
 
 
 

SLAB ON COMPOSITE DECKING: REINFORCEMENT FOR NEGATIVE BENDING OVER SUPPORTS 
EXAMPLE CALCULATIONS 
 

 
 

 
 
Example Problem #1 
 
INPUTS 

• Two-span condition 

• DL = 50 psf 

• LL = 150 psf 

• wu = 1.2(50) + 1.6(150) = 300 psf 

• Spacing of beams supporting slab = 10 feet 

• 28-day compressive strength of concrete, f’c = 5 ksi (β1 = 0.80) 

• Yield strength of WWR = 80 ksi 

• Dimension to steel reinforcement centerline, d = 3.75 inches  

• Slab thickness = 5 inches 

• Deck rib height, hr = 2 inches 

• Deck dimension T = 5 inches 

• Deck dimension B = 5 inches 

• Deck dimension P = 12 inches 

• Deck rib width at top wt = 7 inches 

• Deck rib width at bottom wb = 5 inches 

• Deck rib pitch ratio, horizontal over vertical = 0.5 

• Only tension-controlled solutions are considered valid. 
 
 
1. Calculate flexural demand. 



 
 
 
𝑑𝑒𝑐𝑘 𝑢𝑛𝑖𝑡 𝑤𝑖𝑑𝑡ℎ 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 = 𝑃 = 12 𝑖𝑛𝑐ℎ𝑒𝑠 
 

𝑀𝑢 =
𝑤𝑢𝑙2

8
=

300 × 102

8
= 3,750 𝑙𝑏 ∙ 𝑓𝑡 𝑝𝑒𝑟 𝑓𝑜𝑜𝑡 = 3.75 𝑘𝑖𝑝 ∙ 𝑓𝑡 𝑝𝑒𝑟 𝑓𝑜𝑜𝑡 

 

𝑀𝑛,𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 =
𝑀𝑢

𝜑
×

𝑃

12
=

3.75

0.9
×

12"

12
= 4.167 = 50 𝑘𝑖𝑝 ∙ 𝑖𝑛 𝑝𝑒𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ 

 
2. Determine maximum depth of effective compression block for tension-controlled behavior. 
 

𝜀𝑦 =
𝑓𝑦

𝐸
=

80 𝑘𝑠𝑖

29,000 𝑘𝑠𝑖
= 0.00276 𝑖𝑛 𝑖𝑛⁄  

 

𝜀𝑠 =
0.003𝛽1𝑑

𝑎
− 0.003 

 
𝑆𝑒𝑡 𝜀𝑠 = 0.003 + 𝜀𝑦 (𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑡𝑟𝑎𝑖𝑛 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑡𝑜 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑙𝑒𝑑 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟) 

 

0.003 +  𝜀𝑦 =
0.003𝛽1𝑑

𝑎
− 0.003 

 

𝑎𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 =
0.003𝛽1𝑑

𝜀𝑦 + 0.006
=

0.003 × 0.80 × 3.75"

0.00276 + 0.006
= 1.027 𝑖𝑛𝑐ℎ𝑒𝑠 

 
1.027< hr=2 ∴ 𝐴 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑤𝑖𝑙𝑙 ℎ𝑎𝑣𝑒 𝑎 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑏𝑙𝑜𝑐𝑘. 
 
3. Determine available moment strength if effective compression block depth is equal to deck rib height (a = hr). 
 

𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑 𝑜𝑓 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑠ℎ𝑎𝑝𝑒, 𝑦′ =
ℎ𝑟

3
×

2𝑤𝑡 + 𝑤𝑏

𝑤𝑡 + 𝑤𝑏
= 1.056", 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑢𝑝𝑤𝑎𝑟𝑑 𝑓𝑟𝑜𝑚 𝑤𝑏 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛  

 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑠ℎ𝑎𝑝𝑒 =  
ℎ𝑟 × (𝑤𝑡 + 𝑤𝑏)

2
= 12 𝑖𝑛2 

 
𝑀𝑛,𝑎𝑣𝑎𝑖𝑙 = 0.85 × 𝑓′𝑐 × 𝐴𝑟𝑖𝑏 × 𝑎𝑟𝑚 
 
𝑎𝑟𝑚 = 𝑑 − 𝑦′ 
 
𝑀𝑛,𝑎𝑣𝑎𝑖𝑙 = 0.85 × 5 × 12 × (3.75 − 1.056) = 137.4 𝑘𝑖𝑝 ∙ 𝑖𝑛 
 
𝑤ℎ𝑒𝑟𝑒 𝑎 = ℎ𝑟: 𝑀𝑛,𝑎𝑣𝑎𝑖𝑙 >  𝑀𝑛,𝑟𝑒𝑞𝑑 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠  

