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Executive Summary 

This report contains the results of the design and analysis of 

two different floor systems and Fordham Place, which is located in 

Bronx, NY.  The two different floor systems that will be evaluated are 

a two way flat slab with drop panels, and the original design of a 

composite steel structure.  All load cases involving dead, live, roof 

live, snow, wind, and seismic were evaluated.   

Fordham Place is a 15 story office / retail / residential building 

comprised of a steel columns and beams that acts compositely with a 

concrete slab.  Chevron style braced frames are the lateral force 

resisting system.  This type of frame is very efficient because the only 

lateral drift is due to axial deformation of the cross members and 

columns.  The location of the frames is so that there are minimal 

lateral forces induced in the building do to torsion.   

By redesigning Fordham Place as an all concrete structure, 

adjustments in the lateral system, HVAC systems, construction 

schedule, and cost were re-examined.  In this report you will see the 

lateral system changed to reinforced flanged concrete shear walls.  

While a single HVAC system will serve only one floor in an attempt 

to reduced large openings in the floor slab.  Construction schedule and 

cost both increased with the change to an all concrete structure.  After 

designing Fordham Place as an all concrete structure, it is very clear 

the original design is a better choice. 
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This report is solely used for educational purposes only, and 

should not be treated as a professional design.  The purposed of this 

case study was to examine different structural systems and what 

effects they had on the rest of the building.  If there are any question 

on this report, feel free to contact me at abh144@psu.edu 
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Introduction 
 

Location of Site 

 400 East Fordham Road 

 Bronx, NY 10458 
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 Project Team 
   
  Owner – Acadia Realty 

  CM – Acadia Realty 

  Architect – Greenberg Farrow 

  Structural Engineer – M.G. McLaren 

  Mechanical Engineer – Greenberg Farrow 

  Geotechnical Engineer – Soil Mechanics Drilling Corp. 

  Surveyor – Control Point Associates 

 

 Construction Information 

   

Fordham Place is a $34.8 million design build project that was 

expected to break ground in the summer of 2006.  However, 

due to a dramatic increase in steel, Acadia Realty, the owner 

decided to hold off on the construction of Fordham Place.  

There are now considerations of erecting only the first six 

stories until the cost of construction decreases.  Currently, 

Acadia Realty’s goal is to have at least the first six stories 

constructed by October.  At which point they will review their 

funds and decide if it is feasible to construct the building in its 

entirety. 
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Building Function 

Of the 15 stories that Fordham Place holds, the bottom two 

floors will be occupied by the retail industry.  While the next 

six will be commercial offices and the remaining 7 will be 

residential condos.  However parking will be and issue for these 

tenants since Fordham Place itself does not contain any 

parking.   

 

Building Codes 

 New York City Building Code 

 

Zoning 

The area in the Bronx where Fordham Place is planned to be 

erected is zoned for both commercial and residential.  If you 

click on the following link, it will direct you to a NYC zoning 

map of the Bronx. 

 

http://www.nyc.gov/html/dcp/html/zone/bx_zonedex.shtml 
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Existing Building 
Mechanical 

The Buildings HVAC system basically consists of a Water 

Cooled Air Conditioning system in combination with a gas 

fired Central Boiler Plant.  As part of the Core and Shell, a 

cooling tower mounted on the Building’s roof will provide 

condenser water (supply and return) via common pumps and 

piping, to adequately size valved taps terminating within each 

of the tenant spaces.  Space heating will be accomplished via a 

gas fired Modular Central Boiler Plant (located in a mechanical 

room in the cellar level) which will deliver hot water to the 

building via common and insulated hot water heating risers, 

where similarly to the condenser water, adequately sized valved 

taps terminating at each of the tenant spaces will be provided 

under the core and shell work.  

  

 Electrical 

Retail Tenants - Each retail tenant will be provided with a dedicated 

and separately (direct to utility co) metered electric service feeder 

emanating from the building’s main electric service room. 

Tenant’s service feeder will terminate at a pull box within the 

tenants space. 
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Office Tenants - Each office floor will be provided with a separate 

feeder and floor panels sized to handle an above average office 

use type space complete with breakers and/or switches for future 

connection of both lighting and power loads. The floor electrical 

loads (including HVAC units) will be provided with electronic 

sub-metering furnished by the LL at tenant’s expense for reading 

energy consumption. 

 

 Plumbing 

The building will be provided with a few sanitary risers/stacks (with 

vents) complete with capped outlets at each retail tenant space and at 

each of the office floors. Domestic cold water to the building will be 

delivered from a master metered service to the various floors of the 

building via a common insulated riser. Separate valved outlets 

terminating at each of the retail tenant spaces will be provided under 

the core and shell work.   

 

Fire Protection 

Building will be provided with a fully automatic sprinkler 

system in accordance with Code requirements and standard 

occupancy uses.  System coverage will consist of a riser, loop 

and minimum grid with upright heads. An automatic fire pump 

will be required and provided under the Core and Shell work. A 
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wet fire-standpipe system complete with hose rack stations, 

risers, fittings and devices will be required under the building 

core and shell work. 

 

Transportation 

Building will be equipped with two escalators, 5 passenger 

elevators, 1 freight elevator, and 4 stair towers.  Both escalators 

will be side by side (one going up and one coming back down), 

located at the northwestern corner of the existing building, and 

serving transportation from the concourse floor to the ground 

floor and from the ground floor to the second floor.  Both 

escalators are almost 3 feet wide and travel at a speed of 100 

feet per minute.  Of the five passenger elevators, one is located 

in the existing part of the building while the other four are 

clustered together serving all 15 floors of the tower part of the 

building.  All five passenger elevators have at least a 3500 lb 

capacity while traveling at speed of 400 feet per minute.  The 

Freight elevator is located at west side entrance of the existing 

building and has a capacity of 5000 lb traveling at speeds of 

200 feet per minute.  The 4 stair towers are strategically located 

to comply with code.  Two of which serve the existing building 

while the other two stretch from the concourse floor the rooftop 

of the impressive 15 story tower. 
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Telecommunication: 

Fordham Place features a hi-tech, state of the art security 

system which consists of personal security at the lobby entrance 

with additional key cards for access of the building, and key 

card access of the elevators also.  The reception desk will have 

computers with flat screens, telephones, and a concealed fire 

command station for security purposes.  Pictures of visitors will 

also be taken upon entry of the building. Each tenant will be 

given an ample amount of roof space for use of satellite dishes, 

antennas, etc. 

 

Structural 

Floor System  

The floor system of Fordham Place consists of structural steel 

W sections that support metal deck and concrete slab.  The W 

shape beams and girders are A992 grade 50 and support a light 

weight concrete (115pcf) slab of 6.25 in.  The concrete’s 

compressive strength is f’c = 3000psi for all floors.  Reinforcing 

of concrete is done with high strength billet deformed steel bars 
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with fy = 60,000psi as a minimum.  All floor deck is 20 gage 3” 

deep galvanized composite deck and is continuous over 2 spans 

at the joints of the deck.  All shear studs are headed studs of 

grade 1015 or 1020 cold finish carbon steel.  Studs, at a 

maximum are spaced every 12”.   

 

Columns  

 

Columns consist of rolled 

structural W14 shapes grade 50.  

However there are a few 

W10x39’s that extend from the 

14th floor to the roof at selected 

areas.  Columns extend from the 

concourse floor to just above the 

second floor, extending 3 floors 

or 36’.  From the second floor up 

to the roof, columns are spliced 

at every two floors or 27’.  

Column Splices consist of 2 – 

3/8” plates applied to the flanges of the columns being spliced.  

The plates are then connected to the bottom column with a 

5/16” fillet weld all around the plate.  The top column is then 

connected to the splice plate with 12 - 3/4” Ø A325 S.C. bolts. 
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Roof  

 

The roof consists of rolled structural steel W shapes supporting 

roof deck and a lightweight concrete slab.  Structural steel 

members are grade 50 W16 shapes and typically span 

approximately 27’ with spacing of 9’.  Roof deck is 20 gage, 3” 

deep galvanized wide rib type NI and is continuous over 2 

spans at the joints of the deck.  The roof deck will span from 

beam to beam, 9ft., and the short direction of a typical roof bay.  

The roof deck will be connected to the structural steel with 5/8” 

puddle weld in a 12-6-12 in pattern.  Compressive strength of 

concrete on the roof is f’c = 3500psi at a minimum.  The top of 

the concrete slab is 3 ¼“above top of slab, totaling to a 6 

¼“concrete slab.   

 

 Foundations  

 

The foundation system of Fordham Place is composed of 150 

ton steel piles that extend approximately 45 – 50ft deep into 

bedrock.  The piles are A992 grade 50 rolled W shapes and are 

capped with concrete caps that have a compressive strength of 

f’c = 3000psi.  The pile caps will range in size depending on the 

number of piles it needs to contain, which is dependent on the 

load a given column transfers.  The number of piles per pile cap 
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ranges from 4 (PC-4) to 13 (PC-13).  Load is transferred from 

the columns to the pile caps via A36 1/4” steel base plates.  The 

base plate is welded to the column using a 5/16” fillet weld on 

the exterior of the flanges and a ¼” fillet weld on the web and 

interior of the flanges. The base plate is connected to the pile 

cap with 4 - 3/4” Ø anchor bolts extending 12 inches into the 

pile cap before turning 180 degrees and extending 6 more 

inches. Flush with the pile cap will be a slab on grade with a 

compressive strength f’c = 4000psi.   

