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Executive Summary 
 
 

 S&T Bank, located in Indiana, PA is the corporate headquarters for 
the company.  To be sure of an economical design, the existing design for 
the building is compared to a new design considering the structural system.   
 The original system consists of a structural steel frame.  The floor 
system consists of a 3” normal weight concrete slab topping, reinforced 
with 6x6 W1.4 x W1.4 WWF placed on Bowman 28 Gage SF-1 galvanized 
deck.  The concrete topping is rated at 3000psi.  The decking is set on 24k4 
joists that are spaced at 2’ apart.   The foundation includes a 12” masonry 
wall with concrete piers placed intermittently.  The building is supported on 
spread footings which sit on soil that can support a maximum of 6000psf.  
The frame resists lateral forces with moment connections placed 
throughout many of the column-girder connections.   
 The proposed building incorporates a two-way flat slab system.  The 
slab is 10” thick and has 5.5” drop panels at most of the columns.  20” x 20” 
and 24” x 24” concrete columns support the slab system.  The columns rest 
on spread footings which are slightly larger than the spread footings for the 
original design.  This is due to the added building weight.  The 
monolithically poured concrete frame is determined to be sufficient to resist 
the lateral loads without the assistance of shear walls.   
 The proposed concrete system costs $622,311 less than the existing 
steel system, but takes 95 more days to construct.  The added duration is a 
result of setting and removing formwork as well as the additional time to 
allow the concrete to cure.  
 Existing lighting in the research room on the first floor of the bank 
uses (2) 32 watt T8 lamps in a direct lighting fixture to light the room.  The 
room doesn’t meet the recommended minimum 50fc light intensity for the 
use prescribed.  The existing light levels are 32.7fc – 46.1fc.  A new indirect 
system, which also uses (2) 32 watt T8 lamps, is proposed to replace the 
existing lighting scheme.  The new lighting scheme produces light levels of 
41.8fc – 59.3fc. 
 It is noted that even though the concrete system is $622,311 less 
than the steel system, further investigation is required to specify which 
system is more economical.  The proposed lighting scheme is recommended 
over the existing lighting system because the indirect meets recommended 
lighting levels and will reduce most of the glare on the workspace.  These 
better working conditions will promote a more productive environment. 
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Introduction 

 
 The goal of this report is presenting a specific building in such a way 

that describes the existing conditions of the building.  The report will then 

present an argument which will lead to an extensive study that will produce 

a redesign of the building in question.  In this case, the building in question 

is S&T Bank Corporate Headquarters, located in Indiana, PA. After the depth 

of the report is finished, two smaller breadth topics will be discussed.  For 

the overall report, some general building information is first provided so 

that the reader can familiarize themselves with the case-study at hand. 

In the first main section of the report, findings of the initial “existing 

structural conditions” study will be provided. Items that were analyzed in 

depth during the study include soil conditions via a geotechnical report 

provided by Triad Engineering Inc., foundation walls and footings, 

structural steel framing members, lateral resisting elements, as well as floor 

and roof construction. 

The next section of the report will propose a problem or argument 

that will justify the purpose of this report.  Issues of the argument will be 

based primarily on economics, i.e. cost, time, availability of materials etc. 

The third section of the report will be similar to the first section in that 

it will be a “proposed structural conditions” study.  This study uses common 

design techniques of today’s construction engineering industry to make a 

new design of the foundation, framing members, and floor system. 

Following the proposed design section of the report, the first breadth 

topic is discussed.  A cost comparison and a schedule comparison will be 

provided for both the existing design and the proposed design.  This study 
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will assist in the determination of the conclusion to the proposed 

problem/argument. 

The final topic to be discussed is a proposed lighting redesign in a 

particular room of the bank.  For the sake of comparison each lighting 

scheme (existing and proposed) will be shown through the rendering 

program AGI.  The comparison will be based on aesthetics as well as issues 

concerning a better design will be addressed. 

Since the report will include many topics of debate and provide a 

large amount of information on each topic, a comparison summary will be 

provided at the end of the report.  Along with direct comparison, 

recommendations on why one system is better than the other are 

mentioned.  To complete the report, a conclusion is included to summarize 

what was discussed in the report and also to provide recommendations on 

which system is better and why. 
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General Building Information 
 
About the Company: 

S&T Bancorp, a $3.2 billion financial holding company headquartered 

in Indiana, Pennsylvania, has two wholly owned subsidiaries, S&T Bank and 

9th Street Holdings, Inc. Founded in 1902 with a single location in Indiana, 

S&T Bank has grown to 51 offices that provide a full range of financial 

services to individuals and businesses throughout Western Pennsylvania.  

The mission of S&T Bank is to achieve consistent superior financial 

performance, which creates value for their shareholders by: identifying and 

satisfying customer needs with quality products and services which exceed 

their expectations; providing a stimulating and challenging team-oriented 

work environment, which encourages, develops, and rewards excellence; 

and diligently serving our communities with integrity and pride.  

About the Building: 
 
Construction of the project began in June 2005 and project 

completion is projected for August 2006.  Primarily the building is a 

corporate office for S&T Bank employees.  The building is 4 stories above 

ground rising to almost 60 feet with a one-story basement underground.  

On the first floor, a bank branch is available for customers.  The rest of the 

floors except the fourth floor comprise of some offices, however there are 

large lobby areas designated for different facilities of the bank (i.e. finance 

dept., loan dept., etc.).  The 4th floor is reserved for future plan layouts, 

which are dependent on the growth of the company.  There are two 
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entrances; the more grand entrance in the north-east corner of the building, 

and another accessible entrance on the south end.  There is an elevator bay, 

containing two elevators, in the central core of the building. Stairs are 

provided at the south and west ends of the building. One set of restrooms 

are provided on each floor adjacent to the elevators in the center of the 

building.  

