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ALCOA

OVERALL STRUCTURAL SYSTEM:

GRAVITY FRAMING:

THE ALCOA BUSINESS SERVICES CENTER IS A COMPOSITE STEEL
AND CONCRETE SYSTEM. EACH FLOOR MAKES USE OF COMPOSITE
DESIGN BY COMBINING LIGHT WEIGHT CONCRETE WITH COMPOSITE
DECKING AND SHEAR STUDS. THE TYPICAL FLOOR THICKNESS OF 5 /2”7
CONCRETE GIVES THE FLOOR ITS REQUIRED 2 HOUR FIRE RATING WHILE
MAINTAINING ITS STRUCTURAL INTEGRITY. ALL BEAMS, GIRDERS, AND
COLUMNS ARE TYPICAL W SHAPE 50KSI STEEL. THE ALCOA BUILDING
WAS DESIGN WITH A COMPOSITE SYSTEM TO HELP DECREASE THE WEIGHT
OF THE BUILDING WHILE ALLOWING FOR LARGE SPANS OF 30 FEET FOR
AN OPEN OFFICE SPACE. BEING THAT THE BUILDING IS BUILT ON THE
RIVERFRONT IN DOWNTOWN PITTSBURGH, PENNSYLVANIA; THE
ENGINEERS HAD PROBLEMS GETTING THE PROPER SOIL CAPACITY. THE
ALLUVIAL SOIL DEPOSITS FROM THE RIVER REQUIRED THE BUILDING TO BE
BUILT ON DEEP FOUNDATIONS, WHICH IS BEST COMPLIMENTED WITH A
LIGHTER BUILDING. THEREFORE A CONCRETE SYSTEM WAS NOT
DESIGNED. THE RODOF SYSTEM OF THE ALCOA BUILDING IS A
COMBINATION COMPOSITE AND JOIST CONSTRUCTION. THE MECHANICAL
LOADS LOCATED NEAR THE INNER CORE OF THE BUILDING REQUIRED A
COMPOSITE FLOOR SYSTEM, BUT OUTSIDE THE MECHANICAL EQQUIPMENT
THE ROOF CONSISTS OF METAL DECKING ON A JOIST, BEAM SYSTEM.
MOMENT CONNECTIONS EXIST AROUND THE PERIMETER OF THE BUILDING
TO HELP FASTEN THE CURTAIN WALL SYSTEM TO THE FRAME OF THE

BUILDING.
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ALCDA

LATERAL FRAMING:

A DIAGONAL CROSS BRACING SYSTEM RESISTS THE LATERAL
FORCES PRESENT ON THE ALCOA BUILDING. THE CONCENTRIC BRACING
IS PRESENT BOTH WAYS IN THE FRAME OF THE BUILDING. THE BRACING
RESISTS BOTH NORTH-S0OUTH AND EAST-WEST WIND LOADS ON THE
BUILDING. IN ORDER TO KEEP THE DIAGONAL BRACGCING FROM
OBSTRUCTING THE BAYS OF THE BUILDING IT IS LOCATED IN THE INNER
CORE OF THE BUILDING.
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FOUNDATION SYSTEM:
THE FOUNDATION SYSTEM CONSISTS OF AUGER CAST PILES AND

GRADE BEAMS. THE POOR SOIL CONDITION PRESENT ON THE SITE OF THE
ALCOA BUSINESS SERVICES CENTER REQUIRED A DEEP FOUNDATION.
THE SOIL WAS CHARACTERIZED BY USDA STANDARDS AS YELLOWISH
BROWN SILTY SAND. THE PILES ARE AN AVERAGE OF 50’ DEEP AND
REST ON SILTSTONE BEDROCK. EACH PILE HAS AN ALLOWABLE END
BEARING CAPACITY OF 68 TONS PER SQUARE FOOT AS WELL AS A 11.45
AND 9.5 TON UPLIFT AND LATERAL CAPACITY RESPECTIVELY. THE
FOUNDATION SYSTEM ALSO MAKES USE OF CONCRETE GRADE BEAMS. A
TYPICAL GRADE BEAM USED IN THE BUILDING VARIES BETWEEN 24 AND
26 INCHES BY 36 INCHES DEEP. FOR THE BASEMENT PARKING GARAGE
A CONCRETE WALL BEARS ON THE GRADE BEAMS BELOW WHICH IS USED
TO CARRY THE MASONRY UNITS ABOVE GRADE.
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CODES:
e BoOca 96
e AIsc 19809
e ACI 301/318 1989

MATERIAL PROPERTIES:

STEEL.:
®¢ STRUCTURAL S5HAPES: ASTM A992 TYPICAL 50KSI STEEL
®¢ STEEL TUBES: ASTM 500, GRADE B
e STEEL PIPE: ASTM 500, GRADE B
[ ]