 

 

 
Base Plate Details 
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Connections  

 

Throughout Fordham Place, there are many different 

connections, of which I have already talked about two; base 

plates and column splices.  Other connections to consider are 

shear, moment, bracing connections to both columns and 

beams.  Typical shear connections consist of double angles with 

the required number of A325 3/4”Ø S.C. bolts.  Moment 

connections will be the same as a typical shear connection but 

will also have the top and bottom flanges of the beam welded 

with a 5/16” full penetration field weld.  Bracing connections 

from the braced frames will be to beams and columns at 

different elevations of the building (See pictures below).  

Bracing to a column connections will compose of a gusset plate 

being welded to the underside of a beam and bolted to the 

column.  Bracing members will be bolted to the gusset plate.  

Bracing to beam connections will occur at the midspan of the 

beam and will consist of a gusset plate welded to the underside 

of the beam.  Bracing members will then be bolted to the gusset 

plate.  
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Enclosure 

 

The building enclosure at Fordham Place consists of many 

different types.  For the existing building, you will notice an 

older light brown brick wall with granite piers running the 

height of the building to interrupt the brick.  At the base there 

currently is steel covering windows.  But soon, when Fordham 

Place is finished with construction, it will return to display 

windows for retail stores.  Playing off the older style building 

the existing structure brings, the new tower will match the light 
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brown brick in the façade.  The façade will also have sunlight 

gleaming off the many blue tinted glass panes.  Finally, on the 

lower 2 floors facing Fordham Road, the building will have a 

glass façade enclosing a two story lobby area.    

 

Lateral System 

 

The lateral system is composed of moment connections and 

braced frames.  Moment connections are mostly located along 

the plane in which the existing building and new tower are 

connected.  This is 

done so that each 

building can act 

independent of each 

other.  The braced 

frames are “K” type 

braces utilizing A500 

grade B 

HSS12x12x1/2” 

structural steel members.  They are located in six different 

bents, all of which are centrally located near the core of the 

building and extend from the concourse floor to the roof.  The 

bracing is located near the core of the building in order to avoid 

inducing any internal torsion.  As discussed in the connections 
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part of this report, there is bracing connections to beams and 

columns.  On each side of the bent, a bracing member will be 

framed from the bottom corner of the bent (column connection) 

to the midspan of the upper beam (beam connection).  See 

picture to right.  

 

Structural Design Code 

The 2003 Building Code of New York City  

 

Structural Design Specifications and Standards 

Structural Concrete Design – American Concrete Institute, 

Building Code Requirements for Structural Concrete, ACI 318-02 

 

Structural Steel Design – American Institute of Steel Construction, 

Steel Construction Manual, Allowable Stress Design Ninth Addition 

 

Welding - American Welding Society, Structural Welding Code - 

Reinforcing Steel, AWS D1.4-79 

 

Steel Deck - Design Manual for Floor Decks and Roof Decks, SDI 

 

Masonry – American Concrete Institute, Specifications for masonry 

Structures, ACI 530.1 
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Project Material Strength 

Concrete (28 day minimum compressive strength) 

 Footings:  3000psi 

 Slab on Grade:  4000psi 

 Piers:  4000psi 

 Footings:  4000psi 

 Steel Deck Slabs (lightweight):  3500psi 

 

Lightweight Concrete:  115pcf 

Normal weight Concrete: 145pcf 

 

Steel Reinforcement 

Reinforcing Bars – ASTM A615 or A706 Grade 60  

(Fy = 60,000psi min) 

 Welded Wire Fabric – ASTM 185 

 

Metal Deck 

 Roof Deck:  ASTM A653, Grade 33 

 Floor Deck:  ASTM A661, Grade C, D or E. 

 

Structural Steel members 

Columns, Beams, Girders:  ASTM A992 or ASTM A572, 

Grade 50. 

 Structural Steel Plates and miscellaneous steel: ASTM A36 
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 Cold-Formed Steel Tubing:  ASTM A500, Grade B. 

 Structural Steel Pipe:  ASTM A53 or A500, Type E or S,  

 Grade B. 

  

Connectors 

Headed shear stud:   ASTM A108, Grade 1015 or 1020 

Anchor Rods: ASTM F1554 Grade 36, 

Bolts:  ASTM A325 

 

Welding 

All Welds:  AWS E70XX Electrodes, minimum tensile strength 

= 70,000psi 

 

Masonry 

  Concrete Masonry Units: ASTM C90, f’c = 3750psi 

  Grout:  ASTM C476 f’c = 2500psi 
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Design Gravity Loads (ASCE 7-02) 

 

 

Table:  Designer’s gravity loads. 

 

*Note:  See PDF on next page for my gravity loads 
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Wind Loads 
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North – South Direction 
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Seismic Loads 
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Problem Statement 

After completing Technical Reports 1, 2, and 3, it was clear to me that 

the current design of Fordham Place is a complete efficient design.  

Technical report 1 was an exploration of the existing structural system 

and calculation of loads.  For technical report 2, the existing floor 

system of concrete on composite metal deck supported by steel beams 

was compared to six other viable floor systems. It was obvious the 

existing system was the best and most efficient option, however two 

other options would be reasonable; two-way flat slab with drop panels 

and concrete on non-composite metal deck supported by steel beams.  

In technical report 3, a detailed analysis of the existing lateral system 

was done.  It was determined the existing system, concentric steel 

chevron bracing, was also a great design for 2 reasons.  One, chevron 

frames is a frame that is inexpensive compared to other lateral 

resisting systems such as moment frames.  Two, the location of the 

frames throughout the building are located so that when lateral forces 

are applied to the building, very little torsional moment will be 

induced into the building. With this said, there was not an obvious 

system to change in Fordham Place.  Therefore, I will redesign 

Fordham Place using a two way slab with drop panels to gain 

experience with a concrete floor system.   
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Structural Proposal 

A viable solution will be to use an all concrete building as opposed to 

an all steel building.  Due to architectural features, column locations 

will remain in the same locations; therefore leaving bay sizes the 

same.   Considering the existing, 28’ x 28’ bay size, the only viable 

concrete system is a two way slab with drop panels.  The new 

concrete floor system will require replacing the existing lateral force 

resisting system from concentric steel chevron braced frames to either 

concrete moment frames or shear walls.  Both moment frames and 

shear walls will be further evaluated to determine which is better 

suited.  Other design considerations will be floor to floor height, duct 

work / pipe / electrical paths, weight of building, and both story and 

total building drift.   

 

The design of Fordham Place using a two-way flat slab with drop 

panels will done using the existing footprint and column locations of 

the building.  A model of the building will be constructed using a 

finite element analysis computer program such as ADOSS or ETABS.  

Parameters such as slab thickness, gravity and lateral loads, concrete 

strength, etc. will be either hand calculated or assumed and inputted 

into the model.  The modeling program will be used to design 

reinforcement; however spot checks will be done to assure a 

satisfactory design.  Once, gravity loads are transferred throughout the 

building and slabs and columns are designed, the lateral system will 
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then be considered.  Concrete shear walls and concrete moment 

frames will be considered as possible lateral resisting systems.  With 

both systems, torsional effects can have a significant effect on the 

lateral design.  However if they can be placed so that their center of 

rigidity is located near the geometric center of the building, the effects 

will be negligible.  Floor deflection, story drift and total building drift 

will be checked.  All designs of concrete elements will conform to 

ACI 02. 
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Breadth Work Proposal 

Construction Management 

With a switch from a steel building to a concrete building, 

impacts will be made on the construction schedule and methods 

used.  Therefore, an analysis of each change in the depth work 

will be a crucial part in determining which solution is most 

economical and feasible.  One analysis will compare the cost of 

a concrete slab on composite metal deck supported by steel 

beams to that of a two way flat slab with drop panels.  This 

analysis will include the price difference due to a change in the 

lateral system from concentric chevron braced frames to either 

shear walls or concrete moment frames.  Both shear walls and 

concrete moment frames will be researched to determine which 

a better option is.  Another analysis will be of the construction 

schedule.  This will clearly show critical paths and task 

durations for optimum construction processes for both the steel 

and concrete buildings.  With all the changes made to the 

structure, there will be additional construction issues such as 

material availability, cost, constructability, and labor forces. 
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Mechanical 

As a result of redesigning the structural system, mechanical 

system issues will arise. Changing the floor system to a two 

way flat slab will affect a number of things related to the 

current mechanical system design; such as routes of duct work, 

optimal mechanical systems used.  Running duct work along 

walls may yield a smaller concrete slab rather than the current 

design of running it through interior sections of the floor.  Also, 

it may be more efficient to use a totally different HVAC system 

such as individual units.  This could possibly eliminate the need 

for punching large holes in the slab for duct work.  Calculations 

will be performed to determine whether the current mechanical 

system is adequate to service the new structural systems. 

Adjustments to the mechanical system will be made as 

necessary. 
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Structural Redesign 

 Two way slab / Drop panels 

My redesign of Fordham Place will comprise of a 9” flat slab 

with 5 ½” drop panels.  Materials used for this redesign is 

normal weight concrete with compressive strength of 4ksi and 

steel rebar with a yield stress of 60 ksi.  Floor slab thickness 

was determined by ACI 318-02 table 9.5(c) using exterior 

panels, without edge beams, but with drop panels to get 

minimum floor slab thickness of ℓn/36.  Where ℓn = 28’ – 2’ = 

26’, and the value ℓn/36 = (26’ x 12”) / 36 = 8.67”.  At first I 

determined the drop projection of ¼ tslab from ACI 318-02 

section 13.3.7.2.  Where ¼ tslab = 9”/4 = 2.25”.  In order to form 

the drops with 2 x 4’s or 2 x 6’s, drop projection needs to be 

either 3.5” or 5.5”.  Therefore drop projections were 3.5”.  

