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Rockville, MD 

    Ryan Dalrymple          Structures Option 

Size 
133,870 sq. ft. 
Number of Stories  
5 stories above grade 
2 stories of underground parking 
Dates of Construction 
April 2006 – December 2007 
Project Cost 
$48,000,000 
Project Delivery Method 
Design-Bid-Build 
Project Team 
Owner 
     ASHA 
Development Manager 
     AtSite Real Estate 
Construction Manager 
     Davis Construction 
Architect 
     Boggs & Partners Architects 
Structural Engineer 
     Cagley & Associates 
M.E.P. Engineers 
     Vanderweil Engineers 

Architecture 

The ASHA National Office building was designed with the employees 
in mind. There is a generous amount of workspace for the workers 
and the meeting rooms are very flexible. The meeting rooms have 
adjustable partitions and movable furniture so that they can be 
altered to accommodate any type of meeting or event that is held. 
On the first floor of the office building there is a kitchen, café and 
gym for the employees to use throughout the work day. 

Structural System 

Two floors of parking make up the substructure of the ASHA 
National Office. The parking structure is composed of a two way flat 
slab concrete system that is comprised of a 9” thick slab and 5 ½” 
thick drop panels. The steel framing for the five story office tower 
consists of steel columns and beams with a composite concrete 
floor slab on metal deck. The composite slab consists of 3 ½” 
normal weight concrete on top of 2” deep metal deck. 

Mechanical System 

The mechanical system is powered by two 200 ton chillers with 
variable frequency drives. These are located in the chiller room on 
level B2. There is a variable air volume air handler on each floor of 
the building. Series fan-powered variable air volume terminal units 
provide air to all occupied spaces. The terminal units on the 
perimeter of the building have heating coils to provide heat to those 
spaces. 

Lighting/Electrical System 

The electrical system used to power the AHA National Office 
Building is a 277/480 Volt 3-Phase 4-Wire conduit system. A 300 kW 
diesel-fueled emergency generator is located outside. Interior 
lighting is mostly fluorescent type lighting fixtures. The lighting in 
the parking garage is provided by HID fixtures. 

www.boggspartners.com 

www.boggspartners.com 

http://www.engr.psu.edu/ae/thesis/portfolios/2011/rkd5002 
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Executive Summary 

The ASHA National Office building is an office building located in Rockville, MD. The office 
tower is five stories and there are two floors of subgrade parking. The parking structure is 
composed of a flat slab system with drop panels and the superstructure is composite steel. The 
lateral system consists of four braced frames in the office tower with shear walls in the subgrade 
parking garage. The gross area of the building is 133,870 square feet. 

The goal of this thesis was to redesign the structural system of the office tower as reinforced 
concrete. Using reinforced concrete would eliminate the need for the baseplates and anchor bolts 
that are needed to connect the steel office tower to the concrete parking structure below. By 
designing the entire structure as a reinforced concrete structure, the issue of connecting the steel 
office tower structure to the concrete parking structure below will be eliminated. In addition, the 
continuity of the concrete structure will create natural moment connections. The concrete 
structure will also eliminate the need for spray fire proofing. Reinforced concrete does not 
require any additional fire proofing treatments which will help reduce the cost of the structure. 

Two different concrete floor systems were considered for this thesis redesign. The first floor 
system that was considered was a two-way flat slab system with drop panels, and the second is a 
one-way slab and beam system. Both systems were modeled and designed using SPBeam. Due to 
the irregular shape of the floor plan of the office tower, all column lines had to be modeled. It 
was determined that the two-way flat slab system would be slightly cheaper, but would create 
limitations on floor plan flexibility due to the additional columns that are required for this 
system. For this reason, the one-way slab and beam system was ultimately chosen. 

After the structure was designed for the gravity loads, multiple checks were done to determine if 
the inherent moment connections of the reinforced concrete structure were adequate to resist the 
lateral loads on the building. ETABS was used to create a computer model of the office building, 
which was used to analyze the building for the lateral loads. If the structure did not meet these 
requirements, then shear walls would have to be implemented in the structure of the office tower. 
It was ultimately determined that the inherent moment connections of the concrete structure are 
adequate to resist the lateral loads, and shear walls are not needed for the office tower. 
 
A study that explores the architectural affects of changing the structure to concrete was done. If 
the two-way flat slab system was chosen, it would require the need for two more column lines. 
The impact of these additional columns on the open office floor space was considered, and the 
plaza level floor plan was redesigned to accommodate these extra columns. A cubicle layout was 
also created for part of the plaza level. 
 
A cost estimate and construction schedule was created for the redesigned concrete structure, and 
compared with the existing steel structure. It was determined that the existing steel structure is 
cheaper and the construction time is less than the redesigned concrete structure. 
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Thesis Objective 
 
Structural Depth 
 
Currently the structure for the subgrade parking garage for the ASHA National Office building is 
a two-way reinforced concrete flat slab system. The office tower that is above grade has a 
composite steel structure. The structure was found to be adequate for the gravity and lateral loads 
on the building, but having both a reinforced concrete system and a composite steel system in the 
building creates some complications for the design and construction of the building. One issue is 
that the steel structure above has to be connected to the concrete structure below. In the current 
design, this is done with baseplates and anchor bolts. These baseplates must be leveled and 
positioned accurately so that the steel columns are plumb and in the right location. By altering 
the structural system of the office tower, the cost of the project may be able to be decreased. 
 
The ASHA National office tower will be redesigned as a reinforced concrete structure. Two floor 
systems will be explored. The first floor system that will be considered is a one-way slab and 
beam system. The beams will span the 40’ direction and will be wide and shallow to reduce the 
floor system depth as much as possible. The columns will also be changed from steel W-Flange 
shapes to reinforced concrete columns. The second system that will be investigated is a two-way 
flat slab system with drop panels. This type of floor system will be considered because the 
subgrade parking structure consists of this type of floor system. By continuing this type of floor 
system in the office tower, the design and construction costs may be reduced. 
 
By designing the entire structure as a reinforced concrete structure, the issue of connecting the 
steel office tower structure to the concrete parking structure below will be eliminated. In 
addition, the continuity of the concrete structure will create natural moment connections. The 
concrete structure will also eliminate the need for spray fire proofing. Reinforced concrete does 
not require any additional fire proofing treatments which will help reduce the cost of the 
structure. It will be determined if a reinforced concrete office tower is an economical option 
when compared to a composite steel structure. 
 
