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Problem #1 

     

Givens 

 

 

Part a) 

Step 1)  

Determine the effective distance of the Steel. 

𝑑 = 740𝑚𝑚 

𝑓𝑐
′ 30 MPa 

𝑓𝑦
′ 400 MPa 

𝑎𝑚𝑎𝑥 20 mm 

𝐴𝑠 10-20M 

𝐶𝑜𝑣𝑒𝑟 40 mm 

𝑏 400 mm 

ℎ 800 mm 

𝑡 100 mm Sides, 200 mm for top and bottom 
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Step 2)  

Determine the parameters of the concrete compression block 

𝛼1 = 0.81 

𝛽1 = 0.90 

Step 3) 

Determine the Area of Concrete Compression for the Steel Rebar. 

𝐴𝑐𝑜𝑛𝑐,𝑐𝑜𝑚𝑝  =  67591𝑚𝑚2  

Step 4)  

Determine whether rectangular analysis governs. 

check if 𝑎𝑐𝑜𝑛𝑐 < 𝑡𝑡𝑜𝑝 governs check if 𝑎𝑐𝑜𝑛 > 𝑡𝑡𝑜𝑝 governs 

 

𝐴𝑐𝑜𝑛𝑐,𝑐𝑜𝑚𝑝 = 400 ∗ 𝑎  

𝑎 = 169 <  200 𝑜. 𝑘 

 

𝑎̅ =  
169

2
= 84.5 

 

 

𝐴𝑐𝑜𝑛𝑐,𝑐𝑜𝑚𝑝 =  400 ∗ 200 + 2 ∗ 100 ∗ (𝑎

− 100) 

A=38<200 does not make sense 

 

Step 5)  

Determine distance between centroid of force blocks. 

𝑍 = 𝑑 − 𝑎̅ 

   = 655.5𝑚𝑚 

Step 6) 

Determine the Moment resistance (concrete or Steel) 

𝑀𝑟 =  ∅𝑠. 𝐴𝑠. 𝑓𝑦. 𝑧  

        = 699.8 𝑘𝑁. 𝑚 
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Part b) 

Step 1) 

Determine whether rectangular analysis governs. 

check if 𝑎𝑐𝑜𝑛𝑐 < 𝑡𝑡𝑜𝑝 governs check if 𝑎𝑐𝑜𝑛 > 𝑡𝑡𝑜𝑝 governs 

 

𝐴𝑐𝑜𝑛𝑐,𝑐𝑜𝑚𝑝 = 400 ∗ 𝑎  

𝑎 = 169 > 100 𝑁𝑂 

 

𝐴𝑐𝑜𝑛𝑐,𝑐𝑜𝑚𝑝 =  400 ∗ 100 + 2 ∗ 100 ∗ (𝑎

− 100) 

𝑎 = 238 > 100 OK 

𝑎̅ = 78.2𝑚𝑚 

 

Step 2)  

Determine distance between centroid of force blocks. 

𝑍 = 𝑑 − 𝑎̅ 

   = 661.8𝑚𝑚 

Step 3) 

Determine the Moment resistance (concrete or Steel) 

𝑀𝑟 =  ∅𝑠. 𝐴𝑠. 𝑓𝑦. 𝑧  

        = 706.5 𝑘𝑁. 𝑚 

Part c) 

Step 1) 

Check Yielding for Beam a: 

(
𝒄

𝒅
) < (

𝒄

𝒅
 )

𝒎𝒂𝒙
  

 

0.25 < 0.64 𝑂𝐾 
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Check Yielding for Beam b: 

(
𝒄

𝒅
) < (

𝒄

𝒅
 )

𝒎𝒂𝒙
  

 

0.36 < 0.64 𝑂𝐾 

Part d) 

Step 1) 

Check Steel Minimum and Spacing requirements Check 𝑨𝒔 ≥  𝑨𝒔𝒎𝒊𝒏  

𝐴𝑠𝑚𝑖𝑛
=

0.2√𝑓′𝑐

𝑓𝑦
𝑏h 

            = 876.4 𝑚𝑚2 

𝐴𝑠 ≥  𝐴𝑠𝑚𝑖𝑛
 ,  3140 > 876.4 mm2 𝑂𝐾 

Step 2) 