However, when analyzed in ADOSS, a 3.5” drop did not 

provide sufficient shear capacity. I then changed the drop 

projection to 5.5” and determined the slab had sufficient shear 

capacity. 

 

 

 

 

 



 

 

 

 

 
 

36/105 

In ADOSS, I used the standard drop tool which lets ADOSS 

determine the width of the panels. (see top left of picture below) 
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After doing a hand check for the drop widths, I determined that 

ADOSS calculated drop widths using ACI 13.3.7.1.  This 

section states the minimum drop width shall be 1/6 span from 

center to center of supports in each direction.  Where 1/6 span = 

1/6 x 28’ = 4.67’.   This can also be seen in the above table.  At 

this point I was able to analyze the floor system in ADOSS.   

Material properties, slab reinforcement data, geometry, loads, 

and load factors needed to be input into ADOSS.  Flexural 

reinforcement is located 1.5” from the tension face with a 

minimum spacing of 6”.  #4 bar will be a minimum bar size.   
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Minimum reinforcement ratio is  

(As)min = 0.0018 Ag   ACI 7.12.2.1 

  = 0.0018 x 9” x 12” 

  = 0.19 in2/ft 

  Therefore the minimum flexural reinforcement will be  

#4’s @ 12”. 

In order to simplify the design of the slab and columns, there 

was an assumption that shear walls would resist 100% of the 

lateral load; leaving the slab and columns to resist only gravity 

loads.  Gravity loads that were considered were dead, live, roof 

live, and snow.  The following is a list of the loads that were 

used in designing the concrete system. 

    Superimposed Dead = 30psf 

    Live = 80psf 

    Roof live / snow = 30psf 

Live loads were reduced to lesser values based on ASCE 7-02. 

(See Appendix for complete calculations) 

After inputting this information into ADOSS, I was then able to 

design the system.  The following is part of an ADOSS output 

file showing positive and negative reinforcement.  Although 

ADOSS does design the number and spacing of bars, it was not 

very uniform throughout the different spans of the slab even 

though the total amount of steel required was similar.  

Therefore from the output file, I determined the amount of steel 
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per foot width and selected bar size and spacing.  This was done 

for both column and middle strips.  Having a more uniform 

steel layout throughout the building reduces the chance of a 

mistake in the field where a contractor may place the rebar 

incorrectly.   

Because the column locations are staggered in two spans, it was 

a little difficult determining how I was going to analyze these 

spans.  (See picture below)  

 
 

Columns were determined using ACI 13.2.1.  This section 

states the column strip shall be the lesser of 0.25ℓ1 and 0.25ℓ2. 

(See picture above for ℓ1 and ℓ2)  Because of the staggered 
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columns, I decided to just make the area between those columns 

a big column strip.  From the output file below, you can see the 

information I took from the output file to determine the area of 

steel per foot. 

 As = 3.84in2 / 12.6ft 

       = 0.304 in2/ft 

         #5’s @ 12” 

 
              N E G A T I V E    R E I N F O R C E M E N T 

                   ******************************************** 
 
        COLUMN*PATT*LOCATION * TOTAL  * COLUMN STRIP  *  MIDDLE STRIP 
        NUMBER* NO.*@COL FACE* DESIGN *  AREA  WIDTH  *   AREA  WIDTH 
                             * (ft-k) * (sq.in) (ft)  * (sq.in)  (ft) 
        ------------------------------------------------------------- 
           1     4     || R    231.2     3.84   12.6      3.32   15.4 
           2     4   L ||     -525.4     6.49   12.6      3.50   15.4 
           3     4   L ||     -516.4     6.38   13.9      3.45   14.1 
           4     4     || R    533.3     6.59   13.9      3.56   14.1 
           5     4   L ||     -486.3     5.99   11.0      3.67   17.0 
           6     3   L ||     -146.9     3.48   11.0      3.67   17.0 
  
 
                  P O S I T I V E    R E I N F O R C E M E N T 
                  ******************************************** 
 
         SPAN *PATT*LOCATION * TOTAL  * COLUMN STRIP  *  MIDDLE STRIP 
        NUMBER* NO.*FROM LEFT* DESIGN *  AREA  WIDTH  *   AREA  WIDTH 
                       (ft)  * (ft-k) * (sq.in) (ft)  * (sq.in)  (ft) 
        ------------------------------------------------------------- 
           2     4    10.7     221.3     3.56   12.6      3.32   15.4 
           3     2    14.6     213.2     3.42   13.9      3.05   14.1 
           4     3    13.2     213.8     3.43   13.9      3.05   14.1 
           5     2    14.6     218.0     3.50   13.9      3.05   14.1 
           6     4    12.6     163.2     2.61   11.0      3.67   17.0 
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Once I knew that #5’s @ 12” was a good rebar spacing and 

size, it just needs to be distributed over the entire column strip.  

The following is an example of a rebar plan in one direction.  

For complete rebar plans see appendix. 

 

The above rebar plan is showing both long and short bars.  Half 

of the given bars are long bars and half are short bars.  

Extension of bars was done by ADOSS however it complies 

with figure 13.3.8 of ACI.  This table can be viewed below.   
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  All other spans were analyzed using the same material 

properties, slab reinforcement data, and loads.  The only thing 

that changed from span to span was its geometry. 
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 Columns 

The columns at Fordham Place are 26” x 26” normal weight 

concrete throughout the entire building.  The concrete 

compressive strength is primarily 4ksi, however there are some 

8ksi columns on the bottom 5 floors which support large 

tributary areas and in turn carry very large axial loads.  The 

columns were designed by taking the unbalanced moment in 

each direction due to gravity loads and inputting them along 

with axial loads into PCA Column.  Design moments were 

taken from the ADOSS output file. (see picture below) 
                   N E G A T I V E    R E I N F O R C E M E N T 
                   ******************************************** 
 
        COLUMN*PATT*LOCATION * TOTAL  * COLUMN STRIP  *  MIDDLE STRIP 
        NUMBER* NO.*@COL FACE* DESIGN *  AREA  WIDTH  *   AREA  WIDTH 
                             * (ft-k) * (sq.in) (ft)  * (sq.in)  (ft) 
        ------------------------------------------------------------- 
           1     4     || R    231.2     3.84   12.6      3.32   15.4 
           2     4   L ||     -525.4     6.49   12.6      3.50   15.4 
           3     4   L ||     -516.4     6.38   13.9      3.45   14.1 
           4     4     || R    533.3     6.59   13.9      3.56   14.1 
           5     4   L ||     -486.3     5.99   11.0      3.67   17.0 
           6     3   L ||     -146.9     3.48   11.0      3.67   17.0 
  
 
                  P O S I T I V E    R E I N F O R C E M E N T 
                  ******************************************** 
 
         SPAN *PATT*LOCATION * TOTAL  * COLUMN STRIP  *  MIDDLE STRIP 
        NUMBER* NO.*FROM LEFT* DESIGN *  AREA  WIDTH  *   AREA  WIDTH 
                       (ft)  * (ft-k) * (sq.in) (ft)  * (sq.in)  (ft) 
        ------------------------------------------------------------- 
           2     4    10.7     221.3     3.56   12.6      3.32   15.4 
           3     2    14.6     213.2     3.42   13.9      3.05   14.1 
           4     3    13.2     213.8     3.43   13.9      3.05   14.1 
           5     2    14.6     218.0     3.50   13.9      3.05   14.1 
           6     4    12.6     163.2     2.61   11.0      3.67   17.0 
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Also, design axial loads were determined using an excel 

spreadsheet that multiplied tributary area by self weight, 

superimposed dead load, reduced live load, and roof live load.  

(See table below) 

 
 

The following is a list of other design criteria that was used for 

the concrete columns at Fordham Place: 

 Minimum Reinforcement Ratio = 0.01  

 Maximum Reinforcement Ration = 0.08  

 Minimum Clear spacing between bars = 1.5” 

 Minimum Clear cover = 0.75” 

 Minimum bar size = #8 

 Maximum Bar Size = #11 

 

Longitudinal reinforcement in columns at a minimum is 12 - #11’s.  

This is the next smallest reinforcement ratio = 0.014 > 0.01.   
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Tie reinforcement was designed to conform to ACI 10.16.8.1 

through 10.16.8.8.  Bar sizes will be #3’and #4’s where 

longitudinal reinforcement bar size is #8’s and #11’s, respectively.  

The spacing of ties was determined from the least of the following 

three criteria from ACI 10.16.8.5: 

 16 x dlongitudinal bar = 16(1”) = 16” 

 48 x dtie bar = 48(.375”) = 18” 

 0.5 x column dimension = 0.5(26) = 13” 

Since the maximum spacing of tie reinforcement was controlled by 

the column dimension, and the columns are sized the same 

throughout the entire building, ties throughout the columns will be 

spaced the same.  Furthermore, since the maximum spacing is just 

13”, tie reinforcement will be spaced at 12” for convenience 

purposes.   