 
∴ 𝐴 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑏𝑙𝑜𝑐𝑘 𝑒𝑥𝑖𝑠𝑡𝑠.  𝑀𝑢𝑠𝑡 𝑐𝑜𝑛𝑓𝑖𝑟𝑚 𝑡ℎ𝑎𝑡 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑖𝑠 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑.    
 
 
 
 
 
4. Derive alternative equation forms for subsequent solving. 



 
 
 
𝑊ℎ𝑒𝑟𝑒 𝑎 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑎𝑟𝑒𝑎 𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑏𝑦 𝑎 𝑑𝑒𝑝𝑡ℎ 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 𝑡ℎ𝑒 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑏𝑙𝑜𝑐𝑘 𝑑𝑒𝑝𝑡ℎ, 𝑎𝑟𝑒𝑞𝑑: 

 
𝐴𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 = 𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ × 𝑎𝑟𝑒𝑞𝑑

2 + 𝑎𝑟𝑒𝑞𝑑 × 𝑤𝑏 

 
𝐷𝑒𝑓𝑖𝑛𝑖𝑛𝑔 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑎 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑠ℎ𝑎𝑝𝑒 𝑤𝑖𝑡ℎ 𝑑𝑒𝑝𝑡ℎ =  𝑎𝑟𝑒𝑞𝑑 ∶ 

 

𝑦′ =
ℎ𝑟

3
×

2𝑤𝑡 + 𝑤𝑏

𝑤𝑡 + 𝑤𝑏
 𝑤ℎ𝑒𝑟𝑒 𝑎 = ℎ𝑟 

 

𝑦′ =
𝑎𝑟𝑒𝑞𝑑

3
×

2𝑤𝑡 + 𝑤𝑏

𝑤𝑡 + 𝑤𝑏
 𝑤ℎ𝑒𝑟𝑒 𝑎𝑟𝑒𝑞𝑑 < ℎ𝑟 

 
The rib dimension 𝑤𝑏 is a constant.  For 𝑎𝑟𝑒𝑞𝑑 < ℎ𝑟, the “𝑤𝑡” dimension is defined in terms of 𝑤𝑏. 

The rib pitch is a constant. 
 

𝑤𝑡 = [𝑤𝑏 + (2 × 𝑎𝑟𝑒𝑞𝑑 × 𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ)] 

 

𝑦′ =
𝑎𝑟𝑒𝑞𝑑

3
×

2[𝑤𝑏 + (2 × 𝑎𝑟𝑒𝑞𝑑 × 𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ)] + 𝑤𝑏

[𝑤𝑏 + (2 × 𝑎𝑟𝑒𝑞𝑑 × 𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ)] + 𝑤𝑏

 

 

𝑦′ =
𝑎𝑟𝑒𝑞𝑑

3
×

2𝑤𝑏 + 4(𝑎𝑟𝑒𝑞𝑑 × 𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ) + 𝑤𝑏

2𝑤𝑏 + 2(𝑎𝑟𝑒𝑞𝑑 × 𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ)
 

 

𝑦′ =
3(𝑎𝑟𝑒𝑞𝑑)(𝑤𝑏) + 4(𝑎𝑟𝑒𝑞𝑑

2)(𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ)

6[𝑤𝑏 + (𝑎𝑟𝑒𝑞𝑑)(𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ)]
 

 
𝑊𝑖𝑡ℎ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 𝑤𝑏 = 5 𝑖𝑛𝑐ℎ𝑒𝑠 𝑎𝑛𝑑 𝑟𝑖𝑏 𝑝𝑖𝑡𝑐ℎ = 0.5: 
 

𝑦′ =
3(𝑎𝑟𝑒𝑞𝑑)(5) + 4(𝑎𝑟𝑒𝑞𝑑

2)(0.5)

