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Calculations: 

 

1. Transmission load (glass, walls, roof and floor): 

 

 

𝑞𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝑈 ∗ 𝐴 ∗ ∆𝑇 

 

𝑞𝑔𝑙𝑎𝑠𝑠 = 𝑈𝑔𝑙𝑎𝑠𝑠 ∗ 𝐴𝑔𝑙𝑎𝑠𝑠 ∗  ∆𝑇𝑔𝑙𝑎𝑠𝑠 

 

𝐴𝑔𝑙𝑎𝑠𝑠 = ℎ𝑖𝑒𝑔ℎ𝑡 ∗ ∑ 𝑔𝑙𝑎𝑠𝑠 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 

𝑈𝑔𝑙𝑎𝑠𝑠 = 3.3 𝑊 𝑚2𝐶⁄  

∆𝑇𝑔𝑙𝑎𝑠𝑠 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

 

 

 

 

𝑞𝑤𝑎𝑙𝑙 = 𝑈𝑤𝑎𝑙𝑙 ∗ 𝐴𝑤𝑎𝑙𝑙 ∗  ∆𝑇𝑤𝑎𝑙𝑙 

 

𝐴𝑤𝑎𝑙𝑙 = ℎ𝑖𝑒𝑔ℎ𝑡 ∗ ∑ 𝑤𝑎𝑙𝑙 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 

𝑈𝑤𝑎𝑙𝑙  = 
1

∑ 𝑅𝑤𝑎𝑙𝑙
 

𝑅𝑤𝑎𝑙𝑙 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖  

∆𝑇𝑤𝑎𝑙𝑙 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 
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𝑞𝑟𝑜𝑜𝑓 = 𝑈𝑟𝑜𝑜𝑓 ∗ 𝐴𝑟𝑜𝑜𝑓 ∗  ∆𝑇𝑟𝑜𝑜𝑓 

 

𝐴𝑟𝑜𝑜𝑓 = 

𝑈𝑟𝑜𝑜𝑓 = 
1

∑ 𝑅𝑟𝑜𝑜𝑓
 

𝑅𝑟𝑜𝑜𝑓 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖  

∆𝑇𝑟𝑜𝑜𝑓 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

 

 

𝑞𝑓𝑙𝑜𝑜𝑟 = 𝑈𝑓𝑙𝑜𝑜𝑟 ∗ 𝐴𝑓𝑙𝑜𝑜𝑟 ∗  ∆𝑇𝑓𝑙𝑜𝑜𝑟 

 

𝐴𝑓𝑙𝑜𝑜𝑟 =  

𝑈𝑓𝑙𝑜𝑜𝑟 = 
1

∑ 𝑅𝑓𝑙𝑜𝑜𝑟
 

𝑅𝑓𝑙𝑜𝑜𝑟 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖 

∆𝑇𝑓𝑙𝑜𝑜𝑟 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

 

 

 

 

2. Ventilation load: 

 

𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝜔 

 

𝑉̇𝑣𝑒𝑛𝑡 = (𝑎𝑖𝑟 𝑟𝑒𝑞𝑢𝑖𝑒𝑟𝑚𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛) ∗ (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒) 

 

(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒) = 𝐴𝑠 ∗ (𝑜𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛) 

 

∆𝑇 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

∆𝜔 = 𝜔𝑖 − 𝜔° = 0.008-.004 = 0.004. 
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3. Infiltration load: 

  

𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝜔 

 

𝑉̇𝑖𝑛𝑓𝑖𝑙 = 𝑉 ∗ (𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑) 

 

∆𝑇 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

∆𝜔 = 𝜔𝑖 − 𝜔° = 0.008-.004 = 0.004. 

 

 

 

For the gym: 

1) Transmission load: 

   For the arena and reception area: 

   For the glass: 

𝐴𝑔𝑙𝑎𝑠𝑠 = ℎ𝑖𝑒𝑔ℎ𝑡 ∗ ∑ 𝑔𝑙𝑎𝑠𝑠 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 

= 4 × (2.47 + 3.42 + 3.19 + 3.57 + 4.14 + 1.88 + 1.88 + 1.88 + (2 × 0.81)) 

= 96.2 𝑚2. 