 

Shear Walls 

When a floor system is changed from composite steel beams to an 

all concrete structure, the original lateral system of braced frames 

need to be re-evaluated to some kind of concrete system such as 

shear walls or moment frames.  I decided to treat my columns as 

supporting gravity load only, and therefore the shear walls will be 

the sole lateral force resisting system.  The starting point for 

designing the lateral system was first to determine the weight and 

the seismic characteristics of Fordham Place.  Then I was able to 
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compare the new seismic forces to the wind forces determined in 

Tech 1.  The extra weight of the building caused the seismic loads 

to control the design.  The following table shows the seismic 

characteristics determined in accordance with ASCE 7-02.  For 

building weight see appendix. 
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After determining the story forces located at each floor level, 

lateral forces were distributed based on stiffness of each shear 

wall.  Since my shear walls are not at the face of the building, the 

floor slab will have to axially transfer lateral loads on the building 

to the shear walls.   Once the lateral forces reach the shear walls, 

they will act as point loads on the shear walls.  To design the shear 

walls, I treated the wall as a gigantic cantilever beam with 

numerous point loads.  The following is a diagram of the most 

severely loaded shear wall showing lateral forces on the wall.  

However, every shear wall will be designed the same for 

simplification purposes. 
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At this point I was able to determine shear and moment diagrams.  

The max shear was determined to be 502k and was located at the 

fixed based of the “cantilever beam”.  The final design of shear 

reinforcement in the wall was #5’s at 12” for the first 1/3 of the 

building height.  The second third will contain #5’s at 24”, while 

the last third will not require shear reinforcement.  When I move 

on to designing the flexural reinforcement, I discovered I would 

need a lot more steel than I had originally estimated.  (As = 

53.7in2)  With using a 12” shear wall, it was merely impossible to 

stuff this steel into the end of the wall with only 1ft width.  From 

here I decided to use a flanged shear wall.  The flanged shear wall 

consisted of the exact same design, but allowed me to fit all the 

steel in a reasonable configuration.  The dimensions of the flanged 

section are 3ft flange width with a flange thickness of 1ft.  There 

will be 3 rows of 11 - #11’s within the flange while 1 row of 3 - 

#11’s are just inside the web.  See picture below 
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With 36 - #11’s, this gives As = 56.2in2 > 53.7in2.  See appendix 

for complete shear and flexural reinforcement calculations.  

Building drift calculations were determined by taking the most 

severely loaded shear wall and determining its deflection, and then 

extrapolating to get the drift of the building corner.  This value was 

then compared to H / 400.  To find the drift of the shear wall, I 

once again treated the shear wall as a cantilever beam, and then 

used the deflection equation from the Manual of Steel 
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Construction, Load and Resistance Factor Design, Third Edition, 

Table 5-17.   

  ∆ = Pb2(3ℓ - b) / 6EI 

 Where, P = Force on beam 

    b = distance from point load to fixed end 

    ℓ = length of beam 

    E = Modulus of Elasticity of concrete 

    I = Moment of inertia of cross section 

Method of superposition was utilized by determining the deflection 

due to each load and then summing the total up.  Calculations of 

deflections can be seen in the following table. 
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Special Areas throughout Building 

There are a couple different areas throughout the building that 

required a little extra attention and also a modification to the 

standard designs.  These areas comprise of an atrium space on 

second floor, a mezzanine floor that resulted in columns with large 

unbraced lengths, and a large span in the floor slab.   

 

Atrium space on the second floor 

The problem with the atrium space is that it is at a corner of the 

building, which means there is no floor slab to laterally support the 

columns.  To resolve this problem, I designed 26” x 12” beams to 

span from the corner column both adjacent columns.  These beams 

reduce the unbraced length of the columns and in turn dramatically 

increase the capacity of the columns.  This area can be seen on the 

following diagram. 
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Mezzanine floor / columns with large unbraced lengths 

There is a mezzanine floor between the ground and second floors 

that covers only about ¼ of the building footprint.  This makes 

about ¾ of the columns be designed with a large unbraced length.  

The typical 26” x 26” 4ksi column did not have the capacity to 

carry required loads with this large unbraced length.  However 

since there were a few columns that carried extremely large axial 

loads and required 8ksi concrete, this gave me another option to 

look at.  The question was then; would these columns have 

sufficient capacity using 8 ksi concrete?  After running a few of the 

critical columns in PCA Column with 8ksi concrete, I was able to 

determine that yes, the 8ksi concrete did provide enough capacity 

for the given unbraced length. 

 

Large span in floor slab 

There are two 32’ – 2” spans on every floor that are larger than the 

typical 28’ span.  I could have just designed the entire building 

thicker slab that would be sufficient for a 32’ span, however once 

you get over about 30’, a two way slab is not very efficient.  A 

common practice when there are one or two larger spans within the 

building is to use a continuous drop from column to column.  This 

is precisely what I ended up doing.  The contractors forming the 

concrete will just form the drop from one column to the next which 

will essentially make that part of the slab have a thickness of  
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t = 9” + 5.5” 

  = 14.5” 

Reinforcement will be placed at 0.75in from tension face. 

Although this will require a bit more concrete, it is a far better 

solution than to just design the entire system based on a typical 32’ 

span.  See picture below for specified spans. 

 

 

 

 

 

 

 

 

 

 

 

 

Foundations 

 Final designs of foundations were not completed for the 

original design, therefore will not be done as a redesign.  

However is understood that with and increased building weight, 

there will be a need for larger foundations and in turn be an 

increase in overall building cost. 
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Breadth Work 

 Construction Management / Cost Analysis 

Both time and durations were compared for each of the 

composite steel and entire concrete structure.  While the cost of 

the concrete and composite steel superstructures were 

comparable, the duration of the all concrete building needed 

nearly double the time as the composite steel.  The total cost of 

each building is as follows: 

 All concrete = $2.42 Million 

 Composite Steel = $1.74 Million 

Yielding a difference of 2.42 - 1.74 = $0.68 = $680,000.  

However these numbers are only taken from the differences that 

would between composite steel and all concrete building; and 

do not include the entire building.  They are basically the 

superstructures of each building; columns, floor slabs, and 

lateral resisting systems.  However material, labor, and 

equipment cost were taken into account for the entire 

superstructure.  The material costs of the two structures were 

almost exactly the same, which means the labor costs of the 

concrete structure was a significant amount more.  This can be 

seen in the following two tables. 
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With this said, it was no surprise to see that the concrete 

structure took almost twice as long as the composite steel 

structure.  The composite steel structure needs structural steel 

crews, concrete crew, wire mesh, and miscellaneous steel crew.  

Because the steel erectors can work as fast as they can, there 

will be 2 crews to speed up the project.  The total duration of 

the composite steel building is 40.2 calendar weeks.  For the all 

concrete structure, formwork crews, reinforcing steel crews, 

concrete crew, and a finishing crew are needed.  Since there is a 

tremendous amount of formwork to be place, there will be five 

formwork crews.  There will also be two concrete and 

reinforcing steel crews.  Even with all these crews, the total 

duration of the concrete superstructure is 78.3 weeks.  A 

complete set of descriptions and calculations for both 

superstructures are in the appendix.   
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 Mechanical / Duct Work Reroute 

After reviewing the duct work and HVAC plans, the HVAC 

units and duct work routes were still sufficient.  However, there 

is a better solution.  Because a concrete floor system does not 

work well with large openings in the slab, one HVAC unit 

serving multiple floors is not a great idea.  Therefore the new 

design will employ a single HVAC unit for each floor, 

eliminating the need for large duct work both through the floors 

and throughout each floor level.  Having only one HVAC unit 

per floor gives you, the owner, the ability to rent each floor out 

to different tenants while keeping their utilities separated.   The 

disadvantage to having an HVAC unit on each floor is that you 

need to have a place to store each unit on each floor, taking 

away from valuable square feet of floor space.  Whereas with a 

single unit serving every couple floors, one can be put on the 

rooftop, one in the basement, and as they are needed throughout 

the building.  With a composite steel building, the single unit 

serving multiple floors is a better option, but with a concrete 

system, it eliminates the need for very detailed engineering of 

floor slabs by using a single unit for each floor.  The duct work 

for the new systems will be 20” wide x 6” deep and then 

decreases to 12 x 6 when it branches off.  This may seem a little 

large however; it is only six inches deep.  The large area that 

the air will travel through will also reduce the need to “force” 
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air through the duct work and in turn reduce noise produced by 

the airflow.  An example of the duct work routes can be seen in 

the following diagram. 

 
Diffusers also can be located at the end of the duct work.  The 

large diffuser size of 36” x 42” also permits air to flow at a 

slower rate; reducing both noise and the sensation of sitting just 

below an air conditioner.   
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Final Conclusions 

All concrete vs. Composite steel 

When you compare two structural systems, there is a lot more 

to compare than just how long will the job take and how much 

will it cost.  Other such factors are perceptibility to floor 

vibrations, constructability, floor depths, area of the country, 

resistance to lateral motion, and many others.  These factors 

will be examined in this section and in turn I will rate each of 

the two structural systems.  Cost and duration analysis can be 

examined in the construction management breadth work. 

The constructability of each of the structures is similar; 

however the edge would have to go to the composite steel.  

Although there are many hours put towards placing formwork, 

it is not very difficult to do so.  Moment connections are a very 

difficult and time consuming connection, but the engineers 

were able to limit the building to only a few.  Shear connections 

are very easy and quick to erect.  In a concrete building, there is 

a lag time on the erection of the building due to the need to let 

the concrete cure.  With a steel building, as fast as the steel 

erectors can put up the steel is how quick the project will move 

along.   

When comparing floor depths between a concrete structure and 

a steel structure, an obvious advantage goes to the concrete 

building.  Maximum floor depth needs to be looked at when 
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comparing floor depths.  The following is a table showing 

maximum floor depths for each of the two buildings.   

 

 
The higher floor depth essentially means a taller building. 

In the area where this building is being built, New York, 

building height is not an issue.  However if you were to 

proposed this design to a developer in the DC area, they would 

laugh at you.  In Washington, DC all buildings need to be 

shorter than the capital building.  Essentially the difference 

between a steel building and a concrete building in DC is an 

extra floor.  With and extra floor, as an owner you can lease it 

out and make about 15% more profit than you would in a steel 

building.   