6[5 + (𝑎𝑟𝑒𝑞𝑑)(0.5)]
=

15𝑎𝑟𝑒𝑞𝑑 + 2𝑎𝑟𝑒𝑞𝑑
2

30 + 3𝑎𝑟𝑒𝑞𝑑
 

 
5. Determine 𝒂𝒓𝒆𝒒𝒅. 

 
𝑀𝑛,𝑟𝑒𝑞𝑑 = 50 𝑘𝑖𝑝 ∙ 𝑖𝑛 = 0.85 × 𝑓′𝑐 × 𝐴𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 × (𝑑 − 𝑦′) 

 

50 𝑘𝑖𝑝 ∙ 𝑖𝑛 = 0.85 × 5 𝑘𝑠𝑖 × (0.5 × 𝑎𝑟𝑒𝑞𝑑
2 + 𝑎𝑟𝑒𝑞𝑑 × 𝑤𝑏) × [𝑑 −

15𝑎𝑟𝑒𝑞𝑑 + 2𝑎𝑟𝑒𝑞𝑑
2

30 + 3𝑎𝑟𝑒𝑞𝑑
] 

 

50 𝑘𝑖𝑝 ∙ 𝑖𝑛 = 0.85 × 5 𝑘𝑠𝑖 × (0.5 × 𝑎𝑟𝑒𝑞𝑑
2 + 𝑎𝑟𝑒𝑞𝑑 × 5") × [3.75 −

15𝑎𝑟𝑒𝑞𝑑 + 2𝑎𝑟𝑒𝑞𝑑
2

30 + 3𝑎𝑟𝑒𝑞𝑑
] 

 
𝐵𝑦 𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑟 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐, 𝑠𝑜𝑙𝑣𝑒 𝑓𝑜𝑟 𝑎𝑟𝑒𝑞𝑑 = 0.646 𝑖𝑛𝑐ℎ𝑒𝑠. 

 
𝑎𝑟𝑒𝑞𝑑 = 0.646 𝑖𝑛𝑐ℎ𝑒𝑠 < 𝑎𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 = 1.027 𝑖𝑛𝑐ℎ𝑒𝑠 ∴ 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝒊𝒔 𝒕𝒆𝒏𝒔𝒊𝒐𝒏 𝒄𝒐𝒏𝒕𝒓𝒐𝒍𝒍𝒆𝒅!   

 
 



 
 
6. Determine minimum required steel reinforcement area per analysis width. 
 
𝐴𝑠𝑓𝑦 = 0.85𝑓′𝑐𝐴𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 

 

𝐴𝑠 =
0.85𝑓′𝑐𝐴𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑖𝑜𝑛

𝑓𝑦
=

0.85 × 5 × 3.439 𝑖𝑛2

80
= 0.183 𝑖𝑛2 𝑝𝑒𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ 

 
7. Determine minimum required steel reinforcement area per one foot unit width. 
 

0.183 𝑖𝑛2 𝑝𝑒𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ ×
12

12" 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ
= 0.183 𝑖𝑛2 𝑝𝑒𝑟 𝑓𝑜𝑜𝑡 𝑢𝑛𝑖𝑡 𝑤𝑖𝑑𝑡ℎ 

 
8. Derive WWR options based on user selected wire spacing.   

 

User defined spacing (inches) Minimum required wire size Steel area achieved 

6 D9.2 

0.183 in2 per foot unit width 
8 D12.2 

10 D15.3 

12 D18.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 

 
 

 
Example Problem #2 
 
INPUTS 

• Two-span condition 

• DL = 150 psf 

• LL = 400 psf 

• wu = 1.2(150) + 1.6(400) = 820 psf 

• Spacing of beams supporting slab = 10 feet 

• 28-day compressive strength of concrete, f’c = 3 ksi (β1 = 0.85) 

• Yield strength of WWR = 80 ksi 

• Dimension to steel reinforcement centerline, d = 8 inches  

• Slab thickness = 9 inches 

• Deck rib height, hr = 1.5 inches 

• Deck dimension T = 3.5 inches 

• Deck dimension B = 1.75 inches 

• Deck dimension P = 6 inches 

• Deck rib width at top wt = 2.5 inches 

• Deck rib width at bottom wb = 1.75 inches 

• Deck rib pitch ratio, horizontal over vertical = 0.25 

• Only tension-controlled solutions are considered valid. 
 