Check Spacing and Cover Requirements 

𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑏 − 2(𝑐𝑙𝑒𝑎𝑟 𝑐𝑜𝑣𝑒𝑟) − 2(𝑑𝑠𝑡𝑖𝑟𝑟𝑢𝑝) − 𝑛(𝑑𝑏𝑎𝑟)

𝑛𝑏𝑎𝑟𝑠 − 1
 

𝑠𝑚𝑖𝑛 ≥ max(1.4 𝑑𝑏𝑎𝑟 , 1.4 dagg, 30mm)  

= max (28mm, 28mm, 𝟑𝟎𝐦𝐦)  

𝑠 = 11.1 < 30mm → 𝐍𝐎𝐓 𝐎𝐊 

Step 3) 

Check crack control 

z = fs(dcxA)1/3 = 240x(60x4800)1/3 

   =15849 N/mm < 30000 N/mm (interior exposure)  

OK for interior exposure 
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Problem #2 

     

 
 

Part a) 

Step 1) 

𝑆𝑊(𝑆𝑒𝑙𝑓 − 𝑊𝑒𝑖𝑔ℎ𝑡) =  5.88
𝑘𝑁

𝑚
 

𝐷𝐿 =   13.88
𝑘𝑁

𝑚
 

𝑊𝑓 =  84.85
𝑘𝑁

𝑚
 

𝑀𝑓 =  381.8 𝑘𝑁. 𝑚 

𝑀𝑓 =  𝑀𝑟 

Step 2)  

Determine the parameters of the concrete compression block 

 

𝛼1 =  0.81 

𝛽1 =  0.90 

Step 3) 

Determine estimated depth for 1 Layer of Reinforcement 
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𝑑𝑎 = ℎ − 70𝑚𝑚 

= 630𝑚𝑚 

OR 

𝑑𝑏 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑𝑡𝑖𝑒 −
𝑑𝑟𝑒𝑏𝑎𝑟

2
 

= 650𝑚𝑚 

Step 4) 

1st iteration 

Estimate a; 

𝑎 = 0.3 ∗ 𝑑𝑎  

=  189 𝑚𝑚 (195𝑚𝑚) 

Determine 𝐴𝑠 based on 𝑀𝑟; 

𝑀𝑟 =  ∅𝑠 ∗ 𝐴𝑠 ∗ 𝑓𝑦 ∗ (𝑑 −
𝑎

2
)  

 𝐴𝑠1 =
𝑀𝑟

∅𝑠 ∗ 𝑓𝑦 ∗ (𝑑 −
𝑎
2)

 

= 2097 𝑚𝑚2 (2032.5 𝑚𝑚2) 

Determine revised a; 

𝑎1 =
∅𝑠. 𝐴𝑠. 𝑓𝑦

α1. ∅𝑐. 𝑓𝑐 . 𝑏
 

= 129𝑚𝑚 

𝑎1 > 5% 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 

Step 5) 

2nd Iteration 568.95 

𝑎1 = 129𝑚𝑚 

𝐴𝑠2 = 1985.7𝑚𝑚2 

𝑎2 = 122.1𝑚𝑚 

𝑎2 > 5% 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 

Step 6) 

3rd Iteration 
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𝑎2 = 122.1𝑚𝑚 

𝐴𝑠2 = 1973.7𝑚𝑚2 

𝑎3 = 121.4𝑚𝑚 

𝑎3 < 5% 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒! 𝑂𝐾 

Step 7) 

Design 

𝑑𝑏𝑎𝑟 = 20𝑚𝑚, 𝑎𝑏𝑎𝑟 = 320𝑚𝑚2, 𝑐𝑜𝑣𝑒𝑟 = 30𝑚𝑚 

#𝑏𝑎𝑟 = 𝐴𝑠2/𝑎𝑏𝑎𝑟 

= 6,17 𝑏𝑎𝑟𝑠 

= 𝑟𝑜𝑢𝑛𝑑 𝑡𝑜 7 𝑏𝑎𝑟𝑠 

𝑎𝑟𝑒𝑣𝑖𝑠𝑒𝑑 =
∅𝑠. 𝐴𝑠. 𝑓𝑦

α1. ∅𝑐. 𝑓𝑐 . 𝑏
 

= 137.77𝑚𝑚 

𝑀𝑟 = ∅𝑠. 𝐴𝑠. 𝑓𝑦. (𝑑 −
𝑎𝑟𝑒𝑣𝑖𝑠𝑒𝑑

2
) 

