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EXECUTIVE SUMMARY

THE COLLEGE OF BUSINESS ADMINISTRATION IS LOCATED ON THE
NORTHERN ARIZONA UNIVERSITY CAMPUS IN FLAGSTAFF, ARIZONA. THE
CBA WAS DESIGNED AND JUST FINISHED CONSTRUCTION IN JANUARY OF
2006. THE BUILDING IS THE NEW HOME FOR THE CBA AND INCLUDES
CLASSROOM SPACE, FACULTY OFFICES, AND SOME COMPUTER LABS. THE
EXISTING STRUCTURAL SYSTEM OF THE CBA IS COMPOSED OF PRECAST
HOLLOW CORE PLANKS SPANNING BETWEEN PRECAST BEAMS WHICH FRAME

INTO PRECAST COLUMNS.

THIS REPORT IS AN IN DEPTH STUDY AND REDESIGN OF THE
STRUCTURAL SYSTEM OF THE COLLEGE OF BUSINESS ADMINISTRATION.
THE GOAL OF THIS THESIS IS TO DESIGN A STRUCTURAL SYSTEM THAT FITS
INTO THE EXISTING LAYOUT OF THE BUILDING, HAS A LOWER OVERALL
COST, AND HAS A SHORTER CONSTRUCTION TIME. THE DESIGN AND
ANALYSIS WERE COMPLETED WITH THE USE OF RAM STRUCTURAL SYSTEM

AND STAADPRO, COMPUTER ANALYSIS PROGRAMS.

THE PROPOSED STRUCTURAL SYSTEM IS A COMPOSITE STEEL
SYSTEM. THE FLOOR FRAMING, COLUMN, AND LATERAL SYSTEM WERE
DESIGNED AND MEET THE CRITERIA OF THE 2003 EDITION OF THE
INTERNATIONAL BUILDING CODE. AN ACOUSTICAL STUDY SHOWS THE
PROPOSED FLOOR SYSTEM MEETS THE RECOMMENDED LEVELS FOR
FLOORS. A COST ANALYSIS DEMONSTRATES THAT THE PROPOSED SYSTEM
HAS AN OVERALL COST LESS THAN THAT OF THE EXISTING SYSTEM,
WHEREAS A SCHEDULE COMPARISON SHOWS THE PROPOSED SYSTEM HAS
A LONGER CONSTRUCTION TIME. THIS REPORT SHOWS THAT THE
PROPOSED SYSTEM IS A FEASIBLE OPTION FOR THE COLLEGE OF

BUSINESS ADMINISTRATION.
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BUILDING BACKGROUND

THE COLLEGE OF BUSINESS ADMINISTRATION IS A FIVE STORY
CLASSROOM BUILDING ON THE NORTHERN ARIZONA UNIVERSITY CAMPUS,
LOCATED IN FLAGSTAFF, ARIZONA. FLAGSTAFF IS LOCATED IN CENTRAL
ARIZONA ABOUT HALFWAY BETWEEN PHOENIX AND THE GRAND CANYON.
BELOW IS A PICTURE OF THE WEST SIDE OF THE NAU CAMPUS WITH
MOUNT HUMPHREY IN THE BACKGROUND. THIS BUILDING, WHICH IS NOW
FINISHED AND IN
USE, SERVES AS
THE NEW HOME FOR
THE COLLEGE OF
BUSINESS
ADMINISTRATION AS
WELL AS A
CLASSROOM

BUILDING.

NAU KNEW

THAT ITS COLLEGE OF

BUSINESS Figure 1 — Flagstaff, AZ
ADMINISTRATION WAS

IN NEED OF A MAJOR FACELIFT AND DECIDED TO CREATE A NEW
SIGNATURE BUILDING FOR ITS CAMPUS TO REPRESENT THEIR DEDICATION
TO PROVIDING THEIR STUDENTS WITH THE BEST POSSIBLE EDUCATION.
NAU WANTED ITS NEW CBA BUILDING TO BE A MARKETING TOOL TO
ENTICE STUDENTS TO ATTEND NAU. THE CBA WAS READY TO BE USED

FOR THE BEGINNING OF THE SPRING SEMESTER IN JANUARY OF THIS YEAR.
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EXISTING CONDITIONS

ARCHITECTURAL COMPONENTS:

THE COLLEGE OF BUSINESS |,
ADMINISTRATION IS LOCATED ON
MECCONNELL CIRCLE ON THE NAU
CAMPUS IN FLAGSTAFF, ARIZONA.
THE CBA HAS A TOTAL FLOOR
AREA OF APPROXIMATELY
110,000 SQUARE FEET WHICH

INCLUDES FOUR FLOORS PLUS A

MECHANICAL MEZZANINE. AS Figure 2 — South Elevation

SEEN IN THE FLOOR PLAN BELOW,

THE CBA IS 252 FEET LONG AND ITS WIDTH RANGES FROM 85 FEET TO
105 FEET. THE BUILDING IS DIVIDED UP INTO SEVEN BAYS, EACH BEING
36 FEET IN LENGTH, IN THE EAST-WEST DIRECTION. THE NORTH SIDE OF

THE BUILDING IS BUILT WITH A CURVE WHICH HAS A RADIUS OF 599 FEET.

Figure 3 — First Floor Plan
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THE FAGADE OF THE CBA IS MADE UP OF PRECAST ARCHITECTURAL
CONCRETE PANELS AND WINDOW SPAGCE. THE FIRST AND SECOND FLOORS
ARE SMALLER IN THE N-S DIRECTION THAN THE 3%° AND 4" FLOORS
WHICH ALLOWS FOR A COVERED WALKWAY ON THE SOUTH SIDE OF THE
BUILDING. THIS FEATURE IS SHOWN IN FIGURE 2 ON THE PAGE 4. THE
SOUTH SIDE OF THE BUILDING ALSO HAS A LARGE LAWN AREA WHICH
HIGHLIGHTS THE BUILDING. A MAIN ARCHITECTURAL FEATURE OF THE CBA
IS ITS ROOF. SINCE THE MECHANICAL MEZZANINE RUNS THE LENGTH OF
THE BUILDING AND IS LOCATED BETWEEN COLUMN LINES C AND D, THE
ROOF IS NOT ONE SURFACE. AS SEEN IN FIGURE 4 BELOW, AN EAST
ELEVATION OF THE CBA, THE ROOF IS AT DIFFERENT LEVELS AND HAS A

3/12 SLOPE ON IT.

Figure 4 — West Elevation
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EXISTING STRUCTURAL SYSTEM

SUPERSTRUCTURE:

THE STRUCTURAL SYSTEM OF THE CBA IS MADE UP OF PRECAST
CONCRETE ELEMENTS. THE GROUND FLOOR IS COMPOSED OF A 4”7 SLAB
ON GRADE ON TOP OF 4” OF AGGREGATE BASE COURSE FILL. THE 2"°,
3"°, AND 4" FLOORS ARE COMPOSED OF 10”7 HOLLOW CORE PLANKS
SPANNING 36 FEET WITH A 3” CONCRETE TOPPING. IN THE UPPER
FLOORS, THE HOLLOW CORE PLANKS WILL BEAR ON PRECAST CONCRETE
BEAMS. THERE ARE ONLY THREE DIFFERENT SIZES OF PRECAST BEAMS
USED IN THE FRAMING THROUGHOUT THE BUILDING. THE MOST COMMON
IS AN INVERTED T-BEAM WHICH IS A 167X 27” BEAM WITH 97X 10"
FLANGES. THESE BEAMS ARE LOCATED ALONG ALL OF THE INTERIOR
COLUMN LINES ON THE UPPER FLOORS EXCEPT WHERE THERE ARE
OPENINGS IN THE FLOORS. AS SEEN IN FIGURE 5 BELOW, THE BEAMS ARE
SHOWN IN RED AND RUN NORTH AND SOUTH. THE BEAMS LOCATED
AROUND THE OPENINGS ARE SIMILAR TO THE T-BEAMS BUT ARE L-SHAPED
HAVING ONLY ONE FLANGE. THE OTHER TYPE OF BEAM IS A 247X 26"

RECTANGULAR BEAM WHICH IS ONLY USED SPARINGLY. ALL OF THE

e
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Figure 5 — Typical Floor Framing Plan
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COLUMNS THROUGHOUT THE BUILDING ARE 24” SRUARE PRECAST

COLUMNS.

THE ROOF OF THE COLLEGE OF BUSINESS ADMINISTRATION

BUILDING IS CONSTRUCTED USING STRUCTURAL STEEL. A MIXTURE OF W
__‘—“——-——-—-.______. SHAPED MEMBERS AND OPEN WEB

JOISTS ARE USED. DUE TO THE UPPER
MEZZANINE, THERE ARE ROOFS AT TWO
DIFFERENT LEVELS WHICH BOTH SLOPE
TOWARDS THE EDGE OF THE BUILDING.
THE LOWER ROOF IS BROKEN INTO TWO
SECTIONS SINCE THE MEZZANINE IS
THROUGH THE MIDDLE OF THE

BUILDING. THE JOISTS ARE COVERED

WITH 1-1/2” DEEP PAINTED STEEL

DECK ON THE LOWER ROOFS. THE

UPPER ROOF HAS W30OX1 16 BEAMS

Figure 6 — Precast Column

SPANNING IN THE N-S DIRECTION. THE
E-W DIRECTION HAS FOUR ROWS OF STEEL | BEAMS. THIS UPPER ROOF
HAS A 3-1/2” DEEP ACOUSTICAL STEEL DECK RUNNING IN THE N-8

DIRECTION.

THE LATERAL SYSTEM OF THE CBA IS MADE UP OF A COMBINATION
OF SHEAR WALLS, MOMENT FRAMES, AND BRACED FRAMES. THE
LOCATIONS OF THE LATERAL ELEMENTS CAN BE SEEN ON FIGURE 5 ON
PAGE 6. THE SHEAR WALLS ARE 10 INCH THICK PRECAST CONCRETE
WALLS AND ARE LOCATED ALONG COLUMN LINES 1, 4, 5, 8, AND E. THE
MOMENT FRAMES ARE COMPOSED OF THE 24” PRECAST COLUMNS AND
STRUCTURAL STEEL |I-BEAMS AT THE ROOF. THEY ARE LOCATED ALONG
COLUMN LINES 4, 5, A, AND B. THE BRACED FRAME USE THE 24"

PRECAST COLUMNS WITH 24” X 26” PRECAST BEAMS AT THE FLOOR
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LEVELS, A W24X68 AT THE ROOF LEVEL AND 8 INCH STEEL PIPES AS
BRACES. THE PICTURE BELOW SHOWS THE BRAGCED FRAMED AS THEY
LOOK IN THE COMPLETED COLLEGE OF BUSINESS ADMINISTRATION. THE
BRACES HAVE BEEN LEFT EXPOSED AS TO SHOW OFF THE STRUCTURE OF

THE BUILDING IN ITS FINISHED STATE.