By changing the design of the structure to reinforced concrete, the lateral system will have to be 
completely changed. If the inherent moment connections in the reinforced concrete structure are 
not adequate to resist the lateral loads, then concrete shear walls may have to implemented. The 
heavier weight of the structure will also increase the seismic loads on the building. 
 
The impact on the foundation will also have to be considered. Because the structure will be 
redesigned as a reinforced concrete structure, the weight of the building will increase resulting in 
higher loads on the lower parking structure and foundation below. This will most likely require 



ASHA National Office – Final Report    April 7, 2011 
 

Page 16 of 113 
Ryan Dalrymple – Structures Option 
Advisor: Dr. Thomas Boothby 

the size of the foundations to be increased. A spread footing will be redesigned for the higher 
dead loads in order to determine the cost and schedule impact of the larger foundations. 
 
Breadth Studies 
 
Redesigning the structure as reinforced concrete will affect the cost and schedule of the project. 
For this reason, an in-depth study will be done on the cost and schedule impacts of redesigning 
the structure. The overall cost and a construction schedule will be determined for the concrete 
structure. The cost and schedule of the redesigned concrete structure will be compared to that of 
the existing composite steel structure, and feasibility of the redesign will be determined. 
 
Another study that explores the architectural affects of changing the structure to concrete will be 
done. The two-way flat slab system will require the need for two more column lines. The impact 
of these additional columns on the office tower floor plan will be considered. The plaza level 
will be the floor that is most affected by these additional columns. This is due to the conference 
rooms that are located on this level. The floor plan will be rearranged in order to work with the 
new structural layout. Research on cubicle sizes will be done, and a cubicle layout will be 
created for part of the plaza level. 
 
MAE Requirement 
 
The MAE requirement for this class was met by utilizing ETABS to create a computer model of 
the building. The model was used to analyze the building under the lateral loads. By generating 
and utilizing the ETABS computer model of the building, the course material taught in AE 597A 
was directly applied to this thesis project. 
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Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
C‐1 C‐3 40' 18x26 6 ‐ 11 7
C‐3 C.1‐7 14' 18x14 11 3 9 3
C.1‐7 C.1‐9 40' 18x26 9 ‐ 9 6

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
D‐1 D‐3 40' 18x26 8 ‐ 10 7
D‐3 D.1‐7 20' 18x14 10 ‐ 9 3
D.1‐7 D.1‐9 40' 18x26 9 ‐ 9 6

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
E‐1 E‐3 40' 18x26 8 ‐ 10 7
E‐3 E.1‐7 25' 18x16 10 ‐ 10 4
E.1‐7 E.1‐9 40' 18x26 10 ‐ 9 6

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
F‐1 F‐3 40' 18x26 8 ‐ 11 7
F‐3 F.1‐7 29' 18x21 11 ‐ 10 4
F.1‐7 F.1‐9 40' 18x26 10 ‐ 9 6

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
G‐1 G‐3 40' 18x26 8 ‐ 11 7
G‐3 G.1‐7 35' 18x26 11 ‐ 10 5
G.1‐7 G.1‐9 40' 18x26 10 ‐ 9 6

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
H‐1 H‐3 40' 18x26 8 ‐ 12 7
H‐3 H.1‐7 40' 18x26 12 ‐ 11 6
H.1‐7 H.1‐9 40' 18x26 11 ‐ 9 6

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
J‐1 J‐3 40' 18x26 8 ‐ 10 7
J‐3 J‐4 20' 18x14 10 ‐ 6 3
J‐4 J.1‐7 25' 18x16 6 ‐ 10 4
J.1‐7 J.1‐9 40' 18x26 10 ‐ 9 6

Column Line D

Beam Reinforcement Details (From spBeam)
Reinforcing is #8 Bars Unless Otherwise Noted

Column Line C

Column Line J

Column Line H

Column Line G

Column Line F

Column Line E
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Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
K‐1 K‐3 40' 18x26 8 ‐ 10 7
K‐3 K‐4 20' 18x14 10 ‐ 6 3
K‐4 K.1‐7 29' 18x21 6 ‐ 10 4
K.1‐7 K.1‐9 40' 18x26 10 ‐ 9 6

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
L‐1 L‐3 40' 18x26 8 ‐ 10 7
L‐3 L‐4 20' 18x14 10 ‐ 7 3
L‐4 L.1‐7 35' 18x26 7 ‐ 12 5
L.1‐7 L.1‐9 40' 18x26 12 ‐ 10 7

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
M‐1 M‐3 40' 18x21 8 4 9 5
M‐3 M‐4 20' 18x14 9 3 8 3
M‐4 M.1‐7 40' 18x21 8 4 9 5
M.1‐7 M.1‐9 26' 18x16 9 3 4 3

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
M.1‐8 L.1‐8 20' 21x14 3 3 3 3
C‐9 B‐9 20' 21x14 5 3 5 4

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
M.2‐3 K.5‐3 40' 18x26 5‐#11 ‐ 5‐#11 7
M.2‐4 K.5‐4 40' 18x26 5‐#11 ‐ 5‐#11 7
D‐3 B‐3 30' 24x16 5 ‐ 8 7
C.1‐7 B.1‐7 20' 12x16 2 ‐ 2 2

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
M‐1 L‐1 20' 21x14 5 3 5 4
D‐1 B‐1 30' 21x21 10 3 11 8

Start End Length Size Top Reinf. Left Top Reinf. Mid. Top Reinf. Right Bottom Reinf.
B‐1 B‐3 40' 18x21 5 4 5 4
B‐3 B‐7 12' 18x14 5 3 3 3
B.1‐7 B.1‐9 40' 18x21 8 4 8 5

Column Line K

Column Line B

Column Line 1

Transfer Girders

Column Line 9 & 8

Column Line M

Column Line L
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ft^2 kip kips kips kips kips ft‐kips Size Reinf
Column Location AT Type Self wt. Plive Pdead Pdead+self Pu Mu