Concerning the exterior façade of the building, the clearest idea of 

what the building looks like 

can be gathered from the 

architectural rendering at the 

top of the page.  However, to 

describe the exterior with 

words and technical jargon, 

the envelope is as follows.  A 

typical exterior wall consists 

of a 4” nominal masonry 

veneer, 1” air space, ½” glass 

mat faced gypsum sheathing 

with a weather resistive 

barrier, 6” metal studs @ 16” 

O.C., R-21 fiberglass batt 

insulation with vapor barrier 

  Figure#1: Typical Wall Section     and 5/8 gypsum wallboard at 

the interior. The color of the brick veneer used to clad the building envelope 

is cranberry velour.  The Pre-cast Concrete (used as an architectural detail) is 

a limestone color with a smooth finish.  Metal coping is used as an accent 

which is to match the champagne aluminum curtain wall and door systems.  
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EIFS (exterior insulation finish system) is used near the top of the building 

(4th floor) which is matched to the pre-cast color (limestone) or a senergy 

metallic finish patina green (used on the soffit/fascia).  There are also large 

spandrel glass sections used to envelope the staircases on both sides of the 

building.  Now that you have a general idea of S&T Bank and the building 

taken to be its corporate headquarters, the next section will describe, in 

detail, the structural components of the building. 
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Existing Structural Conditions 

  
For this section of the report, the following paragraphs will 

completely describe the existing structural system including the foundation, 

framing system, floor system, and the roof system.  As reference a plan of 

the typical layout is provided below in figure #2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure #2: Typical Framing Layout 
 

Foundation: 
 

A geotechnical report provided by Triad Engineering Inc. establishes 

that the bearing on the soil below the building can be no more than 

6000psf.  The foundation of the building rests on spread footings, which 

have a concrete strength of f’c=4000psi at 28 days.  The footings are as 
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small as 5’x 5’ and 1’ thick or can be as large as 10’x10’ and 2’-6” thick.  A 

typical footing is 7’-6”x 7’6” and is 2’ thick.  Concrete piers are used 

throughout the masonry wall; these piers are typically 1’-8” by 2’-4”.  Both 

spread footings and piers have reinforcing steel ranging from #5’s to #9’s.  

The columns are attached to the concrete with A36 steel base plates and 

anchor bolts.  The basement exterior wall is a typical 12” Ivany block except 

for the section under the rotunda entrance, which is reinforced concrete.  

This wall extends to the 2nd floor and is then replaced by a curtain wall.  

Basement floor construction consists of a 4” concrete slab, reinforced with 

6x6 w1.4 x w1.4 WWF on a 6mil vapor barrier placed on a minimum of 4” 

compacted stone. 

 
Framing System: 

 
S&T Bank Corporate Headquarters is a steel frame building.  The steel 

frame is four stories high and has a typical layout on every floor.  The story 

heights are 15’-4”, 13’-4”, 13’-4” and 13’-4” for the 1st through 4th floors 

respectively.  The building footprint is 141 ft. in the North-South direction 

by 127 ft. in the East-West direction.  In general, differences in floor framing 

layout consists of the sizes of the beams and the addition/subtraction of 

shafts which typically appear near the staircases.  However in the S-E corner 

of the first floor only, there is a bank vault.  On the floors above a 12’ x 12’ 

section is taken out of the S-E corner.  There are 6 bays in both the N-S 

direction and the E-W direction.  The first and the last bays in either 

direction are 12’ bays.  Typically the central bays are 28’ wide, but can be as 

large as 30’ or as small as 16’.    All of the structural columns, beams, and 

girders are A992 steel and have yield strengths of 50ksi.  The arrows near 

the columns designate moment connections that resist lateral load in the 
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direction of the arrow.  These moment connections are attached by “wind 

clips” which are angles welded to the top and bottom of the connection.  

Figure #3 shows a detail of the moment connection.  Due to this connection 

they are not as rigid as full moment connections. 

  The building’s columns range 

from W10x33 to W12x87, while a 

typical column size used is W12x53.  

As you can see in figure #1, every 

beam forms into a column.  

Therefore, beams and girders 

cannot be considered in their 

normal sense.  Girders will be 

considered those running in the     

E-W direction and beams will be 

considered to be running in the N-S        

 Figure #3: Moment Connection Detail 

 direction.  Girder sizes range from 

W16x26 up to W24x76 with a typical 

girder size of W24x55.  Beams that run in 

the N-S direction are much smaller than 

the girders that frame in from the E-W 

direction.  Beams running N-S range from 

W12x16 up to W16x26 with a typical 

beam size of W14x22.  Any other 

structural components, such as angles or 

base plates, are A36 steel and have yield 

strengths of fy=36ksi.  All of the structure’s  Figure #4: Non-Typical Wall Section 
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walls, girders, and beams run orthogonal except for a small section on the 

North-East corner of the building.  This corner is rounded at the foundation 

with a 24’-0” radius semi-circle as shown in Figure #4. 

 
 
Floor System: 
 
The deck system consists of a 3” normal weight concrete slab topping, 

reinforced with 6x6 W1.4 x W1.4 WWF placed on Bowman 28 Gage SF-1 

galvanized deck.  This non-composite decking is set on 24k4 joists that are 

spaced at 2’ apart.  The concrete topping is rated at 3000psi.  The roof 

decking is relatively the same as the floors below except when placed under 

the AHU, the decking then 

sits on 24k6 joists.  The depth 

of the Bowman deck with the 

concrete is 3”.  The joists are 

24” deep which gives a total         

floor system depth of 27”.  A 

typical floor construction 

detail can be seen in Figure 

#5 and a layout of the floor 

system in a typical bay can be 

seen in Figure#6.  

 

 

 

    

        Figure #5: Typical Floor Detail 
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    Figure#6: Typical Floor Layout 
 
 
Roof System: 
 
 The roof system used is a built-up roof which is slightly sloped to the 

different areas of the roof for draining purposes.  A detailed section of the 

roof can be referenced in Figure #7.  Interior drainage is provided so that 

the architectural façade will not be interrupted by drain pipes.  This built-up 

roofing system utilizes a stone ballast system that sits upon ½” glass 

sheathing roof membrane, R20 roof insulation, and 1½” metal decking 

(typically). There are several roof overhangs placed at the 2nd floor, which 

are above entrances and various windows. The overhang roofs are sloped 

up at 45º and are flat on top using the same draining techniques as the 

larger roof (Figure #8). 
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    Figure #7:  Roof Construction Detail                                Figure #8: Roof Overhang Detail  
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Problem Statement 
 
 Analysis of S&T Bank through previous reports on the building has 

shown that the existing building structure is a relatively simple design.  Due 

to the simplicity of the design and the straightforwardness of the building 

layout, a creative redesign that is appropriate for such a building is hard to 

discern.  Though the current floor system is 27” deep, the building is still 15 

feet under the 75 foot height restriction, so floor-to-floor height is not much 

of a concern.  The columns are not exceptionally large, and the foundation 

consists of spread footings (which are a simple foundation design).  The 

lateral system does utilize moment connection which can get expensive.  