=

Figure 7 — Braced Frame in Completed CBA
FOUNDATION:

THE FOUNDATION OF THE COLLEGE OF BUSINESS ADMINISTRATION
CONSISTS OF CAISSONS, GRADE BEAMS, AND CONTINUOUS FOOTINGS.
THE CAISSONS ARE LOCATED BENEATH THE COLUMNS AND RANGE IN SIZE
FROM 2’6” DIAMETER TO 7’ DIAMETER WITH THE LARGEST LOCATED
BENEATH THE CENTRAL COLUMNS ALONG COLUMN LINE C. IN ADDITION
TO THE CAISSONS, THE CBA UTILIZES GRADE BEAMS AND CONTINUOUS
FOOTINGS UNDER THE FIRST FLOOR SLAB ON GRADE. THE CAISSONS WILL
BE THE MOST IMPORTANT WHEN LOOKING AT THE LATERAL SYSTEM, AS

THEY WILL HELP TO AVOID OVERTURNING OF THE STRUGCTURE.
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PROPOSAL

PROBLEM STATEMENT!:

How DO WE KNOW THE BUILDING BEING CONSTRUCTED IS UTILIZING
THE MOST EFFICIENT DESIGN? FOR A DESIGN OF A BUILDING TO BE
IMPLEMENTED, IT MUST BE REALISTIC AND WORTH THE COST OF
CONSTRUCTION. THE STRUCTURAL SYSTEM OF A BUILDING PLAYS A BIG
ROLE IN THE CONSTRUGCTION
TIME AS WELL AS THE
OVERALL COST OF A
BUILDING. AN ENGINEER’S
JOB IS NOT ONLY TO DESIGN
A BUILDING WHIGCH IS
STRUCTURALLY SOUND, BUT
TO DESIGN AN EFFICIENT

BUILDING.

THE RESULTS OF A

Figure 8 — North East Elevation

STUDY ON ALTERNATIVE FLOOR

SYSTEMS SHOWED THAT THERE ARE MULTIPLE SYSTEMS THAT COULD BE
VIABLE IN THE DESIGN OF THE COLLEGE OF BUSINESS ADMINISTRATION.
A STEEL SYSTEM WITH COMPOSITE STEEL AND CONCRETE FLOOR WAS
SHOWN TO BE THE MOST LIKELY SYSTEM TO BE MORE EFFICIENT THAN THE
EXISTING DESIGN. ALSO, BY LOOKING AT THE LAYOUT OF THE BUILDING,
A STEEL SYSTEM SEEMS TO FIT IT VERY WELL. DUE TO THE LENGTHS OF
SPANS AND HIGH LOADS, IT IS NOT LIKELY THAT A CAST-IN-PLACGCE
CONCRETE SYSTEM WILL BE AS EFFICIENT AS THE EXISTING SYSTEM OR A

STEEL SYSTEM.
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PROBLEM SOLUTION:

A COMPOSITE STEEL STRUCTURAL SYSTEM WILL BE DESIGNED AND
COMPARED TO THE EXISTING PRECAST CONCRETE SYSTEM. IN ORDER TO
MAKE A COMPARISON, THE SYSTEMS WILL USE THE SAME FLOOR PLAN.
THE COLUMNS WILL BE PLACED IN THE SAME LOCATIONS AS TO NOT
INFRINGE ON THE USES OF THE ROOMS. THE SYSTEM WILL USE BEAMS
AND GIRDERS THAT WILL NOT MAKE THE CEILING TO FLOOR DEPTH MORE
THAN WHAT IT IS IN THE ORIGINAL SYSTEM. THE TwWO SYSTEMS WILL BE
COMPARED BY DETERMINING THE COST OF EACH AS WELL AS THE
CONSTRUCTION TIME FOR EACH. FASTER CONSTRUCTION AND CHEAPER
OVERALL COST IS THE GOAL FOR THE STEEL SYSTEM. THE EFFECTS THE
CHANGES HAVE ON OTHER SYSTEMS OF THE BUILDING WILL ALS0O BE
TAKEN INTO CONSIDERATION WHEN MAKING A COMPARISON OF THE TWO

SYSTEMS.

SOoLuTiION METHOD:!:

THE DESIGN OF THE COMPOSITE STEEL SYSTEM WILL BE BASED ON
THE THIRD EDITION OF THE LOAD RESISTANCE FACTOR DESIGN
PUBLISHED BY AISC. EVEN THOUGH THE ORIGINAL DESIGN WAS BASED
ON THE 2000 EDITION OF THE INTERNATIONAL BuUILDING CODE, THE
REDESIGN WILL BE BASED ON THE 2003 EDITION. ASCE 7-02 WwILL BE

THE BASIS FOR THE DESIGN SEISMIC AND WIND LOADS.

A MODEL OF THE BUILDING WILL BE CONSTRUCTED USING RAM
STRUCTURAL SYSTEM AND THE PROGRAM WILL BE USED TO ASSIST IN THE
DESIGN OF THE BEAMS, GIRDERS, AND COLUMNS UNDER DEAD AND LIVE
LOADS. THE LATERAL FORCE RESISTING SYSTEM WILL BE MADE UP OF
ONLY BRACED FRAMES IF POSSIBLE. SINCE MOMENT CONNECTIONS ARE
MORE EXPENSIVE AND TAKE MORE TIME, THEY WILL BE AVOIDED WHERE
THEY CAN BE. THE SEISMIC DESIGN LOADS WILL HAVE TO BE DETERMINED

FOR THE NEW DESIGN. THIS IS BECAUSE THE WEIGHT OF THE BUILDING

10
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WILL DECREASE WHICH WILL CHANGE THE FORCES THE BUILDING COULD
FEEL IN THE EVENT OF AN EARTHRUAKE. ONCE THE CONTROLLING
LATERAL LOADS ARE DETERMINED, THE BRACED FRAMES WILL BE
MODELED USING STAAD.PRO AND THE MEMBERS WILL BE IMPUTED INTO
THE RAM MODEL TO CHECK FOR DEFLECTION AND STORY DRIFT. ONCE
THE GRAVITY AND LATERAL SYSTEMS HAVE BEEN DESIGNED, A COST
ANALYSIS AND A SCHEDULE WILL BE COMPLETED AND COMPARED WITH

THE EXISTING SYSTEM.

11
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STRUCTURAL STEEL DESIGN

DESIGN CRITERIA:

EVEN THOUGH THE EXISTING STRUCTURE WAS DESIGNED BASED ON
THE 2000 IBC CoDE, | WILL USE THE 2003 EDITION SO THAT | AM
DESIGNING USING THE MOST RECENT CODE. ASCE 7-02 wILL BE USED
TO FIND THE DESIGN LOADS AND THE 37° EDITION LRFD MANUAL OF
STEEL CONSTRUCTION WILL BE USED IN THE DESIGN OF THE STEEL
MEMBERS. ANOTHER MAJOR CONSIDERATION WILL BE TO KEEP THE SAME
APPEARANCE OF THE BUILDING. THIS WILL BE SHOWN IN LEAVING THE
LAYOUT OF THE FLOORS THE SAME AS THEY ARE IN THE EXISTING SYSTEM.
| WILL ALSO KEEP FACTORS SUCH AS COST AND CONSTRUCTION TIME IN
MY MIND WHEN | AM DOING THE DESIGN OF THE PROPOSED STEEL
SYSTEM. THESE WILL BE THE DRIVING FORCES WHICH WILL MAKE THE

STEEL SYSTEM MORE EFFICIENT THAN THE PRECAST SYSTEM.

DESIGN GRAVITY LOADS:

DEAD LOADS:

COMPOSITE DECK 68 PSF
STEEL FRAMING 8 PSF
FLOOR 3 PSF
CEILING 2 PSF
M/E/P 9 PSF
TOTAL 80 PSF

LIVE LoOADS:

FLOOR 100 PsF

100 PSF LIVE LOAD WILL BE USED THROUGHOUT THE ENTIRE FLOOR
SINCE THAT IS WHAT WAS USED ON THE EXISTING DESIGN. THIS WILL

ALLOW FOR FUTURE CHANGE IN FLOOR PLAN IF DESIRED.

12
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LAYOUT:

THE FLOOR PLAN FOR THE PROPOSED STEEL SYSTEM WILL BE THE
SAME AS THAT OF THE EXISTING SYSTEM. FOR THE STEEL SYSTEM, |
CHOSE TO RUN THE GIRDERS IN THE EAST-WEST DIRECTION INSTEAD OF
THE NORTH-SOUTH DIRECTION IN WHICH THEY RAN IN THE EXISTING
SYSTEM. | CHOSE TO DO THIS SO THAT THE BEAMS COULD BE EVENLY
SPACED AT NINE FEET ON CENTER THROUGHOUT THE ENTIRE FLOOR. THIS
WOuULD ALSO ALLOW THE GIRDERS TO ALL BE 36 FEET IN LENGTH AND
ALLOW FOR MOST OF THE CONNECTIONS TO BE THE SAME. REPETITION
HELPS A BUILDING TO BE CONSTRUCGCTED FASTER. | CHOSE TO PLACE
COLUMNS IN ALL OF THE SAME PLACES AS IN THE EXISTING DESIGN EVEN
THOUGH | cOULD HAVE DONE AWAY WITH SOME. | DID THIS BECAUSE |
DID NOT WANT TO MAKE THE SPANS ANY LONGER THAN THEY WERE SO

THAT THE BEAMS AND GIRDERS WOULD NOT GET TOO DEEP.