B‐1 300 Corner 21.3 129.0 282.8 304.0 571 185 18x21in 4‐#9
D‐1 500 Exterior 21.3 215.0 411.3 432.5 863 340 18x21in 12‐#10
E‐1 400 Exterior 21.3 172.0 329.0 350.3 696 339 18x21in 12‐#10
F‐1 400 Exterior 21.3 172.0 329.0 350.3 696 336 18x21in 12‐#10
G‐1 400 Exterior 21.3 172.0 329.0 350.3 696 333 18x21in 12‐#10
H‐1 400 Exterior 21.3 172.0 329.0 350.3 696 331 18x21in 12‐#10
J‐1 400 Exterior 21.3 172.0 329.0 350.3 696 340 18x21in 12‐#10
K‐1 400 Exterior 21.3 172.0 329.0 350.3 696 340 18x21in 12‐#10
L‐1 400 Exterior 21.3 172.0 329.0 350.3 696 340 18x21in 4‐#9
M‐1 200 Corner 21.3 86.0 200.5 221.8 404 239 18x21in 12‐#10
B‐3 525 Exterior 21.3 225.8 431.4 452.6 904 161 18x21in 4‐#9
D‐3 750 Interior 24.3 322.5 549.4 573.7 1204 325 18x24in 12‐#10
E‐3 640 Interior 24.3 275.2 468.8 493.1 1032 273 18x24in 12‐#10
F‐3 700 Interior 24.3 301.0 512.8 537.1 1126 213 18x24in 12‐#10
G‐3 740 Interior 24.3 318.2 542.1 566.4 1189 115 18x24in 12‐#10
H‐3 800 Interior 24.3 344.0 586.0 610.3 1283 35 18x24in 12‐#10
J‐3 600 Interior 24.3 258.0 439.5 463.8 969 323 18x24in 12‐#10
K.5‐3 750 Interior 24.3 322.5 549.4 573.7 1204 409 18x26in 12‐#10
M.2‐3 750 Interior 24.3 322.5 549.4 573.7 1204 400 18x24in 12‐#10
M‐3 300 Exterior 21.3 129.0 273.8 295.0 560 228 18x21in 4‐#9
J‐4 440 Interior 24.3 189.2 322.3 346.6 719 56 18x24in 12‐#10
K.5‐4 625 Interior 24.3 268.8 457.8 482.1 1009 409 18x24in 12‐#10
M.2‐4 750 Interior 24.3 322.5 549.4 573.7 1204 400 18x26in 12‐#10
M‐4 300 Exterior 21.3 129.0 273.8 295.0 560 208 18x21in 4‐#9
B.1‐7 225 Corner 21.3 96.8 218.8 240.1 443 283 18x21in 4‐#9
C.1‐7 505 Interior 24.3 217.2 369.9 394.2 820 339 18x24in 12‐#10
D.1‐7 640 Interior 24.3 275.2 468.8 493.1 1032 302 18x24in 12‐#10
E.1‐7 700 Interior 24.3 301.0 512.8 537.1 1126 249 18x24in 12‐#10
F.1‐7 740 Interior 24.3 318.2 542.1 566.4 1189 381 18x26in 12‐#10
G.1‐7 800 Interior 24.3 344.0 586.0 610.3 1283 96 18x24in 12‐#10
H.1‐7 600 Interior 24.3 258.0 439.5 463.8 969 15 18x24in 12‐#10
J.1‐7 640 Interior 24.3 275.2 468.8 493.1 1032 246 18x24in 12‐#10
K.1‐7 700 Interior 24.3 301.0 512.8 537.1 1126 183 18x24in 12‐#10
L.1‐7 740 Interior 24.3 318.2 542.1 566.4 1189 114 18x24in 12‐#10
M.1‐7 350 Exterior 21.3 150.5 319.4 340.6 650 162 18x21in 4‐#9
B.1‐9 200 Corner 21.3 86.0 200.5 221.8 404 283 18x21in 4‐#9
C.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 399 18x21in 12‐#10 
D.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 398 18x21in 12‐#10
E.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 396 18x21in 12‐#10
F.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 393 18x21in 12‐#10
G.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 389 18x21in 12‐#10
H.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 386 18x21in 12‐#10
J.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 395 18x21in 12‐#10
K.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 392 18x21in 12‐#10
L.1‐9 400 Exterior 21.3 172.0 329.0 350.3 696 448 18x21in 12‐#10
M.1‐8 180 Corner 21.3 77.4 176.9 198.1 362 114 18x21in 4‐#9

Column Design Table
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ft^2 kip kips kips kips kips ft‐kips Size Reinf
Column Location AT Type Self wt. Plive Pdead Pdead+self Pu Mu