However this building uses wind-clip moment connections which are one of 

the cheapest moment connections available.   

 Steel and concrete prices are constantly fluctuating.  Due to the 

recent demand in the Far East, both prices and availability have been a 

concern.  Currently things are looking better concerning these building 

materials.  To make an economic decision on which building material is best, 

a comparative study of sorts would need to be conducted.  Since S&T Bank 

uses steel as its primary building material it could be speculated whether or 

not concrete would be a more economic solution as the primary building 

material.  Which is a more economic and efficient design material for this 

building, steel or concrete?  
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Proposed Solution 

 
 To accurately compare the current steel system to a concrete system 

for the same building, a structural system using concrete must be 

completely designed.  From a previous study of alternate floor systems, it 

was determined that a two-way flat slab system with drop panels would be 

the most efficient concrete system.  Two-way flat slabs with drop panels 

provide the ability to compensate for longer spans and heavier loads, while 

keeping the slab system itself thin.  Depending on the exterior slab loads 

and moments, a perimeter beam may be required.  The design of the slab 

system will be controlled by allowable floor loads and both dead and live 

load deflection criteria.  This system will be best designed with ADOSS, a 

Portland Cement Association concrete design program.  This new floor 

system will require the design of reinforced concrete columns to replace the 

existing steel columns.  The size of the columns will be controlled by 

strength, however the top floors will induce a much smaller load on the 

columns than those on the lower floors, thus the column size may be 

controlled by punching shear at the top levels.  Since the amount of 

concrete will create a larger building weight, the footings will need to be 

checked and redesigned if necessary.  Along with a new footing design, the 

added building weight will create greater seismic loads, so these new loads 

will also need to be determined.     

 After the design of the new structural system is complete, a breadth 

pertaining to construction management issues will be conducted.  A cost 

and schedule estimate will be developed so as to make an accurate 

comparison to the original system.  To complete the cost estimate of the 

new design, a complete take off of the concrete, rebar, and formwork must 
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be prepared.  Once these values are determined, an aid such as R.S. Means 

will be utilized to turn these quantities into an overall cost.  However to 

obtain an accurate estimate, labor costs must also be addressed.  Again 

using R.S. Means, labor crews appropriate for each job will be designated 

and used to determine labor costs, as well as a time schedule for the 

required work.  Depending on the returning values from the cost and 

schedule estimate, one design will be noted as more practical and efficient 

than the other.  

 As for the second breadth, present lighting conditions surveyed in 

the research room on the first floor will be checked for optimal 

performance.  The existing lighting conditions will be analyzed using the 

lighting program AGI.  Issues concerning light placement, lamp output, foot 

candle levels and glare will justify an optimal lighting scheme.  After the 

existing design is represented, and the conditions are analyzed, a new 

better performing system will be developed.   
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Structural Depth 

 
 The following section of this report will go into detail about the 

proposed solution, specifying what the particular system is and how it was 

designed.  First, the various building codes used during design are specified.  

Then the loads applied to the structural system are presented.  Next the 

structural system is presented in the same fashion as it was designed.  

Starting with the slab system, the following section will present detailed 

information on column design, edge beam design, and footing design.  At 

the end of each system design, a summary with diagrams of the system 

layout will be provided.  

 
Load Determination: 
 
Building Codes 

 IBC 2003- International Building Code 
   (In accordance with ASCE 7-05) 
 
Design Loads: 

Dead Loads 

  Superimposed DL:  12 psf 
 

Floor Loads:   125 psf 
  (Slab Self-weight) 
 
Live Loads 

  Floors 1, 2, 3, & 4  100 psf 
  (Lobby area) 
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Snow Loads 

  Pf = 20psf 
 
Wind Loads 
 

Roof    14.66 kips 
  4th Floor   29.3 kips 
  3rd Floor   29.3 kips 
  2nd Floor   31.5 kips 
  1st Floor   16.9 kips 
 
Seismic Loads 
 

Roof    23.98 kips 
  4th Floor   57.94 kips 
  3rd Floor   57.94 kips 
  2nd Floor   66.52 kips 
  1st Floor   0 kips 
 
Design Loads Used 
 

Roof    23.98 kips 
  4th Floor   57.94 kips 
  3rd Floor   57.94 kips 
  2nd Floor   66.52 kips 
  1st Floor   16.9 kips (wind case controls at base) 

 

From IBC 2003 different load combinations were analyzed to check which 

would control design.  The load combinations looked at, are as follows… 

1.4D 
1.2D+1.6L+ (0.5L or 0.8W) 
1.2D+1.6W+0.5L+0.5S 
1.2D+1.0E+0.5L+0.5S 
0.9D+ (1.6W or 1.0E) 
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The controlling case is  
    1.2D+ 1.0E+ 0.5L+ 0.5S 
Though it is not readily apparent, after some minor calculations it was 

determined that 1.6W<1.0E, hence the controlling case is chosen. 

 
Slab System: 
 

Ultimately, the computer program ADOSS will assist in designing the 

proposed slab system.  Before ADOSS can be used, a preliminary design of 

slab dimensions must be sought out.  The CRSI Handbook was an efficient 

tool used to decipher an initial two-way slab for the present spans and load 

conditions.  Compared to the one-way joist system, the two-way flat slab 

system will have a smaller depth.  The initial flat slab system analyzed has a 

total depth of 18”, according to the CRSI manual, as compared to 20.5” of 

that in a one-way joist system.  Also the two-way slab system with drop 

panels will require less formwork than the one-way joist concrete system.  

Entering the table on page 10-25 of the CRSI Handbook with a span of 28’ 

and a factored load of 186.8psf, an initial two-way flat slab system was 

chosen.  The following information is provided by the CRSI.  Appropriate 

supporting work can be found in Appendix B-15.   

