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Executive Summary 

Oklahoma University Children’s Medical Office Building is an office building located in 

Oklahoma. It is situated next to an existing hospital and parking garage. The building houses 

offices, examination rooms and labs for the expanding OU Children’s Hospital. It is the largest 

free standing clinical office in the state and provides much needed medical services to the 

children of Oklahoma and their families. The building is twelve stories tall for a total of 170 feet 

and is approximately 320,000 psf. 

The structure of the building is reinforced concrete. The building uses a flat slab system 

supported by columns and exterior beams. Drop panels are used at the column locations to 

provide extra shear and moment capacity to the slab. The columns are supported on drilled piers 

that transfer the loads to bedrock underneath the building. The building also uses shear walls and 

moment frames to resist the lateral forces. 

This building provides several unique challenges that a typical office building would not 

otherwise have. These include a parking garage located on the first floor, a future helicopter pad 

positioned on the roof, and impact loads on lower levels for vehicle collisions with the building. 

These design parameters will increase the difficulty of future design assignments as all load 

cases must be analyzed.  

The redesign of the structural system uses composite steel wide flanges and girders with 

composite decking. The roof is designed as k-series joists spanning between wide flange girders. 

The lateral system is comprised of concentric braced frames located in the existing shear wall 

locations. Additional moment frames where incorporated to increase the stiffness of the system. 

These frames are located along the eastern façade wall. Due to the architectural layout of the 

windows and floor plan, these frames could not be designed as braced frames.  

With buildings becoming more energy efficient, a green roof breadth was conducted to study the 

vegetation and materials that are involved with a typical assembly. Hardy, succulent plants called 

sedums where chosen as the vegetation. These plants are typically used on green roofs since they 

tolerate droughts and can survive in a wide variety of climates. The materials where selected 

based on their durability, performance, and energy efficiency. 

A cost and schedule analysis was also conducted to determine the cost difference and schedule 

impacts between a cast-in-place reinforced concrete system and a composite steel system. From 

the analysis, it was concluded that the steel system was more cost effective and less time 

consuming than the original concrete system. 
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Introduction 

Building Description 

Oklahoma University Children’s Medical Office Building is located on 1200 N. 

Children’s Avenue Oklahoma City, Oklahoma between Stanton L. Young Blvd and N.E. 

13
th

 Street. Figure 1 shows the building’s location and orientation on the site, highlighted 

in red. The building is twelve stories above grade and is approximately 170 feet tall. 

Miles Associates, Inc. designed the building for the University Hospitals Trust to provide 

additional medical offices for the expanding Oklahoma University Children’s Hospital 

next door. The building is the first free-standing, multi-specialty physicians’ office 

building in the state that will meet the needs of the children of Oklahoma as well as their 

families.  

 

 

 

Figure 1. Building’s location on the site.  
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The typical floor plan includes various necessities to the Oklahoma University Children’s 

Medical Office Building that are not typical for other office buildings, such as exam 

rooms, x-ray rooms, and labs. However, there are similar rooms to the typical office 

building which include offices, storage rooms, waiting areas, and conference rooms. One 

challenge that this building possesses is a parking garage occupies the first floor of the 

building. This challenge will be especially difficult structurally as the basement is to be 

occupied by offices, exam rooms, and work areas. The typical floor is set up so that an 

elevator lobby and stairwell is located at the Southwest corner of the building as shown in 

red in Figure 2. The lobby leads to a waiting and reception area on the western face of the 

building and eventually to a stairwell at the northwest corner, shown in yellow. The 

waiting areas branch out to four rows of corridors with offices and exam rooms on each 

side, shown in blue. Finally shown in green, the corridors lead to another corridor on the 

eastern side of the building that runs parallel to the waiting areas. A conference room, 

shown in purple, is located at the northwest corner of the building. Each floor also 

contains its own mechanical rooms, shown in brown. This layout allows the building to 

be easily navigable for new guest and emergency situations. The floor layouts do not 

differ widely as most have the layout as described above. The only changes are the room 

types and sizes.  

 

Figure 2. Floor plan showing typical rooms and layout. 
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Structural Framing System 

In order to design a safe, functional building, the designers must review the codes to determine 

the appropriate loading conditions and standards to design the building by. Once the loads are 

determined, the designer must then understand how to transfer these loads into the ground. Next, 

the designer can analyze the structure to develop the appropriate sizes for the foundation, 

columns, beams, and slabs. An analysis for the lateral loads must be completed and the most 

efficient lateral system must be chosen. Finally the connections and reinforcement must be 

detailed. 

Codes 

Since the building was in the design phase in 2006, most of the newer updates of the 

codes were not released yet. The structural designers instead used the 2003 International 

Building Code, ASCE 7-02, and the ACI 318-02 codes. The International Building Code 

describes the live load cases and the general practices a designer should use while 

designing a building, but does not detail proper procedures for a structural analysis. 

ASCE 7-02 is used to determine the proper procedures for wind and seismic design. 

ASCE 7-02 also has factored load cases for dead and live loads as well as snow loads. 

Since the building is constructed from reinforced concrete, ACI 318-02 provides the 

proper procedures for designing concrete structures.  

Loading 

The primary gravity resisting system of the building is the columns, beams, and slabs. 

This system resists loading that are separated into three categories which are live load, 

dead load, and snow load. All three of these categories are loads that result from the force 

of gravity acting on the structure. Live loads are loads that are produced by the use and 

occupancy of the building. These loads include people and furniture. The loading can 

vary depending on the occupancy of the building and the room type. The Oklahoma 

University Children’s Medical Office Building is designed as an office occupancy with 

interior partitions. The International Building Code requires that the minimum loading for 

an office building is 50 psi for the live loads, however; the designed loading is based on 

an 80 psf corridor loading to allow flexibility in the floor plan layout. The code standard 

for the corridor live load is then added to the 20 psf allowance for interior partitions for a 

total of 100 psf. The stairs and exits are also designed at 100 psf due to a higher 

occupancy for emergencies, while the mechanical rooms and electric rooms are designed 

at 125 psf. The roof also sees a live load for maintenance which is a minimum of 20 psf.  
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Dead loads consist of the weight of all the construction materials that are incorporated 

into the building. These are much easier to design for as they are known or can be easily 

approximated. Dead loads include the weight of the structure itself and the weight of 

mechanical equipment and lights. Typical dead loads are about 2 psf for ceilings and 10 

psf for the duct systems, just to name a few. 