B‐1 300 Corner 10.6 69.0 166.9 177.5 323 185 18x18in 4‐#9
D‐1 500 Exterior 10.6 115.0 244.8 255.4 490 340 18x18in 12‐#10
E‐1 400 Exterior 10.6 92.0 195.8 206.4 395 339 18x18in 12‐#10
F‐1 400 Exterior 10.6 92.0 195.8 206.4 395 336 18x18in 12‐#10
G‐1 400 Exterior 10.6 92.0 195.8 206.4 395 333 18x18in 12‐#10
H‐1 400 Exterior 10.6 92.0 195.8 206.4 395 331 18x18in 12‐#10
J‐1 400 Exterior 10.6 92.0 195.8 206.4 395 340 18x18in 12‐#10
K‐1 400 Exterior 10.6 92.0 195.8 206.4 395 340 18x18in 12‐#10
L‐1 400 Exterior 10.6 92.0 195.8 206.4 395 340 18x18in 12‐#10
M‐1 200 Corner 10.6 46.0 117.9 128.5 228 239 18x18in 12‐#10
B‐3 525 Exterior 10.6 120.8 256.7 267.4 514 161 18x18in 4‐#9
D‐3 750 Interior 12.2 172.5 329.6 341.8 686 325 18x20in 10‐#10
E‐3 640 Interior 12.2 147.2 281.3 293.4 588 273 18x20in 10‐#10
F‐3 700 Interior 12.2 161.0 307.7 319.8 641 213 18x20in 10‐#10
G‐3 740 Interior 12.2 170.2 325.2 337.4 677 115 18x20in 10‐#10
H‐3 800 Interior 12.2 184.0 351.6 363.8 731 35 18x20in 10‐#10
J‐3 600 Interior 12.2 138.0 263.7 275.9 552 323 18x20in 10‐#10
K.5‐3 750 Interior 12.2 172.5 329.6 341.8 686 409 18x21in 12‐#10
M.2‐3 750 Interior 12.2 172.5 329.6 341.8 686 400 18x21in 12‐#10
M‐3 300 Exterior 10.6 69.0 161.9 172.5 317 228 18x18in 4‐#9
J‐4 440 Interior 12.2 101.2 193.4 205.5 409 56 18x20in 10‐#10
K.5‐4 625 Interior 12.2 143.8 274.7 286.8 574 409 18x21in 12‐#10
M.2‐4 750 Interior 12.2 172.5 329.6 341.8 686 400 18x20in 10‐#10
M‐4 300 Exterior 10.6 69.0 161.9 172.5 317 208 18x18in 4‐#9
B.1‐7 225 Corner 10.6 51.8 128.9 139.5 250 283 18x18in 12‐#10
C.1‐7 505 Interior 12.2 116.2 369.9 382.1 644 339 18x20in 10‐#10
D.1‐7 640 Interior 12.2 147.2 281.3 293.4 588 302 18x20in 10‐#10
E.1‐7 700 Interior 12.2 161.0 307.7 319.8 641 249 18x20in 10‐#10
F.1‐7 740 Interior 12.2 170.2 325.2 337.4 677 381 18x21in 12‐#10
G.1‐7 800 Interior 12.2 184.0 351.6 363.8 731 96 18x20in 10‐#10
H.1‐7 600 Interior 12.2 138.0 263.7 275.9 552 15 18x20in 10‐#10
J.1‐7 640 Interior 12.2 147.2 281.3 293.4 588 246 18x20in 10‐#10
K.1‐7 700 Interior 12.2 161.0 307.7 319.8 641 183 18x20in 10‐#10
L.1‐7 740 Interior 12.2 170.2 325.2 337.4 677 114 18x20in 10‐#10
M.1‐7 350 Exterior 10.6 80.5 188.8 199.5 368 162 18x18in 4‐#9
B.1‐9 200 Corner 10.6 46.0 117.9 128.5 228 283 18x18in 12‐#10
C.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 399 18x18in 12‐#10
D.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 398 18x18in 12‐#10
E.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 396 18x18in 12‐#10
F.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 393 18x18in 12‐#10
G.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 389 18x18in 12‐#10
H.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 386 18x18in 12‐#10
J.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 395 18x18in 12‐#10
K.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 392 18x18in 12‐#10
L.1‐9 400 Exterior 10.6 92.0 195.8 206.4 395 448 18x18in 12‐#10
M.1‐8 180 Corner 10.6 41.4 104.1 114.7 204 114 18x18in 4‐#9

Column Design Table ‐ Above Splice at Level 4
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ETABS Model 
 
After the new seismic loads were determined, a computer model of the building was created 
using ETABS. All of the columns, beams were modeled using line elements. The slabs were 
modeled using rigid diaphragms, with an added area mass to account for the self-weight. This 
was done to determine if the gravity system is adequate to resist the lateral loads. Two grids were 
created for this model. One of the grids is rotated 14.04 degrees clockwise off of the global axis. 
Figure 20 and 21 show three dimensional views of the ETABS model that was created for this 
report. Figure 22 is a typical floor plan of the ETABS model that shows the locations of the 
beams and columns. There were multiple assumptions that were made in order to model the 
ASHA National Office tower. 
 
Assumptions 
 

• The self-weight of the columns and beams is accounted for in the model 
• Rigid end zones are applied to all beams with a reduction of 50% 
• The slabs are considered to act as rigid diaphragms 
• The self-weight of the slab is applied as an additional area mass on the rigid diaphragm 
• P-Δ effects are considered 
• The moment of inertia for each element is: 

    Columns = 0.7Ig 
    Beams = 0.35Ig 
    Slabs = 0.25Ig 

• The compressive strength of all concrete is 5000 psi 
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ABS Model 3

ABS Model 3

3-D View 1

3-D View 2
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Lateral Design 
 
Multiple checks were done to determine if the inherent moment connections of the reinforced 
concrete structure are adequate to resist the lateral loads on the building. Story drifts and 
displacements were checked, and the strength of the beams and columns were checked to see if 
they are sufficient to resist moments caused by the wind and seismic loads. If the structure does 
not meet these requirements, then shear walls will have to be added to the office tower. 
 
Drift and Displacement Check 
 
After the ETABS model was created, the wind and seismic loads were applied to the office tower 
to determine if the gravity system is adequate for the lateral loads. Story drift and the total lateral 
displacement of the building were then checked. According to ASCE 7-10, the allowable seismic 
story drift for a building in the occupancy category II is 0.020hsx. The accepted standard for total 
building displacement for wind loads is L/400. The ETABS building model was utilized to 
determine the story drifts and displacements. The unfactored loads were used to determine the 
seismic story drift, and the factored loads were used to determine the wind drift. The tables 
below show the story drifts for the wind and seismic loads versus the allowable drifts. As seen, 
the actual drifts are within the limits of the code and accepted standards. 
 

Seismic Story Drift   N‐S Direction 
Floor  Displacement (in)  Story Drift (in) Allowable Story Drift (in)  Okay? 
PH 
Roof  1.596  0.079  3.84  Yes 
Roof  1.517  0.158  3.24  Yes 
Fifth  1.359  0.249  3.24  Yes 
Fourth  1.110  0.304  3.24  Yes 
Third  0.806  0.350  3.24  Yes 
Second  0.456  0.366  3.6  Yes 
Plaza  0.090  0.090  2.4  Yes 
Parking  0.000  0.000  2.4  Yes 
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Seismic Story Drift   E‐W Direction 
Floor  Displacement (in)  Story Drift (in) Allowable Story Drift (in)  Okay? 
PH 
Roof  3.879  0.354  3.84  Yes 
Roof  3.525  0.383  3.24  Yes 
Fifth  3.142  0.561  3.24  Yes 
Fourth  2.581  0.710  3.24  Yes 
Third  1.871  0.811  3.24  Yes 
Second  1.060  0.836  3.6  Yes 
Plaza  0.224  0.224  2.4  Yes 
Parking  0.000  0.000  2.4  Yes 

 
 

Wind Story Displacement   N‐S Direction 
Floor  Displacement (in)  Allowable Displacment (in)  Okay?
PH 
Roof  1.491  3.150  Yes 
Roof  1.443  2.670  Yes 
Fifth  1.343  2.265  Yes 
Fourth  1.146  1.860  Yes 
Third  0.866  1.455  Yes 
Second  0.510  1.050  Yes 
Plaza  0.101  0.600  Yes 
Parking  0.000  0.300  Yes 