 
 
 
 
 
 
 



 
 
1. Calculate flexural demand. 
 
𝑑𝑒𝑐𝑘 𝑢𝑛𝑖𝑡 𝑤𝑖𝑑𝑡ℎ 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 = 𝑃 = 6 𝑖𝑛𝑐ℎ𝑒𝑠 
 

𝑀𝑢 =
𝑤𝑢𝑙2

8
=

820 × 102

8
= 10,250 𝑙𝑏 ∙ 𝑓𝑡 𝑝𝑒𝑟 𝑓𝑜𝑜𝑡 = 10.25 𝑘𝑖𝑝 ∙ 𝑓𝑡 𝑝𝑒𝑟 𝑓𝑜𝑜𝑡 

 

𝑀𝑛,𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 =
𝑀𝑢

𝜑
×

𝑃

12
=

10.25

0.9
×

6"

12
= 5.694 = 68.33 𝑘𝑖𝑝 ∙ 𝑖𝑛 𝑝𝑒𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ 

 
2. Determine maximum depth of effective compression block for tension-controlled behavior. 
 

𝜀𝑦 =
𝑓𝑦

𝐸
=

80 𝑘𝑠𝑖

29,000 𝑘𝑠𝑖
= 0.00276 𝑖𝑛 𝑖𝑛⁄  

 

𝜀𝑠 =
0.003𝛽1𝑑

𝑎
− 0.003 

 
𝑆𝑒𝑡 𝜀𝑠 = 0.003 + 𝜀𝑦 (𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑡𝑟𝑎𝑖𝑛 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑡𝑜 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑙𝑒𝑑 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟) 

 

0.003 +  𝜀𝑦 =
0.003𝛽1𝑑

𝑎
− 0.003 

 

𝑎𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 =
0.003𝛽1𝑑

𝜀𝑦 + 0.006
=

0.003 × 0.85 × 8"

0.00276 + 0.006
= 2.329 𝑖𝑛𝑐ℎ𝑒𝑠 

 
2.329" >  hr = 1.5" ∴ 𝐴 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑐𝑜𝑢𝑙𝑑 ℎ𝑎𝑣𝑒 𝑎 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑡𝑒𝑒 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑏𝑙𝑜𝑐𝑘. 
 
3. Determine available moment strength if effective compression block depth is equal to deck rib height (a = hr). 
 

𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑 𝑜𝑓 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑠ℎ𝑎𝑝𝑒, 𝑦′ =
ℎ𝑟

3
×

2𝑤𝑡 + 𝑤𝑏

𝑤𝑡 + 𝑤𝑏
= 0.794", 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑢𝑝𝑤𝑎𝑟𝑑 𝑓𝑟𝑜𝑚 𝑤𝑏 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛  

 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑠ℎ𝑎𝑝𝑒 =  
ℎ𝑟 × (𝑤𝑡 + 𝑤𝑏)

2
= 3.1875 𝑖𝑛2 

 
𝑀𝑛,𝑎𝑣𝑎𝑖𝑙 = 0.85 × 𝑓′𝑐 × 𝐴𝑟𝑖𝑏 × 𝑎𝑟𝑚 
 
𝑎𝑟𝑚 = 𝑑 − 𝑦′ 
 
𝑀𝑛,𝑎𝑣𝑎𝑖𝑙 = 0.85 × 3 × 3.1875 × (8 − 0.794) = 58.57 𝑘𝑖𝑝 ∙ 𝑖𝑛 𝑝𝑒𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ 

 
𝑤ℎ𝑒𝑟𝑒 𝑎 = ℎ𝑟: 𝑀𝑛,𝑎𝑣𝑎𝑖𝑙 = 58.57 <  𝑀𝑛,𝑟𝑒𝑞𝑑 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 = 68.33  

 
∴ 𝐴 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝑡𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑𝑎𝑙 𝑡𝑒𝑒 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑏𝑙𝑜𝑐𝑘 𝑒𝑥𝑖𝑠𝑡𝑠.  𝑀𝑢𝑠𝑡 𝑐𝑜𝑛𝑓𝑖𝑟𝑚 𝑡ℎ𝑎𝑡 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑖𝑠 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑.    
 