—— —
0 T
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o o — — —i—1 | == _
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ul 0 o 0 ol ul ul ul
ul u] ul ul ul ul ul ul

Figure 9 — Typical Plan Layout
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GRAVITY SYSTEM:

AFTER DECIDING ON THE BASIC LAYOUT OF THE MEMBERS, |
MODELED THE STRUCTURE USING RAM STRUCTURAL SYSTEM AND
DESIGNED THE FLOOR FRAMING FOR THE GRAVITY LOADS. | CHOSE TO
USE A USD 1.5” B-LOK FLOOR DECK WITH 4” OF CONCRETE BASED ON
THE LOADS AND THE NINE FOOT SPAN. THIS INFORMATION, ALONG WITH
THE LOADS SHOWN ABOVE, WAS IMPUTED INTO RAM. RAM WAS SET UP
TO DESIGN THE FLOOR SYSTEM BASED ON THE LRFD 3%° EpIiTiaoN
MANUAL OF STEEL CONSTRUCTION. AFTER | RAN THE RAM ANALYSIS, |
LOOKED AT THE OUTPUT AND MADE SOME OF THE BEAMS LARGER THAN
THEY HAD TO BE. THIS WAS DONE SO THAT SAME SIZED BEAMS WERE
USED IN THE SAME AREA. AGAIN, REPETITION WAS THE GOAL. FIGURE 10
SHOWS SOME OF THE SIZES OF THE MEMBERS IN A TYPICAL FLOOR. DUE
TO SIMILARITY, THE SIZES OF ALMOST ALL BEAMS ARE SHOWN BY THE

FIGURE BELOW. THE MOST COMMON SIZES FOR BEAMS WERE W8X10 FOR
® © [©) £ G © (?
k“r 36°-0° 36°-0° T — v 57 : - 36 -0% ? 367 -0 kP 36707 36°-07

— ——— |
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12x14
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Wibx

21x5P (34> ____._@
Figure 10 — Typical Floor Plan

THE SPANS OF 12 FEET AND UNDER, W12X14 FOR SPANS WITH LENGTHS
AROUND 20 FEET, AND W16X26 FOR THE SPANS UP TO 36 FEET. THE
GIRDERS FOR THE MOST PART ARE W2 1X50 AND W2 1X62 SHAPES.
ONCE THE FLOOR SYSTEM WAS DESIGNED, | USED RAM TO MODEL THE

BUILDING IN THREE DIMENSIONS. THIS ALLOWED ME TO DESIGN THE

14
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COLUMNS TO CARRY THE GRAVITY LOADS. THE COLUMNS WERE DESIGNED
TO BE TWO STORY COLUMNS WHICH WILL HELP TO SPEED UP THE
CONSTRUCTION PROCESS WITHOUT CAUSING SHIPPING PROBLEMS DUE TO
MEMBERS BEING TOO LONG. A COLUMN SUMMARY CAN BE FOUND IN
APPENDIX B. THE OUTPUT FROM RAM OF THE COLUMNS SHOWS THAT
THERE ARE ONLY A FEW DIFFERENT SIZES OF COLUMNS, ESPECIALLY FOR

THOSE WHICH WERE NOT PART OF THE LATERAL SYSTEM.

DESIGN LATERAL LDADS:

THE EXISTING LATERAL SYSTEM DESIGN WAS CONTROLLED BY
SEISMIC LOADS. SINCE THE FLOOR SYSTEM HAS UNDERGONE DRASTIC
CHANGES IN THE PROPOSED SYSTEM, THE SEISMIC LOADS MUST BE
RECALCULATED TO SEE IF THEY WILL STILL CONTROL THE DESIGN OF THE
CBA. THE PROPOSED SYSTEM HAS A SMALLER MASS THAN THE EXISTING
SYSTEM, SO THE SEISMIC LOADS WILL DECREASE.

WIND LOADS:

L4 3 SECOND WING GUsT = 90 MPH

® EXPOSURE C

L] IMPORTANCE FACTOR | = 1.15
WIND
Level PLF F, Vy M,
Roof 201 50.7 0| 3039.1
5 423.2 106.6 50.7 | 5812.2
4 372.3 93.8 157.3 | 3940.4
3 342.4 86.3 251.2 | 2416.0
2 318.9 80.4 337.4 1125.1
1 0 0.0 417.8 0.0
2= 2=
417.8 16332.8

Figure 12 — Wind Load Summary

15
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0.466

0.136

SoiL SITE CLAass C

THE WEIGHTS OF THE FLOORS WERE CALCULATED BASED ON THE

PROPOSED COMPOSITE CONCRETE AND STEEL DESIGN.

USED TO DETERMINE THE STORY FORCES AND STORY SHEARS.

THESE WERE THEN

SEISMIC
Base Shear = 538
Level, x W,y hy wyh, Cux Fy V, M,
(kips) (ft) (kips) (kips) (ft-kips)
Roof 1000 64 64,000 0.207 111 7,123

5 700 54.5 38,150 0.123 66 111 3,616

4 2500 42 105,000 0.339 183 178 7,670

3 2500 28 70,000 0.226 122 360 3,409

2 2300 14 32,200 0.104 56 482 784

1 538
9000 309350 1.000 538 22602

Figure 13 — Earthquake Load Summary

THE BASE SHEAR WAS FOUND TO BE 538 KIPS

Story Forces FOR THE SEISMIC ANALYSIS, AND THE BASE SHEAR
Roof 111 kips FOR WIND 418 KIPS. THE STORY SHEARS FOR THE
5th 66 Kips
4th 183 kips SEISMIC LOAD CASE ARE FAR LARGER THAN THOSE
3rd 122 kips FOR THE WIND CASE. THIS SHOWS THAT EVEN
2nd 56 Kips
Base THOUGH THE PROPOSED SYSTEM WEIGHS LESS THAN

) THE EXISTING SYSTEM, THE SEISMIC LOAD CASE WILL
Figure 14

16



THE COLLEGE MICHAEL TROXELL

OF STRUCTURAL OPTION
BUSINESS FINAL REPORT
ADMINISTRATION 2006

STILL CONTROL THE DESIGN OF THE LATERAL SYSTEM. FIGURE 14 sHOWS
THE LOADS WHICH WILL BE USED FOR THE DESIGN OF THE LATERAL

SYSTEM OF THE CBA.

LATERAL FORGCE RESISTING SYSTEM:

THE LATERAL SYSTEM FOR THE PROPOSED REDESIGN OF THE CBA
IS MADE UP OF STEEL BRACED FRAMES. THE FIRST STEP IN REDESIGNING
THE LATERAL SYSTEM WAS TO FIND THE LODADS, WHICH WAS SHOWN
ABOVE. AFTER THIS, LOCATIONS FOR FRAMES WERE CHOSEN. SINGCE THIS
IS A REDESIGN, | LOOKED AT THE EXISTING LATERAL ELEMENTS AND THEIR
PLACEMENT TO SEE WHERE THE LOGICAL PLACES FOR FRAMES wOULD BE.
ALSO, SINCE THE BUILDING DOES NOT HAVE TOO MANY INTERIOR WALLS,
THE LOCATIONS WERE LIMITED. BELOW IS SHOWN A PLAN WITH THE

LOCATIONS WHICH WERE CHOSEN FOR FRAMES.

36°-0"

,
—-1o

Figure 15 — Proposed Frame Locations

THESE LOCATIONS WERE CHOSEN FOR SEVERAL DIFFERENT
REASONS. FIRST OF ALL, THERE WERE FRAMES OR SHEAR WALLS AT
THESE SAME LOCATIONS IN THE ORIGINAL DESIGN OF THE BUILDING.
SECONDLY, HAVING TwWO FRAMES ALL THE WAY AT THE EDGE OF THE

BUILDING WILL DECREASE THE BUILDINGS TO PROBLEMS DUE TO TORSION.
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HOWEVER, UPON FURTHER INSPECGTION, THE LOCATIONS OF THE FOUR
FRAMES WHICH RUN IN THE NORTH-SOUTH DIRECTION POSE AN
INTERESTING PROBLEM. THE FLOOR PLAN SHOWN IN FIGURE 15 ON THE
PREVIOUS PAGE IS FOR THE THIRD AND FOURTH FLOORS. THE SECOND
AND GROUND FLOORS HAVE A VERY SIMILAR LAYOUT, EXCEPT THAT THE
AREA OF THE FLOOR IS SMALLER SINCE THE SOUTHERNMOST WALL IS SET
BACK 10 FEET. THE COLUMNS CONTINUE ALONG THE SAME LINES THE
ENTIRE HEIGHT OF THE BUILDING, CREATING A COVERED OUTDOOR

WALKWAY. THIS IS ILLUSTRATED IN THE PICTURE BELOW.

Figure 16 — Walkway during construction

BRACED FRAME DESIGN:

ONLY TWO DESIGNS WERE DONE FOR THE BRACED FRAMES FOR THE
REDESIGN OF THE LATERAL SYSTEM. THE FOUR FRAMES WHICH RUN IN
THE NORTH-SOUTH DIRECTION WILL BE IDENTICAL AS WILL THE THREE
WHICH RUN IN THE EAST-WEST DIRECTION. ONCE AGAIN, THIS IS DONE TO

HELP EASE THE CONSTRUCTION PROCESS.

IN ORDER TO DISTRIBUTE THE LATERAL LOADS TO THE FRAMES, A

TORSIONAL ANALYSIS MUST BE DONE. AT FIRST | DID NOT DO THIS

18



THE COLLEGE MICHAEL TROXELL

OF STRUCTURAL OPTION
BUSINESS FINAL REPORT
ADMINISTRATION 2006

BECAUSE | ASSUME THAT THE ADDITIONAL TORSIONAL FORCES ON EACH
OF THE FRAMES WILL BE NEGLIGIBLE DUE TO THE GEOMETRY OF THE
FRAMES. THE FRAMES THAT ARE PLAGED AT COLUMN LINES A AND H WwiLL
HELP TO MAKE THE CBA A TORSIONALLY STABLE BUILDING. SINGCE THE
CENTER OF RIGIDITY IS VERY CLOSE TO THE CENTER OF MASS, THE
TORSION WILL MOSTLY BE CAUSED BY THE MINIMUM ECCENTRICITY, AS

RERQUIRED BY ASCE 7-02, OF 5% OF THE BUILDINGS LENGTH.