 
Wind Story Displacement   E‐W Direction 

Floor  Displacement (in)  Allowable Displacment (in)  Okay?
PH 
Roof  1.564  3.150  Yes 
Roof  1.560  2.670  Yes 
Fifth  1.342  2.265  Yes 
Fourth  1.141  1.860  Yes 
Third  0.853  1.455  Yes 
Second  0.496  1.050  Yes 
Plaza  0.106  0.600  Yes 
Parking  0.000  0.300  Yes 
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Lateral Design of One-Way Beams 
 
After the drift and displacements were checked, the beams were checked to determine if they 
able to resist the wind and seismic loads. The moments on the one-way beams due to the wind 
and seismic loads were obtained from ETABS and then input into spBeam. The tables below 
show the moments on the one-way beams due to the wind and seismic loads that were obtained 
from ETABS. The proper load cases were used for ASCE7-10. Every column line from B to M 
in the N-S direction was reanalyzed and new reinforcing diagrams for all of the beams were 
created. Detailed calculations and spreadsheets can be seen in Appendix A. The new reinforcing 
diagrams for all of the beams are shown in Appendix E. None of the beams in the N-S direction 
had to be increased in size for the lateral loads, although the amount of flexural reinforcing had 
to be increased in a number of the beams. As seen in the new reinforcing diagrams, the amount 
of shear reinforcing also often had to be increased to resist the lateral loads. The edge beams in 
column line 9 that run in the E-W direction had to be made deeper by 2 inches. The 30’ long 
edge beam in column line 1 had to be made deeper by 3 inches. The four transfer girders in the 
building were also redesigned for the gravity loads. The reinforcing diagrams for the transfer 
girders that have been redesigned for the lateral loads are shown in Appendix E. 
 

Moments on Beams Due to N‐S Wind Loads (ft‐kips) 
Column Line  Beam 1‐3  Beam 3‐7  Beam 7‐9 

B  44.3  44.4 29.9 19.2 47.0 46.8
C  38.6  30.3 18.8 27.7 76.7 76.9
D  75.4  76.3 26.6 26.9 75.6 75.2
E  73.9  74.5 31.0 31.1 70.3 70.4
F  69.7  69.1 51.5 51.6 64.8 66.0
G  65.3  63.5 73.4 73.6 59.2 61.5
H  62.4  61.0 61.6 61.8 56.5 58.4

   Beam 1‐3  Beam 3‐4  Beam 4‐7  Beam 7‐9 
J  60.8  61.3 21.7 22.3 25.9 25.2 57.5  57.5
K  44.7  31.9 8.4 8.8 26.3 34.1 51.8  52.4
L  41.6  28.2 7.1 7.1 29.4 43.0 52.6  44.3

   Beam 1‐3  Beam 3‐4  Beam 4‐7  Beam 7‐8 
M  29.3  29.2 18.6 18.6 30.0 30.0 18.1  18.3
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Moments on Beams Due to N‐S Seismic Loads (ft‐kips) 
Column Line  Beam 1‐3  Beam 3‐7  Beam 7‐9 

B  48.8  49.0 32.9 21.0 51.3 51.1
C  42.8  33.7 20.9 30.7 84.8 85.0
D  84.7  85.6 29.8 30.2 84.7 84.3
E  84.2  84.8 35.3 35.5 80.0 80.1
F  80.6  79.9 59.5 59.6 75.1 76.4
G  76.8  74.6 86.3 86.5 69.8 72.5
H  74.6  73.0 73.7 73.9 68.1 70.2

   Beam 1‐3  Beam 3‐4  Beam 4‐7  Beam 7‐9 
J  74.0  74.8 26.5 27.2 31.5 30.6 70.7  70.7
K  55.4  39.4 10.4 11.0 32.5 42.2 65.3  66.0
L  53.1  36.2 9.0 9.0 37.7 55.0 67.6  58.4

   Beam 1‐3  Beam 3‐4  Beam 4‐7  Beam 7‐8 
M  38.2  38.2 24.4 24.4 39.2 39.1 24.2  24.4
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Column Location Plive Pdead ML MD MWY MEY Size Reinf
B‐1 129.0 304.0 44.8 94.5 54.7 62.9 18x21in 8‐#9
D‐1 215.0 432.5 105.2 143.4 58.2 66.9 18x21in 12‐#10
E‐1 172.0 350.3 105.2 142.1 54.3 62.4 18x21in 12‐#10
F‐1 172.0 350.3 105.0 140.5 51.4 59.1 18x21in 12‐#10
G‐1 172.0 350.3 104.7 138.0 48.5 55.8 18x21in 12‐#10
H‐1 172.0 350.3 104.8 135.9 45.8 52.7 18x21in 12‐#10
J‐1 172.0 350.3 105.1 143.3 43.2 49.7 18x21in 12‐#10
K‐1 172.0 350.3 105.1 143.3 38.9 44.7 18x21in 12‐#10
L‐1 172.0 350.3 105.2 143.3 36.1 41.5 18x21in 12‐#10
M‐1 86.0 221.8 63.6 114.3 32.2 37.0 18x21in 8‐#9
B‐3 225.8 452.6 38.7 82.7 90.7 104.3 18x21in 8‐#9
D‐3 322.5 573.7 97.5 141.2 95.6 109.9 18x24in 12‐#10
E‐3 275.2 493.1 80.6 119.6 89.9 103.4 18x24in 12‐#10
F‐3 301.0 537.1 61.6 95.0 88.3 101.5 18x24in 12‐#10
G‐3 318.2 566.4 31.5 53.9 86.8 99.8 18x24in 12‐#10
H‐3 344.0 610.3 7.3 19.5 80.9 93.0 18x24in 12‐#10
J‐3 258.0 463.8 97.4 139.2 71.2 81.9 18x24in 12‐#10
K.5‐3 322.5 573.7 186.4 84.5 62.9 72.3 18x26in 12‐#10
M.2‐3 322.5 573.7 191.1 86.0 53.9 62.0 18x26in 12‐#10
M‐3 129.0 295.0 58.5 112.4 54.5 62.7 18x21in 8‐#9
J‐4 189.2 346.6 17.5 22.6 66.0 75.9 18x24in 12‐#10
K.5‐4 268.8 482.1 186.4 84.5 62.4 71.8 18x24in 12‐#10
M.2‐4 322.5 573.7 191.1 86.0 53.9 62.0 18x26in 12‐#10
M‐4 129.0 295.0 54.0 101.1 54.6 62.8 18x21in 8‐#9
B.1‐7 96.8 240.1 76.7 133.8 81.8 94.1 18x21in 8‐#9
C.1‐7 217.2 394.2 101.8 146.8 86.3 99.2 18x24in 12‐#10
D.1‐7 275.2 493.1 90.1 131.3 93.0 107.0 18x24in 12‐#10
E.1‐7 301.0 537.1 73.4 109.9 85.0 97.8 18x24in 12‐#10
F.1‐7 318.2 566.4 54.8 85.9 83.1 95.6 18x26in 12‐#10
G.1‐7 344.0 610.3 25.3 45.7 81.4 93.6 18x24in 12‐#10
H.1‐7 258.0 463.8 2.0 11.3 75.4 86.7 18x24in 12‐#10
J.1‐7 275.2 493.1 73.3 106.5 61.1 70.3 18x24in 12‐#10
K.1‐7 301.0 537.1 54.6 79.8 62.7 72.1 18x24in 12‐#10
L.1‐7 318.2 566.4 39.5 42.5 60.2 69.2 18x24in 12‐#10
M.1‐7 150.5 340.6 41.8 78.9 49.3 56.7 18x21in 8‐#9
B.1‐9 86.0 221.8 76.7 133.8 61.3 70.5 18x21in 8‐#9
C.1‐9 172.0 350.3 122.8 168.5 63.2 72.7 18x21in 12‐#10 
D.1‐9 172.0 350.3 122.8 167.4 60.5 69.6 18x21in 12‐#10
E.1‐9 172.0 350.3 122.7 165.8 63.1 72.6 18x21in 12‐#10
F.1‐9 172.0 350.3 122.5 164.0 59.4 68.3 18x21in 12‐#10
G.1‐9 172.0 350.3 122.3 161.2 55.7 64.1 18x21in 12‐#10
H.1‐9 172.0 350.3 122.4 158.6 52.3 60.1 18x21in 12‐#10
J.1‐9 172.0 350.3 122.6 165.6 49.2 56.6 18x21in 12‐#10
K.1‐9 172.0 350.3 122.3 163.6 45.5 52.3 18x21in 12‐#10
L.1‐9 172.0 350.3 150.8 172.2 41.2 47.4 18x21in 12‐#10
M.1‐8 77.4 198.1 32.8 51.2 35.7 41.1 18x21in 8‐#9

