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Structural Engineer
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Higher Education
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7
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HDR Architecture, Inc. 
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Hope Furrer Associates
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• Composite wide flange girders and columns

• 3 ¼” LW concrete on 3” 20 gage metal deck
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• Ordinary Moment Frames and 

Ordinary Braced Frames

• Red-Moment Frames

• Green- Braced Frames

• Typical beam in moment frames are 

W24s and W27s

• Typical brace are W10s and W12s 



Goals

• Reduce structural depth

• Reduce cost

• Maintain open floor plan

What alternate system 

could be a feasible design?
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Voided Concrete Slab Reinforced Concrete Shear Walls

Gravity System Lateral System
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Gravity Redesign- Voided Slab

Advantages of a Voided Concrete Slab

• Reduces self weight by ~30-35%

• Reduces structural depth

• Reach longer spans than flat plate slab
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Gravity Redesign- Voided Slab

43’-6”

ℎ𝑚𝑖𝑛 =
𝑙𝑛
30

=
43.5 ∗ 12 − (

30
2
+
24
2
)

30
= 16.5"

From Table 8.3.1.1, minimum slab thickness:

I. Building Overview

II. Design Proposal

III. Gravity System

I. Voided Concrete Slab

II. Gravity Columns

IV. Lateral System

I. Shear Wall Layout

II. Shear Wall Design

V. Construction Breadth

VI. Conclusion

Brendan Iribe Center for Computer 

Science and Innovation

Exterior panel without edge beam without drop panel



Gravity Redesign- Voided Slab

17.5” slab depth

Reduced dead load = 66 psf

New slab weight 

Cobiax Eco-Line System
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=
17.5 ∗ 150

12
− .7 ∗ 66 = 172.5 𝑝𝑠𝑓



Gravity Redesign- Voided Slab
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Solid slab required in two locations:

1) Perimeter of floor plate

2) Around columns where voided 

slab can’t resist total shear 

stress

𝑆𝑜𝑙𝑖𝑑 𝑠𝑙𝑎𝑏 = 𝑇𝑟𝑖𝑏 𝑎𝑟𝑒𝑎 −
(𝑆ℎ𝑒𝑎𝑟 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟)(𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑠ℎ𝑒𝑎𝑟)

𝑇𝑜𝑡𝑎𝑙 𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑢𝑛𝑖𝑓𝑜𝑟𝑚𝑎𝑙𝑦 𝑑𝑖𝑠𝑡. 𝑙𝑜𝑎𝑑



Gravity Redesign- Voided Slab
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Column E1= 200 ft2

Column E2= 450 ft2

Column F1= 166 ft2

Column F2= 450 ft2



Gravity Redesign- Voided Slab

17.5” slab depth

Reduced dead load = 66 psf

New slab weight 

Cobiax Eco-Line System
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=
17.5 ∗ 150

12
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Gravity Redesign- Voided Slab

ΦVc = 189.7 psi > Vu = 159.5 psi ∴ OK

Punching Shear

Deflection

Max = 0.77” < Allowable = L/480 = 1.08” ∴ OK 
I. Building Overview

II. Design Proposal

III. Gravity System

I. Voided Concrete Slab

II. Gravity Columns

IV. Lateral System

I. Shear Wall Layout

II. Shear Wall Design

V. Construction Breadth

VI. Conclusion

Brendan Iribe Center for Computer 

Science and Innovation



Gravity Redesign- Voided Slab

I. Building Overview

II. Design Proposal

III. Gravity System

I. Voided Concrete Slab

II. Gravity Columns

IV. Lateral System

I. Shear Wall Layout

II. Shear Wall Design

V. Construction Breadth

VI. Conclusion

Brendan Iribe Center for Computer 

Science and Innovation

Top Reinforcement

A

B

C

2

4
3

1

D

E

F G H I J K L M N

30’-3”

28’-8”



Gravity Redesign- Voided Slab

I. Building Overview

II. Design Proposal

III. Gravity System

I. Voided Concrete Slab

II. Gravity Columns

IV. Lateral System

I. Shear Wall Layout

II. Shear Wall Design

V. Construction Breadth

VI. Conclusion

Brendan Iribe Center for Computer 

Science and Innovation

Top Reinforcement

A

B

C

2

4
3

1

D

E

F G H I J K L M N

31’-6”

25’-6”

38’



Gravity Redesign- Voided Slab
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Bottom Reinforcement

Mat of #7@12” each way

• 15’ strip → 9 in2

• Asmin = 5.31 in2
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Column Strip Middle Strip



Gravity Redesign- Voided Slab
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• Height decreases by 7’