= 427.35 𝐾𝑁 ∗ 𝑚 > 𝑀𝑓 , 𝑂. 𝐾 

Step 8) 

Check Steel Minimum and Spacing requirements Check 𝑨𝒔 ≥  𝑨𝒔𝒎𝒊𝒏  

𝐴𝑠𝑚𝑖𝑛
=

0.2√𝑓′𝑐

𝑓𝑦
𝑏h 

        = 670.96 mm2 

𝐴𝑠 ≥  𝐴𝑠𝑚𝑖𝑛
 ,  2240 > 670.96 mm2 𝑂𝐾 

Step 9) 

Check Spacing and Cover Requirements 

𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑏 − 2(𝑐𝑙𝑒𝑎𝑟 𝑐𝑜𝑣𝑒𝑟) − 2(𝑑𝑠𝑡𝑖𝑟𝑟𝑢𝑝) − 𝑛(𝑑𝑏𝑎𝑟)

𝑛𝑏𝑎𝑟𝑠 − 1
 

𝑠𝑚𝑖𝑛 ≥ max(1.4 𝑑𝑏𝑎𝑟 , 1.4 dagg, 30mm)  

= max (28mm, 28mm, 𝟑𝟎𝐦𝐦) 

𝑠 = 21.67 > 30mm → 𝐍𝐎𝐓 𝐎𝐊 

Bars are placed in two layers as 5 + 2 (total 7)or as 4 + 4(total 8) 
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Step 10) 

Check for steel yielding  

(
𝒄

𝒅
) < (

𝒄

𝒅
 )

𝒎𝒂𝒙
  

 

0.24 < 0.64 OK 

Part b) 

Step 1) 

Setup Quadratic 

0 = [
∅𝑠𝑓𝑦

2

2 ∗ 𝛼1 ∗ ∅𝑐 ∗ 𝑓𝑐 ∗ 𝑏
] ∗ 𝐴𝑠

2  − [∅𝑠 ∗ 𝑓𝑦 ∗ 𝑑] ∗ 𝐴𝑠 + 𝑀𝑟  

𝐴 = 10.46 
 

𝐵 = −214200 
𝐶 = 𝑀𝑟 

= 381.8 𝐾𝑛 ∗ 𝑚 ∗ (1𝑒6) 
𝐴𝑠 = 1972.4𝑚𝑚2 

𝑑𝑏𝑎𝑟 = 20𝑚𝑚, 𝑎𝑏𝑎𝑟 = 320𝑚𝑚2, 𝑐𝑜𝑣𝑒𝑟 = 30𝑚𝑚 

#𝑏𝑎𝑟 = 6,16 𝑏𝑎𝑟𝑠 

= 𝑟𝑜𝑢𝑛𝑑 𝑡𝑜 7 𝑏𝑎𝑟𝑠 

Part c)  

Step 1) 

𝑀𝑟 =  𝐾𝑟 ∗ 𝑏 ∗ 𝑑2 

𝐾𝑟 = 2.75 𝑀𝑃𝑎 

 

Check Table Table 2-1 @ fc= 30 MPa  

𝐾𝑟= 2.7 MPa  𝝆= 0.88 % 

𝐾𝑟= 2.8 MPa 𝝆 = 0.91 % 

Interpolation   𝝆 =
(0.91%−0.88%)

(2.8−2.7)
∗ (2.75 − 2.7) + 0.88% = 0.895% 

𝐴𝑠  =  𝝆 ∗ 𝒃 ∗ 𝒅 = 𝟏𝟗𝟕𝟑. 𝟓 𝑚𝑚2  

#𝑏𝑎𝑟 = 6.17 

= 𝑟𝑜𝑢𝑛𝑑 𝑡𝑜 7 𝑏𝑎𝑟𝑠 

No need to check spacing and minimum reinforcement. Same # of bars. 