The third load category is snow loads. This type of loading is caused by snow lying on 

the roof of the structure. Based on ASCE 7-02, the snow load calculations will be 

determined based on the criteria of a flat roof since the slope of the roof is less than 5. 

ASCE 7-02 suggests that the ground snow load used in the calculations is to be 10 psf for 

Oklahoma City. In addition to the snow lying on the roof, a drift load must also be 

incorporated into the load. The snow drift load is the result of wind causing the snow to 

build up around obstructions on the roof, which adds additional loads to these areas. 

These obstructions include the helicopter pad, the parapet, stairwells, and elevator 

mechanical rooms. 

OU Children’s Medical Office Building has several unique loading cases which include 

ambulance load, vehicle impact load, and a load for a helicopter pad. One of the design 

parameters for the building is to have an ambulance bay, which presents another unique 

loading case. This loading is specified by AASHTO. In addition to the live loads, the 

building has a vehicle impact load. This load is located 18” above the finish floor and is a 

6 kip unfactored load. Due to the proximity of a parking garage, a vehicle impact load 

must be applied to ensure the stability of the building in the event a column is struck by a 

vehicle. Another design requirement of the building is for the future installation of a 

helicopter pad on the roof. This loading is determined by the helicopter pad manufacture.  

Foundations 

The foundations receive the loading from the columns and must transfer it onto stable 

ground. A foundation plan is shown in Figure 3. The foundations are comprised of 

concrete drilled piers underneath the columns, shown in blue, and spread footings under 

the shear walls in the southwestern corner, shown in red. Areas shown in green have a 

spread footing underneath the column with a drilled pier under the spread footing. 
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Figure 3. Foundation Plan highlighting the footings and drilled piers. 

 

The drilled piers are used to transfer the loading from the columns down into the bedrock. 

From the geotechnical report, the pier bearing elevation must be below 1195 feet in order 

to achieve the maximum bearing capacity. The bottom of pier elevation exceeds the 1195 

feet with most at 1190 feet. The lowest elevation is at 1167 feet. The shaft size ranges 

from 30” in diameter to 72” in diameter. The bearing capacity ranges depending on the 

pier depth and diameter with the minimum at 679 kips and the maximum at 4307 kips. 

The reinforcement depends on the diameter. The smallest pier (30” in diameter) uses 8 #6 

bars while the largest pier (72” in diameter) uses 21 #9 bars. The ties are typically #5 bars 

but #3 bars are used for the #6 vertical bars. The spacing for the ties is different 

depending on the pier and vertical bars. The smallest spacing is 10” on center and largest 

spacing is 18” on center. Figure 4 shows a typical detail of a drilled pier. 
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Figure 4. Typical Pier Detail 
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The spread footings are designed to transfer the load from a column or wall over a larger 

area so the soil can resist the loading without significant settling. The footings are made 

of 4’-6” deep cast-in-place reinforced concrete. 21 #11 bars are used on both the top and 

bottom to resist the tensile forces created by the column. Since the footings are relatively 

short in length, 90 hooks are required on each end in order to get a full development 

length. #5 stirrups are used at 24” on center to resist the shear forces. Figure 5 shows a 

typical footing detail. 

 

Figure 5. Typical Footing Detail 
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Typical Bay 

A typical bay consists of four columns situated in a square as shown in Figure 6. A flat 

slab spans between the columns with drop panels. A flat slab refers to a slab that is 

supported by columns and drop panels and not by beams. The reinforced slab is divided 

into the column strips, which span between the columns, and the middle strips, which are 

at the interior of the bay. The bay also consists of drop panels located below the slab at 

the four columns. The purpose of the drop panel is to provide extra thickness to control 

the negative moment created by the load case and to resist shear. Without the drop 

panels, the slab would have to be thicker in order to resist the distributed load case. As a 

result, the drop panels use less material and therefore save money on construction costs.  

 

 

Figure 6. Typical Bay Plan  

The strips designated with a C are column strips and those designated with an M are middle 

strips. 
 

32 ft. 

26 ft. 
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Columns 

The columns are generally designed to handle the gravity loads of the structure. The 

columns for this particular building vary in size from 20” x 20” to 30” x 30” with most in 

the range of 22” x 22” and 28” x 28”. As the building increases in height, the columns 

decrease slightly in size due to the decrease in the loading. Typically the columns are 

square with the exception of the columns facing the western exterior curtain wall which 

are circular. The typical concrete strength for the columns is 7000 psi. The reinforcement 

varies depending on the column size and orientation but most use #6 bars. Most columns 

require #3 ties at 12” on center. The reinforcement is arranged around the perimeter of 

the column with a typical 2” offset from the face of the column. This is called clear cover 

and it is to ensure that enough concrete surrounds the bar to allow the maximum bonding 

strength between the steel and concrete. ACI 318-02 states that the minimum cover for a 

column is 1 ½”; however, since the parking garage columns are exposed to the weather, 

the code states that the minimum cover is now 2”. The designers chose to use the 2” 

cover for the rest of the building for constructability. Refer to Figure 7 for a typical 

column section. The vertical bars are spliced together with a class B lap splice from the 

ACI 318-02 code, which refers to a splice where a percentage of the development length 

of a bar overlaps another bar. This overlap allows for continuous reinforcement the total 

height of the column. Due to the helicopter pad on the roof, six of the columns are raised 

above the roof level and are larger in size on account of the larger load.  

 

Figure 7. Typical Column Section 
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Beams 

The majority of the beams are located at the exterior of the building. The beams are 

mainly rectangular in shape and have a range of sizes from 16” x 60” to 36” x 24”. Most 

beams are designed with a concrete strength of 5000 psi. All beams have top 

reinforcement as well as bottom reinforcement to resist the positive and negative 

moments resulting from the distributed loading. However, a portion of the beams also 

contain middle bars. The typical bar size is #9 but #7 is also used. #4 and #3 stirrups are 

used for the shear reinforcement with a clear cover of 1 ½”. Refer to Figure 8 for a 

typical beam section. 