 
Initial Panel Specs: 
 Slab:   10.5” thick 
 Drop Panel:  9’-4” by 9’4” 
    7.5” thick 
  
 Reinforcement: Top:   15-#6 -----------> Column Strip 
    Bottom: 12-#6 
    Top:  13-#5-------------> Middle Strip 
    Bottom: 11-#5 
  
 Total Steel:  3.07psf   f’c:   4000psi 
 Total Depth:  18”    fy:   60ksi 
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 The next step is to take portions of this data and 

enter them into ADOSS to determine an accurate slab 

design.  Through trial and error, the system that works 

was found to be a 10” reinforced slab with 5.5” drop 

panels.  According to ACI 318-05 the thinnest slab   

allowable is controlled by table 9.5(c).  Since there is an 

edge beam and drop panels, the thickness of the slab is 

restricted to L/36 which is equivalent to 10”.  Therefore 

the slab is acceptable according to this criterion.  The 

partial output for a single span can be seen in 

Appendix B-1.  This particular output is for the E-W 

span along column line 3.  An equivalent frame 

representation of this span is shown in figure #9.  With 

the applied loads in both the horizontal and vertical 

directions, the deflections over this span are as follows… 

       Figure #9: Equivalent Frame 
 
 

    E-W Span   N-S Span         Total Deflection  
Dead      0.163”     0.110”                  0.273” 
Live     0.236”            0.112”                  0.348” 
Total     0.400”            0.222”                  0.622” 

 
 
The allowable live load deflection limit is L/360 (0.93”). 

0.348” < 0.933”   Deflection is OK!     
         

 
The allowable total load deflection limit is L/480 (0.7”).    

0.622” < 0.700”   Deflection is OK! 
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 There are critical shear stresses pointed out by the ADOSS on the 

exterior span of the building.  To address this problem, an edge beam is 

designed in the Edge Beam Design section that will resist the shear stresses 

at and around the columns.  Another concern of this slab system would be 

the punching stresses caused by the columns.  This will be addressed in the 

Column Design section.  A section view of the proposed slab dimensions is 

shown below in Figure #10.   

            
     

 Figure # 10: Proposed Slab Detail 
 

 

A complete reinforcing plan in the N-S and E-W directions can be 

referenced in Appendix B-17, B-18.  To make sure that the design from 

ADOSS is accurate, and there were no human errors, the output was 

verified with the direct-design method as specified in ACI 318-05.  The 

comparison can be seen in detail in Appendix B-16.  The results from the 

direct-design method proved that ADOSS gave a reliable output.  Using the 

steel specified from ADOSS it was determined that the bending capacity 

ØMn=531.2 ft-k is greater than the critical moment at this section Mn= 520.5 

ft-k (i.e. 531.2 ft-k > 520.5 ft-k).  Since Mn is not much greater than ØMn, it 
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can be concluded that the steel specified in the slab from ADOSS is an 

accurate output. 

Traverse Beam Design: 
 
 The purpose of an edge beam is to assist the slab in resisting torsion 

induced on and exterior span.  Interior spans have torsion on either side of 

the span which cancels each other out.  Edge beams also provide resistance 

against shear failure around the exterior of the slab.  The beam dimensions 

are based upon the slab geometry.  Beyond each column, there is an 18” 

overhang.  For the beam to run flush with the interior face of the column 

(20” x 20”), the edge beam will need to be 38”, with a depth of 18”.  For the 

design of the reinforced concrete beam, critical areas of flexure, torsion, and 

shear must be considered.  For a concrete strength of f’c=4000psi and a steel 

yield strength of fy= 60 ksi, the following design values are determined.   

 
 
Flexure:  

At Interior Support: ØMn =178 ft-k >  Mu =160.25 ft-k 

At Mid-span:   ØMn =108.9 ft-k >  Mu= 96.45 ft-k 

 
Torsion: 
     ØTn = 85.9 ft-k > Tu = 66 ft-k 

 

Shear: 
     No Additional Shear Reinforcing Required 
 
 
 To best describe the complete design of the edge beams, details 

showing reinforcing placement and beam dimensions are shown in Figure 

#11 and Figure #12.  The calculations for this design can be referenced in 

Appendix C-1.   
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                Figure #11: At Support            Figure #12: At Mid-span 
 
 
Column Design: 
 
 Now that everything that is supported by the columns is designed, 

the columns themselves are ready to be designed.  The columns were 

initially designed using the interaction diagram in figure #13.  

 
Figure #13: Column Interaction Diagram 
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 This diagram shows the relationship between the amount of axial 

load and the amount of bending moment a column can support.  After 

determining the values in the table in Appendix E-5, the following columns 

were initially designed. 

 

4th, 3rd, and 2nd Floors:    16” x 16” with (8) #6 reinforcing bars 

1st Floor Exterior Columns:            16” x 16” with (10) #8 reinforcing bars 

1st Floor Core Columns:             18” x 18” with (10) #8 reinforcing bars 

Ground Floor Exterior Columns:           20” x 20” with (10) #8 reinforcing bars 

Ground Floor Core Columns:            24” x 24” with (10) #8 reinforcing bars 

**Ground floor column dimensions are based on bearing capacity at footing** 

  

 Based on a punching shear analysis, 16”x16” columns are okay to use 

with a 5.5” drop panel.  This analysis can be seen in Appendix B-19 

   

    ØVc =318.8 kips >  Vu =260 kips 

 

 But as will be pointed out in the Footing Design section, the majority 

of columns will need to be at least 20”x20” unless a higher strength 

concrete is used.  This control is due to the bearing pressure at the footing.  

A larger area is needed to distribute the load more evenly and prevent 

bearing failure.   

 However, it is not practical to step column sizes throughout the 

height of the building.  It is more common to either increase the amount of 

reinforcing or to increase the strength of concrete before changing the size 

of the columns.  To increase bearing strength of the footings, the strength 

of the concrete in the columns and footings need to be increased.  This 
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would eliminate the need to step the column sizes.  If there was a need to 

keep the column sizes small, potentially the strength of the columns and 

footings could be increased to 6000psi concrete.  Were this to be the case, a 

4000psi and a 6000psi concrete would need to be ordered to the job site.  

Though changing the strength to 6000psi is more expensive per cubic yard 

($20/cy) than 4000psi concrete, the overall cost would be lower ($10,000 

increase).  This is because the use of the 4000psi concrete for the columns 

would require much more concrete, which gives an added value of $48,000.  

From this aspect it is more practical to use a smaller column and a higher 

strength.  However, ordering two types of concrete to a job site leaves room 

for concrete placing errors.  For this reason alone, 20” x 20” and 24” x 24” 

columns will be called out through the entire height of the building.  

 All columns, except for the center core, will be specified as 20” x 20” 

with (10) #8 reinforcing, f’c=4000psi and can be seen below in figure #14.  