USING STAADPRO, | CREATED A MODEL OF MY FRAMES. | DECIDED
TO USE A “K” FRAME AS OPPOSED TO AN “X” FRAME. THIS WAS CHOSEN
SINCE THE HORIZONTAL LENGTHS OF THE FRAMES ARE 36 FEET AND THE
FLOOR-TO-FLOOR HEIGHTS ARE BETWEEN 12.5 FEET AND 14 FEET. THE
“K” FRAME WAS ASSUMED TO BE MORE EFFICIENT SINCE THE BRACES WILL
BE CLOSER TO AN OPTIMAL 45 DEGREES. IN THE STAAD MODEL |
INCLUDED ALL OF THE GRAVITY AND LATERAL LOADS. THERE WERE A
TOTAL OF SEVEN LOAD CASES CHECGCKED IN THE ANALYSIS. BELOW IN

FIGURE 17, THE EAST-WEST FRAME IS SHOWN WITH THE LOADS APPLIED.

g
37.100 ki

]
22.30

61.700 kip

41.000 kip

Figure 17 — East-West Braced Frame w/ Loads
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AS A STARTING PLACE FOR THE STAAD MODEL, THE SIZES OF THE
MEMBERS FOUND FROM THE GRAVITY ANALYSIS WERE IMPUTED. IN ORDER
TO MINIMIZE THE DRIFT OF THE BUILDING AND OF THE INDIVIDUAL
FLOORS, THE COLUMNS WERE RESIZED TO BE LARGER THAN THEY WERE
FOR GRAVITY ONLY. THE BRACE MEMBER WHICH WAS USED FOR BOTH OF
THE FRAMES WAS A W10X77. THE DRIFT FOUND WAS LESS THAN H/600

FOR THE ENTIRE BUILDING AND FOR EACH OF THE INDIVIDUAL FLOORS.

THE FRAME DESIGNED FOR THE NORTH-SOUTH DIRECTION WAS MORE
COMPLICATED. AS POINTED OUT EARLIER IN THIS SECTION, THE REGULAR
“K” orR “X” BRACING COULD NOT BE USED BELOW THE THIRD FLOOR DUE
TO THE WALKWAY PICTURED IN FIGURE 16. BELOW IS THE SHAPE OF THIS

IRREGULAR FRAME.

W12X87

W12X87

W12X87

W12X87

W12X96

W12X96

W12X96

Figure 18 — North-South Braced Frame
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THE PROCESS FOR DESIGNING THE IRREGULAR FRAME WAS THE
SAME AS THAT OF THE REGULAR FRAME. THE BRACES USED WERE THE
SAME, AS WERE THE COLUMN SIZES FOR EACH FLOOR. THE FRAMES
LOCATED AS SHOWN IN FIGURE 15 PROVED TO BE SUFFICIENT FOR THE
DEFLECTION CRITERIA OF H/600. THE FRAMES DEMONSTRATED THEY

HAVE ENOUGH RIGIDITY TO STABILIZE THE CBA IF AN EARTHRUAKE wOULD

OCCUR.

Figure 19 — West Elevation Rendering
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CoNNECTION DESIGN:

IN A STEEL BUILDING THE TYPE OF CONNECTIONS USED CAN PLAY A
LARGE ROLE IN COST AND ALSO CONSTRUCTION TIME. NOT ONLY ARE
MOMENT CONNECTIONS TYPICALLY MORE EXPENSIVE, BUT THEY HAVE A
PROPENSITY TO ADD A SIGNIFIGANT AMOUNT OF ERECTION TIME. FOR THE
CBA REDESIGN, | CHOSE TO USE ONLY SIMPLE CONNECGTIONS IF
POSSIBLE. AS WAS JUST STATED IN THE LATERAL SYSTEM DESIGN, THERE
WAS NO NEED FOR MOMENT CONNECTIONS, THUS ALLOWING FOR THE USE
OF MORE SIMPLE CONNECTIONS. FOR THIS DESIGN, BOLTED

CONNECTIONS ARE PREFERRED OVER FIELD WELDED CONNECTIONS.

| DESIGNED A CONNECTION BETWEEN A BEAM AND A GIRDER. THIS
CONNECTION IS THE MOST USED CONNECTION IN THE BUILDING. IT IS
ALSO SIMILAR TO CONNECTIONS BETWEEN OTHER BEAMS AND GIRDERS.
THE CONNECTION | DESIGNED WAS WHERE A W16X31 BEAM FRAMES INTO
A W21Xx62 GIRDER. | CHECKED TO SEE IF A SINGLE ANGLE CONNECTION
WITH THE USE OF %4” DIAMETER BOLTS WILL BE SUFFICIENT TO TRANSFER
THE REACTION OF 36.5 KIPS. THE TOP OF THE BEAM WILL BE COPED TO
ALLOW IT TO FRAME INTO THE GIRDER. THE ANGLE CHOSEN FOR THE
CONNECTION WAS A 9”7 L3"V2”"X3"/2”X"/2” WITH THREE 34” BOLTS. THE

CONNEGTION CHEGCKED BY ALL OF THE LIMIT STATES LISTED BELOW.
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LIMIT STATES CHEGCKED:
® ANGLE SHEAR YIELD
® ANGLE SHEAR RUPTURE
® ANGLE BLOCK SHEAR RUPTURE
® ANGLE FLEXURAL YIELD
® ANGLE FLEXURAL RUPTURE
o BEAM WEB BLOCK SHEAR
o CorPED BEAM FLEXURE

® ANGLE BEARING/TEAROUT & BOLT SHEAR & BEAM

BEARING/TEAROUT

[ ]
Wl6x 31
\ ] O
3/4 g
Dia. -
(]
AZCD—N j//b
BROLTS_ ]
i e
\
L 3.9"%3.9"%x.9”
d /\ ]

Figure 20 — Beam to Girder Connection
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CONCLUSIONS:

THE STRUCTURAL STEEL SYSTEM PROPOSED IN THIS REPORT HAS
BEEN CHECKED AND COMPLIES WITH THE 2003 IBC CobE. THE SYSTEM
HAS SHOWN THE CAPABILITY TO CARRY THE DESIGN LOADS MAPPED OUT
IN THIS SECTION. |IT MEETS THE CRITERIA REGARDING KEEPING THE SAME
LAYOUT AS THE EXISTING SYSTEM. THE FLOOR FRAMING IS A CONCRETE
SLAB ON COMPOSITE METAL DECK ON STRUCTURAL STEEL. THE LATERAL
FORCE RESISTING SYSTEM IS COMPRISED OF FOUR IDENTICAL BRACED
FRAMES RESISTING LATERAL LOADS IN THE NORTH-SOUTH DIRECTION AND

THREE BRAGCED FRAMES FOR THE EAST-WEST LOADS.

SINCE THE OVERALL WEIGHT OF THE PROPOSED STEEL SYSTEM IS
LIGHTER THAN THE EXISTING PRECAST CONCRETE SYSTEM, THE
FOUNDATIONS DO NOT NEED TO BE REDESIGNED. THEY MAY NOW BE
OVER SIZED, BUT THEY wOULD WORK. THE ROOF SYSTEM USED ON THE

EXISTING BUILDING WILL NOT CHANGE IN THE NEW PROPOSED SYSTEM.
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ACOUSTICAL BREADTH STUDY

PROBLEM STATEMENT!:

IN THE PROGCESS OF DESIGNING THE NEW COMPOSITE STEEL
STRUCTURAL SYSTEM, THE CONCRETE SLAB HAS BECOME THINNER. IN
THE ORIGINAL DESIGN, THE FLOOR WAS MADE UP OF A 10 INCH HOLLOW
CORE PLANK WITH AN EXTRA THREE INCHES OF TOPPING. THIS IS MUCH
MORE CONCRETE IN WHICH SOUND ENERGY IS DISSIPATED IN THAN THE
FIVE AND A HALF INCHES OF CONCRETE THAT WILL BE ON METAL DECK IN
THE NEW SYSTEM. THE GOAL OF THIS ANALYSIS IS TO DETERMINE IF THE
PROPOSED FLOOR SYSTEM IS ADEQUATE TO KEEP THE SOUND
TRANSMISSION BETWEEN FLOORS TO A MINIMUM. THE AREA OF FOCUS
WILL BE THE FLOOR BETWEEN THE MECHANICAL EQUIPMENT AND A
CLASSROOM AS WELL AS A PRIVATE OFFICE.

ANALYSIS:

IN ORDER TO ANALYZE THE FLOOR SYSTEM, | NEEDED TO
DETERMINE THE CRITERIA FOR WHICH | WAS TO DESIGN. SINCE THE
ANALYSIS IS TO BE DONE ON THE FLOOR SEPARATING A MECHANICAL
SPACE AND OTHER SPACES, | FOUND RECOMMENDED RC (RooOM
CRITERIA) VALUES FOR DIFFERENT TYPES OF ROOMS. THESE VALUES
DEPEND ON THE USE OF THE ROOM. A ROOM SUCH AS A LIBRARY OR A
RESTAURANT WOULD HAVE A DIFFERENT RATING THAN THAT OF A
CLASSROOM OR AN APARTMENT. IN THE LIBRARY AND RESTAURANT,
PEOPLE WANT PRIVACY AND BACKGROUND NOISE wWOULD BE OK.
WHEREAS, IN A CLASSROOM, THE NEED FOR COMMUNICATION IS HIGHER
SO TOO MUCH SOUND COMING INTO THE ROOM FROM THE HVADC SYSTEM
WOULD BE UNDESIRABLE. AS SEEN IN THE TABLE BELOW, THE RC FOR A
CLASSROOM IS TO BE BETWEEN 25 AND 30 AND THE RC FOR A PRIVATE
OFFICE IS RECOMMENDED TO BE BETWEEN 30 AND 35. FOR THIS
ANALYSIS, | CHOSE TO USE RC VALUES OF 25 AND 30 FOR THE

CLASSROOM AND OFFICE RESPECTIVELY.
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RECOMMENDED ROC RATINGS FOR HVAQGC NOISE
RooM TYPE RC REASON
PRIVATE RESIDENCES 25-30 SOME PRIVACY
APARTMENTS 30-35 PRIVACY
PRIVATE OFFICES 30-35 SOoME PRIVACY
CONFERENCE ROoOMSs 25-30 COMMUNICATION
OPEN PLAN OFFICES 35-40 PRIVACY
ScHOooL CLASSROOMS 25-30 COMMUNICATION
LIBRARIES 35-40 PRIVACY
RESTAURANTS 40-45 PRIVACY
RECORDING STUDIOS 15-20 COMMUNICATION

Figure 21 — RC Table

TRANE ACOUSTICS PROGRAM (TAP) WAS USED TO DETERMINE WHAT
TYPE OF SOUND THE KNOWN FANS, WHICH ARE IN THE AIR HANDLING
UNITS LOCATED IN THE MECHANICAL ROOM, PRODUCE. THIS WAS USED
AS THE SOURCE POWER LEVEL. IN ORDER TO DETERMINE IF THE FLOOR
SYSTEM IS ADEQUATE, | DECIDED TO FIND OUT WHAT THE ESTIMATED
TRANSMISSION LOSS FOR THE FLOOR BETWEEN THE ROOMS wOULD BE TO
MEET THE REQUIRED RO RATING IN THE RECEIVER ROOM AND COMPARE IT
TO THE VALUES COMMONLY USED FOR THE TYPE OF FLOOR | HAVE. THE

CALCULATION AND STEPS USED ARE SHOWN BELOW.