 

Figure 8. Typical Beam Section 
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Slabs 

In order for the slabs to resist the dead and live loading, they must be reinforced. They 

are divided into column strips and middle strips, as shown in Figure 6, with different 

reinforcing in each. The column strip is located at locations between the columns. Since 

the column strips are significantly thinner than beams, a drop panel is used to carry the 

extra moment that the slab cannot. The slab thicknesses for the column strip ranges from 

10 inches to 12 inches. The 10 inch slab is used in the second through twelfth floors and 

the roof. The 12 inch slab is used for the parking garage located on the first floor. These 

thicknesses do not include the drop panels. The reinforcement is typically placed on the 

top at column locations and on the bottom at mid span. Typically # 6 bars are used at 6” 

on center. One the other hand, the middle strips are designed differently. The middle 

strips have reinforcement spanning in two directions.  The slab thickness for the middle 

strips is similar to the column strips in that they also range from 10 inches, for all floors 

not including the first floor, to 12 inches, for the first floor. The placement reinforcement 

is also similar to column strips in that the top reinforcement is located at the supports, 

while the bottom reinforcement is located at mid span. Typically #6 bars are used at 12” 

on center. All structural slabs have a concrete strength of 5000 psi and a typical clear 

cover of 1”. 

Lateral system 

Since the building is a reinforced concrete structure, all of the connections between the 

columns are considered rigid. This means that the connection between the column and the 

beam has the ability to transfer a lateral load from the diaphragm to the column and into 

the ground. However, if the lateral loads are great enough, a separate system must be 

used to transfer the loads. This is called the Lateral Force Resisting System and it 

involves the use of shear walls, bracing, or moment frames to transfer the loads. The 

primary Lateral Force Resisting System for this building relies on the shear walls located 

in the elevator shafts, stairwells and some interior walls as shown in red in Figure 9. 

Since a shear wall must be continuous from the roof to the foundation, they are typically 

placed in the elevator shafts or stairwells as shown in Figure 10.  The shear walls are 

typically one foot thick with #4 vertical and horizontal bars at 12” on center. They 

typically span between two columns, shown in Figure 11, allowing the reinforcement of 

the shear wall to tie into the column, making the system stiffer.  
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Figure 9. Floor plan highlighting shear wall locations. 

 

                       

Figure 10. Left – Shear wall located at elevator shafts. Right – Shear wall located at stairwells.  
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Figure 11. Typical Shear Wall Section 

 

Reinforcement 

The placement of reinforcement is key to a sturdy concrete building. Since concrete 

becomes brittle in tension, steel reinforcement is needed to carry the extra tensile forces. 

The bars are placed at high tensile stress locations in order to prevent the concrete from 

cracking. In the case of a beam or slab, the reinforcement is placed at the top towards the 

supports. This is where a negative moment occurs and therefore where higher tensile 

stresses occur. Reinforcement is located at the bottom towards the mid span of the beam 

or slab to provide extra tension capacity where a positive moment occurs. The location of 

the reinforcement for the beams is shown in Figure 8 while the slab reinforcement is 

shown in Figure 6. Columns, on the other hand, are reinforced around the perimeter as 

shown in Figure 7. Columns are reinforced this way to provide tension capacity during 
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lateral loads such as wind or seismic. The reinforcement in columns must be continuous. 

When are bar is not long enough to span a certain length, it is spliced together to form a 

continuous bond. These splices can either be mechanical splices or non-mechanical 

splices such as the class “B” splice mentioned in the column. For non-mechanical splices, 

the bars must overlap each other a distance relative to the development length to achieve 

the desired load transfer. Stirrups are used to prevent shear and torsion. Stirrups are 

smaller bars that encase the horizontal or vertical reinforcement as shown in Figure 8 for 

beams and Figure 7 for columns. The spacing is critical to prevent failure under torsional 

conditions. The reinforcement must also have a certain length embedded in the concrete 

to create a strong bond between the concrete and the steel. This length is called 

development length. If development length cannot be achieved with a shorter 

reinforcement span, then special methods must be used, such as bending the bar to form a 

hook, to achieve the desired length. 

Proposed Structural Depth 

Since the Oklahoma University Children’s Medical Office Building is constructed using a two 

way concrete system, the construction process is extremely long to allow the concrete to cure. 

This adds additional costs to the project, making the job more expensive. Concrete is a labor 

intensive material meaning that the installation requires many skilled labors to construct the 

forms, set the reinforcement, and leveling the concrete. The high amount of labor adds to the 

overall project costs, making concrete a relatively expensive material. The proposed thesis will 

be a redesign of the building structure using steel. The gravity system will consist of a composite 

steel system with composite decking for the floors. The roof will consist of k series joists with 

wide flange girders and roof deck. The lateral system will consist of steel braced frames located 

at existing shear wall locations. Since concentric braced frames are not quite as stiff as shear 

walls, additional braced frames or moment fames will have to be included in the design. A 

redesign using steel instead of concrete should reduce construction time resulting in lower costs 

to the owner. Steel in comparison with concrete is not as labor intensive. Steel does not require 

the level of skilled labor as concrete does to install unless complicated field welds are used. As 

part of the proposal, bolted or factory welded connections will be used where ever possible. 

These connections will be used to speed up the construction process and reduce the costs as field 

welds become expensive and time consuming due to the skilled labor and precision of the weld. 

Proposed Construction Breadth 

Due to the proposed change of material, the first proposed breadth is a detailed cost analysis and 

schedule impacts of the proposed steel system. Since the material will be changed from concrete 

to steel, the costs for labor should decrease reducing the overall project costs. The construction 
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time will be decreased due to the material change. The time it takes for the concrete to cure 

dramatically increases construction times. With using steel as the structural material, these times 

can be greatly reduced saving money.  

Proposed Green Roof Breadth 

 The second breadth will be the addition of an extensive green roof. With the addition of the 

green roof, this will potentially reduce the heat island effect of the building. The green roof also 

has the potential to clean the air by filtering pollutants such as carbon dioxide. This will 

potentially reduce the heating and cooling cost of the building. An extensive green roof will be 

used instead of an intensive green roof due to the lower initial costs, lower maintenance costs, 

and lower roof loads. Research will be conducted to use local plants to reduce the amount of 

maintenance. The plants that are typically used for an extensive green roof are hardy perennials 

that can withstand wind and extreme temperature fluctuations. Sedums are typically used 

because they are drought resistant and require little maintenance. Other components of the green 

roof must also be researched to provide a stable area for growing the plants without causing 

damage to the building such as water leaks. These areas include the growing medium, a filter 

membrane, a drainage layer, a root barrier, and a waterproofing membrane. The down side of the 

green roof addition will be higher initial costs and additional loads which will have to be 

accounted in the load calculations.  