The core columns will be 24”x 24” with (10) #8 reinforcing, f’c=6000psi and 

can be seen below in figure #15.   
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         Figure #14: Column Design     Figure #15: Core Column Design 

 

Footing Design: 
 

 To first decide which type of footing would best suit this building, 

allowable soil bearing pressure was used to determine the smallest size of 

the simplest footing type, a spread footing.  Since the building is so uniform, 

it was found that only three different types of spread footings really needed 

to be designed.  Footings 1, 2, and 3 are [10’-6” x 10’-6”], [11’-6” x 11’-6”], 

and [8’-6” x 8’-6”], respectively.  The layout plan of these footings can be 

seen in Appendix D-6.  To determine the area of these footings, divide the 

total load, P, by the allowable bearing pressure, in this case 6000psf.  The 

next thing to do is to determine what area of steel is required for bending 

and for shear.  Finally to check that the spread footing can hold the column 

above it without failing, bearing calculations must be performed.  The 

results are as follows… 
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Footing #1: 

    Footing #2: 

 

         Figure #16: Footing 1 detail 

 

 

 

              

       Figure #17: Footing 2 detail 

Footing #3: 

 

 
           Figure #18: Footing 2 detail 

 

 This section wraps up the proposed building design section of the 

report.  Any and all supporting calculations can be found in the appendices 

following the report.  The next section discusses construction management 

issues such as cost and schedule to erect the proposed design.  
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Construction Management Issues 
 

 A cost estimate and a time schedule are presented to verify which 

system is the more efficient design for this application.  Only the structural 

system is used for the takeoff and analysis of these estimates.  This includes 

the concrete and reinforcement in the footings, columns, and slabs.  The 

concrete is 4000psi concrete and the steel is 60ksi steel.   

 

Existing Cost Data: 
 
 For the existing structure, information concerning cost was provided 

by Jay Deluca at R. W. Larson Associates.   

 

Structural Costs:    $ 1,320,000 
Labor Costs:    $ 1,870,000 
 
TOTAL COSTS:    $ 3,190,000 
 
Proposed Cost Data: 
  
 To calculate the proposed structural costs, R.S. Means 2005 was used.  

First a takeoff of the material used was performed.  Then the total cost was 

determined and is as follows… 

 

Structural Costs:    $ 1,045,340 
Labor Costs:    $ 1,478,349 
 
TOTAL COSTS:    $ 2,523,689 
 
 

SAVINGS OF...   $ 666,311 
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Existing Schedule Data: 
 
 For the existing structure, information concerning scheduling was 

provided by Jay Deluca at R. W. Larson Associates.   

 

Existing Structural Schedule:  102 days (5.1 months) 
 
 This information is an estimate due to the fact that the building has 

not yet completed its construction phase. 

 

Proposed Schedule Data: 
 
 The values are determined using R. S. Means construction data.  The 

gross duration of the erection of the structure is estimated at 303 days.  In 

determining the actual schedule however certain tasks can be overlapped 

with other tasks, giving a shorter construction time.  

 

Proposed Structural Schedule:  197 days (9.85 months) 

 

 As compared to the existing system, the proposed concrete building 

would take 95 days longer.  This is a significant difference in time, though it 

is expected.  Usually concrete buildings take more time to erect because the 

concrete takes time to cure and there is a lot of formwork that needs to be 

placed before any concrete can be poured.  It is difficult to compare these 

numbers directly because different areas are sometimes more efficient with 

one trade over another.  Next the report will provide insight into an 

alternate lighting design for one of the rooms located in S&T Bank. 
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Interior Lighting Design 
 

 Lighting design is an essential element of the building process.  Not 

only does lighting bright up a room and make things look attractive, they 

are functional too.  In this section of the report, the lighting scheme for the 

research room on the first floor is presented.  Issues concerning lighting 

levels, appearance, and optimal functionality are used to propose a new 

lighting scheme for the room.   

 The reason the research room was analyzed is because the 

performance of the workers in the space is important, and lighting has a 

large impact on worker output.  Typical tasks in the research room would be 

computer work and reading.  As noted from the IES Handbook, the 

minimum lighting levels for the performance of visual tasks of high contrast 

and small size is 50 foot-candles.  These levels are based on healthy younger 

individuals.  Since it is possible that older people will use this workspace, a 

slightly higher level of light would be ideal.  Thus, target lighting levels are 

50-57 foot-candles (slightly higher than the minimum).  

 

Existing Lighting Scheme: 
 
 The existing light assembly that is used is shown below in figure #19.   

This particular fixture uses two T8, 32 watt 

fluorescent lamps.  The light distribution for this 

light is 100% direct lighting, as is shown in the 

photometry report provided in Appendix G-2.  To 

determine the lighting levels in the research 

room, the computer program AGI was used.  

Figure #20 shows the lighting levels on each Figure #19: Existing Lighting 
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of the work planes.  The work plane is set at 33 inches from the floor.  As 

can be seen, the existing lighting levels range from 32.7fc – 46.1fc on the 

desktops.  These values are less than the levels set by the IES Handbook and 

are less than the specified ideal levels for the room use.  

 
Figure #20: Existing Foot-Candle Levels 

 
 For this workspace, direct lighting will produce glare on a computer 

screen and even a glossy magazine article.  Fatigue can set in during a long 

workday when harsh conditions exist, and low lighting levels along with 

bright glare are some of these conditions.  To actually grasp what the space 
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looks like, a rendering is provided in figure #21.  The visual presentation of 

this space is good.  There aren’t many shadows on the walls or on the floor. 

Concerning the negative effects of the current lighting scheme and the goal 

to have the most productive workspace possible, a new lighting design is 

proposed. 

 
Figure #21: Existing Layout Rendering 

 
Proposed Lighting Conditions: 
 
   The new lighting scheme will incorporate an indirect light system to 

help reduce glare on the work plane.  If the ceiling is lit too brightly 

however, this can also produce unwanted glare.  As limited by the IES 

Handbook, ceiling levels should be no higher than 100fc.  The proposed 

lights also incorporate two T8, 32 watt lamps.  Below in Figure #22 shows a 

profile of the newly proposed lights. 

     
Figure #22: Proposed Light Assembly 
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 Figure #23 is an output from AGI that shows the actual lighting levels 

on the work plane.  As mentioned before, the ideal range for the research 

room is 50-57 foot-candles.  The lighting levels for this space average 

around 54.8 foot-candles, which is within the range specified for this space.  