Column Design Table ‐ Lateral Loads
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Lateral Design Summary 
 
After checking the drifts and displacements due to the lateral loads and designing the beams and 
columns for the lateral loads, it was determined that shear walls are not necessary in the ASHA 
National Office building. Because the office tower is only five stories high, the inherent moment 
connections of the reinforced concrete structure are sufficient to resist the wind and seismic loads 
on the building. Reinforcing had to be added to some of the beams and columns and a small 
number of beams had to be upsized to resist the lateral loads. Using reinforced concrete rather 
than steel for the structure of the building provides a significant advantage, because it eliminates 
the architectural impacts of the braced frames of the existing steel office tower. The fact that 
shear walls are not needed allows for more flexibility for the layout of each floor in the office 
tower. 
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Construction Management Breadth 
 
Redesigning the structure of the ASHA National Office building as reinforced concrete affects 
the construction costs and scheduling of the project. For this thesis report, a detailed cost 
estimate was done for the reinforced concrete structure and compared with the cost of the 
existing composite steel structure in order to determine the viability of the redesign. RS Means 
Building Construction Cost Data 2011 was used to obtain the unit prices for the concrete 
structure. The cost and schedule information for the existing structure was obtained from Davis 
Construction who was the construction manager on the project. The ASHA National Office 
building was constructed in 2007, so the costs obtained from Davis Construction were adjusted 
using the historical cost indices found in RS Means. The cost of the concrete redesign was 
adjusted for location by multiplying by the city cost index. The cost of the foundations and 
subgrade columns in the parking structure for the redesign were increased by 20% to account for 
the higher dead loads due to the concrete structure. Takeoffs for the concrete, formwork and 
reinforcement were done by hand. Detailed takeoff calculations can be seen in Appendix A. The 
tables below show the cost calculations for the concrete beams, columns and slabs. 
 

 
 

 
 

 
 
 

Reinf #7 & Cost/Ton Reinf #8 & Cost/Ton Total
 Below (Tons) #7 & Below  Above (Tons) #8 & Above Cost

2nd 101.97 $122.00 $74.00 6289.50 $10.70 2.94 $2,550.00 7.94 $1,900.00 $101,087.07
3rd 101.97 $122.00 $74.00 6289.50 $10.70 2.94 $2,550.00 7.94 $1,900.00 $101,087.07
4th 101.97 $122.00 $74.00 6289.50 $10.70 2.94 $2,550.00 7.94 $1,900.00 $101,087.07
5th 101.97 $122.00 $74.00 6289.50 $10.70 2.94 $2,550.00 7.94 $1,900.00 $101,087.07
Roof 78.38 $122.00 $74.00 5453.83 $10.70 2.94 $2,550.00 7.94 $1,900.00 $88,606.83
PH Roof 6.11 $122.00 $74.00 511.00 $10.70 0.59 $2,550.00 1.59 $1,900.00 $10,289.36

Total $462,984.91

Concrete Beam Cost Estimate

Floor Conc. Vol. (CY) Conc Cost/CY Placing Cost/CY Formwork (SFCA) Formwork Cost/SFCA

Below Reinf #7 & Cost/Ton Reinf #8 & Cost/Ton Total
Floor  Below (Tons) #7 & Below  Above (Tons) #8 & Above Cost

2nd 64.50 $122.00 $49.00 4185.00 $10.75 0.76 $2,650.00 14.55 $2,075.00 $81,151.03
3rd 64.50 $122.00 $49.00 4185.00 $10.75 0.76 $2,650.00 14.55 $2,075.00 $81,151.03
4th 64.50 $122.00 $49.00 4185.00 $10.75 0.76 $2,650.00 14.55 $2,075.00 $81,151.03
5th 54.44 $122.00 $49.00 3822.75 $10.75 0.76 $2,650.00 14.55 $2,075.00 $75,985.34
Roof 54.44 $122.00 $49.00 3822.75 $10.75 0.76 $2,650.00 14.55 $2,075.00 $75,985.34
PH Roof 10.89 $122.00 $49.00 764.55 $10.75 0.15 $2,650.00 2.91 $2,075.00 $15,197.07