• ~6% of the building height

• Reduce costs of façade, ductwork, 

and pipes



Gravity Redesign- Columns

• Column locations remain the same

• 9 columns removed that were part 

of existing lateral system

• f’c= 8000 psi to keep column sizes 

reasonable
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Gravity Redesign- Columns
Pu= 3900 kips

From ACI 22.4.2.2 → Trial Size 30x30

Longitudinal Reinforcement 28#9

Transverse Reinforcement #3 ties @12”

Columns E2 and F2
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Gravity Redesign- Columns
Interior Column

Pu= 2133 kips

As min = 9 in2

Long. Reinforcement 12#8 (9.48 in2)

Transverse Reinforcement #3 ties @15”
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Gravity Redesign- Columns
Pu= 1751 kips

From ACI 22.4.2.2 → Trial Size 24x24

As min = 5.76 in2 

Long. Reinforcement 8#8 (6.32 in2)

Transverse Reinforcement #3 ties @15”

Exterior Column
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Lateral Redesign- Shear Walls

2

1

3

45

6

• Shear walls remain in the same 

locations as moment frames

• Thickness = 12”

• ACI 11.3 → 1/25 unsupported height

• f’c= 4000 psi
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Lateral Redesign- Shear Walls
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COM

COR

• COR and COM off 16’ in the x 

direction and 4’ in the y direction

• Helps minimize torsional 

deformations



Lateral Redesign- Shear Walls

2

1

3

45

6

Shear Wall #5 Design

Controlling Load Combination: 0.9D – 1.4EI. Building Overview

II. Design Proposal

III. Gravity System

I. Voided Concrete Slab

II. Gravity Columns

IV. Lateral System

I. Shear Wall Layout

II. Shear Wall Design

V. Construction Breadth

VI. Conclusion

Brendan Iribe Center for Computer 

Science and Innovation

Shear Wall Length Horizontal RFT Vertical RFT Flexural/Axial RFT

1
Short- 13.17' 

Long-30'
#5@12" #5@12" 8 #7@9"

2
Short- 21' 

Long- 30'
#5@12" #5@12" 8 #10@9"

3
Short- 12.5' 

Long- 30'
#5@12" #5@12" 8 #8@9"

4 32' #4@12" #4@12" 14 #10@9"

5 35.83' #4@12" #4@12" 18 #10@10"

6
Short- 12.67' 

Long- 30.25'
#5@12" #5@12" 10 #9@9"



Lateral Redesign- Shear Walls

Δ𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒,𝑤𝑖𝑛𝑑 = 3.35" > 2.22"∴ OK
Δ𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒,𝑠𝑒𝑖𝑠𝑚𝑖𝑐 = 20.1" > 4.93" ∴ 𝑂𝐾

Δallowable,wind = H/400 Δallowable,seismic = 0.015hsxI. Building Overview
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Construction Breadth

Existing
Composite Steel   $ 8,462,332.20

Redesign
Voided Slab          $ 5,807,487.37

31 % decrease

0

1

2

3

4

5

6

7

8

9

M
Ill

io
n

s 
($

)

Cost Comparison

Existing Redesign

I. Building Overview

II. Design Proposal

III. Gravity System

I. Voided Concrete Slab

II. Gravity Columns

IV. Lateral System

I. Shear Wall Layout

II. Shear Wall Design

V. Construction Breadth

VI. Conclusion

Brendan Iribe Center for Computer 

Science and Innovation

* Using RS Means 2017
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Formwork

Slab

Framing

Walls

Existing

Redesign

Construction Breadth

Existing
Decking

Framing

Total

Redesign
Slab

Columns

Walls

Formwork

Total

93.5

27.5

121 days

73.5

15

11.7

187

287.3 days 137 % increase

Schedule Comparison
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Reduce structural depth 

Reduce cost 

Maintain open floor plan 

Goals Achieved?

Drawbacks

Increase in structural weight

Increase in foundation

Longer construction schedule



I. Building Overview

II. Design Proposal

III. Gravity System

I. Voided Concrete Slab

II. Gravity Columns

IV. Lateral System

I. Shear Wall Layout

II. Shear Wall Design

V. Construction Breadth

VI. Conclusion

Brendan Iribe Center for Computer 

Science and Innovation Acknowledgements

Special thanks to:

• The engineers at Hope Furrer

Associates

• Dr. Aly Said, Thesis Advisor

• The AE Faculty

• Friends and family



I. Building Overview

II. Design Proposal

III. Gravity System

I. Voided Concrete Slab

II. Gravity Columns

IV. Lateral System

I. Shear Wall Layout

II. Shear Wall Design

V. Construction Breadth

VI. Conclusion

Brendan Iribe Center for Computer 

Science and Innovation I. Building Overview

II. Design Proposal

III. Gravity System

IV. Lateral System

V. Construction Breadth

VI. Conclusion



Column E2

Column E1