 

 
Figure #23: Proposed Foot-Candle Levels 
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 The rendered image of the proposed space shown in figure #24 

indicates that the visual representation of this space is also good.  The room 

is slightly better visually than the existing lighting because there are 

practically no shadows on the wall.   

 

 
Figure #24:  Proposed Layout Rendering 

 
 Now that the lighting discussion is complete, recommendations and 

conclusions are presented.  The following conclusions are based solely on 

the information provided in the report. 
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Conclusions and Recommendations 

 

 Through previous reports, it was determined that the current design 

is a basic system and an efficient design as well.  To determine how efficient 

a system it is, a comparison with another system design needed to be done.  

The overall idea is to compare the current steel building to a proposed 

concrete building and see which building is a more efficient design.   

 The concrete structural system incorporates a two-way flat slab 

system with drop panels at the columns.  The slab is 10” thick and each of 

the drop panels is 5.5” thick.  Due to the new larger weight of the building, 

the footings needed to be redesigned.  The footings for the proposed 

concrete building are spread footings which can be as big as 11’-6” square 

or as small as 8’-6” square.  Typically the footings are 27” thick at the base.  

Due to bearing on the footings, the columns need to be 24” x 24” for the 

central core columns and 20” x 20” for the rest of the columns.  The columns 

do not need to be this large toward the top of the building but it is 

unreasonable to change the dimensions of the column throughout the 

height of the building.  All concrete specified has a strength of f’c=4000psi.  

The reinforcement steel is 60ksi steel.  All calculations to support the design 

for the new proposed system can be referenced in the Appendix.   

 Through an investigation of cost and schedule for the proposed 

concrete building, a direct comparison can be made between it and the 

existing steel building.  Through this investigation it was determined that 

the total cost of the steel building (including labor) was $3,190,000 and 

would require 102 days to complete the construction of the structural 

system.  The proposed concrete structure would cost $2,523,689.  There 

would be a savings of $666,311 were the concrete building to be erected.  
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The proposed design would require 197 days to complete construction of 

the structural system.  Therefore the original steel design would take 95 less 

days to complete construction. 

 While evaluating the current system, it became apparent that there 

was a room dedicated for research on the first floor of the building.  

Research room workers continually perform tasks essential for the 

maintenance and growth of the company that include reading and 

computing.  Since worker output is so important, an investigation of the 

lighting design was conducted to ensure the lighting was optimal for 

performance.  The existing design utilized a direct lighting scheme which 

incorporated (2) 32 watt T8 lamps.  The lighting levels on the work plane in 

the research room are currently 32.7fc – 46.1fc.  Ideal lighting intensities 

range from 52fc - 57fc, as determined from the IES handbook.  The 

proposed lighting design presents indirect fixtures which also incorporate 

(2) 32 watt T8 lamps.  The lighting levels on the work plane in the research 

room that are proposed are 41.8fc – 59.3fc. 

 

Recommendations: 

 Although the concrete design is over a half of a million dollars less 

expensive, it takes 95 more days to construct.  During this time the client 

could potentially move into the space.  The longer the client is not able to 

operate, the more money they forfeit to make.  One could do a study to see 

how much potential profit the client would make in 95 days to accurately 

determine which is more cost beneficial.  All in all, without further 

investigation neither system can be classified better than the other.  The 

longer a building is in construction, the more opportunity there is for things 

to go wrong and for problems to arise.  However, if money is a critical issue, 
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it would be advisable to use concrete for the structural system of the 

building. 

 The lighting scheme that exists is moderately acceptable.  The light 

intensity does not meet the recommended levels at the work plane for the 

intended tasks.  It is recommended to change the lighting system to an 

indirect system like the one presented in this report.  With indirect lighting, 

there is minimal to no glare observed on computer screens or high-gloss 

papers such as magazines.  
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FILE NAME            P:\STBANK3.ADS                                     
 
PROJECT ID.          S&T Bank                           
                     ----------------------------------- 
SPAN ID.             3 West-East 3rd fl 
                     ------------------- 
 
ENGINEER             Daniel Hancock           
 
DATE                 02/09/06 
TIME                 12:49:19 
 
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  INNER LAYER 
       AT SLAB BOTTOM =   1.50 in  INNER LAYER 
  MINIMUM FLEXURAL BAR SIZE: 
       AT SLAB TOP    =  # 4 
       AT SLAB BOTTOM =  # 4 
  MINIMUM SPACING: 
       IN SLAB =   6.00 in 
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                                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* |   1.5   10.0 | 15.0   14.0  |    2   |   29.0      .0 |   12.0  
100.0 | 
|   2  |  12.0   10.0 | 15.0   14.0  |    2   |   29.0     6.0 |   12.0  
100.0 | 
|   3  |  28.0   10.0 | 15.0   14.0  |    2   |   29.0    14.0 |   12.0  
100.0 | 
|   4  |  28.0   10.0 | 15.0   14.0  |    2   |   29.0    14.0 |   12.0  
100.0 | 
|   5  |  28.0   10.0 | 15.0   14.0  |    2   |   29.0    14.0 |   12.0  
100.0 | 
|   6  |  28.0   10.0 | 15.0   14.0  |    2   |   29.0    14.0 |   12.0  
100.0 | 
|   7* |   1.5   10.0 | 15.0   14.0  |    2   |   29.0      .0 |   12.0  
100.0 | 
|______|______________|______________|________|________________|_______
________| 
 
*  -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 
                                ******************** 
PARTIAL LOADINGS ARE NOT SPECIFIED 
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                           LATERAL LOAD/OUTPUT DATA 
                           ************************ 
 
LATERAL LOADS ARE SPECIFIED AS BEING CAUSED BY WIND       
 
LATERAL LOAD FROM FLOORS ABOVE (Pa) =     81.92 kips 
 
LATERAL LOAD AT THIS FLOOR     (Pb) =     57.94 kips 
 
NOTE: The analysis procedure adopted by the program is approximate. 
 
LATERAL LOADS DISTRIBUTED TO THE COLUMN AND MIDDLE STRIPS ACCORDING TO 
CODE DISTRIBUTION FACTORS. 
 