Total $410,620.83

Concrete Column Cost Estimate

Conc. Vol. (CY) Conc Cost/CY Placing Cost/CY Formwork (SFCA) Formwork Cost/SFCA

Below Reinf #7 & Cost/Ton Total
Floor  Below (Tons) #7 & Below Cost

2nd 669.89 $122.00 $28.00 20499 $7.85 8.00 $1,900.00 $254,469.56
3rd 669.89 $122.00 $28.00 20499 $7.85 8.00 $1,900.00 $254,469.56
4th 669.89 $122.00 $28.00 20499 $7.85 8.00 $1,900.00 $254,469.56
5th 669.89 $122.00 $28.00 20499 $7.85 8.00 $1,900.00 $254,469.56
Roof 655.97 $122.00 $28.00 20073 $7.85 7.83 $1,900.00 $249,176.41
PH Roof 82.64 $122.00 $28.00 2529 $7.85 1.60 $1,900.00 $32,463.60

Total $1,299,518.23

Conc. Vol. (CY) Conc. Cost/CY Placing Cost/CY Formwork (SF) Formwork Cost/SFCA

Concrete Slab Cost Estimate
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The tables below show cost estimates of the existing composite steel structure and the redesigned 
concrete structure. As seen, the original steel structure is less costly than the reinforced concrete 
structure. This is most likely why the composite steel structure was chosen for the ASHA 
National Office building. The concrete redesign is approximately $500,000 more than the 
existing composite steel structure. This is a relatively small difference, so it can be concluded 
that the concrete structure is very comparable to the composite steel structure with respect to 
cost. 
 
Original Steel Structure Cost 

Description  Cost  Adjusted 2011 Cost 
Mobilization & Cranes  $299,498.00 $326,963
B2 Level  $1,596,426.00 $1,742,823
B1 Level  $1,096,252.00 $1,196,782
Plaza Level  $341,649.00 $372,979
2nd Floor  $62,086.00 $67,779
3rd Floor  $51,969.00 $56,735
4th Floor  $51,969.00 $56,735
5th Floor  $51,199.00 $55,894
Roof  $9,852.00 $10,755
Total Steel  $1,372,852.00 $1,498,747
Fireproofing  $82,000.00 $89,520

Total  $5,015,752.00 $5,475,712
 
Concrete Structure Cost    
Description  Cost 
Mobilization & Cranes  326,963
B2 Level  1,887,782
B1 Level  1,239,164
Plaza Level  372,979
Beams  462,985
Columns  410,621
Slabs  1,299,518

Total  6,000,013
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Final Summary 
 
The purpose of this project was to investigate the feasibility of changing the structural system of 
the ASHA National Office building from composite steel to reinforced concrete. Two different 
floor systems were explored; a two-way flat slab system with drop panels and a one-way slab 
and beam system. The one-way slab and beam system was ultimately chosen due to the 
additional columns that would have to be added for the two-way system. The structural system 
was analyzed for the lateral wind and seismic loads. It determined that the inherent moment 
connections of the reinforced concrete structure are sufficient to resist the lateral loads. For this 
reason, shear walls do not need to be implemented in the concrete structure. This will help 
reduce the cost and will allow for more floor plan flexibility. 
 
An architectural study was done for the ASHA National office. The study was done assuming 
that the two-way flat slab system was chosen for the building. A layout for the plaza level was 
created taking into account the additional columns that would be required. The study shows 
additional columns greatly decrease the flexibility of the floor plan, and is one of the main 
reasons why the two-way flat slab system was not chosen for the building. 
 
The cost estimate that was created for the concrete redesign shows that the existing steel 
structure is a more economical choice for the structure. The concrete structure is only 
approximately $500,000 more than the steel structure, so concrete is a viable alternative with 
respect to cost. The construction time for the concrete structure is significantly longer than for 
the steel structure. For this reason, if time is crucial then the existing steel structure is the best 
choice. 
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Effective Seismic Weight Calculations 

Concrete Beams / typical floor 

Size  Number  Length (ft) 
Weight 
(kips) 

26x18  24  40  306.0 
14x18  3  20  5.6 
16x18  3  25  9.8 
21x18  3  29  19.6 
26x18  2  35  22.3 

Total  363.4 

Slabs 

Floor 
Area 
(ft^2) 

Thickness 
(in) 

Weight 
(kips) 

Parking  23285  9  2619.6 
Plaza  23285  9  2619.6 
2  24116  9  2713.1 
3  24116  9  2713.1 
4  24116  9  2713.1 
5  23615  9  2656.7 

Roof  23615  9  2656.7 
 

Columns 
Size  Number  Weight/ft (kip/ft) 
18x30  69  38.8 
18x21  21  8.3 
18x24  25  11.3 
18x18  21  7.1 
18x20  25  9.4 

Floor  Height Below (ft)  Height Above (ft) 
Weight of Cols. 
(kips) 

Parking  5  5  388.1 
Plaza  5  7.5  340.5 
2  7.5  6.75  278.1 
3  6.75  6.75  263.5 
4  6.75  6.75  242.9 
5  6.75  6.75  222.2 

Roof  6.75  0  111.1 
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Effective Seismic Weight 
Floor  Weight    

Parking  3007.7  k 
Plaza  2960.0  k 
2nd  3354.5  k 
3rd  3339.9  k 
4th  3294.0  k 
5th  3191.7  k 
Roof  3105.9  k 
Total  22253.6  k 

V=CsW=  578.6  k 
 

Vertical Distribution of Seismic Forces 
Floor  wx  hx  (ft)  wxhx^k  Cvx  Fx    
Parking  3007.7  10.0  38746.5 0.024 14.2 k 
Plaza  2960.0  20.0  82307.1 0.052 30.1 k 
2nd  3354.5  35.0  173600.0 0.110 63.4 k 
3rd  3339.9  48.5  248260.7 0.157 90.7 k 
4th  3294.0  62.0  321568.9 0.203 117.5 k 
5th  3191.7  75.5  387737.7 0.245 141.6 k 
Roof  3105.9  89.0  452901.6 0.286 165.4 k 

Sum  1584068.9 1.000 578.6 k
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Takeoff Calculations 
 
Concrete Beam Takeoffs (Typical Floor) 
Width (in)  Depth (in)  Length (ft)  # of Beams  Volume (CY) 