The lateral stability of the steel and concrete structures is 

completely dependent on the type of lateral resisting system 

used within the building.  For a steel building, moment frames 

or braced frames can be used.  In a concrete building, moment 

frames or shear walls are used.  Braced frames and shear walls 

have a much larger stiffness, therefore limiting the lateral drift 

of the building.  Braced frames resist loads through axial 
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deformation while shear walls resist loads through shear 

deformation.  Both of which are exponentially better than 

resisting loads through moment rotation.  With this said, both 

the shear walls and braced frames are very comparable and 

great lateral resisting systems.  

Typically, you will not experience noticeable floor vibrations in 

a normal weight concrete structure nor a composite steel 

structure.  Floor vibrations are sometimes a serious issue with 

open web steel joist as a floor system.  Other floor systems that 

will sometimes cause vibrations are lightweight concrete floors, 

non composite steel systems with a small concrete slab.  The 

two major factors that affect floor vibrations are rigidity and 

weight of the floor system.  The following is a table rating each 

of the two systems on the basis of 0 being the worst and 5 being 

the best. 
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Cost and Duration  

When looking and cost and duration of the two systems in 

detail, it is easy to see the composite steel structure has a 

distinct advantage.  The cost of the concrete superstructure was 

nearly 40% more than the cost of the steel.  The duration of the 

concrete structure was nearly 2 times the duration of the steel 

structure.  This can be seen in the following table. 

 

 
Cost and durations were pulled off the construction assemblies 

in ICE 2000 Estimating.  Then the software was used to analyze 

and compare differences in material cost, labor cost, and 

durations.   
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Recommendations 

After having the opportunity to design Fordham Place as both an all 

concrete structure and a composite steel structure, it was easy to come 

to the conclusion that the composite steel structure is a far better 

solution.  The composite structure was more advantageous on all 

design considerations, including cost, duration, efficiency of system, 

etc.  Fordham Place as a composite system uses the different materials 

as efficiently as they can be.  Steel is the best material to resist 

tension, while concrete is the best to resist compression; and that is 

exactly how a composite steel system works.  There is compression in 

the top concrete flange while the bottom steel takes the tension.  

Lateral forces are resisted by cross members in the braced frames that 

are under axial tension loading.  Because the materials at Fordham 

place are used as efficiently as possible, this is the least that will be 

spent in material cost.  When you combine that with how easy it is to 

construct and compost steel system, the final result is a very stable 

and inexpensive building.   
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Appendix 

Gravity Load Spot Check 
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 Lateral Load Spot Check 
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Lateral Load Calculations (Composite Steel Structure) 
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ADOSS Output 
02-20-** ADOSS(tm) 6.01  Proprietary Software of PORTLAND CEMENT ASSN. 
Page   1 
 6:08:47 PM Licensed to: ae, university park, PA                                 
 
 
 
                pppppp    ccccc    aaaaa 
                p     p  c     c  a     a 
                p     p  c     c        a 
                p     p  c         aaaaaa 
                p     p  c     c  a     a 
                p     p  c     c  a     a 
                pppppp    ccccc    aaaaaa 
                p 
                p 
 
 
         AAA    DDDDD      OOO     SSSSS    SSSSS 
        A   A   D    D    O   O   S     S  S     S 
       A     A  D     D  O     O  S        S 
       AAAAAAA  D     D  O     O   SSSSS    SSSSS 
       A     A  D     D  O     O        S        S   ( ttttt mm   mm  ) 
       A     A  D    D    O   O   S     S  S     S   (   t   m m m m  ) 
       A     A  DDDDD      OOO     SSSSS    SSSSS    (   t   m  m  m  ) 
 
 
 
********************************************************* 
 
 Computer program for ANALYSIS AND DESIGN OF SLAB SYSTEMS 
 
********************************************************* 
 
 
 
 
 
     Licensee stated above acknowledges that Portland Cement 
Association(PCA) 
is not and cannot be responsible for either the accuracy or adequacy of 
the 
material supplied as input for processing by the ADOSS(tm) computer 
program. 
Furthermore, PCA neither makes any warranty expressed nor implied with 
respect 
to the correctness of the output prepared by the ADOSS(tm) program.  
Although PCA has endeavored to produce ADOSS(tm) error free the program 
is not and cannot be certified infallible.  The final and only 
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responsibility for analysis, design and engineering documents is the 
licensees.  Accordingly, PCA disclaims all responsibility in contract, 
negligence or other tort for any analysis, design or engineering 
documents prepared in connection with the use of the ADOSS(tm) 
program.02-20-** ADOSS(tm) 6.01  Proprietary Software of PORTLAND 
CEMENT ASSN. Page   2 
 6:08:47 PM Licensed to: ae, university park, PA                                 
 
FILE NAME            P:\THESIS\ADOSS\ADOSSF~1\GROUND\SLABS\13.ADS       
 
PROJECT ID.          Ground                             
                     ----------------------------------- 
SPAN ID.             10.0 11.0          
                     ------------------- 
 
ENGINEER             Aric Heffelfinger        
 
DATE                 02/15/06 
TIME                 14:10:35 
 
UNITS                U.S. in-lb 
CODE                 ACI 318-89    
 
SLAB SYSTEM          FLAT SLAB SYSTEM      
FRAME LOCATION       INTERIOR 
 
DESIGN METHOD        STRENGTH DESIGN   
MOMENTS AND SHEARS   NOT PROPORTIONED 
 
NUMBER OF SPANS  7 
 
  SOLID HEAD DIMENSIONS :       COMPUTED BY PROGRAM  
 
 
CONCRETE FACTORS      SLABS         BEAMS        COLUMNS 
  DENSITY(pcf  )      150.0         150.0         150.0 
  TYPE             NORMAL WGT    NORMAL WGT    NORMAL WGT 
  f'c    (ksi)          4.0           4.0           4.0 
  fct    (psi)        423.7         423.7         423.7 
  fr     (psi)        474.3         474.3         474.3 
 
 
REINFORCEMENT DETAILS: NON-PRESTRESSED 
  YIELD STRENGTH Fy  =  60.00 ksi               
  DISTANCE TO RF CENTER FROM TENSION FACE: 
       AT SLAB TOP    =   1.50 in  OUTER LAYER 
       AT SLAB BOTTOM =   1.50 in  OUTER LAYER 
  MINIMUM FLEXURAL BAR SIZE: 
       AT SLAB TOP    =  # 4 
       AT SLAB BOTTOM =  # 4 
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  MINIMUM SPACING: 
       IN SLAB =   6.00 in 
 
02-20-** ADOSS(tm) 6.01  Proprietary Software of PORTLAND CEMENT ASSN. 
Page   3 
 6:08:48 PM Licensed to: ae, university park, PA                                 
 
                                SPAN/LOADING DATA 
                                ***************** 
_______________________________________________________________________
_________ 
| SPAN |LENGTH  Tslab |  WIDTH  L2***|  SLAB  | DESIGN  COLUMN | 
UNIFORM LOADS | 
|NUMBER|  L1          | LEFT   RIGHT | SYSTEM | STRIP   STRIP**| S. DL   
LIVE  | 
|      | (ft)    (in) | (ft)    (ft) |        |  (ft)    (ft)  |(psf  ) 
(psf  )| 
|------|--------------|--------------|--------|----------------|-------
--------| 
|      |              |              |        |                |               
| 
|   1* |   2.0   10.0 | 14.0   14.0  |    2   |   28.0      .0 |   30.0   
80.0 | 
|   2  |  25.3   10.0 | 14.0   14.0  |    2   |   28.0    12.6 |   30.0   
80.0 | 
|   3  |  27.8   10.0 | 14.0   14.0  |    2   |   28.0    13.9 |   30.0   
80.0 | 
|   4  |  27.8   10.0 | 14.0   14.0  |    2   |   28.0    13.9 |   30.0   
80.0 | 
|   5  |  27.8   10.0 | 14.0   14.0  |    2   |   28.0    13.9 |   30.0   
80.0 | 
|   6  |  22.0   10.0 | 14.0   14.0  |    2   |   28.0    11.0 |   30.0   
80.0 | 
|   7* |   2.0   10.0 | 14.0   14.0  |    2   |   28.0      .0 |   30.0   
80.0 | 
|______|______________|______________|________|________________|_______
________| 
 
*  -Indicates cantilever span information. 
** -Strip width used for positive flexure. 
***-L2 widths are 1/2 dist. to transverse column. 
"E"-Indicates exterior strip. 
 