 
 
OUTPUT DATA 
PATTERN LOADINGS:                1 THRU 8 
PATTERN LIVE LOAD FACTOR (1-3)  =    75% 
 
LOAD FACTORS: 
  U = 1.40*D + 1.70*L 
  U =  .75( 1.40*D + 1.70*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           
**DROP NOT SPECIFIED AT COLUMN  1 
 
**SPECIFIED DROP DEPTH AT COLUMN  2 GREATER THAN 1/4TH THE SUPPORT-DROP 
EDGE 
DISTANCE, EXCESS DEPTH ON SPAN  2 SIDE IGNORED FOR REINFORCEMENT 
CALCULATIONS. 
**DROP NOT SPECIFIED AT COLUMN  6 
 
**SLAB SPAN  2 IS NOT A TWO WAY SYSTEM. 
THE SLAB DESIGN MUST BE PERFORMED MANUALLY. 
 
**TOTAL UNFACTORED DEAD LOAD =         541.607 kips 
                   LIVE LOAD =         368.300 kips                           
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---- STATICS PRINT-OUT FOR GRAVITY/LATERAL LOAD ANALYSIS ---- 
              *************************************************** 
 
                    J O I N T    M O M E N T S  ( ft - kips ) 
                    ----------------------------------------- 
JOINT               PATTERN-5                         PATTERN-6 
NUMBER    LEFT    RIGHT    TOP   BOTTOM     LEFT    RIGHT    TOP   
BOTTOM  
-----------------------------------------------------------------------
--- 
   1        -6.8  -272.7   100.4   179.2      -6.8   258.9   -86.6  -
165.4 
   2      -434.7   114.3   107.7   212.8      86.8   323.6  -149.4  -
261.0 
   3      -409.8   169.7    85.5   154.6    -179.0   400.6   -76.9  -
144.7 
   4      -375.4   141.9    82.4   151.1    -144.6   372.8   -80.0  -
148.2 
   5      -413.7   204.3    71.3   138.2    -180.1   432.3   -91.1  -
161.1 
   6      -278.9     6.8   118.2   153.9     -38.5     6.8    33.6    -
2.0 
JOINT               PATTERN-7                         PATTERN-8 
NUMBER    LEFT    RIGHT    TOP   BOTTOM     LEFT    RIGHT    TOP   
BOTTOM  
-----------------------------------------------------------------------
--- 
   1       -12.1  -278.1   106.5   183.8     -12.1   243.3   -76.9  -
154.2 
   2      -634.8   374.2    80.7   179.9    -123.3   579.5  -171.4  -
284.8 
   3      -754.2   507.7    89.0   157.5    -527.8   734.1   -70.3  -
136.0 
   4      -679.2   446.9    82.4   150.0    -452.8   673.3   -76.9  -
143.6 
   5      -761.8   582.5    57.8   121.5    -532.6   806.2  -101.5  -
172.1 
   6      -464.0    12.1   208.4   243.4    -228.2    12.1   125.5    
90.5 
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 J O I N T   S H E A R S  ( kips ) 
                      ---------------------------------- 
JOINT       PATTERN-5         PATTERN-6         PATTERN-7         
PATTERN-8 
NUMBER    LEFT    RIGHT     LEFT    RIGHT     LEFT    RIGHT     LEFT    
RIGHT  
-----------------------------------------------------------------------
------- 
   1        -9.0   -34.0      -9.0    53.7     -16.0   -24.8     -16.0    
61.3 
   2       -81.5    42.1       6.2    57.8    -124.6    99.6     -38.5   
115.0 
   3       -63.2    45.3     -47.4    61.8    -126.7   107.0    -111.3   
123.2 
   4       -60.0    42.9     -43.5    59.5    -119.3   101.9    -103.1   
118.2 
   5       -62.3    49.8     -45.7    66.5    -124.4   117.2    -108.1   
133.6 
   6       -56.5     9.0     -39.8     9.0    -110.3    16.0     -93.9    
16.0 
  ---------------------------------------------------------------------
------- 
 
    ** - Negative moment encountered in span, analyze manually. 
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  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      -11.0        .262       4        1.500       
1 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      216.1        .833       6        6.600       
6 
                     BOT     -253.8        .833       7        6.000       
5 
 
          VERT LEFT  TOP      -11.0        .262       4        1.500       
1 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP         .0        .000       0        4.800       
4 
                     BOT      -52.8        .833       2         .000       
0 
 
    2     TOTL LEFT  TOP     -533.8        .833       7        6.600       
7 
                     BOT       80.2        .833       6        5.400       
6 
 
               RGHT  TOP      520.5        .833       4        7.000       
6 
                     BOT         .0        .000       0        4.200       
7 
 
          VERT LEFT  TOP     -418.6        .833       4         .000       
0 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      520.5        .833       4        5.600       
2 
                     BOT         .0        .000       0         .000       
0 
 
    3     TOTL LEFT  TOP     -726.3        .833       4        8.400       
3 
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                     BOT         .0        .000       0        5.600       
8 
 
               RGHT  TOP      703.9        .833       4        9.800       
2 
                     BOT         .0        .000       0        5.600       
7 
 
          VERT LEFT  TOP     -726.3        .833       4        8.400       
3 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      703.9        .833       4        9.800       
2 
                     BOT         .0        .000       0         .000       
0 
 
    4     TOTL LEFT  TOP     -635.0        .833       4        8.400       
2 
                     BOT         .0        .000       0        5.600       
8 
 
               RGHT  TOP      628.4        .833       4        8.400       
3 
                     BOT         .0        .000       0        5.600       
7 
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  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)    
 ----------------------------------------------------------------------
-------- 
          VERT LEFT  TOP     -635.0        .833       4        8.400       
2 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      628.4        .833       4        8.400       
3 
                     BOT         .0        .000       0         .000       
0 
 
    5     TOTL LEFT  TOP     -737.6        .833       4        9.800       
3 
                     BOT         .0        .000       0        7.000       
8 
 
               RGHT  TOP      790.3        .833       4        8.400       
2 
                     BOT         .0        .000       0        7.000       
7 
 
          VERT LEFT  TOP     -737.6        .833       4        9.800       
3 
                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP      790.3        .833       4        8.400       
2 
                     BOT         .0        .000       0         .000       
0 
 
    6     TOTL LEFT  TOP     -375.7        .833       7        7.000       
5 
                     BOT         .0        .000       0        2.800       
8 
 
               RGHT  TOP       11.0        .262       4        1.500       
1 
                     BOT         .0        .000       0         .000       
0 
 
          VERT LEFT  TOP     -352.9        .833       4        4.200       
2 
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                     BOT         .0        .000       0         .000       
0 
 