GALVANIZED STRUCTURAL STEEL:
0 SHAPES AND RODS: ASTM A123
O BOLTS, FASTENERS, & HARDWARE: ASTM A153

¢ BOLTS: TYPICAL ASTM A325 34” DIAMETER

® SHEAR STUDS: ASTM A108, GRADE 1015 aor 1020
O TYPICAL 34” DIAMETER BY 5” DEEP

CONCRETE: (F’C REQUIRED AT 28 DAYS)

® FOUNDATION: 4000 PsiI (NORMAL WEIGHT 145 PCF)

¢ INTERIOR SLABS: 4000 pPsI (LIGHT WEIGHT 110 PCF)
¢ EXTERIOR SLABS: 4000 pPsiI (NORMAL WEIGHT 145 PCF)
¢ GROUT:

0 MASONRY (ASTM ©C476) 3000 PSsI MIN
O LEVELING 5000 PsI MIN

¢ REINFORCING: 60 KSI STEEL
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LOADS.:

DEAD LOADS:

THE BASIC DEAD LOADS CALCULATED FOR THE ALCOA BUSINESS

SERVICES CENTER ARE LISTED BELOW AS WELL AS THE WEIGHT OF EACH

FLOOR. A CALCULATED MECHANICAL LOAD WAS ADDED TO THE ROOF

BECAUSE FOUR AIR CONDITIONS ARE LOCATED ON THE COMPOSITE FLOOR

WITH AN OPERATING WEIGHT OF 33,750 POUNDS EACH.

Dead Load
Load
Typical Floor (psf)
Concrete on Metal Deck 32
Steel Self-Weight 8
Partitions 20
Ceiling/Mechanical 7
Raised Floor System (Floors 4-6) 10
Total 77
Roof
EPDM/Insulation/metal deck 20
Concrete on Metal Deck (Composite) 32
Steel Self-Weight (Composite) 8
Steel Self-Weight (joist section) 7
Superimposed 25
Mechanical General 7
Mechanical (Air Conditioners) 135 Kips
Total EPDM Roof 59
Total Composite Roof 72
Exterior Wall
| Total 17
Snow Load
Total (80% reduction of 30psf) 6
W Wall W Snow
Floor Dead Loads Sq. ft. (kips) Height (kips)walls | Load Total W
LEVEL (kips) (kips)
Basement (SOG) 45792 11
1st Floor 42192 | 2826.9 19.0 276.5 31034
2nd Floor 40892 | 3148.7 14.0 203.7 3352.4
3rd Floor 41692 | 3210.3 14.0 203.7 3414.0
4th Floor 41692 | 3210.3 14.0 203.7 3414.0
5th Floor 42292 | 3256.5 14.0 203.7 3460.2
6th Floor 42292 | 3256.5 15.3 223.1 3479.6
Roof 42292 2790 12.2 53.9 179 | 3022.9
Penthouse 1 3600 187.2 11.3 36.9 74 298.1
Penthouse 2 560 29.12 8 37.1
Sum 23581.7
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LIVE LOAD:

THE LIVE LOADS OF THE ALCOA BUSINESS SERVICES CENTER WERE
RECORDED FROM BOTH BOCA 96 AND THE ACTUAL DESIGN NOTES OF
THE BUILDING. IT IS NOTED THAT BOCA IS THE MINIMUM AND IN MANY
INSTANGCES THE DESIGN TEAM CHOOSE TO EXCEED THE MINIMUM
REQUIREMENTS. FOR INSTANCE ON THE OFFICE FLOOR INSTEAD OF 50
PSF, THE FLOORS ARE DESIGN AT 60 PSF. THIS IS MOST LIKELY
BECAUSE OF THE RAISED FLOOR SYSTEM REQUIRED TO ACCOMMODATE
ALCOA’S NEEDS. MANY OF THE LIVE LOADS ON THE ROOF ARE
CONTROLLED BY HEAVY STORAGE AND MECHANICAL LOADS. BECAUSE
THE FIRST FLOOR IS RETAIL SPACE THE FLOOR WAS REQUUIRED TO BE
DESIGNED AT 100PSF. THE BASEMENT IS ALS0O DESIGNED TO MATCH
THE VEHICLE DRIVEWAY BECAUSE IT SERVES AS5 A PARKING GARAGE.

Floor/Roof Live Loads
Boca Minimum | |
Requirement Actual Design
Typical Floor (psf) (psf)
1st Floor 100 100
Office Levels (2-6) 50 60
Corridors (>1st floor) 80 80
Balconies/Stairs 100 100
Sidewalk/Vehicle Driveway 250 250
Storage Areas (Heavy) 250 250
Mechanical Rooms 125 125
Roof
Snow 25 30
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SNOwW LOAD-
THE GROUND SNOW LOAD FOR THE SITE LOCATION IN PITTSBURGH

IS 3O0PSF. IT IS NECESSARY TO LODOK AT SNOW DRIFTING DUE TO THE
PENTHOUSES ON THE TOP OF THE BUILDING. THE MAXIMUM LOAD DUE
TO SNOW DRIFTING IS 56.2 PSF. BELOW ARE THE STEPS BOCA 96 USES
TO EVALUATE SNOW.