𝑞𝑔𝑙𝑎𝑠𝑠 = 𝑈𝑔𝑙𝑎𝑠𝑠 ∗ 𝐴𝑔𝑙𝑎𝑠𝑠 ∗  ∆𝑇𝑔𝑙𝑎𝑠𝑠 = 3.3 × 96.2 × 17 = 5396 𝑊. 

    For the walls: 

𝐴𝑤𝑎𝑙𝑙 = ℎ𝑖𝑒𝑔ℎ𝑡 ∗ ∑ 𝑤𝑎𝑙𝑙 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 

= 4 × (0.77 + 0.84 + 0.91 + 1.26 + 1.26 + 0.53 + 1.78 + 3.13 + 3.13 + 2.48 

+ 0.67 + 3.69) 

𝐴𝑤𝑎𝑙𝑙 = 81.8 𝑚2. 

𝑈𝑤𝑎𝑙𝑙   was found based on the Table in Example 5-1 (Outside wall): 

𝑈𝑤𝑎𝑙𝑙  = 0.49 𝑊 𝑚2𝐶⁄ . 

𝑞𝑤𝑎𝑙𝑙𝑠 = 0.49 × 81.9 × 17 = 681 𝑊. 
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For the lockers room: 

  𝐴𝑤𝑎𝑙𝑙 = 3 × 4 = 12 𝑚2. 

𝑞𝑤𝑎𝑙𝑙 = 0.49 × 12 × 17 = 100 𝑊. 

 

  For the roof: 

   𝐴𝑟𝑒𝑐𝑒𝑝𝑡𝑖𝑜𝑛 = 5.65 × 7.93 = 44.8  𝑚2. 

   𝐴𝑎𝑟𝑒𝑛𝑎 = (5.65 × 4.05) + (15.49 × 10.24) + (5.55 × 6.7) = 219.17 𝑚2.  

   𝐴𝑙𝑜𝑐𝑘𝑒𝑟𝑠 = 3 × 5.55 = 16.6  𝑚2.  

   𝐴𝑡𝑜𝑡𝑎𝑙 = 280.6  𝑚2. = 𝐴𝑟𝑜𝑜𝑓 = 𝐴𝑓𝑙𝑜𝑜𝑟.  

   𝑈𝑟𝑜𝑜𝑓 was taken as a ceiling the Table in Example 5-2 section (b): 

   𝑈𝑟𝑜𝑜𝑓 = 0.48  𝑊 𝑚2𝐶⁄ .  

   𝑞𝑟𝑜𝑜𝑓 = 0.48 × 280.6 × 17 = 2289 𝑊. 

    For the floor: 

    𝐴𝑓𝑙𝑜𝑜𝑟 = 280.6  𝑚2 

    𝑈𝑓𝑙𝑜𝑜𝑟 was taken according to the following values: 

    

 

In addition to ceramic (3 mm thickness and k=0.48) and inside and outside film 

resistance: 

  𝑅𝑓𝑙𝑜𝑜𝑟 =
0.15

0.7
+

0.15

0.3
+

0.05

0.17
+

0.25

1.75
+

0.003

0.48
+ 0.15 + .02 = 1.32  𝑚2𝐶 𝑊.⁄   

 𝑈𝑓𝑙𝑜𝑜𝑟 =
1

1.32
= 0.757 𝑊  𝑚2𝐶.⁄  
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𝑞𝑓𝑙𝑜𝑜𝑟 = 0.757 × 280.6 × 17 = 3600 𝑊. 

2) Ventilation Load: 

a) Arena: 

   𝐴𝑎𝑟𝑒𝑛𝑎 = 219.17  𝑚2. 