Structural Redesign 

Codes and References 

The structural redesign will conform to the latest codes and standards available. The codes used 

are as follows: 

 International Building Code 2009 

 ASCE 7-10 

 AISC Steel Construction Manual 14
th
 Edition 

 AISC Steel Design Guide 11  

Additional references: 

 Vulcraft Steel Deck Catalog 

 Steel Joist Institute Joist Catalog 

 AISC Design Examples Version 14.1 

 RS Means Cost Construction Data 2014 
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Gravity 

The current system for the building is a reinforced concrete two way slab system with 

drop panels located at interior column locations. This system will be replaced with a 

composite steel system with composite decking for each of the floors.  A typical floor 

plan is shown in Figure 12. The roof will consist of roof deck, K-series joists and wide 

flange girders. To make this system economical, an unshored condition will be used in 

the design of the metal deck, beams and girders. The new building design will be 

analyzed using RAM software with spot checks done by hand calculations. The typical 

bay that was spot checked is shown in Figure 12 in red for the floor plan and in Figure 13 

in green for the roof plan.  

 

 

Figure 12. Typical Floor Plan 



April 9, 2014 

[OKLAHOMA UNIVERSITY CHILDREN’S MEDICAL 

OFFICE BUILDING FINAL REPORT] 

 

| Structural Redesign 22 

 

 

Figure 13. Roof Plan 

Load Combinations 

The basic load combinations where determined from ASCE 7-10. It can be concluded that load 

combination 2 will control for gravity members. Lateral members will be either controlled by 

load combination 4 for wind or load combination 5 for seismic. 

1. 1.4D 

2. 1.2D + 1.6L + 0.5(Lr or S or R) 

3. 1.2D + 1.6(Lr or S or R) + (L or 0.5W) 

4. 1.2D + 1.0W + L + 0.5(Lr or S or R) 

5. 1.2D + 1.0E + L + 0.2S 

6. 0.9D + 1.0W 

7. 0.9D + 1.0E 

Gravity Loads 

The gravity loads where determined using the IBC 2009 building code and ASCE 7-10 code. A 

summary of the loads is shown in Table 1. The live load of 80 psf for corridors was chosen over 

the office live load of 70 psf to provide flexibility to the floor plan. Loads for specific materials 

were determined from AISC Steel Construction Manual Table 17-13. A breakdown of the green 

roof loads will be explained in further detail during the Green Roof Breadth section. This value is 

an estimate. The determination of the wall loads and miscellaneous loads are located in Appendix 

A. 
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Description Load 

Live Load 80 psf 

Roof Live Load 20 psf 

Snow Load 10 psf 

Superimposed 15 psf 

Carpet with Pad 2 psf 

Rigid Insulation 2 psf 

Green Roof 30 psf 

Floor Deck 41 psf 

Roof Deck 3 psf 

Beam Allowance 5 psf 

Joist 12 plf 

Girder Allowance 2 psf 

Ambulance Bay 60 psf 

Helicopter Pad 
8.33 
kips 

Exterior Brick Wall 660 plf 

Exterior Glass Wall 220 plf 

 

Table 1. Gravity Load Summary 

 

 

Lateral Loads 

The lateral loads where determined using procedures outlined in ASCE 7-10. The wind loads 

where determined from the Directional Procedure in ASCE 7-10. The wind loads determined in 

the RAM model are higher and therefore more conservative than the loads calculated by hand. 

The loads in the North-South direction are summarized in Table 2. The East-West direction loads 

are summarized in Table 3. The hand calculations are shown in Appendix B. 
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Height qz G 
Cp 

Windward 
Cp 

Leeward 
Pressure 

(psf) 

Story 
Force 
(kips) 

Story 
Shear 
(kips) 

Overturning 
Moment (k-

ft) 

165.78 20.13 0.97 0.80 -0.30 21.36 59.08 59.08 9794.28 

153.78 19.70 0.97 0.80 -0.30 21.03 33.79 92.87 14281.55 

141.78 19.25 0.97 0.80 -0.30 20.68 33.23 126.10 17878.46 

129.78 18.77 0.97 0.80 -0.30 20.31 32.63 158.73 20599.98 

117.78 18.25 0.97 0.80 -0.30 19.91 31.99 190.72 22463.00 

105.78 17.70 0.97 0.80 -0.30 19.48 31.30 222.02 23485.28 

93.78 17.10 0.97 0.80 -0.30 19.02 30.55 252.57 23686.01 

81.78 16.45 0.97 0.80 -0.30 18.51 29.74 282.31 23087.31 

69.78 15.72 0.97 0.80 -0.30 17.95 30.13 312.44 21802.06 

56.67 14.81 0.97 0.80 -0.30 17.25 31.98 344.42 19518.28 

42.00 13.59 0.97 0.80 -0.30 16.31 31.25 375.67 15778.14 

28.00 12.11 0.97 0.80 -0.30 15.16 28.30 403.97 11311.16 

14.00 10.13 0.97 0.80 -0.30 13.63 26.03 430.00 6020.00 

    
Base Shear (kips) 430.00     

    
    

Total Overturning 
Moment (k-ft) 

229705.52 

 

Table 2. Wind Loads in the North-South direction 
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Height qz G 
Cp 

Windward 
Cp 

Leeward 
Pressure 

(psf) 

Story 
Force 
(kips) 

Story 
Shear 
(kips) 

Overturning 
Moment (k-

ft) 

165.78 20.13 0.86 0.80 -0.50 22.45 122.65 59.08 9794.28 

153.78 19.70 0.86 0.80 -0.50 22.15 72.81 195.46 30057.84 

141.78 19.25 0.86 0.80 -0.50 21.84 71.79 267.25 37890.71 

129.78 18.77 0.86 0.80 -0.50 21.51 70.70 337.95 43859.15 

117.78 18.25 0.86 0.80 -0.50 21.16 69.54 407.49 47994.17 

105.78 17.70 0.86 0.80 -0.50 20.79 68.29 475.78 50328.01 

93.78 17.10 0.86 0.80 -0.50 20.37 66.94 542.72 50896.28 

81.78 16.45 0.86 0.80 -0.50 19.92 65.45 608.17 49736.14 

69.78 15.72 0.86 0.80 -0.50 19.42 66.70 674.87 47092.43 

56.67 14.81 0.86 0.80 -0.50 18.80 71.34 746.21 42287.72 

42.00 13.59 0.86 0.80 -0.50 17.97 70.44 816.65 34299.30 

28.00 12.11 0.86 0.80 -0.50 16.94 64.76 881.41 24679.48 

14.00 10.13 0.86 0.80 -0.50 15.59 60.64 942.05 13188.70 

    
Base Shear (kips) 942.05 

 
  