FINDING TRANSMISSION LOSS REQUIRED:
TL = NR - (1 0LOG(ArarTmion))-(1 0LOG(RT-rReEcEIVER))
NR = SOURCE Le — ROC

SOURCE Lr = Lwt+(10LOG(RT-source)) +6
R, = S0Q/(1-0Usas,avs)
Sa = Z(A*A)

OUsas,ave = Z(A.G.)/ZA
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RESULTS:
CLASSROOM
FREQUENCY RC TL RE®R'D TL ACTUAL oK~
Hz DB DB
125 40 26.0 43 oK
250 35 38.2 52 oK
500 30 38.1 59 oK
1000 25 37.3 67 oK
2000 20 34.2 72 oK
4000 15 35.5 55 oK

Figure 22 — Classroom Check

FACULTY OFFICE

FREQUENCY aC TL REQ'D | TL ACTUAL Ok~
Hz DB DB
125 45 22.9 43 oK
250 40 37.6 52 oK
500 35 37.8 59 oK
1000 30 37.6 67 oK
2000 25 33.9 72 oK
4000 20 35.2 55 oK

Figure 23 — Faculty Office Check
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CONCLUSIONS:

AS SEEN IN THE ABOVE TABLES, THE FLOOR SYSTEM HAS BEEN
SHOWN TO BE ADEQUATE IN BOTH THE CLASSROOM AND THE FACULTY
OFFICE FOR ALL OF THE OCTAVE BANDS BETWEEN 125 AND 4000 Hz.
SINCE THE ASSUMED TRANSMISSION LOSS WAS GREATER THAN THE
TRANSMISSION LOSS REQUIRED, NOTHING NEEDED TO BE CHANGED IN THE
FLOOR SYSTEM OR IN EITHER OF THE ROOMS TO OBTAIN THE

RECOMMENDED RO VALUE.
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CONSTRUCTION BREADTH STUDY

PROBLEM STATEMENT!:

THE DESIGN OF A STRUCTURAL SYSTEM IS ONLY GOOD IF IT IS
REALISTIC. A SYSTEM THAT CAN CARRY THE LOAD IS NOT NECESSARILY A
SYSTEM THAT CAN BE BUILT, AND EVEN IF IT CAN BE BUILT, IT MAY NOT BE
ECONOMICAL. FOR A BUILDING TO BE BUILT, SOMEONE HAS TO PAY FOR
IT. IN MANY CASES,
THE DESIGN CHOSEN IS
BASED ON COST AND
TIME. IN PROPOSING A
NEW SYSTEM FOR THE
SUPERSTRUCTURE OF A
BUILDING, IT IS
NECESSARY TO

COMPARE THE COST AND

THE CONSTRUCTION TIME

TO THE ORIGINAL

Figure 24 — CBA under construction

DESIGN IN ORDER TO

ACCURATELY JUDGE THE SYSTEMS AGAINST EACH OTHER. THE GOAL OF
THIS STUDY IS TO COMPARE THE COSTS AND CONSTRUCTION TIMES OF THE
ORIGINAL SUPERSTRUCTURE AND THE PROPOSED CHANGES TO THE
STRUCTURE. SINGCE THE FOUNDATION AND THE ROOF ARE NOT PART OF
THE PROPOSED CHANGE, THOSE ELEMENTS WILL BE LEFT OUT OF THE
STUDY. AN EFFORT WILL BE MADE TO COMPARE THE SYSTEMS IN THE

MOST SIMILAR FASHION AS POSSIBLE.

EXISTING SYSTEM:
PRECAST CONCRETE IN GENERAL CAN BE ERECTED QUICKLY IN
COMPARISON TO OTHER TYPES OF SYSTEMS, BUT WILL HAVE A LONG LEAD

TIME. IN THE EXISTING SYSTEM, THERE WAS A LOT OF REPETITION WHICH
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MAKES THE DESIGN LESS EXPENSIVE AND EASIER TO CONSTRUCT. AN
ESTIMATE OF THE EXISTING SYSTEM OF THE SUPERSTRUCTURE WAS
COMPLETED. WITH THERE ONLY BEING ONE TYPE OF COLUMN, A 247
SQQUARE COLUMN, FINDING THE UNIT COST AND THE NUMBER WAS ALL
THAT WAS NEEDED TO
DETERMINE COST.
SIMILARLY, THERE WERE
ONLY THREE TYPES OF
BEAMS AND ONE TYPE
OF HOLLOW CORE
PLANK. THE OTHER
ITEMS INCLUDED IN THE
COST ESTIMATE WERE

THE SHEAR WALLS AND

THE TOPPING ON THE
Figure 25 — CBA under construction PLANK. THE TABLE
BELOW SHOWS THE
COSTS OF THE DIFFERENT ELEMENTS OF THE EXISTING SYSTEM. A MORE

DETAILED ESTIMATE GCAN BE FOUND IN APPENDIX .

Precast System

Precast Columns $226,260

Precast Beams $122,522
Precast Shear
Walls $173,232

Hollow-core Plank $573,835
Concrete Topping $155,430
Total Cost $1,251,279

Figure 26 — Precast Cost
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THE CONSTRUCTION SEQUENCE WHICH WAS DETERMINED TO BE
MOST EFFICIENT FOR THIS PROJECT WAS TO WORK BY FLOOR AS OPPOSED
TO WORKING BY BAY. THE SCHEDULE WHICH SHOWS THE ORDER AND
LENGTH OF CONSTRUCTION CAN BE FOUND IN APPENDIX C. THE ENTIRE
PRECAST PACKAGE IS SHOWN TO TAKE 53 DAYS. THIS IS ASSUMING

THERE ARE EITHER ONE OR TWO CREWS ON SITE WORKING AT A TIME.

PROPOSED STEEL SYSTEM:

STRUCTURAL STEEL SYSTEMS ALSO TEND TO BE CONSTRUCTED FAST
AND HAVE SOMEWHAT LONG LEAD TIMES. THE PROPOSED STEEL BUILDING
WAS DESIGNED TO BE EASY TO CONSTRUCT. BRACED FRAMES WERE USED
FOR THE LATERAL SYSTEM, INSTEAD OF THE EXPENSIVE AND TIME
CONSUMING MOMENT CONNECTIONS THAT OCCUR IN MOMENT FRAMES.
ALSO, THE BUILDING WAS DESIGNED USING SIMILARITY WHERE POSSIBLE.
INCLUDED IN THE ESTIMATE FOR THE PROPOSED STEEL SYSTEM WERE THE

STEEL MEMBERS, METAL DECKING, SHEAR

STUDS, CONCRETE SLAB, FIREPROOFING, AND Steel System
THE WELDED WIRE FABRIC WHICH WILL BE IN ;
THE SLAB. THE TABLE BELOW SHOWS THE Steel Columns $137,933
BREAKDOWN OF THESE COSTS. A MORE Steel Beams $408,406
Steel Braces $136,442
DETAILED ESTIMATE FOR THIS SYSTEM CAN BE
Shear Studs $13,865
FOUND IN APPENDIX . Metal Decking $111,470
Fireproofing $151,099
Welded Wire
THE CONSTRUCTION SERQUENCE Fabric $23.589
ANALYZED FOR THE PROPOSED SYSTEM WAS Concrete Slab $165,635
Total Cost $1,148,439
THE SAME AS THAT WHICH WAS USED FOR THE
EXISTING SYSTEM. THE SCHEDULE, WHICH WAS Figure 26 — Steel Cost

PREPARED USING MICROSOFT PROJECT, FOR

THE STEEL SYSTEM CAN BE FOUND IN APPENDIX C.
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CosT COMPARISON:

THE TABLES FOUND EARLIER IN THIS SECTION SHOW THE COSTS OF
THE EXISTING PRECAST CONCRETE SYSTEM AND THE PROPOSED STEEL
SYSTEM. IN BOTH CASES, THE GRAVITY AND LATERAL SYSTEMS WERE
INCLUDED IN THE TAKEOFF. THE PROPOSED SYSTEM WAS SHOWN TO COST
LESS THAN THE EXISTING SYSTEM. THE COSTS WERE SOMEWHAT CLOSE,
BUT THE STEEL SYSTEM CAME OUT TO BE ABOUT $1 00,000 LEsSs THAN
THE CONCRETE SYSTEM. THE DIFFERENCE WAS A SAVINGS OF ABOUT 8%
OF THE TOTAL COST OF THE ORIGINAL PRECAST CONCRETE SYSTEM.

Steel $1,148,439
Precast Concrete $1,251,279

Difference $102,840
% Difference 8.2

Figure 27 — Cost Comparison

THESE COSTS ABOVE WERE ALSO CONVERTED INTO COSTS PER
SRAUARE FOOT. THE SQUARE FOOTAGE USED FOR THIS PURPOSE WAS
JUST THAT OF THE SECOND, THIRD, FOURTH, AND FIFTH FLOORS. THE
GROUND FLOOR WAS NOT INCLUDED AS PART OF THE SQUARE FOOTAGE
SINCE THE COST OF THE SLAB ON GRADE AND THE FOUNDATION WAS NOT
INCLUDED IN THESE COSTS. THESE PER SRUARE FOOT COSTS INCLUDE
ONLY THE STRUCTURE OF THE BUILDING AND NOT ANY OF THE FINISHES

OR ARCHITECTURAL FEATURES THAT WILL BE IMPLEMENTED.

Steel $14.63
Precast Concrete $15.94

Figure 28 — Sq. Ft. Costs
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SCHEDULE COMPARISON:

THE SCHEDULES FOUND ON THE FOLLOWING PAGES SHOW HOW
LONG EACH OF THE STRUCTURAL SYSTEMS OF THE CBA WILL TAKE TO
CONSTRUCT. THE EXISTING SYSTEM IS SHOWN TO REQUIRE A TOTAL OF
53 DAYS WHICH IS ALMOST 11 WEEKS. THIS IS LESS THAN THE
PROPOSED STEEL SYSTEM WHICH WILL TAKE 63 DAYS TO FINISH. THE
DIFFERENCE OF TWO WEEKS MEANS THE TASKS FOLLOWING THE
CONSTRUCTION OF THE SUPERSTRUCTURE WILL BE ABLE TO START THAT

MUCH EARLIER IN THE CONCRETE SYSTEM.