 
                                PARTIAL LOADING DATA 



 

 

 

 

 
 

78/105 

02-20-** ADOSS(tm) 6.01  Proprietary Software of PORTLAND CEMENT ASSN. 
Page   4 
 6:08:48 PM Licensed to: ae, university park, PA                                 
 
                           COLUMN/TORSIONAL DATA 
                           ********************* 
_______________________________________________________________________
________ 
| COLUMN | COLUMN ABOVE SLAB | COLUMN BELOW SLAB | CAPITAL**   |COLUMN  
MIDDLE| 
| NUMBER |   C1    C2   HGT  |   C1    C2   HGT  |EXTEN.  DEPTH|STRIP*  
STRIP*| 
|        |  (in)  (in)  (ft) |  (in)  (in)  (ft) |  (in)  (in) | (ft)    
(ft) | 
|--------|-------------------|-------------------|-------------|-------
-------| 
|        |                   |                   |             |              
| 
|    1   |  26.0  26.0  10.0 |  26.0  26.0  15.5 |    .0    .0 |  12.6   
15.4 | 
|    2   |  26.0  26.0  10.0 |  26.0  26.0  15.5 |    .0    .0 |  12.6   
15.4 | 
|    3   |  26.0  26.0  10.0 |  26.0  26.0  15.5 |    .0    .0 |  13.9   
14.1 | 
|    4   |  26.0  26.0  10.0 |  26.0  26.0  15.5 |    .0    .0 |  13.9   
14.1 | 
|    5   |  26.0  26.0  10.0 |  26.0  26.0  15.5 |    .0    .0 |  11.0   
17.0 | 
|    6   |  26.0  26.0  10.0 |  26.0  26.0  15.5 |    .0    .0 |  11.0   
17.0 | 
|________|___________________|___________________|_____________|_______
_______| 
 
Columns with zero "C2" are round columns. 
* -Strip width used for negative flexure. 
**-Capital extension distance measured from face of column. 
 
_______________________________________________________________________
_______ 
| COLUMN |  TRANSVERSE BEAM  |       DROP PANEL/SOLID HEAD        | 
SUPPORT  | 
| NUMBER | WIDTH DEPTH ECCEN |  LEFT     RIGHT     WIDTH    THICK | 
FIXITY*  | 
|        |  (in)  (in)  (in) |   (ft)      (ft)      (ft)   (in)  |    
%     | 
|--------|-------------------|------------------------------------|----
------| 
|        |                   |                                    |          
| 
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|    1   |    .0    .0    .0 |     2.0       4.2       9.3    5.5 |    
100%  | 
|    2   |    .0    .0    .0 |     4.2       4.6       9.3    5.5 |    
100%  | 
|    3   |    .0    .0    .0 |     4.6       4.6       9.3    5.5 |    
100%  | 
|    4   |    .0    .0    .0 |     4.6       4.6       9.3    5.5 |    
100%  | 
|    5   |    .0    .0    .0 |     4.6       3.7       9.3    5.5 |    
100%  | 
|    6   |    .0    .0    .0 |     3.7       2.0       9.3    5.5 |    
100%  | 
|________|___________________|____________________________________|____
______| 
 
* -Support fixity of 0% denotes pinned condition. 
   Support fixity of 999% denotes fixed end condition. 
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                           LATERAL LOAD/OUTPUT DATA 
                           ************************ 
 
LATERAL LOADS ARE NOT SPECIFIED 
 
 
 
OUTPUT DATA 
PATTERN LOADINGS:                1 THRU 4 
PATTERN LIVE LOAD FACTOR (1-3)  =    75% 
 
LOAD FACTORS: 
  U = 1.20*D + 1.60*L 
  U =  .75( 1.20*D + 1.60*L + 1.70*W) 
  U =  .90*D + 1.30*W 
 
 
OUTPUT OPTION(S): 
  Input Echo                    
  Centerline Moments and Shears 
  Column Strip Distribution Fac 
  Shear Table                   
  Reinforcing Required          
  Bar Sizing                    
  Additional Information        
  Deflections                   
  Material Quantities           
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**TOTAL UNFACTORED DEAD LOAD =         608.752 kips 
                   LIVE LOAD =         301.280 kips 
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             ---- STATICS PRINT-OUT FOR GRAVITY LOAD ANALYSIS ---- 
                  ******************************************* 
 
                    J O I N T    M O M E N T S  ( ft - kips ) 
                    ----------------------------------------- 
JOINT               PATTERN-1                         PATTERN-2 
NUMBER    LEFT    RIGHT    TOP   BOTTOM     LEFT    RIGHT    TOP   
BOTTOM  
-----------------------------------------------------------------------
--- 
   1       -17.0   323.8  -182.7  -124.1     -17.0   175.4   -94.3   -
64.1 
   2      -600.4   611.0    -6.3    -4.3    -453.7   564.6   -66.0   -
44.8 
   3      -614.5   614.1      .2      .2    -546.1   415.6    77.7    
52.8 
   4      -619.4   625.1    -3.4    -2.3    -420.6   556.4   -80.9   -
55.0 
   5      -577.7   504.5    43.5    29.6    -544.2   395.4    88.6    
60.2 
   6      -226.3    17.0   124.6    84.6    -108.6    17.0    54.5    
37.0 
JOINT               PATTERN-3                         PATTERN-4 
NUMBER    LEFT    RIGHT    TOP   BOTTOM     LEFT    RIGHT    TOP   
BOTTOM  
-----------------------------------------------------------------------
--- 
   1       -11.7   326.4  -187.4  -127.3     -18.8   335.2  -188.4  -
128.0 
   2      -529.3   410.9    70.5    47.9    -657.0   651.9     3.0     
2.1 
   3      -420.9   550.1   -76.9   -52.2    -646.2   645.3      .6      
.4 
   4      -558.9   439.2    71.3    48.4    -654.6   665.3    -6.4    -
4.4 
   5      -375.0   426.5   -30.7   -20.8    -614.3   549.3    38.7    
26.3 
   6      -228.9    11.7   129.4    87.9    -225.4    18.8   123.0    
83.6 
 
                      J O I N T   S H E A R S  ( kips ) 
                      ---------------------------------- 
JOINT       PATTERN-1         PATTERN-2         PATTERN-3         
PATTERN-4 
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NUMBER    LEFT    RIGHT     LEFT    RIGHT     LEFT    RIGHT     LEFT    
RIGHT  
-----------------------------------------------------------------------
------- 
   1       -16.8    93.9     -16.8    57.4     -11.4    94.3     -18.6   
100.9 
   2      -114.4   115.5     -79.5   113.2    -110.4    74.9    -126.4   
125.2 
   3      -115.6   115.5    -111.9    75.1     -75.6   112.3    -124.8   
124.7 
   4      -115.9   116.7     -75.5   113.0    -112.9    77.6    -125.3   
126.8 
   5      -113.7   103.1    -112.1    72.6     -73.0    98.1    -123.2   
113.7 
   6       -79.6    16.8     -46.5    16.8     -80.2    11.4     -84.3    
18.6 
  ---------------------------------------------------------------------
------- 
 
02-20-** ADOSS(tm) 6.01  Proprietary Software of PORTLAND CEMENT ASSN. 
Page   7 
 6:08:48 PM Licensed to: ae, university park, PA                                 
 
 
 
 
           DESIGN MOMENT ENVELOPES AT CRITICAL SECTIONS FROM SUPPORTS 
           ********************************************************** 
 ----------------------------------------------------------------------
-------- 
   COL    LOAD    CROSS     DESIGN      DISTANCE    LOAD    MAX.I.P.     
LOAD  
   NUM    TYPE    SECTN     MOMENT      CR.SECTN    PTRN    DISTANCE     
PTRN  
                            (ft-k)        (ft)                 (ft)    
 ----------------------------------------------------------------------
-------- 
    1     TOTL LEFT  TOP      -12.9        .350       4        2.000       
1 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      231.2       1.083       4        3.787       
2 
                     BOT         .0        .000       0         .000       
0 
 
    2     TOTL LEFT  TOP     -525.4       1.083       4        7.575       
2 
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                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      521.7       1.083       4        8.325       
3 
                     BOT         .0        .000       0         .000       
0 
 
    3     TOTL LEFT  TOP     -516.4       1.083       4        8.325       
3 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      515.6       1.083       4        8.325       
2 
                     BOT         .0        .000       0         .000       
0 
 
    4     TOTL LEFT  TOP     -524.2       1.083       4        8.325       
2 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      533.3       1.083       4        8.325       
3 
                     BOT         .0        .000       0         .000       
0 
 
    5     TOTL LEFT  TOP     -486.3       1.083       4        6.938       
2 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      431.5       1.083       4        7.700       
2 
                     BOT         .0        .000       0         .000       
0 
 
    6     TOTL LEFT  TOP     -146.9       1.083       3        3.300       
2 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP       12.9        .350       4        2.000       
1 
                     BOT         .0        .000       0         .000       
0 
 
 ----------------------------------------------------------------------
-------- 
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            DESIGN MOMENT ENVELOPES AT CRITICAL SECTIONS ALONG SPANS 
            ******************************************************** 
 ----------------------------------------------------------------------
-------- 
  SPAN   LOAD       CRITICAL   DESIGN   LOAD  MAX. I.P.  LOAD  MAX. 
I.P.  LOAD  
  NUM    TYPE       SECTION    MOMENT   PTRN  DIST LEFT  PTRN  DIST 
RGHT  PTRN  
                      (ft)     (ft-k)           (ft)             (ft)    
 ----------------------------------------------------------------------
-------- 
    2    TOTL    10.731  TOP        .0    0        .000    0        
.000    0 
                         BOT     221.3    4       6.944    1       
8.206    3 
 
    3    TOTL    14.569  TOP        .0    0        .000    0        
.000    0 
                         BOT     213.2    2       7.631    1       
6.244    1 
 
    4    TOTL    13.181  TOP        .0    0        .000    0        
.000    0 
                         BOT     213.8    3       6.244    1       
7.631    1 
 
    5    TOTL    14.569  TOP        .0    0        .000    0        
.000    0 
                         BOT     218.0    2       7.631    1       
6.244    1 
 
    6    TOTL    12.650  TOP        .0    0        .000    0        
.000    0 
                         BOT     163.2    4       7.150    3       
6.050    1 
 