    
    

Total Overturning 
Moment (k-ft) 

482104.21 

 

Table 3. Wind Loads in the East-West Direction 

 

 

The seismic loads where determined by the Equivalent Lateral Force Procedure outlined in ASCE 

7-10. The seismic design criterion for Oklahoma University Children’s Medical Office Building 

was determined from the USGS Seismic Design Maps application. The seismic loads are 

summarized in Table 4 for both the X and Y directions. The hand calculations can be found in 

Appendix C.  
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hx (ft) 
Wx 

(kips) 
Wxhxk Cvx Fx (kips) 

Vx 
(kips) 

Overturning 
Moment (k-ft) 

166 144 359028 0.135 60.2 60.2 9993.2 

154 154 342316 0.129 57.5 117.7 18125.8 

142 154 315642 0.119 53.1 170.8 24253.6 

130 154 288968 0.109 48.6 219.4 28522 

118 154 262294 0.099 44.2 263.6 31104.8 

106 154 235620 0.089 39.7 303.3 32149.8 

94 154 208946 0.078 34.8 338.1 31781.4 

82 154 182272 0.068 30.3 368.4 30208.8 

70 154 155598 0.058 25.9 349.3 24451 

56 154 124479 0.047 21 415.3 23256.8 

42 154 93359 0.035 15.6 430.9 18097.8 

28 154 62239 0.023 10.3 441.2 12353.6 

14 154 31119 0.012 5.4 446.6 6252.4 

  

Base Shear (kips) 446.6     

  
    

Total Overturning 
Moment (k-ft) 290551 

 

Table 4. Seismic Loads for North-South and East-West Directions 

 

As shown in the tables, the wind in the Y direction is the controlling load case for the lateral 

system. 

RAM Model 

The proposed building solution will be analyzed using RAM software. Several modeling 

assumptions must be made in order to create the model. These are: 

 Each floor diaphragm is considered to be rigid 

 The bottoms of columns will be considered as pinned connections 

The model shall be designed conforming to the 2009 International Building Code, ASCE 

7-10 code, and AISC 360-10 LRFD steel code. Figure 14 and Figure 15 shows a typical 

floor plan and an isometric view of the RAM model, respectively.  
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Figure 14. Typical Floor Plan of RAM Model 

 

 

Figure 15. Isometric View of RAM Model 
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Typical Bay 

This section explains the breakdown of the design of the typical bay. A plan view of the 

typical bay is shown in Figure 16. 

 

Figure 16. Typical Bay Plan 

The decking will be composite decking with a 3 ¼” lightweight concrete. The topping 

was chosen to conform to a two hour fire rating without the deck having to be 

fireproofed. The deck will be designed using the Vulcraft Deck Catalog. Based on the 

applied loading and a 3 span condition, the deck will be 1.5 VLR 19 gauge. The unshored 

span for the deck controls the beam spacing for the bay. Hand calculations for the 

determination of the deck are located in Appendix D. The deck does not need 

fireproofing; however, the deck in the parking garage should be encased in at least 2” of 

concrete to protect it from the weather.  
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The beams will be designed based on composite action with the concrete. In order to 

analyze the composite section, several design assumptions must be made: 

 F’c = 4000 psi 

 The deck is perpendicular with the beam 

 1 weak stud per rib 

 ¾” diameter per stud 

 1 stud per foot 

The unshored construction, wet concrete deflection, and live load deflection was checked 

to determine the final beam design. The final design will be a W14x22 with 20 studs per 

beam with a 1” chamber. The full hand calculations for the beam are located in Appendix 

D. The beam is shown in Figure 16 in red. The beams will be sprayed with fireproofing 

based on a two hour fire rating for offices. The beams in the parking garage will need to 

be encased in a least 2” of concrete.   

The girders will also be designed based on composite action with the concrete. The girder 

will be designed based on similar assumptions:  

 F’c =4000 psi 

 Y = 5” 

 The deck is parallel with the girder 

 1 weak stud per rib 

 ¾” diameter per stud 

 1 stud per foot 

The girder will also be checked based on unshored strength and live load deflections. The 

final girder design is a W16x31 with 38 studs and a ¾” chamber. The full calculations for 

the girder are located in Appendix D. The girder is shown in green in Figure 16. The 

girders will be sprayed with two hour fireproofing. Similar to the beams, the girder will 

also need to have a concrete cover of 2” for weather protection. 

The roof will be designed using roofing deck with k-series bar joists spanning between 

wide flange girders. The roof deck will designed based on the Vulcraft Deck Catalog for 

roof. The deck will be 1.5 B 22 gauge roofing deck. The joists for the typical bay will be 

24K9 joists as shown in red in Figure 17. The joists where designed from the LRFD 

economy tables from the joist catalog. The girders will be a W18x40 based on table 3-2 

from AISC Steel Construction Manual. The girders where checked for unbraced length 

since they are not continuously braced by the roof deck. The girder is shown in the 

typical roof plan in green in Figure 17. Hand calculations for the typical roof bay are 
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found in Appendix E. The roof deck, joists, and girders will be sprayed with a two hour 

fire rating.  

 

Figure 17. Typical Roof Bay 

The columns will be spliced at every other floor beginning with the second floor and 

ending with the twelfth floor. The columns for the roof level will not be spliced due to the 

odd number of floors. The columns will be encased in concrete for the bottom two floors 

with a minimum cover of 3” below the first floor due to the permanent exposure with the 

earth. The columns below the first floor will have a cover of at least 2” to protect the steel 

from the weather. A column hand check at the base of the building is shown in Appendix 

F. 

Vibrations 

Since the building lost mass due to the reduction of material, vibrations must be 

considered. The vibration analysis will be conducted using AISC Design Guide 11 for 
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human activity. The vibrations analysis for the typical bay passes the criteria based in 

AISC Design Guide 11. The hand calculations are located in Appendix G for the 

vibration analysis. 

Impact on Foundations 

Since the building decreased in weight, the foundations can be reduced in size. This 

analysis however, is outside the scope of this thesis but will be looked at conceptually. 

The foundations will have about 40% less load and therefore could be redesigned to 

reduce some costs on the building. 