CONCLUSIONS:

AFTER ANALYZING THE TWO STRUCTURAL SYSTEMS | FEEL THE
PROPOSED SYSTEM IS AS GOOD AS THE EXISTING SYSTEM. THE TwO WEEK
DIFFERENCE IN CONSTRUCTION TIME AND THE $1 00,000 cosT
DIFFERENCE OFFSET EACH OTHER FOR THE MOST PART. THIS CHOICE
woOuLD BE GIVEN TO THE OWNER TO DECIDE WHICH IS MORE IMPORTANT.
IN THIS CASE THE TIME FACTOR MAY BE FOR THE NORTHERN ARIZONA
UNIVERSITY DUE TO THE BUILDING NEEDING TO BE READY FOR A
SEMESTER TO START. ON THE OTHER HAND, THE UNIVERSITY MAY NEED
TO MAKE THE DECISION BASED ON THE BOTTOM LINE COST OF THE

BUILDING.
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CONCLUSIONS:

THE GOAL OF THIS THESIS WAS TO DESIGN A STRUCTURAL SYSTEM
FOR THE COLLEGE OF BUSINESS ADMINISTRATION THAT PERFORMS AS
WELL AS OR BETTER THAN THE ORIGINAL SYSTEM. THE ORIGINAL PRECAST
CONCRETE SYSTEM WAS SHOWN TO BE EFFECTIVE AND WORKED WELL WITH
THE LAYOUT OF THE CBA. HOWEVER, | FELT THAT IT MAY NOT HAVE BEEN
THE MOST EFFICIENT SYSTEM WHEN CONSIDERING COST AND
CONSTRUCTION TIME. A COMPOSITE STEEL SYSTEM WAS CHOSEN AS THE
PROPOSED SYSTEM. THE PROPOSED SYSTEM WAS ANALYZED AND SHOWN
TO BE CAPABLE TO HANDLE THE PRESCRIBED DESIGN GRAVITY AND
LATERAL LOADS. A SINGLE ANGLE CONNECTION BETWEEN A TYPICAL BEAM
AND A TYPICAL GIRDER WAS DESIGNED TO SHOW THAT THE CONNECTIONS
IN THE PROPOSED STEEL SYSTEM WwOULD BE SIMPLE, INEXPENSIVE, AND
EASY TO COMPLETE DURING CONSTRUCTION. THE PROPOSED SYSTEM
ALSO WEIGHED LESS THAN THE EXISTING SYSTEM SO THE FOUNDATION
WOULD BE ADEQUATE AND COULD POSSIBLY BE REDESIGNED TO BE LESS
EXPENSIVE TO HOLD THE LOWER LOADS.

A COST COMPARISON OF THE TWO SYSTEMS SHOWS THE PROPOSED
STEEL SYSTEM, $1 4.63 PER SQUARE FOOT, COST LESS THAN THE
EXISTING PRECAST CONCRETE SYSTEM AT $1 5.94 PER SRUARE FOOT.
THOSE COSTS TRANSLATE INTO AN 8.2% SAVINGS BY USING THE
PROPOSED STEEL SYSTEM. A SCHEDULE WAS ALSO PREPARED FOR EACH
OF THE SYSTEMS. THEY SHOW THAT THE EXISTING SYSTEM TAKES 53
DAYS TO COMPLETE WHEREAS THE PROPOSED SYSTEM TAKES 63 DAYS.
THE TWO SYSTEMS SEEM TO FOR THE MOST PART INTERCHANGEABLE. THE
CHOICE OF SYSTEM wOULD DEPEND ON WHAT THE MORE IMPORTANT ISSUE
FOR THE OWNER IS; TIME OR COST. FOR A UNIVERSITY, BOTH TIME AND
OVERALL COST wOUuLD BE MAJOR FACTORS IN DECIDING WHICH SYSTEM TO
GO WITH.

THE RESULTS OF AN ACOUSTICAL ANALYSIS SHOW THAT THE

PROPOSED COMPOSITE STEEL FLOOR SYSTEM WOULD BE ADERQUATE IN
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DISSIPATING SOUND MADE BY MECHANICAL FANS. THE ANALYSIS WAS
DONE TO CHECK IF THE TRANSMISSION LOSS THROUGH THE NEW
PROPOSED FLOOR SYSTEM WOULD BE HIGH ENOUGH TO REACH THE
RECOMMENDED ROOM CRITERIA LEVELS DUE TO HVAC NOISE. THE FLOOR
BELOW THE MECHANICAL MEZZANINE WAS SHOWN TO PROVIDE ENOUGH
TRANSMISSION LOSS TO REACH THE RECOMMENDED VALUES FOR RO IN

BOTH A PRIVATE OFFICE AND A CLASSROOM.

RECOMMENDATION

THE TWO SYSTEMS RESEARCHED, THE EXISTING PRECAST SYSTEM
CONCRETE AND PROPOSED STEEL SYSTEM, ARE BOTH REASONABLE
CHOICES FOR A STRUCTURAL SYSTEM FOR THE COLLEGE OF BUSINESS
ADMINISTRATION. BASED ON THE CRITERIA OF COST, CONSTRUCTION
TIME, SIMPLICITY OF CONSTRUCTION, THE PROPOSED SYSTEM PERFORMS
JUST AS WELL AS THE EXISTING SYSTEM. | RECOMMEND EITHER SYSTEM

FOR USE FOR THE COLLEGE OF BUSINESS ADMINISTRATION.
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APPENDIX A

LoAD CALCULATIONS

SIMPLIFIED METHOD -

WIND ANALYSIS
ASCE 7

-02

SEC. 6.

a

WIND LDAD FACTORS

MEAN BUILDING HEIGHT H (FT.) = 70
BASIC WIND SPEED: V (MPH) = 90 FROM PLANS
BUILDING CATEGORY!: CATEGORY 11 TABLE 1-1
IMPORTANCE FACTOR: | = 1.15 TABLE 6-1
EXPOSURE CATEGORY: CATEGORY [ SEC. 6.5.6
ZONE Psag
A 17.8 Pe = Mxixpgag
B -4.7 HORIZONTAL
[ 11.9 PRESSURES | =1.15
D -2.6 Pszp = 17.8 -(-4.7)
A: see BELOW
HEIGHT A I Prar = A*1*P_ag (PSF)
0-15 1.21 1.15 22.5
20 1.29 1.15 23.7
25 1.35 1.15 24.6
30 1.4 1.15 25.3
35 1.45 1.15 26.0
40 1.49 1.15 26.6
45 1.53 1.15 27.2
50 1.56 1.15 27.7
55 1.59 1.15 28.1
60 1.62 1.15 28.5
NORTH-SOUTH EAST-WEST
LEVEL PLF Fx Vx M F'x Vx M x
ROOF 140 35.3 0.0 2257.9 13.7 0.0 878.1
5 313 78.9 35.3 4298.7 30.7 13.711671.7
4 359 90.5 114.2 3799.7 35.2 44.411477.6
3 350 88.2 204.6 2469.6 34.3 79.6 960.4
2 311 78.4 292.8 1097.2 30.5 113.9 426.7
1 [m] 0.0 371.2 0.0 0.0 144.4 0.0
2 = 2 = 2 = 2 =
371.2 13923.1]1144.4 5414.5
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APPENDIX B
RAM OuUTPUT

” ‘ Gravity Beam Design Takeoff
l RAM Steel v10.0

DataBase: model2 03/21/06 21:49:35
simenz ] Building Code: 1BC Steel Code: AISC LRFD

STEEL BEAM DESIGN TAKEOFF:

Floor Type: mechanical
Story Level 4
Steel Grade: 50

SIZE # LENGTH (ft) WEIGHT (lbs)
Wwi12X14 30 590.16 8354
WI18X40 14 504.00 20237

44 28591
Total Number of Studs = 733

Floor Type: typ
Story Levels 2to 3
Steel Grade: 50

SIZE # LENGTH (ft) WEIGHT (Ibs)
W8X10 38 385.58 3884
WI12X14 35 698.04 9881
W14X22 6 177.48 3920
W16X26 12 396.74 10368
WI16X31 36 1297.85 40321
W21X50 14 505.91 25306
W21X62 14 504.00 31385

155 125063

Total Number of Studs = 3374

Floor Type: 2nd
Story Level 1
Steel Grade: 50

SIZE # LENGTH (ft) WEIGHT (Ibs)
W8X10 35 369.70 3724
W12X14 36 726.57 10285
W14X22 36 973.95 21509
W16X26 12 396.74 10368
W16X31 7 253.85 7886
W21X44 | 36.46 1613
W21X50 6 217.45 10877
W21X62 14 504.00 31385



APPENDIX B
RAM OuUTPUT

Gravity Beam Design Takeoff

RAM Steel v10.0 Page 2/2

DataBase: model2 03/21/06 21:49:35

Building Code: IBC Steel Code: AISC LRFD
SIZE # LENGTH (ft) WEIGHT (lbs)
147 97646

Total Number of Studs = 2215

TOTAL STRUCTURE GRAVITY BEAM TAKEOFF

Steel Grade: S0

SIZE # LENGTH (ft) WEIGHT (Ibs)
WEX10 111 1140.85 11491
WI12X14 136 2712.80 38401
W14X22 48 1328.92 29348
W16X26 36 1190.21 31104
WI6X31 79 2849.54 88528
WI8X40 14 504.00 20237
W21X44 1 36.46 1613
W21X50 34 1229.26 61488
W21X62 42 1512.00 94154

501 376364

Total Number of Studs = 9696



Gravity Column Design Summary

RAM Steel v10.0
DataBase: model2 04/04/06 15:12:08
Building Code: IBC Steel Code: AISC LRFD

Column LineA-1

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 29.5 4.9 126 1 0.59EqH1-1a 90.0 50 W10X33
4th 90.7 13.2 29.8 1 0.97EqH1-1a 90.0 50 W10X33
3rd 152.7 4.1 149 1 0.91EqH1-1a 90.0 50 W10X54
2nd 153.6 4.1 150 1 0.92EqH1-la 90.0 50 W10X54