18  26  40  20  62.96 
18  14  14  1  0.32 
18  14  20  5  2.31 
18  16  25  3  2.43 
18  21  29  2  3.22 
18  26  35  2  5.51 
18  21  40  4  8.89 
21  16  20  10  7.56 
12  16  20  1  0.43 
24  16  30  1  1.30 
21  14  20  8  4.32 
21  24  30  1  2.43 
18  14  12  1  0.28 

Total  101.97 
 
Concrete Beam Takeoffs (Roof) 
Width (in)  Depth (in)  Length (ft)  # of Beams  Volume (CY) 

18  21  40  20  44.44 
18  14  14  1  0.32 
18  14  20  5  2.31 
18  16  25  3  2.43 
18  18  29  2  2.42 
18  21  35  2  3.89 
18  21  40  4  8.89 
21  14  20  10  5.40 
12  16  20  1  0.43 
24  16  30  1  1.30 
21  14  20  8  4.32 
21  21  30  1  1.94 
18  14  12  1  0.28 

Total  78.38 
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Concrete Beam Takeoffs (PH Roof) 
Width 
(in) 

Depth 
(in) 

Length 
(ft) 

# of 
Beams 

Volume 
(CY) 

18  14  20  2  0.93 
18  14  25  2  1.16 
18  21  40  1  2.22 
18  16  35  1  1.13 
18  14  29  1  0.67 

Total  6.11 
 
Concrete Beam 
Takeoffs    
Floor  Volume 
2nd  101.97 
3rd  101.97 
4th  101.97 
5th  101.97 
Roof  78.38 
PH Roof  6.11 
Total  492.38 

Concrete Column Takeoffs (Lower Floors) 
Column Dimensions (in x in)  Height (ft)  # of Cols.  Volume (CY) 

18  21  13.5  26  34.13 
18  24  13.5  17  25.50 
18  26  13.5  3  4.88 

Total  64.50 

Concrete Column Takeoffs (Above Splice) 
Column Dimensions (in x in)  Height (ft)  # of Cols.  Volume (CY) 

18  18  13.5  26  29.25 
18  20  13.5  17  21.25 
18  21  13.5  3  3.94 

Total  54.44 
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Concrete Column 
Takeoffs    
Below Floor  Volume 
2nd  64.50 
3rd  64.50 
4th  64.50 
5th  54.44 
Roof  54.44 
PH Roof  10.89 
Total  302.38 

Concrete Slab Takeoffs 

Floor 
Thickness 
(in)  Area (sq. ft.) 

Volume 
(CY) 

2nd  9 24116 669.89
3rd  9 24116 669.89
4th  9 24116 669.89
5th  9 24116 669.89
Roof  9 23615 655.97
PH Roof  9 2975 82.64

Total  3418.17
 
Beam Formwork Takeoffs (Typical Floor) 
Width (in)  Depth (in)  Length (ft)  # of Beams  Formwork (SFCA) 

18  26  40  20  3466.67 
18  14  14  1  32.67 
18  14  20  5  233.33 
18  16  25  3  200.00 
18  21  29  2  203.00 
18  26  35  2  303.33 
18  21  40  4  560.00 
21  16  20  10  583.33 
12  16  20  1  43.33 
24  16  30  1  95.00 
21  14  20  8  413.33 
21  24  30  1  127.50 
18  14  12  1  28.00 

Total  6289.50 
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Beam Formwork Takeoffs (Roof) 
Width 
(in) 

Depth 
(in)  Length (ft)  # of Beams  Formwork (SFCA) 

18  21  40  20  2800.00 
18  14  14  1  32.67 
18  14  20  5  233.33 
18  16  25  3  200.00 
18  18  29  2  174.00 
18  21  35  2  245.00 
18  21  40  4  560.00 
21  14  20  10  516.67 
12  16  20  1  43.33 
24  16  30  1  95.00 
21  14  20  8  413.33 
21  21  30  1  112.50 
18  14  12  1  28.00 

Total  5453.83 
 
Beam Formwork Takeoffs (PH Roof) 
Width 
(in) 

Depth 
(in) 

Length 
(ft) 

# of 
Beams 

Formwork 
(SFCA) 

18  14  20  2  93.33 
18  14  25  2  116.67 
18  21  40  1  140.00 
18  16  35  1  93.33 
18  14  29  1  67.67 

Total  511.00 
 
Beam Formwork 
Takeoffs    
Floor  Formwork 
2nd  6289.50 
3rd  6289.50 
4th  6289.50 
5th  6289.50 
Roof  5453.83 
PH Roof  511.00 
Total  31122.83 
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Column Formwork Takeoffs (Lower Floors) 

Column Dimensions (in x in)  Height (ft)  # of Cols. 
Formwork 
(SFCA) 

18  21  13.5  26  2281.50 
18  24  13.5  17  1606.50 
18  26  13.5  3  297.00 

Total  4185.00 

Column Formwork Takeoffs (Above Splice) 

Column Dimensions (in x in)  Height (ft)  # of Cols. 
Formwork 
(SFCA) 

18  18  13.5  26  2106.00 
18  20  13.5  17  1453.50 
18  21  13.5  3  263.25 

Total  3822.75 

Concrete Column 
Takeoffs    
Below Floor  Volume 
2nd  4185.00 
3rd  4185.00 
4th  4185.00 
5th  3822.75 
Roof  3822.75 
PH Roof  764.55 
Total  20200.50 

Concrete Slab Takeoffs 

Floor 
Thickness 
(in)  Area (sq. ft.) 

Volume 
(CY) 

2nd  9 24116 669.89
3rd  9 24116 669.89
4th  9 24116 669.89
5th  9 24116 669.89
Roof  9 23615 655.97
PH Roof  9 2975 82.64

Total  3418.17
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Column Reinf. Takeoffs (Tons) 
Below 
Floor 

# 7 & 
Below 

#8 & 
Above 

2nd  0.76  14.55
3rd  0.76  14.55
4th  0.76  14.55
5th  0.76  14.55
Roof  0.76  14.55
PH Roof  0.15  2.91
Total  3.93  75.65

 
Beam Reinforcing Takeoffs (Tons) 
Floor  # 7 & Below  #8 & Above 
2nd  2.94  7.94
3rd  2.94  7.94
4th  2.94  7.94
5th  2.94  7.94
Roof  2.94  7.94
PH Roof  0.59  1.59
Total  15.31  41.28
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