 ----------------------------------------------------------------------
-------- 
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                DISTRIBUTION OF DESIGN MOMENTS AT SUPPORTS 
                ****************************************** 
-----------------------------------------------------------------------
--------- 
 COL  CROSS     TOTAL    TOTAL-VERT   COLUMN STRIP     BEAM       
MIDDLE STRIP  
 NUM  SECTN     MOMENT   DIFFERENCE      MOMENT       MOMENT        
MOMENT      
                (ft-k)  (ft-k) ( % )  (ft-k) ( % )  (ft-k) ( % )  (ft-
k) ( % ) 
-----------------------------------------------------------------------
--------- 
   1  LEFT TOP   -12.9      .0 (  0)   -12.4 ( 96)      .0 (  0)     -
.5 (  3) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
      RGHT TOP   231.2      .0 (  0)   222.9 ( 96)      .0 (  0)     
8.3 (  3) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
   2  LEFT TOP  -525.4      .0 (  0)  -394.0 ( 75)      .0 (  0)  -
131.3 ( 25) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
      RGHT TOP   521.7      .0 (  0)   391.2 ( 75)      .0 (  0)   
130.4 ( 25) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
   3  LEFT TOP  -516.4      .0 (  0)  -387.3 ( 75)      .0 (  0)  -
129.1 ( 25) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
      RGHT TOP   515.6      .0 (  0)   386.7 ( 75)      .0 (  0)   
128.9 ( 25) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
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   4  LEFT TOP  -524.2      .0 (  0)  -393.1 ( 75)      .0 (  0)  -
131.0 ( 25) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
      RGHT TOP   533.3      .0 (  0)   400.0 ( 75)      .0 (  0)   
133.3 ( 25) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
   5  LEFT TOP  -486.3      .0 (  0)  -364.7 ( 75)      .0 (  0)  -
121.6 ( 25) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
      RGHT TOP   431.5      .0 (  0)   323.6 ( 75)      .0 (  0)   
107.9 ( 25) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
   6  LEFT TOP  -146.9      .0 (  0)  -141.6 ( 96)      .0 (  0)    -
5.3 (  3) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
      RGHT TOP    12.9      .0 (  0)    12.4 ( 96)      .0 (  0)      
.5 (  3) 
           BOT      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
 
-----------------------------------------------------------------------
--------- 
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                    DISTRIBUTION OF DESIGN MOMENTS IN SPANS 
                    *************************************** 
-----------------------------------------------------------------------
--------- 
 SPAN CROSS     TOTAL    TOTAL-VERT   COLUMN STRIP     BEAM       
MIDDLE STRIP  
 NUM  SECTN     MOMENT   DIFFERENCE      MOMENT       MOMENT        
MOMENT      
                (ft-k)  (ft-k) ( % )  (ft-k) ( % )  (ft-k) ( % )  (ft-
k) ( % ) 



 

 

 

 

 
 

86/105 

-----------------------------------------------------------------------
--------- 
  2  10.73 TOP      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
           BOT   221.3      .0 (  0)   132.8 ( 60)      .0 (  0)    
88.5 ( 39) 
 
  3  14.57 TOP      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
           BOT   213.2      .0 (  0)   127.9 ( 60)      .0 (  0)    
85.3 ( 39) 
 
  4  13.18 TOP      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
           BOT   213.8      .0 (  0)   128.3 ( 60)      .0 (  0)    
85.5 ( 39) 
 
  5  14.57 TOP      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
           BOT   218.0      .0 (  0)   130.8 ( 60)      .0 (  0)    
87.2 ( 40) 
 
  6  12.65 TOP      .0      .0 (  0)      .0 (  0)      .0 (  0)      
.0 (  0) 
           BOT   163.2      .0 (  0)    97.9 ( 60)      .0 (  0)    
65.3 ( 39) 
 
-----------------------------------------------------------------------
--------- 
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                          S H E A R   A N A L Y S I S 
                          *************************** 
 
    NOTE--Allowable shear stress in slabs = 252.96 psi when ratio 
          of col. dim. (long/short) is less than 2.0. 
 
        --Wide beam shear (see "CODE") is not computed, check manually. 
 
        --After the column numbers, C = Corner, E = Exterior, I = 
Interior. 
 
  D I R E C T   S H E A R      W I T H   T R A N S F E R   O F   M O M 
E N T 
  - - - - - - - - - -   A R O U N D        C O L U M N   - - - - - - - 
- - - 
 COL. ALLOW.  PATT  REACTION  SHEAR   PATT  REACTION  UNBAL.  SHEAR     
SHEAR 
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 NO.  STRESS   NO.            STRESS   NO.            MOMENT  TRANSFR   
STRESS 
       (psi)         (kips)    (psi)         (kips)   (ft-k)  (ft-k)    
(psi) 
-----------------------------------------------------------------------
-------- 
  1E  252.96    4     115.7    81.04    4    115.7    250.0    100.0   
140.42  
  2I  252.96    4     248.3   130.43    4    248.3     -5.1     -2.0   
131.36  
  3I  252.96    4     246.2   129.28    4    246.2      -.9      -.4   
129.45  
  4I  252.96    4     248.9   130.71    4    248.9     10.8      4.3   
132.68  
  5I  252.96    4     233.6   122.67    4    233.6    -65.0    -26.0   
134.59  
  6E  252.96    4      99.0    69.36    4     99.0   -149.5    -59.8   
104.87  
  
                       - - AROUND DROP/SOLID HEAD - - 
                    COLUMN  ALLOW.  PATT  REACTION  SHEAR 
                    NUMBER  STRESS   NO.            STRESS 
                             (psi)         (kips)   (psi) 
                    -------------------------------------- 
                       1E   184.48    4      94.8    47.18  
                       2I   172.22    4     215.5    63.45  
                       3I   171.27    4     211.7    61.03  
                       4I   171.27    4     214.4    61.81  
                       5I   173.53    4     202.8    61.43  
                       6E   187.33    4      80.2    41.89  
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                   N E G A T I V E    R E I N F O R C E M E N T 
                   ******************************************** 
 
        COLUMN*PATT*LOCATION * TOTAL  * COLUMN STRIP  *  MIDDLE STRIP 
        NUMBER* NO.*@COL FACE* DESIGN *  AREA  WIDTH  *   AREA  WIDTH 
                             * (ft-k) * (sq.in) (ft)  * (sq.in)  (ft) 
        ------------------------------------------------------------- 
           1     4     || R    231.2     3.84   12.6      3.32   15.4 
           2     4   L ||     -525.4     6.49   12.6      3.50   15.4 
           3     4   L ||     -516.4     6.38   13.9      3.45   14.1 
           4     4     || R    533.3     6.59   13.9      3.56   14.1 
           5     4   L ||     -486.3     5.99   11.0      3.67   17.0 
           6     3   L ||     -146.9     3.48   11.0      3.67   17.0 
  
 
                  P O S I T I V E    R E I N F O R C E M E N T 
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                  ******************************************** 
 
         SPAN *PATT*LOCATION * TOTAL  * COLUMN STRIP  *  MIDDLE STRIP 
        NUMBER* NO.*FROM LEFT* DESIGN *  AREA  WIDTH  *   AREA  WIDTH 
                       (ft)  * (ft-k) * (sq.in) (ft)  * (sq.in)  (ft) 
        ------------------------------------------------------------- 
           2     4    10.7     221.3     3.56   12.6      3.32   15.4 
           3     2    14.6     213.2     3.42   13.9      3.05   14.1 
           4     3    13.2     213.8     3.43   13.9      3.05   14.1 
           5     2    14.6     218.0     3.50   13.9      3.05   14.1 
           6     4    12.6     163.2     2.61   11.0      3.67   17.0 
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                         D E S I G N   R E S U L T S 
                         *************************** 
 
    NOTE--The schedule given below is a guide for proper reinforcement 
          placement and is based on reasonable engineering judgement. 
          Unusual boundary and/or loading conditions may require 
          modification of this schedule. 
 
 
                   N E G A T I V E    R E I N F O R C E M E N T 
                   ******************************************** 
 
        *          C O L U M N     S T R I P            *M I D D L E   
S T R I P 
        *     LONG   BARS       *     SHORT   BARS      *     LONG   
BARS 
 COLUMN * -B A R - L E N G T H- * -B A R - L E N G T H- * -B A R - L E 
N G T H- 
 NUMBER * NO  SIZE LEFT   RIGHT * NO  SIZE LEFT   RIGHT * NO  SIZE LEFT   
RIGHT 
        *          (ft)   (ft)  *          (ft)   (ft)  *          (ft)   
(ft)  
 ----------------------------------------------------------------------
--------- 
    1     10   # 4  2.00   8.70    9   # 4  2.00   5.70   17   # 4  
2.00   6.16 
    2     11   # 5  9.53   9.92   10   # 5  6.20   6.20   18   # 4  
9.17   9.92 
    3     11   # 5  9.92   9.92   10   # 5  6.20   6.20   18   # 4  
9.92   9.92 
    4     11   # 5  9.92   9.92   11   # 5  6.20   6.20   18   # 4  
9.92   9.92 
    5      7   # 6  9.53   9.53    7   # 6  6.20   6.20   19   # 4  
8.54   9.30 
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    6      9   # 4  7.63   2.00    9   # 4  5.05   2.00   19   # 4  
5.45   2.00 
 