Lateral System 

The current lateral system comprises of shear walls located in the stairwells and elevator 

shafts with two shear walls located in the center of the floor plan. These shear walls are 

replaced with braced frames located at the original shear wall locations. The braced 

frames will be concentric diagonal braces composed of square HSS tubes. The braces are 

shown in Figure 18 in red. The critical brace frame sizes where checked based on AISC 

Steel Manual and AISC Design Examples. The columns where determined to be a 

W12x106 at the base. The beam is a W18x40 and the brace is an HSS 8x8x5/16. The 

critical frame is located in orange in Figure 18. The hand calculations for the brace are 

located in Appendix H. Since the braced frames are not as stiff as the shear walls, 

additional moment frames are located along the East wall. Unfortunately these frames 

could not be braced frames do to impacts from the architecture. The critical moment 

frame was also checked using the AISC Steel Manual and the AISC Design Examples. 

The critical moment frame is shown in blue in Figure 18. The hand calculation for the 

moment frames are located in Appendix I.  
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Figure 18. Lateral System Layout 

Story Drift 

The story drift determined from the RAM model is 4.75 inches. The existing building 

drift is 4.77 inches calculated from an ETABS model. The allowable drift is calculated 

from the IBC 2009 allowable equation of h/400. Based on this equation the redesign of 

the lateral system is under this allowable drift of 4.98 inches at the roof.  

Structural Depth Conclusion 

From the structural redesign, steel can greatly reduce the amount of weight and material 

used to construct a building, drastically changing how the building preforms under 

certain loading patterns. The proposed braced frames located in the shear wall locations 

did not provide enough stiffness to control the building under the determined lateral 

forces; thus, additional moment frames had to be included in order to reduce the drift 

under the code allowable.  

Green Roof Breadth 

Green roofs are one of the new developments for providing an energy efficient building while 

having the ability to reduce carbon emissions in heavy urbanized areas. The two types of green 
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roofs are intensive and extensive. An intensive green roof is uses a larger growing medium to 

provide a larger assortment of plants that can range from flowers to trees and can provide tenants 

with a garden environment. These roofs are typically more expensive, require more maintenance, 

and have higher loads associated with them. An extensive green roof has a shallower growing 

medium in which only small plants and grasses can grow. These are typically designed to have 

little human intervention to sustain the roof. This means that extensive green roofs have a lower 

maintenance cost, but are typically designed not as a roof garden but as a cost effective way to 

reduce the energy costs of the building. These roofs also have a lower initial cost and have lower 

loads. The green roof that will be used as part of this study will be an extensive green roof due to 

the lower costs and impact on the structure. Building occupants will also have limited access to 

the roof to justify the need for an intensive roof garden. A study is conducted to determine the 

appropriate plants and materials to utilize for a green roof that is site specific for the Oklahoma 

University Children’s Medical Office Building. 

Plant Types 

In order to determine the appropriate plants that can survive in Oklahoma’s environment, 

the hardiness zone for Oklahoma needs to be determined. As shown in Figure 19 from the 

USDA website, the hardiness zone for Oklahoma City is zone 7a and 7b. The hardiness 

zone allows gardeners and growers to determine which plants will most likely thrive in a 

specific environment.  

 

Figure 19. Hardiness Zone Map 
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(Image obtained from http://planthardiness.ars.usda.gov/PHZMWeb/) 

Due to the selection of the green roof being an extensive green roof, the selection of plants 

becomes very limited because of the shallow growing medium. Sedum plants are typically used 

for an extensive green roof because of their low maintenance and ability to resist long droughts. 

These plants can grow in soil as shallow as four inches. Five plants have been selected for the 

green roof, which include: sedum oreganum (Figure 20), sedum sexangulare (Figure 21), sedum 

floriferum (Figure 22), sedum spurium (Figure 23), and phedimus takesimensis (Figure 24). 

 

Figure 20. Sedum Oreganum 

(Image obtained from http://www.greatcity.org/) 

 

 

 

Figure 21. Sedum Sexangulare 

(Image obtained from http://www.greenroofplants.com/catalog/plant-catalog/viewplant/?plantid=717) 

http://www.greatcity.org/
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Figure 22. Sedum Floriferum 

(Image obtained from http://macgardens.org/?m=201306) 

 

 

 

Figure 23. Sedum Spurium 

(Image obtained from http://www.greenroofplants.com/catalog/plant-catalog/viewplant/?plantid=733) 

 

http://macgardens.org/?m=201306
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Figure 24. Phedimus Takesimensis 

(Image obtained from http://www.greenroofplants.com/catalog/plant-catalog/viewplant/?order_code=PHGC) 

 

 

All of these plants can grow in Oklahoma’s hardiness zone and can tolerate droughts, 

which reduces the need for an irrigation system. These plants are typically small with the 

average height being five inches. As shown in the figures above, these plants come in a 

range of colors including green, yellow and red.  

Materials 

A typical green roof is comprised of the vegetation, growing media, a filter fabric, a 

drainage panel, a root barrier, and a water proof membrane. Rigid insulation and vapor 

barrier can also be included above the roof deck. A typical section for a green roof is 

shown in Figure 25.  

 

Figure 25. Green Roof Cross Section 

(Image obtained from http://www.vegetalid.us/green-roof-systems/green-roof-101/what-is-a-green-roof) 

http://www.greenroofplants.com/catalog/plant-catalog/viewplant/?order_code=PHGC
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For an extensive green roof, the growing medium is typically four inches. Rooflite 

extensive mcl growing medium will be used for this green roof. This growing medium 

provides the correct nutrients needed by the sedum plants selected while providing 

enough porosity for water and air. A filter fabric is used to filter sediments from the 

growing medium before it enters the drainage panel. The filter fabric that will be used is 

FF35 from Green Roof Solutions. This fabric was selected due to its high tear strength 

and high puncture strength while allowing water to pass through. A drainage panel is 

used to collect water and distribute that water throughout the entire green roof system 

while allowing excess water to flow into the roof drain. The drainage panel that was used 

is GRS 32 from Green Roof Solutions. This drainage panel has rounded edges on the 

bottom of the panel to prevent damage to the roof. Since the drainage panel has a built in 

roof protection system, no protection fabric is needed to protect the roofing assembly. A 

snapping system is incorporated into the design which allows for fast and easy 

installation. A root barrier is essential to prevent damage to the roofing assembly from 

root penetration. The RB20 root barrier selected is also from Green Roof Solutions and 

was selected based the high puncture and tear resistance. A lower grade root barrier can 

be selected for this roof since the plants are typically small. A water proof membrane 

beneath the root barrier ensures that no water will penetrate the roof causing leaks, 

damage, and mold. The Kemper System Kemperol 2K-PUR was selected because it is 

idea for areas such as roof gardens. The membrane is root resistant which provides extra 

protection from the plant roots. Rigid insulation was also chosen for this roofing 

assembly to further increase the energy efficiency of the building. Styrofoam Brand 

Highload 60 Insulation was selected from DOW Building Solutions due to its 

performance under the higher loads for the green roof. 2” thick insulation will be used 

which provides an R-value of 10. Finally a vapor barrier is required to prevent the 

passage of moisture to the ceiling. A Roof Aqua Guard BREA vapor barrier will be used. 