            𝑂𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 = 219.17 ×
30

100
= 66 𝑝𝑒𝑜𝑝𝑙𝑒. 

           𝑉̇𝑣𝑒𝑛𝑡 = (𝑎𝑖𝑟 𝑟𝑒𝑞𝑢𝑖𝑒𝑟𝑚𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛) ∗ (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒) 

           𝑉̇𝑣𝑒𝑛𝑡 = 10 
𝐿

𝑠.𝑝𝑒𝑟𝑠𝑜𝑛
 × 66 = 660 𝐿 𝑠.⁄             

           𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝜔 

           𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 × 660 × 17 + 3000 × 660 × 0.004 = 21720 𝑊. 

b) Reception: 

              𝐴𝑟𝑒𝑐𝑒𝑝𝑡𝑖𝑜𝑛 = 44.8  𝑚2. 

            𝑂𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 = 44.8 ×
60

100
= 27 𝑝𝑒𝑜𝑝𝑙𝑒.  

            𝑉̇𝑣𝑒𝑛𝑡 = 8 
𝐿

𝑠.𝑝𝑒𝑟𝑠𝑜𝑛
 × 27 = 216 𝐿 𝑠.⁄  

            𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 × 216 × 17 + 3000 × 216 × 0.004 = 7108 𝑊. 

 

c) Lockers: 

              𝐴𝐿𝑜𝑐𝑘𝑒𝑟𝑠 = 16.6  𝑚2. 

            𝑂𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 = 16.6 ×
50

100
= 9 𝑝𝑒𝑜𝑝𝑙𝑒.  

            𝑉̇𝑣𝑒𝑛𝑡 =
7.5+17.5

2
 

𝐿

𝑠.𝑝𝑒𝑟𝑠𝑜𝑛
 × 9 = 112.5 𝐿 𝑠.⁄  

            𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 × 112.5 × 17 + 3000 × 112.5 × 0.004 = 3702 𝑊. 

 

3) Infiltration Load: 

 

a) Arena: 

   𝐴𝐶𝑃𝐻 = 1.5 
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𝑉̇𝑖𝑛𝑓𝑖𝑙 = 𝑉 ∗ (𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑) 

=  
1.5

3600
× 219.17 × 4 = 0.365 𝑚3 𝑠⁄  

              = 365 𝐿 𝑠.⁄     

     

              𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝜔 

              = 1.23 × 365 × 17 + 3000 × 365 × 0.004 = 12012 𝑊. 

b) Reception: 

   𝐴𝐶𝑃𝐻 = 2 

𝑉̇𝑖𝑛𝑓𝑖𝑙 =
2

3600
× 44.8 × 4 = 99 𝐿/𝑠  

                

              𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 1.23 × 99 ×  17 + 3000 × 99 ×  0.004 = 3258 𝑊.   

c) Lockers: 

   𝐴𝐶𝑃𝐻 = 1 

𝑉̇𝑖𝑛𝑓𝑖𝑙 =
1

3600
× 16.6 × 4 = 18 𝐿/𝑠  

                

              𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 1.23 × 18 ×  17 + 3000 × 18 ×  0.004 = 592 𝑊.   

 

   For the supermarket:     

1. Transmission load (glass, walls, roof and floor): 

 

 

𝑞𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝑈 ∗ 𝐴 ∗ ∆𝑇 

 

𝑞𝑤𝑎𝑙𝑙 = 𝑈𝑔𝑙𝑎𝑠𝑠 ∗ 𝐴𝑔𝑙𝑎𝑠𝑠 ∗  ∆𝑇𝑔𝑙𝑎𝑠𝑠 

 

𝐴𝑔𝑙𝑎𝑠𝑠 = ℎ𝑖𝑒𝑔ℎ𝑡 ∗ ∑ 𝑔𝑙𝑎𝑠𝑠 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 

𝑈𝑔𝑙𝑎𝑠𝑠 = 3.3  

∆𝑇𝑔𝑙𝑎𝑠𝑠 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 
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𝑞𝑤𝑎𝑙𝑙 = 𝑈𝑤𝑎𝑙𝑙 ∗ 𝐴𝑤𝑎𝑙𝑙 ∗  ∆𝑇𝑤𝑎𝑙𝑙 