Column Line A -2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 64.7 8.0 246 3 0.71EqH1-1a 90.0 50 W10X33
4th 155.2 4.3 18.8 3 1.00 Eq H1-1a 90.0 50 W10X33
3rd 240.0 2.6 204 1 0.72EqH1-1a 90.0 50 W10X49
2nd 309.0 1.0 16,5 1 0.84EqHI1-1a 90.0 50 W10X49

Column Line A-3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 67.6 8.0 203 1 0.65EqH1-1a 90.0 50 W10X33
4th 141.9 2.4 159 2 0.88EgqH1-1la 90.0 50 W10X33
3rd 211.8 2.1 17.2 2 0.63 EqH1-1a 90.0 50 W10X49
2nd 279.7 0.6 16.5 1 0.77 EqH1-1a 90.0 50 W10X49

Column Line A-5

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 29.2 2.4 119 3 0.56 EqH1-1a 90.0 50 W10X33
4th 87.3 5.1 28.7 1 0.89 EqH1-1a 90.0 50 W10X33
3rd 146.1 3.2 129 3 0.70 Eq H1-1a 90.0 50 W10X39
2nd 202.3 2.2 13.2 1 0.90 Eq H1-1a 90.0 50 W10X39

Column Line A - 13

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 7.3 2.6 7.4 1 0.21 EqH1-1b 90.0 50 W10X33
4th 41.8 5.0 140 1 0.39 EqH1-1b 90.0 50 W10X33
3rd 66.9 2.1 6.0 1 0.40 EqH1-1a 90.0 50 W10X33
2nd 90.5 2.0 56 1 0.49EqH1-1a 90.0 50 W10X33

Column LineB -1

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 57.7 8.5 55 2 0.67 EqH1-1a 90.0 50 W12X40
4th 131.8 21.0 16.5 6 0.78 Eq H1-1a 90.0 50 W12X40
3rd 266.0 6.5 0.0 1 0.83EgqH1-1a 90.0 50 W12X65
2nd 267.1 6.5 0.0 1 0.83EqH1-1a 90.0 50 W12X65



Gravity Column Design Summary

RAM Steel v10.0
DataBase: model2
Building Code: IBC

Page 2/7
04/04/06 15:12:08
Steel Code: AISC LRFD

Column Line B -2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 110.9 12.7 11.8 2 0.50 Eq H1-1a 90.0 50 W12X45

4th 262.9 6.6 9.2 3 0.95EqH1-la 90.0 50 W12X45

3rd 412.0 4.1 7.2 2 0.69 EqH1-1a 90.0 50 W12X65

2nd 524.0 1.7 7.2 6 0.85EgH1-la 90.0 50 W12X65
Column LineB -3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 118.6 12.5 147 4 0.63 EqH1-1a 90.0 50 W12X40

4th 217.0 3.3 11.1 5 0.93 EqH1-1a 90.0 50 W12X40

3rd 315.3 3.0 120 5 0.77 Eq H1-1a 90.0 50 W12X53

2nd 402.8 0.8 119 10 0.95EqH1-1a 90.0 50 W12X53
Column Line B - 8

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 59.7 5.3 122 4 0.93 EqH1-1a 90.0 50 W10X33

4th 123.6 10.9 18.7 10 0.91 Eq H1-1a 90.0 50 W10X33

3rd 228.3 6.2 9.6 4 0.62 EgH1-la 90.0 50 W10X49

2nd 308.2 4.9 9.1 10 0.79 Eq H1-1a 90.0 50 W10X49
Column Line B - 15

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 28.9 2.1 1.6 4 0.38EqH1-1a 90.0 50 W10X33

4th 55.7 6.2 7.0 10 0.39 EgqH1-1a 90.0 50 W10X33

3rd 1111 2.7 28 4 0.53EqH1-la 90.0 50 W10X33

2nd 142.5 2.6 2.5 10 0.66 Eq H1-1a 90.0 50 W10X33
ColumnLineC-1

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 57.7 8.5 55 2 0.67 EqH1-1a 90.0 50 W12X40

4th 131.8 21.0 16,5 6 0.78 EqH1-1a 90.0 50 W12X40

3rd 266.0 6.5 0.0 1 0.83EqH1-l1a 90.0 50 W12X65

2nd 267.1 6.5 0.0 1 0.83EgqH1-l1a 90.0 50 W12X65
Column Line C -2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 110.9 12.7 11.8 2 0.50 Eq H1-1a 90.0 50 W12X45

4th 262.9 6.6 9.2 3 0.95EqH1-la 90.0 50 W12X45

3rd 412.0 4.1 7.2 2 0.69 EqH1-la 90.0 50 W12X65

2nd 524.0 1.7 7.2 6 0.85EgH1-la 90.0 50 W12X65



Gravity Column Design Summary

RAM Steel v10.0
DataBase: model2
Building Code: IBC

Page 3/7
04/04/06 15:12:08
Steel Code: AISC LRFD

Column LineC-3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 120.3 11.0 17.1 2 0.67 Eq H1-1a 90.0 50 W10X39

4th 223.9 2.4 13.1 2 0.97 Eq H1-1a 90.0 50 W10X39

3rd 327.1 2.2 142 2 0.79 Eq H1-1a 90.0 50 W10X54

2nd 419.6 0.2 13.7 6 0.96 Eq H1-1a 90.0 50 W10X54
Column Line C - 10

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 63.4 5.7 13.2 3 0.81EgqH1-1a 90.0 50 W10X39

4th 132.6 11.7 225 6 0.83EqH1-1a 90.0 50 W10X39

3rd 242.7 6.6 11.7 3 0.67 Eq H1-1a 90.0 50 W10X49

2nd 329.0 5.2 11.1 6 0.85EgqH1-1a 90.0 50 W10X49
Column Line C - 17

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 28.6 2.1 1.7 4 0.37 EqH1-1a 90.0 50 W10X33

4th 55.3 6.4 7.0 10 0.39 EqH1-1a 90.0 50 W10X33

3rd 110.0 2.8 28 4 0.53EqH1-1a 90.0 50 W10X33

2nd 141.2 2.6 2.5 10 0.65 EqH1-1a 90.0 50 W10X33
Column LineD -1

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 57.7 8.5 55 2 0.67 EqH1-1a 90.0 50 W12X40

4th 131.8 21.0 16,5 6 0.78 EqH1-1a 90.0 50 W12X40

3rd 266.0 6.5 0.0 1 0.83EgH1-la 90.0 50 W12X65

2nd 267.1 6.5 0.0 1 0.83EgH1-l1a 90.0 50 W12X65
Column Line D - 2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 100.5 11.6 13.2 4 0.52 EqH1-1a 90.0 50 W14X43

4th 244.6 8.3 95 4 0.97 EqH1-la 90.0 50 W14X43

3rd 385.3 6.4 7.3 4 0.78 EqH1-1a 90.0 50 W14X61

2nd 487.5 3.8 7.8 10 0.97 Eq H1-1a 90.0 50 WwW1i14X61
Column LineD -3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 117.6 11.7 178 4 0.67 Eq H1-1a 90.0 50 W12X40

4th 224.8 3.1 141 5 1.00 Eq H1-1a 90.0 50 W12X40

3rd 319.3 2.7 147 5 0.80 Eq H1-1a 90.0 50 W12X53

2nd 410.1 0.6 14.8 10 0.99 Eq H1-1a 90.0 50 W12X53



Gravity Column Design Summary

RAM Steel v10.0 Page 4/7
DataBase: model?2 04/04/06 15:12:08
Building Code: IBC Steel Code: AISC LRFD

Column Line D - 12

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 65.2 5.4 141 4 0.84EqH1-1a 90.0 50 W10X39
4th 131.7 10.9 234 10 0.84 EqH1-1a 90.0 50 W10X39
3rd 238.0 6.2 122 4 0.66 Eq H1-1a 90.0 50 W10X49
2nd 322.6 4.9 11.6 10 0.84 EqH1-1a 90.0 50 W10X49

Column Line D - 19

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 28.6 2.2 16 3 0.37EqH1-1a 90.0 50 W10X33
4th 55.1 6.4 6.8 6 0.39 EgqH1-la 90.0 50 W10X33
3rd 109.6 2.8 2.7 2 0.52EqH1-1a 90.0 50 W10X33
2nd 140.6 2.7 24 6 0.65 EqH1-1a 90.0 50 W10X33

Column LineE -1

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 57.7 8.5 55 2 0.67 EqH1-1a 90.0 50 W12X40
4th 131.8 21.0 16.5 6 0.78 Eq H1-1a 90.0 50 W12X40
3rd 266.0 6.5 0.0 1 0.83EgqH1-1a 90.0 50 W12X65
2nd 267.1 6.5 0.0 1 0.83EqH1-1a 90.0 50 W12X65

Column Line E - 2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 109.2 12.7 121 2 0.50 EqH1-1a 90.0 50 W12X45
4th 259.9 6.6 9.1 3 0.94EqH1-la 90.0 50 W12X45
3rd 407.6 4.1 75 2 0.68 Eq H1-1a 90.0 50 W12X65
2nd 518.4 1.7 7.5 6 0.85EgqH1-la 90.0 50 W12X65

Column Line E - 3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 120.0 12.5 16.7 2 0.67 Eq H1-1a 90.0 50 W12X40
4th 221.5 2.6 12.7 2 0.96 Eq H1-1a 90.0 50 W12X40
3rd 322.7 2.4 13.8 2 0.80EqH1-1a 90.0 50 W12X53
2nd 413.3 0.2 13.9 6 0.99EqH1-l1a 90.0 50 W12X53

Column Line E - 11

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 0.5 10.2 18.0 3 0.43EqH1-1b 90.0 50 W10X33
4th 101.0 10.5 22.7 6 0.88EqH1-1a 90.0 50 W10X33
3rd 205.8 6.1 11.8 3 0.59 Eq H1-1a 90.0 50 W10X49
2nd 288.9 4.7 11.2 6 0.76 Eq H1-1a 90.0 50 W10X49



Gravity Column Design Summary

RAM Steel v10.0
DataBase: model2
Building Code: IBC

Page 5/7
04/04/06 15:12:08
Steel Code: AISC LRFD

Column Line E - 18

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 28.6 2.1 16 3 0.37EgH1-1a 90.0 50 W10X33

4th 55.3 6.4 70 6 0.39EgH1-1a 90.0 50 W10X33

3rd 110.1 2.8 28 2 0.53EqH1-la 90.0 50 W10X33

2nd 141.3 2.6 25 6 0.65EqH1-1a 90.0 50 W10X33
Column LineF-1

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 57.7 8.5 55 2 0.67 EqH1-1a 90.0 50 W12X40