 
                  P O S I T I V E    R E I N F O R C E M E N T 
                  ******************************************** 
 
        *    C O L U M N       S T R I P    *    M I D  D L E      S T 
R I P 
        *   LONG   BARS   *   SHORT  BARS   *   LONG   BARS   *   SHORT  
BARS 
 SPAN   * ---- B A R ---- * ---- B A R ---- * ---- B A R ---- * ---- B 
A R ---- 
 NUMBER * NO  SIZE LENGTH * NO  SIZE LENGTH * NO  SIZE LENGTH * NO  
SIZE LENGTH 
        *           (ft)  *           (ft)  *           (ft)  *           
(ft) 
 ----------------------------------------------------------------------
--------- 
    2      9   # 4  21.51    9   # 4  21.51    9   # 4  24.92    8   # 
4  20.88 
    3      9   # 4  20.81    8   # 4  20.81    8   # 4  28.25    8   # 
4  19.42 
    4      9   # 4  20.81    8   # 4  20.81    8   # 4  28.25    8   # 
4  19.42 
    5      9   # 4  20.81    9   # 4  20.81    8   # 4  28.25    8   # 
4  19.42 
    6      7   # 4  18.75    6   # 4  18.75   10   # 4  21.67    9   # 
4  18.12 
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       A D D I T I O N A L   I N F O R M A T I O N   A T  S U P P O R T 
S 
       
****************************************************************** 
 
        * REINF. SUMMARY* ADD'L R/F REQ'D DUE TO UNBALANCED (U.) MOMENT 
TRANSFER 
 COLUMN * --------------* ---------------------------------------------
--------- 
 NUMBER * W/O U. MOMENT * MAX.U. *GAMMA* FLEXURAL  *PATT* CRITICAL    
SECTION 
        * REQ'D - PROV'D* MOMENT * -f  * TRANSFER  *NO. * SLABW  - AREA 
-  R/F 
        *(sq.in) (sq.in)* (ft-k) *     *  (ft-k) *    * (ft)   (sq.in) 
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-----------------------------------------------------------------------
-------- 
   1       7.16     7.20   316.4    .60    189.8      4     6.0    3.10  
7  # 4 
   2       9.99    10.11  -118.4    .60    -71.1      3     6.0    1.14  
0  # 5 
   3       9.82    10.11  -130.5    .60    -78.3      2     6.0    1.26  
0  # 5 
   4      10.16    10.42   135.9    .60     81.5      2     6.0    1.31  
0  # 5 
   5       9.66     9.96  -148.8    .60    -89.3      2     6.0    1.44  
0  # 6 
   6       7.16     7.40  -217.2    .60   -130.3      3     6.0    2.11  
2  # 4 
 
 NOTE: Zero transfer "CRITICAL SLABW" indicates no support dimensions 
       given for transfer. 
       If beam(s) are present, transfer mode may be due to beam shear 
       and/or torsion, check manually. 
 
 
              A D D I T I O N A L   I N F O R M A T I O N   F O R 
                      I N - S P A N   C O N D I T I O N S 
              *************************************************** 
 
                    *  REINF.  SUMMARY  * 
              SPAN  * ----------------- *   TOTAL FACTORED SPAN 
              NUMBER*     AT MIDSPAN    *   STATIC DESIGN MOMENT 
                    *  REQ'D. - PROV'D. *   (W/O PARTIAL LOADS) 
                    * (sq.in)   (sq.in) *           (ft-k) 
              -------------------------------------------------- 
                2       6.88      7.00              585.6 
                3       6.47      6.60              719.3 
                4       6.48      6.60              719.3 
                5       6.55      6.80              719.3 
                6       6.29      6.40              432.3 
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                     D E F L E C T I O N    A N A L Y S I S 
                     ************************************** 
 
    NOTES--The deflections below must be combined with those of 
           the analysis in the perpendicular direction. Consult 
           users manual for method of combination and limitations. 
 
         --Spans 1 and  7 are cantilevers. 
 
         --Time-dependent deflections are in addition to those 
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           shown and must be computed as a multiplier of the dead 
           load(DL) deflection. See "CODE" for range of multipliers. 
 
         --Deflections due to concentrated or partialloads may be 
larger 
           at the point of application than those shown at the 
centerline. 
           Deflections are computed as from an average uniform loading 
           derived from the sum of all loads applied to the span. 
 
         --Modulus of elasticity of concrete, Ec =  3834. ksi 
 
         *         *  C O L U M N   S T R I P  *  M I D D L E   S T R I 
P 
         *  DEAD   *     DEFLECTION DUE TO:    *     DEFLECTION DUE TO: 
   SPAN  *  LOAD   *---------------------------------------------------
----- 
  NUMBER *  Ieff.  *  DEAD  *  LIVE  *  TOTAL  *  DEAD  *  LIVE  *  
TOTAL  * 
         * (in^4)  *  (in)  *  (in)  *  (in)   *  (in)  *  (in)  *  
(in)   * 
  ---------------------------------------------------------------------
----- 
     1       60819.    -.013    -.007    -.019     -.013    -.007    -
.020 
     2       44410.     .099     .070     .169      .045     .029     
.074 
     3       44410.     .096     .105     .201      .045     .049     
.095 
     4       44410.     .096     .105     .200      .045     .049     
.094 
     5       44410.     .102     .103     .205      .051     .050     
.101 
     6       44410.     .060     .034     .093      .020     .011     
.032 
     7       60819.    -.008    -.004    -.013     -.008    -.004    -
.013 
 
 
                   Q U A N T I T Y   E S T I M A T E S 
                   *********************************** 
 
         TOTAL QUANTITIES 
         ---------------- 
         CONCRETE        ....      123.8 cu.yd 
         FORMWORK        ....     3861.  sq.ft 
         REINFORCEMENT (IN THE DIRECTION OF ANALYSIS) 
          (NEGATIVE)     ....     2749.  lbs 
          (POSITIVE)     ....     2424.  lbs 
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         SUMMARY OF QUANTITIES 
         --------------------- 
         CONCRETE        ....        .89  cu.ft/sq.ft 
         FORMWORK        ....       1.03  sq.ft/sq.ft 
         REINFORCEMENT** ....       1.37  lbs / sq.ft 
 
           **(IN THE DIRECTION OF ANALYSIS) 
 
                      * Program completed as requested * 
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=======================================================================
= 
    Computer program for the Strength Design of Reinforced Concrete 
Sections 
    
=======================================================================
= 
 
 
         Licensee stated above acknowledges that Portland Cement 
Association(PCA) is not and  cannot  be  responsible  for  either  the  
accuracy or adequacy  of the  material  supplied  as input  for  
processing  by  the PCACOL(tm) computer program. Furthermore, PCA 
neither makes any warranty expressed nor implied with respect to the 
correctness of the output prepared by the PCACOL(tm) program.  Although 
PCA has endeavored to produce PCACOL(tm) error free, the program is not 
and can't be certified infallible.  The final and only responsibility 
for analysis, design and engineering documents is the licensees.  
Accordingly,  PCA disclaims all responsibility in contract,  negligence 
or other  tort for any analysis, design or engineering  documents 
prepared in  connection with the use of the PCACOL(tm) program. 
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       General Information: 
       ==================== 
         File Name:  P:\4KSI2011.COL 
         Project:    Ground                  Code: ACI 318-89 
         Column:     lSpan 3, Column Above   Units: US in-lbs 
         Engineer:   Aric Heffelfinger       Date: 02/22/06  Time: 
15:23:28 
 
         Run Option: Design                  Short (nonslender) column 
         Run Axis:   Biaxial                 Column Type: User-defined 
 
       Material Properties: 
       ==================== 
         f'c   = 4 ksi                            fy   = 60 ksi 
         Ec    = 3834.25 ksi                      Es   = 29000 ksi 
         fc    = 3.4 ksi                          erup = 0 in/in 
         eu    = 0.003 in/in 
         Stress Profile: Parabolic                 
 
       Geometry: 
       ========= 
         Rectangular: Width = 26 in               Depth = 26 in 
 
         Gross section area, Ag =  676 in^2 
         Ix =  38081.3 in^4                       Xo =  0 in 
         Iy =  38081.3 in^4                       Yo =  0 in 
 
       Reinforcement: 
       ============== 
         Rebar Database: ASTM 
         Size     Diam    Area  Size     Diam    Area  Size     Diam    
Area 
         --------------------------------------------------------------
----- 
            3     0.38    0.11     4     0.50    0.20     5     0.63   
0.31 
            6     0.75    0.44     7     0.88    0.60     8     1.00   
0.79 
            9     1.13    1.00    10     1.27    1.27    11     1.41   
1.56 
           14     1.69    2.25    18     2.26    4.00  
 
         Confinement: User-defined; phi(c) = 0.7,  phi(b) = 0.9,  a = 
0.8 



 

 

 

 

 
 

95/105 

         #3 ties with #10 bars, #4 with larger bars. 
 
         Layout: Rectangular 
         Pattern: All Sides Equal  [Cover to transverse reinforcement 
(ties)] 
 
         Total steel area, As = 31.20 in^2 at 4.62% 
 
         20-#11   Cover = 0.75 in 
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                     Applied Loads         Computed Strength   
Computed/ 
                  P      Mx      My        P      Mx      My   Applied 
          Pt.  (kips)  (ft-k)  (ft-k)   (kips)  (ft-k)  (ft-k) Ray 
length 
          -------------------------------------------------------------
--- 
          1      2500     120      50     2276     108      45    0.911 
 
 
                         Program completed as requested! 
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Seismic Calculations (All Concrete Structure) 

 Self Weight 
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Shear wall Design 
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**** Shear wall load distribution table can be viewed as an excel 

spreadsheet on my webpage.  It is too large to fit on an 8.5” x 11” piece 

of paper. 
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Concrete structure cost breakdown 
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Concrete Labor Details 
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Concrete Duration Calcs 
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Steel Cost Breakdown 
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Steel Labor Detail / Duration Calcs 