Snow Load Value
Ground Snow Load Pg 30psf
Snow Exposure Factor Ce 0.6
Snow Importance Factor Is 1
Height from Low to High Roof Hr 24’

FLAT ROOF SNOW LOAD:

Pr= (Co* | * Py)
P = (25* 1 * 0.6) = 15psf

UNBALANCED SNOW LOAD ON LOW ROOF:

Pf = (Ce* I * Pg) Wi o ot
Ps=(25* 1 * 0.6) = 15psf PE Qupperd
D = (0.13 * Pg) + 14 TOF OF PEWTHOUSE

D=(0.13*30) +14 = 17.9 pcf

Hq=2.3" (From Boca 96 fig 1608.7) R S—
Hy=Pf/D = 15/17.9 = .84’ = 10" TR PATES L cwer A
Hg + Hp = 3.14°

T0P OF Poropat

(Hr— Hp)/ Hy, = (24°-.847)/.84’ = 27.6 > 0.2; Consider Drift
Pm = D(Hp+Hg) = 17.9(3.14) = 56.2 psf

W = 4(H, — Hy) = 4(247-.84") = 92.64
Wq = 4(Ha) = 4(2.3) =9.2"
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WIND LOAD-

THE WIND LOAD IS THE CONTROLLING LATERAL LOAD ON THE ALCODA
BUILDING. THE LATERAL BRACING SYSTEM WAS CONCENTRICALLY BRACED
FRAMING. THE BUILDING WAS EXAMINED WITH THE WIND BLOWING
NORTH-50OUTH AND EAST-WEST. THE FACTORS ARE LISTED BELOW AS
WELL AS THE DIAGRAMS. REFER TO THE APPENDIX FOR CALCULATIONS.
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SEISMIC LOAD-

BocaA 96 DOES NOT REQUIRE SEISMIC ANALYSIS FOR BUILDINGS
WITH GROUND ACCELERATION LESS THEN .0O05. PITTSBURGH,
PENNSYLVANIA FALLS IN THE .05 OR LESS CATEGORY. THE REASON FOR
NOT HAVING TO CHECK SEISMIC IS THAT WIND WILL ALWAYS CONTROL. |
RAN THE SEISMIC ANALYSIS JUST TO SEE HOW CLOSE THE NUMBERS
wOuLD BE END UP BEING. THE SOIL OF THE SITE IS VERY POOR, SO |

ASSUMED THAT WE HAVE A 53 sS0OIL TYPE. THE RESULTS ARE SHOWN IN
THE DIAGRAMS BELOW.
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LATERAL LOAD COMPARISON-

BELOW ARE THE RESULTS OF THE LATERAL LOAD ANALYSIS
SUMMARIZED TO ALLOW FOR EASY COMPARISON. AS YOU CAN SEE, THE
WIND LOAD CONTROLS THE BUILDING’S LATERAL FORCES.

Lateral Load Comparison
North-South East-West
Level
Seismic | Wind Seismic Wind

Basement 0.0 0 0 0
1 0.0 | 61.46 0 60.32
2 13.1 75.3 13.1 73.9
3 28.0 | 69.25 28 67.97
4 449 | 72.15 44.9 70.82
5 64.6 | 74.89 64.6 73.5
6 85.6 | 80.98 85.6 79.48
Roof 88.1 78.1 88.1 76.66
Penthouse 1 11.0 | 56.04 11 12.74
Penthouse 2 1.6 5.53 1.6 4.3
SUM 336.9 | 573.7 336.9 | 519.69

12
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MEMBER CHECK-

TYPICAL FLOOR FRAMING-

THE ALCOA BUILDING’S FRAMING IS BASICALLY CONSISTENT
THROUGHOUT THE BUILDING. A TYPICAL BAY IS ABOUT 32’ BY 30’ FEET
WITH 5 1/2” OF LIGHTWEIGHT CONCRETE ON METAL DECK TO FORM A
COMPOSITE SYSTEM. THIS FRAME WAS TAKEN FROM THE FOURTH FLOOR
OF THE ALCOA BUSINESS SERVICES CENTER.
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UNDER THE LOADING CONDITIONS, EXPLAINED EARLY IN THE
REPORT, THE COMPOSITE BEAMS CHECK OUT OK. FROM THE RESULTS |
GOT | BELIEVE THAT MY DEAD LOAD IS VERY ACCURATE TO WHAT THE
ACTUAL DEAD LOADS ARE ON THE EXISTING FLOOR. | KNOW WHAT THE
DESIGNERS HAD TO USE FOR LIVE LOADS THEREFORE MY RESULTS LOOK
GOOD. THE GIRDER ALSO CHECKED OUT OK WITH MY LOADS. | USED
THE BEAM REACTIONS TO GAIN AN ACCURATE LOADING. THE MAJOR
DIFFERENCE IN MY CALCULATIONS OF THE GIRDER WAS AND ADDITIONAL
10 SHEAR STUDS.
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TYPICAL ROOF FRAMING-

