEAMS. SINCE INTERIOR

FIGURE 2-12 SPANS ARE SUBJECTED TO MORE BALANCED
LOAD CONDITIONS THESE BEAMS COULD BE

MORE EFFICIENTLY DESIGNED. THE BEAMS

= N REQUIRE #8 STIRRUPS, A SIGNIFICANT

AMOUNT OF SHEAR REINFORCEMENT. THE

GIRDERS ON THE OTHER HAND REQUIRE ONLY

#4 sTIRRUPS. FIGURES 2-15B AND 2-168B

FIGURE 2-13 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
FIGURE 2-14
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l l SLAB WITH BEAMS AND

Ha's @ 12"
% $ % GIRDERS WITH A SLAB
I i | 6.6 INCHES THICK RE-

QUIRES A MINIMUM OF

(A) (8) 3/4 INCH COVER ON

FIGURE 2-15 REINFORCEMENT TO

ACHIEVE A FIRE RATING

Rt e

i OF 4 HOURS. THE
| p-Aes @8 i [ COVER FOR THIS DE-
i Ill”“”” % j SIGN IS 1 1/2 INCHES
—6'-6" AND THEREFORE MEETS
‘_/1/_‘ (A) (B) ‘_\P—‘ THESE MINIMUM RE-

FIGURE 2-16 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 1 1% 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. SINGCE THE EXISTING
SYSTEM WOULD RERQUIRE SIMILAR AMOUNTS OF FORMWORK AND CURING TIME IT

IS NOT A SIGNIFICANT CONCERN.

I
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ALTARNATA CYQTAM Y. 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

i pd ey i DROP PANELS ARE 10 FEET
SRUARE AND EXTEND 7 INCHES

BELOW THE 1 1INCH SLAB. FIGURE

O
.
O

L 3o— 2-18 sSHOWS A TYPIGCAL DETAIL OF
THE DROP PANEL IN SECTION.

THE TOTAL DEPTH OF THE
SYSTEM IS THEN 18 INCHES. THIS
IS THE CLOSEST OF THE PROPOSED
Pm——————— - P=————— - SYSTEMS TO THE EXISTING SYS-

TEM’S DEPTH OF 16 INCHES. IT IS

UNDERSTANDABLE THAT THE EXIST-

L]
L]

= = /1/ — = ING SYSTEM IS THINNER. ONE OF

. 30" * THE MAIN ADVANTAGES OF POST-

FIGURE 2-17 TENSIONING IS A REDUCTION IN

FLOOR SYSTEM DEPTH.

THE TOTAL WEIGHT OF THE

/l/ SYSTEM IS 132.4 KIPS WHICH IS
THE HEAVIEST SYSTEM EXPLORED
THUS FAR. THIS IS A 38% IN-

n

11 CREASE FROM THE EXISTING SYS-
E i f’ TEM. SUCH A DRAMATIC INCREASE
-\
T IN FOUNDATION AND LATERAL

LOADS MAKE THIS SYSTEM LESS

ATTRACTIVE.

4/ THE COST OF SUCH A SYS-

TEM IS COMPARABLE TO THE EXIST-

FIGURE 2-18
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e

ING. WHILE THE COST OF POST-TENSIONING HAS BEEN ELIMINATED IN THIS DE-
SIGN, THERE IS ALS0O 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 wOUuLD WARRANT A

GREATER AMOUNT OF SHORING DURING THE CONSTRUCTION PHASE.

I
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CIMPHRISAN OF FLOOR SYSTAMS

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 RERUIRES 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.

POMPARISHN 9F FLOOR SYSTRMY
SYSTEM FIRE WEIGHT/ CosT DEPTH OF CONSTRUCTABILITY
RATING MASsSS SYSTEM
[KiPs] [$/BAY] [INCHES]
2-WAY POST- Vv 96.9 12500 15.5 FAIR
TENSIONED (EXISTING)

CoOMPOSITE X 48.6 9400 29 VERY GoOOD
PRE-CAST CONCRETE v 112.3 13573 54 VERY GoOOD
CAST-IN-PLACE 1-WAY v 107.9 14000 24 FAIR
CAST-IN-PLACE 2-WAY v 132.4 11600 18 Goob

w/ DROP PANELS
TABLE 2-3

THE CAST IN PLACE TwO WAY SLAB WITH DROP PANELS CAN RUICKLY 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 IMPRACGTICAL 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

I
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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 ALS0O SIGNIFICANTLY DEEPER THAN THE EXISTING
FLOOR SYSTEM. THE CONSTRUGTABILITY 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 1S INDEPENDENT ON THE CURING OF THE CONCRETE OF THE PREVI-
OuUSsS 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.

I
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