               RGHT  TOP       11.0        .262       4        1.500       
1 
                     BOT         .0        .000       0         .000       
0 
 
 ----------------------------------------------------------------------
-------- 
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 S H E A R   A N A L Y S I S 
                          *************************** 
 
     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 
 NO.  STRESS   NO.            STRESS   NO.            MOMENT  TRANSFR   
STRESS 
       (psi)         (kips)    (psi)         (kips)   (ft-k)  (ft-k)    
(psi) 
-----------------------------------------------------------------------
-------- 
  1E  252.96    8      75.9    63.31    7       .0   -293.8   -117.5   
201.20  
  2I  252.96    4     248.8   153.76    8    151.3    456.2    182.5   
208.02  
  3I  252.96    4     309.2   191.07    7    231.5   -246.5    -98.6   
204.95  
  4I  252.96    4     292.0   180.44    7    219.0   -232.3    -92.9   
193.63  
  5I  252.96    4     319.3   197.31    8    239.6    273.6    109.4   
216.70  
  6E  252.96    4     155.7   129.83    4    155.7   -382.9   -153.2   
260.95* 
  
    * - Shear stress exceeded. 
 
                       - - AROUND DROP/SOLID HEAD - - 
                    COLUMN  ALLOW.  PATT  REACTION  SHEAR 
                    NUMBER  STRESS   NO.            STRESS 
                             (psi)         (kips)   (psi) 
                    -------------------------------------- 
                       1  Not applicable, drop dimensions not 
specified. 
                       2I   176.95    4     218.4    70.95  
                       3I   170.36    4     266.3    75.21  
                       4I   170.36    4     249.1    70.35  
                       5I   170.36    4     276.4    78.06  
                       6  Not applicable, drop dimensions not 
specified. 
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T R A N S V E R S E    B E A M    S H E A R    A N D    T O R S I O N 
               R E Q U I R E M E N T S (kips, ft-k, SQ.in, /,in.) 
     
********************************************************************* 
 
  ------------------------------  LEFT   SIDE  ------------------------
------- 
  BEAM  PATT.   Vu@d     Vc@d     Tu@d     Tc@d      Av/s   At/s  
Atot/s   Al 
  No.   NO.     SHEAR    SHEAR   TORSION  TORSION     @d     @d     @d     
@d 
  ---------------------------------------------------------------------
------- 
    1      7     26.4     13.5    118.7     60.8    .030*  .024   .066   
2.64  
    2   * *                 Transverse beam not specified                 
* * 
    3   * *                 Transverse beam not specified                 
* * 
    4   * *                 Transverse beam not specified                 
* * 
    5   * *                 Transverse beam not specified                 
* * 
    6      4     50.8     16.8    182.1     60.3    .043   .047   .137   
4.39  
 
  ------------------------------  RIGHT   SIDE  -----------------------
------- 
  BEAM  PATT.   Vu@d     Vc@d     Tu@d     Tc@d      Av/s   At/s  
Atot/s   Al 
  No.   NO.     SHEAR    SHEAR   TORSION  TORSION     @d     @d     @d     
@d 
  ---------------------------------------------------------------------
------- 
    1      7     24.2     11.6    127.2     61.1    .030*  .027   .071   
2.53  
    2   * *                 Transverse beam not specified                 
* * 
    3   * *                 Transverse beam not specified                 
* * 
    4   * *                 Transverse beam not specified                 
* * 
    5   * *                 Transverse beam not specified                 
* * 
    6      4     44.8     14.0    195.1     60.7    .039   .051   .142   
4.81  
   --------------------------------------------------------------------
------ 
 
NOTES: 1.) Deep beam analysis not considered. 
       2.) Loads assumed applied from above beam. 
       3.) Moment and shear at concentrated load must be checked 
manually 
           if located along transverse beam. 
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       4.) Symbols following Av/s values: 
           * - Minimum shear 50.*bw/Fyv - based on beam dimensions. 
           x - Vs exceeds 4*Vc, increase member section. 
       5.) Symbols following At/s values: 
           * - Minimum torsion 50.*bw/Fyv - based on beam dimensions. 
           x - Ts exceeds 4*Tc, increase member section. 
       6.) Symbols following Atot/s values: 
           * - Minimum torsion 50.*bw/Fyv - based on beam dimensions. 
       7.) Redistribution of torque is not considered. 
       8.) Detail first stirrup @ 3 inches. 
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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 
                   ******************************************** 
        *          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**    5   # 7  1.50   7.47    5   # 7  1.50   4.18   25   # 4  
1.50   7.31 
    2**    4   # 9  9.52   9.52    4   # 9  6.10   6.10   25   # 4  
8.25   8.65 
    3     11   # 6 10.05  11.45   10   # 6  6.10   6.55   25   # 4 
10.05  11.45 
    4      9   # 6 10.05  10.05    9   # 6  6.10   6.10   22   # 4 
10.05  10.05 
    5     12   # 6 11.45  10.05   11   # 6  6.55   6.10   27   # 4 
11.45  10.05 
    6     11   # 6  8.73   1.50   11   # 6  6.10   1.50   16   # 4  
8.65   1.50 
 
 ** - Positive reinforcement required, design manually. 
                  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**    4   # 4  11.42    3   # 4  10.17   13   # 4  11.92   12   # 
4   9.87 
    3     12   # 4  21.00   12   # 4  21.00    8   # 4  28.50    8   # 
4  19.60 
    4     12   # 4  21.00   11   # 4  21.00    8   # 4  28.50    8   # 
4  19.60 
    5     12   # 4  21.00   11   # 4  21.00    8   # 4  28.50    8   # 
4  19.60 
    6     10   # 5  27.42    9   # 5  24.17   10   # 4  27.92    9   # 
4  23.47 
 

** - Negative reinforcement required, design manually.
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 Appendix B 
 
 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 
           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       29000.     .001     .001     .002      .001     .001     
.002 
     2       37498.     .002     .001     .002     -.007    -.005    -
.012 
     3       45996.     .111     .116     .227      .060     .060     
.120 
     4       45996.     .089     .126     .215      .039     .056     
.094 
     5       45996.     .083     .123     .206      .033     .052     
.084 
     6       37498.     .163     .236     .400      .087     .107     
.194 
     7       29000.    -.015    -.011    -.026     -.015    -.011    -
.026 
 
                      * Program completed as requested * 
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