THE ALCOA BUILDING’S ROOF FRAMING HAS TWO MAJOR TYPES OF
FRAMING. WHERE THE MECHANICAL SYSTEMS ARE LOCATED WE HAVE A
COMPOSITE SYSTEM AND THE REST OF THE ROOF IS A JODOIST/BEAM
CONSTRUCTION WITH 1 /2”7 METAL DECKING TOPED WITH AN EPDM ROOF.
BELOW IS A TYPICAL FRAMING SECTION OF THE ROOF WHICH IS 32’ BY
30°.
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WHEN CHECKING THE 24K4 J40IST WITH VULCRAFT’S PRODUCT
CATALOG, | FOUND THAT THE 24K4 DOESN’T WORK AT THE 32’ SPAN IT
IS CURRENTLY DESIGNED TO HANDLE. THE REASON | BELIEVE THIS
OCCURRED IS BECAUSE | ADDED 25 PSF SUPERIMPOSED LOAD ON THE
ROOF. THIS WAS DONE TO COMPENSATE FOR VENTS, BALLASTS, AND
OTHER ISSUES | DID NOT HAVE INFORMATION ENOUGH TO FORMULATE A
BETTER RESULT. THE 24K4 wOULD WORK AT A 28’ SPAN WITH THE
LOADS | HAVE CALCULATED. . THE W21X44 BEAM ALSO FAILED WITH
THE LOADS APPLIED. | BELIEVE THAT | NEED TO REDUCE MY DEAD LOAD
BECAUSE THE ACTUAL MOMENT WAS 263 K-FT TO AN ALLOWABLE OF
225 FT-K.
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CoLUMN CHECK:

FROM THE TYPICAL FLOOR CALCULATIONS, | CHECKED THE COLUMN
THAT CONTINUES FROM FLOOR 2 UP TO FLOOR 4. | USED A LIVE LOAD
REDUCTION IN ORDER TO MAKE THE W1 2X65 WORK WITH THE LOADS
THAT THE BUILDING WAS DESIGNED.

LATERAL CHECK-

TO GAIN KNOWLEDGE OF THE ACTUAL LOADS ON THE LATERAL
BRACING | COMPLETED A SIMPLIFIED TRUSS ANALYSIS. | ASSUMED THAT
THE INNER CORE BRACING IS ACTING LIKE A TRUSS TO RESIST ALL OF THE
WIND FORCE PLACED ON THE BUILDING. THE BRACING MEMBERS
RECEIVED 61.38 KIPS TENSION OR COMPRESSION ACCORDING TO MY
CALCULATIONS. THIS IS LOWER THEN THE 75 KIPS T OR C DESIGNED
SPECIFIED IN THE DRAWINGS. THEREFORE THE LATERAL SYSTEM WILL
RESIST THE NECESSARY LOADS.

FURTHER INVESTIGATIONS-

FOUNDATIONS-

THE FOUNDATIONS ARE SUBJECT TO HYDRAULIC LIFT DUE TO WATER
ISSUES ON THE SITE. THE AUGER PILES HAVE BEEN DESIGNED TO RESIST
THE UPLIFT PRESENT BUT FURTHER SOIL REPORTS AND INVESTIGATIONS
ARE YET REQUIRED.

CAMBER-

MANY OF THE LONG SPANNING MEMBERS OF THE BUILDING ARE TO
BE DESIGNED AND FABRICATED WITH A CAMBER. THE CAMBER IS
DESIGNED TO COMPENSATE FOR DEAD LOAD DEFLEGCTION THAT WILL
OCCUR OVER THE LONG SPANS.

CANOPIES-
THE BUILDING HAS SPECIAL ARCHITECTURAL CANOPIES WHICH WILL
BE SUBJECT TO SNOW AND WIND LOADS.

CURTAIN WALL CONNECGTIONS:

BOCA REQUIRES THAT THE CONNECTIONS THAT THE CURTAIN WALL
CONNECTIONS RESIST THE LATERAL FORCES FROM THE WIND LOAD. ALL
CONNECTIONS WILL HAVE TO BE DESIGNED PER THE CODE.

UPLIFT-
THE ROOF OF THE BUILDING WILL BE SUBJECTED TO UPLIFT DUE TO
THE ADDED PENTHOUSES ON THE TOP OF THE BUILDING.
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