 

𝐴𝑤𝑎𝑙𝑙 = ℎ𝑖𝑒𝑔ℎ𝑡 ∗ ∑ 𝑤𝑎𝑙𝑙 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 = 4*81 = 324 m2 

𝑅𝑤𝑎𝑙𝑙 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖  = 2.0166 

𝑈𝑤𝑎𝑙𝑙  = 
1

∑ 𝑅𝑤𝑎𝑙𝑙
 = 0.49 KW/m2.K 

∆𝑇𝑤𝑎𝑙𝑙 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

𝑞𝑤𝑎𝑙𝑙 = 𝑈𝑤𝑎𝑙𝑙 ∗ 𝐴𝑤𝑎𝑙𝑙 ∗  ∆𝑇𝑤𝑎𝑙𝑙 = 0.49*324*17 = 2699 W 

 

 

 

 

 

 

 

 

 

𝑞𝑟𝑜𝑜𝑓 = 𝑈𝑟𝑜𝑜𝑓 ∗ 𝐴𝑟𝑜𝑜𝑓 ∗  ∆𝑇𝑟𝑜𝑜𝑓 

 

𝐴𝑟𝑜𝑜𝑓 = 811.3 m2 

𝑅𝑟𝑜𝑜𝑓 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖  = 2.0166 

𝑈𝑟𝑜𝑜𝑓 = 
1

∑ 𝑅𝑟𝑜𝑜𝑓
 = 0.49 KW/m2.K 

∆𝑇𝑟𝑜𝑜𝑓 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

𝑞𝑟𝑜𝑜𝑓 = 𝑈𝑟𝑜𝑜𝑓 ∗ 𝐴𝑟𝑜𝑜𝑓 ∗  ∆𝑇𝑟𝑜𝑜𝑓 = 0.49*811.3*17 = 6618 W 

 

 

𝑞𝑓𝑙𝑜𝑜𝑟 = 𝑈𝑓𝑙𝑜𝑜𝑟 ∗ 𝐴𝑓𝑙𝑜𝑜𝑟 ∗  ∆𝑇𝑓𝑙𝑜𝑜𝑟 

 

𝐴𝑓𝑙𝑜𝑜𝑟 = 811.3 m2 

𝑅𝑓𝑙𝑜𝑜𝑟 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖 = 1.33 



9 
 

𝑈𝑓𝑙𝑜𝑜𝑟 = 
1

∑ 𝑅𝑓𝑙𝑜𝑜𝑟
 = 0.75 KW/m2.K 

∆𝑇𝑓𝑙𝑜𝑜𝑟 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

𝑞𝑓𝑙𝑜𝑜𝑟 = 𝑈𝑓𝑙𝑜𝑜𝑟 ∗ 𝐴𝑓𝑙𝑜𝑜𝑟 ∗  ∆𝑇𝑓𝑙𝑜𝑜𝑟 = 0.75*811.3*17 = 10340 W 

 

 

2. Ventilation load: 

 

𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝜔 

 

(#𝑝𝑒𝑜𝑝𝑙𝑒) = 𝐴𝑠 ∗ (𝑜𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛) = 811.3 (m2) * 0.08 (people/ m2) = 65 

people. 

 

𝑉̇𝑣𝑒𝑛𝑡 = (𝑎𝑖𝑟 𝑟𝑒𝑞𝑢𝑖𝑒𝑟𝑚𝑒𝑛𝑡𝑠/ 𝑝𝑒𝑟𝑠𝑜𝑛) ∗ (#𝑝𝑒𝑜𝑝𝑙𝑒) = 8(liters/person)* 65 = 

520 liters. 

 

∆𝑇 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

∆𝜔 = 𝜔𝑖 − 𝜔° = 0.008-.004 = 0.004. 