 
 
 
 



 
 
4. Determine 𝒂𝒓𝒆𝒒𝒅. 

 
𝑀𝑛,𝑟𝑒𝑞𝑑 = 68.33 𝑘𝑖𝑝 ∙ 𝑖𝑛 = 𝑀𝑛,𝑎=ℎ𝑟

+ 𝑀𝑛,𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 

 
𝑊ℎ𝑒𝑟𝑒 𝑀𝑛,𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑏𝑦 𝑎 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑙𝑎𝑏 𝑎𝑏𝑜𝑣𝑒 𝑡ℎ𝑒 𝑟𝑖𝑏 𝑜𝑓 𝑢𝑛𝑖𝑡 𝑤𝑖𝑑𝑡ℎ 𝑎𝑛𝑑 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠. 

 

𝑀𝑛,𝑟𝑒𝑞𝑑 = 68.33 𝑘𝑖𝑝 ∙ 𝑖𝑛 = 𝑀𝑛,𝑎=ℎ𝑟
+ 0.85 × 𝑓′

𝑐
× 𝑢𝑛𝑖𝑡 𝑤𝑖𝑑𝑡ℎ × 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 × (𝑑 − ℎ𝑟 −

𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

2
) 

 

𝑀𝑛,𝑟𝑒𝑞𝑑 = 68.33 𝑘𝑖𝑝 ∙ 𝑖𝑛 = 58.57 + 0.85 × 𝑓′
𝑐

× 𝑢𝑛𝑖𝑡 𝑤𝑖𝑑𝑡ℎ × 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 × (𝑑 − ℎ𝑟 −
𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

2
) 

 
𝑀𝑛,𝑟𝑒𝑞𝑑,𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 = 68.33 − 58.57 = 9.76 𝑘𝑖𝑝 ∙ 𝑖𝑛 

 

9.76 𝑘𝑖𝑝 ∙ 𝑖𝑛 = 0.85 × 𝑓′
𝑐

× 𝑢𝑛𝑖𝑡 𝑤𝑖𝑑𝑡ℎ × 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 × (𝑑 − ℎ𝑟 −
𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

2
) 

 

9.76 𝑘𝑖𝑝 ∙ 𝑖𝑛 = 0.85 × 3 𝑘𝑠𝑖 × 6" × 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 × (8" − 1.5" −
𝑢𝑛𝑖𝑡 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

2
) 

 
𝑆𝑜𝑙𝑣𝑒 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 0.09893 𝑖𝑛𝑐ℎ𝑒𝑠. 
 
𝑎𝑟𝑒𝑞𝑑 = ℎ𝑟 + 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 = 1.5" + 0.09893" =  1.599 𝑖𝑛𝑐ℎ𝑒𝑠 

 
𝑎𝑟𝑒𝑞𝑑 = 1.599 𝑖𝑛𝑐ℎ𝑒𝑠 < 𝑎𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 = 2.329 𝑖𝑛𝑐ℎ𝑒𝑠 ∴ 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝒊𝒔 𝒕𝒆𝒏𝒔𝒊𝒐𝒏 𝒄𝒐𝒏𝒕𝒓𝒐𝒍𝒍𝒆𝒅!   

 
5. Determine minimum required steel reinforcement area per analysis width. 
 
𝑇 = 𝐴𝑠𝑓𝑦 = 𝐶𝑟𝑖𝑏 + 𝐶𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒  

 
𝐴𝑠𝑓𝑦 = 0.85𝑓′𝑐𝐴𝑟𝑖𝑏 + 0.85𝑓′𝑐𝐴𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 

 
𝐴𝑠 × 80 = (0.85 × 3 × 3.1875) + [0.85 × 3 × (0.09893 × 6)] 
 
𝐴𝑠 × 80 = 0.85 × 3 × 3.1875 + 0.85 × 3 × (0.09893 × 6) 
 
𝐴𝑠 = 0.121 𝑖𝑛2 𝑝𝑒𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ 
 
6. Determine minimum required steel reinforcement area per one foot unit width. 
 

0.121 𝑖𝑛2 𝑝𝑒𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ ×
12

6" 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑤𝑖𝑑𝑡ℎ
= 0.242 𝑖𝑛2 𝑝𝑒𝑟 𝑓𝑜𝑜𝑡 𝑢𝑛𝑖𝑡 𝑤𝑖𝑑𝑡ℎ 

 
7. Derive WWR options based on user selected wire spacing.   

 

User defined spacing (inches) Minimum required wire size Steel area achieved 

6 D12.1 

0.242 in2 per foot unit width 
8 D16.2 

10 D20.2 

12 D24.2 