4th 131.8 21.0 16,5 6 0.78 EqH1-1a 90.0 50 W12X40

3rd 266.0 6.5 0.0 1 0.83EqH1-l1a 90.0 50 W12X65

2nd 267.1 6.5 0.0 1 0.83EqHI1-l1a 90.0 50 W12X65
Column Line F - 2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 110.9 12.7 11.8 2 0.50 Eq H1-1a 90.0 50 W12X45

4th 262.9 6.6 9.2 3 0.95EqH1-1a 90.0 50 W12X45

3rd 412.0 4.1 7.2 2 0.69 EqH1-1a 90.0 50 W12X65

2nd 524.0 1.7 7.2 6 0.85EgqH1-la 90.0 50 W12X65
Column Line F -3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 118.9 12.5 16.4 4 0.66 Eq H1-1a 90.0 50 W12X40

4th 218.2 2.7 125 4 0.95EqH1-1a 90.0 50 W12X40

3rd 317.2 5.0 13.2 2 0.79 Eq H1-1a 90.0 50 W12X53

2nd 430.2 2.7 8.3 10 0.98 Eq H1-1a 90.0 50 W12X53
Column Line F -9

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 60.8 4.2 157 4 1.00 Eq H1-1a 90.0 50 W10X33

4th 122.8 8.1 23.0 10 0.96 EqH1-1a 90.0 50 W10X33

3rd 222.0 5.6 10.3 3 0.61EqHI1-1a 90.0 50 W10X49

2nd 314.7 4.3 6.8 10 0.78 Eq H1-1a 90.0 50 W10X49
Column Line F - 16

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 28.9 2.1 16 3 0.38EqH1-1a 90.0 50 W10X33

4th 55.7 6.2 70 6 0.39 EqH1-1a 90.0 50 W10X33

3rd 111.0 2.7 28 2 0.53EgH1-la 90.0 50 W10X33

2nd 142.4 2.6 25 6 0.65EqH1-l1a 90.0 50 W10X33



Gravity Column Design Summary

RAM Steel v10.0 Page 6/7
DataBase: model?2 04/04/06 15:12:08
Building Code: IBC Steel Code: AISC LRFD

ColumnLineG-1

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 57.7 8.5 55 2 0.67 EqH1-1a 90.0 50 W12X40
4th 131.8 21.0 16,5 6 0.78 EqH1-1a 90.0 50 W12X40
3rd 266.0 6.5 0.0 1 0.83EgH1-la 90.0 50 W12X65
2nd 267.1 6.5 0.0 1 0.83EqH1-1a 90.0 50 W12X65

Column Line G -2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 110.9 12.7 11.8 2 0.50 Eq H1-1a 90.0 50 W12X45
4th 262.9 6.6 9.2 3 0.95EqH1-la 90.0 50 W12X45
3rd 412.0 4.1 7.2 2 0.69 EqH1-1a 90.0 50 W12X65
2nd 524.0 1.7 7.2 6 0.85EqH1-1a 90.0 50 W12X65

Column Line G -3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 116.3 11.0 126 2 0.59 Eq H1-1a 90.0 50 W10X39
4th 210.5 2.8 10.0 3 0.88 Eq H1-1a 90.0 50 W10X39
3rd 293.2 3.2 11.3 5 0.77 Eq H1-1a 90.0 50 W10X49
2nd 393.7 1.1 7.7 10 0.95EqH1-1a 90.0 50 W10X49

Column Line G -6

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 54.8 3.5 99 3 0.83EgH1-la 90.0 50 W10X33
4th 107.7 6.8 171 6 0.79 Eq H1-1a 90.0 50 W10X33
3rd 196.9 4.5 9.3 4 0.71EgqH1-l1a 90.0 50 W10X45
2nd 278.5 3.1 7.2 10 0.92 Eq H1-1a 90.0 50 W10X45

Column Line G -14

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 28.9 2.1 16 3 0.38EqH1-1a 90.0 50 W10X33
4th 55.9 6.1 70 6 0.39EgH1-l1a 90.0 50 W10X33
3rd 111.8 2.7 28 2 0.53EqH1-1a 90.0 50 W10X33
2nd 143.4 2.5 25 6 0.66 EqH1-1a 90.0 50 W10X33

Column LineH -1

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 29.5 4.9 126 1 0.59 Eq H1-1a 90.0 50 W10X33
4th 90.7 13.2 29.8 1 0.97EqH1-1a 90.0 50 W10X33
3rd 152.7 4.1 14.9 1 0.91 Eq H1-1a 90.0 50 W10X54
2nd 153.6 4.1 150 1 0.92EqH1-1a 90.0 50 W10X54
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Column LineH -2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 64.7 8.0 246 4 0.71 EqH1-1a 90.0 50 W10X33
4th 155.2 4.3 18.8 4 1.00 Eq H1-1a 90.0 50 W10X33
3rd 240.0 2.6 204 1 0.72EqH1-1a 90.0 50 W10X49
2nd 309.0 1.0 16,5 1 0.84EqHI1-1a 90.0 50 W10X49

Column Line H -3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 66.2 8.0 196 1 0.63EqH1-la 90.0 50 W10X33
4th 131.8 1.9 142 4 0.81 Eq H1-1a 90.0 50 W10X33
3rd 193.5 1.7 13.3 3 0.74EqH1-1a 90.0 50 W10X45
2nd 253.4 0.3 145 1 0.92EqH1-1a 90.0 50 W10X45

Column LineH -4

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 26.1 15 99 4 0.48EqH1-1a 90.0 50 W10X33
4th 76.7 3.0 255 1 0.78 EqH1-1a 90.0 50 W10X33
3rd 127.4 2.2 114 3 0.74 Eq H1-1a 90.0 50 W10X33
2nd 175.8 1.3 122 1 0.95EqH1-1a 90.0 50 W10X33

Column LineH -7

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

5th 7.3 2.6 75 1 0.21 EqH1-1b 90.0 50 W10X33
4th 42.1 5.0 141 1 0.39 EqH1-1b 90.0 50 W10X33
3rd 67.4 2.1 6.1 1 0.40 EqH1-1a 90.0 50 W10X33
2nd 91.1 2.0 56 1 0.49EqH1-la 90.0 50 W10X33
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STEEL SYSTEM COST ANALYSIS

BEAMS
w 8x10 1142 | 10,45 [ 3.63 2.38 16.46 18797
W 12x14 2713 13.5 2.35 1.51 17.36 | 47098
W 14x22 1328 23 2.2 1.44 26.64 | 35378
W 16X26 1190 25 2.07 1.33 28.4 33796
W 16x31 2850 30 2.3 1.47 33.77 | 96245
W 18x40 504 42 3.28 1.58 46.36 23365
W 21x50 1266 48 3.28 1.58 52.36 66288
W 21x62 1512 53 3.29 1.54 57.83 B7439
| TotaL 408406 |
COLUMNS
W 10x33 790 34.5 3.96 2.59| 41.05 32430
W 10x39 275 40.7 3.96 2.59| 47.25 12994
W 10x45 250 46.9 3.96 2.59| 53.45 13363
W 12x40 110 42 2.69 1.76| 46.45 5110
W 12x58 115 59.3 2.9 1.9 64.1 7372
W 12x87 320 91 3.4 2.23| 96.63 30922
W 12x96 340 99.5 3.4 2.23| 105.13 35744
|ToTaL 137933]
BRACES

W 10xXx77 1575 81 3.4 2.23 86.63 136442

METAL DECKING

1.5" DEEP,
22 GAGE 78500 1.14 0.26 0.02 1.42 111470
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WELDED WIRE FABRIC

6X6 W1.4
XW1.4 78500 12 18.05 o 30.05 23589

CONGCRETE SLAB

4"+ 1.5"

DECK 78500 1.18 0.66 0.27 2.11 165635

SHEAR STUDS

3/4" DIA., 4"

LONG 9696 0.46 0.69 0.28 1.43 13865

|ToTaL 13865]

FIREPROOFING

BEAMS 43768 0.41 0.45 0.07 0.93 40704

DECK 74447 0.62 0.54 0.09 1.25 93059

COLUMNS 8668 0.88 0.97 0.15 2 17336
ITDTAL 151 I:IQQI
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PRECAST CONCRETE COST ANALYSIS

COLUMNS

24" x 24/ 2160 74.5 19.55 10.7| 104.75| 226260
|ToTaL 226260|
BEAMS
341T27 32 1268 88 48 1396 44672
25LB27 25 1268 88 a8 1396 34900
26x24 25 1500 141 77 1718 42950
| Torar 122522 |
PLANK

.IDII
HoLLow
CoRE 78500 6.1 0.78 0.43 7.31 573835
| TotaL 573835 |
TOPPING

2" LT wT
CONCRET

E 78500 1.04 0.67 0.27 1.98 155430

| TotaL 155430 |

PRECAST SHEAR WALLS

10"

THICK 8640 12.15 4.35 3.55 20.05 173232

| TotaL 173232 |




STEEL SYSTEM

MATERIAL

casT

STEEL COLUMNS

$137,933

STEEL BEAMS

$408,406

STEEL BRACES

$136,442

SHEAR STUDS $13,865
METAL DECKING $111,470
FIREPROOFING $151,099
WELDED WIRE FABRIC $23,589

CONCRETE SLAB

$165,635

TOTAL CasTt

$1,148,439

MATERIAL

CosT

STRUCTURAL STEEL

$682,780

CONCRETE $165,635
DECK/WWF/STUDS $300,023
TOTAL $1,148,439

APPENDIX G
CosT & SCHEDULE

DIFFERENGE

PRECAST SYSTEM

MATERIAL

cCosT

PRECAST COLUMNS

$226,260

PRECAST BEAMS

$122,522

PRECAST SHEAR WALLS

$173,232

HOLLOW-CORE PLANK

$573,835

CONCRETE TOPPING

$155,430

TOTAL CasT

%$1,251,279

MATERIAL

cCosT

PRECAST CONCRETE

$1,095,849

CONCRETE TOPPING

$155,430

TOTAL

%$1,251,279

SYSTEM

casT

STEEL

$1,148,439

PRECAST CONCRETE

$1,251,279

DIFFERENCE

$102,840

% DIFFERENCE

8.2

COST PER SQUARE FOOT

STEEL

$14.63

PRECAST CONCRETE

$15.94
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