The material specification sheets can be found in Appendix J. 

Impact on Structure 

Since a green roof has much higher loads due to the additional materials and water 

storage capacity, they greatly impact the structure of the building. Breakdowns of the 

weights of the materials associated with the green roof assembly are summarized in Table 

5 shown below. 
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Material Weight  

Vegetation 2 psf 

Growing Media 17 psf 

Filter Fabric 0.024 psf 

Drainage Panel 
(Including 

Water) 
2 psf 

Root Barrier 0.05 psf 

Water Proof 
Membrane 

Total 

0.05 psf 
22 psf 

 

Table 5. Weights of Green Roof Materials 

 

The total weight for the green roof assembly is 22 psf which is less than the 30 psf 

assumed for the green roof dead load.  

Costs 

In addition to the increased dead loads on the structural system, a green roof also adds an 

increase in initial costs for the building. RS Means reports that a typical built up roof 

costs about $3.04 per square foot verses the green roof which costs $9.37 per square foot. 

A cost analysis for the green roof is shown in Table 6. The additional cost for the green 

roof will be about $412,000.00 more than a typical built up roof. 

Green Roof 

  Unit Quantity Waste Factor 
Unit 
Price 

Labor Equipment Total 

Vegetation S.F. 22705.50 1.00 2.50 0.33 0.00 64256.57 

Growing Medium S.F. 22705.50 1.00 0.25 0.53 0.41 27019.55 

Filter Fabric S.F. 22705.50 1.00 0.26 3.88 0.51 105580.58 

Drainage Panel S.F. 22705.50 1.00 2.70 0.67 0.00 76517.54 

Root Barrier S.F. 22705.50 1.00 0.70 0.77 0.00 33377.09 

Water Proof Membrane S.F. 22705.50 1.00 0.26 3.88 0.51 105580.58 

  
      

  

            Total: $412,331.88 

 

Table 6. Cost Analysis of Green Roof 
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Conclusion 

The choice of an extensive green roof is ideal for this type of building since the roof 

reduces energy costs, has lower maintenance costs, and has the lowest impact on the 

structure. Even though the green roof costs significantly more than a built-up roof 

initially, the reduced energy costs will offset the initial costs within a few years. An 

extensive green roof requires little maintenance to sustain itself. The choice of plants 

require little upkeep and irrigation. Also, extensive green roofs have the lightest loads 

requiring the least impact on the structural layout.  
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Cost Analysis and Schedule Analysis Breadth 

Since the building material changed from cast in place concrete to structural steel, a cost analysis 

and schedule analysis must be conducted in order to determine if the new system will be cost 

effective.  

Cost Analysis 

To determine if the new system is more cost effective, a cost breakdown of each 

structural component was established. The cost data was taken from RS Means Building 

Construction Data 2014. RS Means divides the cost of a specific element by the cost of 

the material, labor, and equipment to determine the approximate cost of an element. The 

cost breakdown for the original concrete structure can be seen in Table 7. The cost for the 

proposed steel system is shown in Table 8. 
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Existing Building Conditions 
Total Cost of Concrete 

  Unit Quantity Waste Factor Unit Price Labor Equipment Total 

Beams C.Y. 1843.33 1.05 110.00 28.00 8.65 280462.66 

Columns 6000 C.Y. 1591.00 1.05 113.00 18.00 5.55 226240.20 

Columns 7000 C.Y. 19.56 1.05 116.00 18.00 5.55 2843.05 

Slabs C.Y. 9298.33 1.05 110.00 15.75 4.85 1265502.71 

Walls C.Y. 1524.14 1.05 110.00 23.00 7.05 221838.58 

Drop Panels C.Y. 204.00 1.05 110.00 15.75 4.85 27764.40 

Total Cost of Formwork 

  Unit Quantity Waste Factor Unit Price Labor Equipment Total 

Beams SFCA 98379.48 1.10 2.47 8.10 0.00 1064170.84 

Columns SFCA 69762.00 1.10 2.30 6.95 0.00 661343.76 

Slabs with Drop 
Panels 

S.F. 296828.00 1.10 4.20 4.77 0.00 2787214.92 

Walls SFCA 79457.19 1.10 2.91 7.65 0.00 862189.97 

Total Cost of Reinforcement 

  Unit Quantity Waste Factor Unit Price Labor Equipment Total 

Beams Lb. 264258.00 1.05 0.50 0.30 0.00 218012.85 

Columns Lb. 230888.20 1.05 0.50 0.35 0.00 202027.18 

Slabs Lb. 1333333.00 1.05 0.50 0.28 0.00 1073333.07 

Walls Lb. 218499.00 1.05 0.50 0.20 0.00 158411.78 

        

      
Total $9,051,355.94 

Table 7. Concrete Cost Analysis 
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Proposed Building Solution 
Total Cost of Steel Beams 

  Unit Quantity 
Waste 
Factor 

Unit 
Price 

Labor Equipment Total 

Beams simple ton 491.40 1.00 2750.00 455.00 131.00 1639310.40 

Beams Moment ton 158.80 1.00 3175.00 360.00 196.00 592482.80 

Total Cost of Steel Columns 

  Unit Quantity 
Waste 
Factor 

Unit 
Price 

Labor Equipment Total 

Columns ton 345.30 1.00 2805.50 455.00 131.00 1171084.95 

Total Cost of Steel Braces 

  Unit Quantity 
Waste 
Factor 

Unit 
Price 

Labor Equipment Total 

Braces ton 74.50 1.00 2750.00 455.00 131.00 248532.00 

Total Cost of Steel Deck 

  Unit Quantity 
Waste 
Factor 

Unit 
Price 

Labor Equipment Total 

Floor Deck S.F. 274122.00 1.00 2.13 0.43 0.04 712717.20 

Roof Deck S.F. 22705.50 1.00 1.53 0.34 0.03 43140.45 

Total Cost of Concrete Topping 

  Unit Quantity 
Waste 
Factor 

Unit 
Price 

Labor Equipment Total 

Topping 4000 C.Y. 2746.90 1.05 104.00 18.00 5.55 364650.98 

Reinforcement C.S.F. 2741.22 1.00 17.20 26.00 0.00 118420.70 

Total Cost of Steel Joists 

  Unit Quantity 
Waste 
Factor 

Unit 
Price 

Labor Equipment Total 

  L.F. 2246.49 1.00 10.35 1.77 0.79 29002.19 

Total Cost of Fire Proofing 

  Unit Quantity 
Waste 
Factor 

Unit 
Price 

Labor Equipment Total 

Beams S.F. 36194.20 1.00 0.60 0.81 0.12 55377.13 

Columns S.F. 19197.00 1.00 0.66 1.03 0.15 35322.48 

Braces S.F. 3809.30 1.00 0.60 0.81 0.12 5828.23 

Roof Deck S.F. 22705.50 1.00 0.86 0.93 0.14 43821.62 
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Joists S.F. 1123.25 1.00 0.60 0.84 0.12 1752.27 

Total Cost of Shear Connectors 

  Unit Quantity 
Waste 
Factor 

Unit 
Price 

Labor Equipment Total 

Shear 
connectors 

Ea. 33365.00 1.00 0.53 0.87 0.49 63059.85 

        

      
Total $5,124,503.23 

Table 8. Steel Cost Analysis 

 

The concrete structure costs about $9,050,000.00 which is extremely close to the cost of 

$9,500,000.00 obtained from the building developer. There is a difference in cost because 

the foundations and slab on grade where not included in the cost analysis. These two 

items were not redesigned and therefore not included in the cost analysis. The cost of the 

steel totaled at about $5,100,000.00, a drop of about $4,000,000.00 from the original 

design. 

Schedule Analysis 

Since steel erection times are much shorter than the placement of cast-in-place concrete, a 

schedule analysis was conducted to determine the estimated time of both systems. To 

develop the schedule, daily output data obtained from RS Means was used to determine 

to how long each element will take to construct. The schedule was developed using 

Microsoft Project. The start date for the construction was assumed to be February 7, 2007 

since no official construction date was given. The cast-in-place concrete system took 

approximately 710 days to complete, assuming three crews worked eight hours a day, 

five days a week. The full schedule for the concrete system can be found in Appendix K. 

The steel system only took 189 days, assuming one crew worked eight hours a day, five 

days a week. The schedule for the steel system is located in Appendix L. The cast-in-

place concrete system took about four times longer than the proposed steel system. This 

extreme difference in time reflects the cost difference between the two systems. Hand 

calculations to determine the amount of days each component took is located in 

Appendix M. 

Conclusion 

Based on the cost data above, the new steel system is more cost effective than the original 

concrete system. This reduction in cost is impacted by the amount of time it takes to erect 

both structures. As shown in the schedule analysis, the steel system requires about a 
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quarter of the amount of time the concrete system takes. Therefore, the proposed steel 

system is a cost effective alternative compared to the cast-in-place system.  

Conclusion 

Oklahoma University Children’s Medical Office Building was designed using a cast-in-place 

reinforced concrete structural system. This system is a two-way flat plate system that has drop 

panels located at interior columns and perimeter beams located along the exterior of the building. 

The lateral system is comprised of cast-in-place reinforced concrete shear walls that are located 

in the stairwells along the northern face of the building as well as the southwestern corner. Shear 

walls are also located in elevator shafts in the southeast corner and southwest corner. Two shear 

walls are located in the interior of the floor plan. 

The structural redesign utilizes composite steel beams and girders with composite floor decking. 

The roof is comprised of K series joists with wide flange girders. The lateral system uses 

concentrically braced frames located at the shear wall locations to resist the lateral loads. Since 

the brace frames are not as stiff as the shear walls, additional moment frames had to be designed 

to carry the additional lateral loads. These frames are located along the eastern wall.  

In addition to the structural depth, two breadths where conducted. The first breadth is a green 

roof breadth that studied an extensive green roof. Several different plants where researched that 

provide some color to the roof while requiring low maintenance and good drought tolerance. The 

typical green roof assembly was also researched to provide the best materials that will provide 

the lowest cost and weight on the structure. 

The second breadth topic is a cost and schedule analysis. The original system has a total cost of 

about $9,050,000.00 while the steel system has a cost of about $5,100,000.00. The amount of 

time that the concrete system took to construct is 710 days. The steel system only took a quarter 

of the time at 189 days. The steel system proved to be the most cost effective while reducing 

construction times. 
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Kemperol 2K-PUR is a solvent-free, fleece-reinforced and liquid-applied waterproofing system 

based on polyurethane resin. The odor-free product can be used universally on roof decks, roof 

gardens, plazas, balconies, terraces and also for indoor areas such as bath rooms, catering 

kitchens and plant rooms. 

 

It is the ideal waterproofing system for sensitive areas such as nurseries, hospitals, schools or 

senior citizens’ homes. It is not only a solvent-free product, but 80% of the polyalcohols (resins) 

are obtained from renewable raw materials. Kemperol 2K-PUR is root and rot resistant according 

to FLL testing and offers a proven performance for 25 years. 

 

 

Typical Physical Properties 

PROPERTY VALUE 

Color yellow-gray 

Physical State cures to solid 

Thickness (165 fleece) 70 mils 

VOC Content 6 g/l 

Tensile Strength @ Break 120 lb/in 

Elongation 50 % 

Tear Resistance 5.0 lbs 

Puncture Resistance 150 lbf 

Dimensional Stability 0.1 % 

Water Vapor Transmission 0.04 perms 

Water Absorption 2.2 % 

Impact Resistance Shore A:85 

Usage Time* 30 minutes 

Water resistant after* 2 hours 

Solid to walk on after* 48 hours 

Can be driven on after* 48 hours 

Apply surfacing/coating after* 16-48 hours 

Apply overburden after* 2 days 

Completely hardened after* 3 days 

Crack Spanning 2 mm/0.08 inch 

Short-term temperature resistance 250 °C/ 482 °F 
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