 

𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝜔 = 1.23 *520*17 + 

3000*520*.004 = 17113 W. 

 

 

3. Infiltration load: 

  

𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝜔 

 

𝑉̇𝑖𝑛𝑓𝑖𝑙 = 𝑉 ∗ (𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑) = 811.3*4*(0.5/3600) = 450.6 liters. 

 

∆𝑇 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

∆𝜔 = 𝜔𝑖 − 𝜔° = 0.008-.004 = 0.004. 

 

 

𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝜔 = 1.23 *450*17 + 

3000*450*.004 = 14829 W.           
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 For the clothing and barber shops: 

1. Transmission load (glass, walls, roof and floor): 

 

𝑞𝑔𝑙𝑎𝑠𝑠 = 𝑈𝑔𝑙𝑎𝑠𝑠 ∗ 𝐴𝑔𝑙𝑎𝑠𝑠 ∗  ∆𝑇𝑔𝑙𝑎𝑠𝑠 

 

𝐴𝑔𝑙𝑎𝑠𝑠 = ℎ𝑖𝑒𝑔ℎ𝑡 ∗ ∑ 𝑔𝑙𝑎𝑠𝑠 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 = 4* 4.36 = 17.44 m2 

𝑈𝑔𝑙𝑎𝑠𝑠 = 3.3  

∆𝑇𝑔𝑙𝑎𝑠𝑠 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

𝑞𝑔𝑙𝑎𝑠𝑠 = 𝑈𝑔𝑙𝑎𝑠𝑠 ∗ 𝐴𝑔𝑙𝑎𝑠𝑠 ∗  ∆𝑇𝑔𝑙𝑎𝑠𝑠 = 3.3*17.44*17 = 978 W 

 

 

 

 

𝑞𝑤𝑎𝑙𝑙 = 𝑈𝑤𝑎𝑙𝑙 ∗ 𝐴𝑤𝑎𝑙𝑙 ∗  ∆𝑇𝑤𝑎𝑙𝑙 

 

𝐴𝑤𝑎𝑙𝑙 = ℎ𝑖𝑒𝑔ℎ𝑡 ∗ ∑ 𝑤𝑎𝑙𝑙 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 = 4* 12.72 = 50.88 m2 

𝑅𝑤𝑎𝑙𝑙 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖  = 2.1 

𝑈𝑤𝑎𝑙𝑙  = 
1

∑ 𝑅𝑤𝑎𝑙𝑙
 = 0.49 KW/m2.K 

∆𝑇𝑤𝑎𝑙𝑙 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

𝑞𝑤𝑎𝑙𝑙 = 𝑈𝑤𝑎𝑙𝑙 ∗ 𝐴𝑤𝑎𝑙𝑙 ∗  ∆𝑇𝑤𝑎𝑙𝑙 = 0.49 * 50.88*17 = 423.8 W 

 

 

𝑞𝑟𝑜𝑜𝑓 = 𝑈𝑟𝑜𝑜𝑓 ∗ 𝐴𝑟𝑜𝑜𝑓 ∗  ∆𝑇𝑟𝑜𝑜𝑓 

 

𝐴𝑟𝑜𝑜𝑓 = 75.7 m2 

𝑅𝑟𝑜𝑜𝑓 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖  = 2.1 

𝑈𝑟𝑜𝑜𝑓 = 
1

∑ 𝑅𝑟𝑜𝑜𝑓
 =0.48 KW/m2.K 

∆𝑇𝑟𝑜𝑜𝑓 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

𝑞𝑟𝑜𝑜𝑓 = 𝑈𝑟𝑜𝑜𝑓 ∗ 𝐴𝑟𝑜𝑜𝑓 ∗  ∆𝑇𝑟𝑜𝑜𝑓 = 0.48*75.7*17 = 617.6 W 
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𝑞𝑓𝑙𝑜𝑜𝑟 = 𝑈𝑓𝑙𝑜𝑜𝑟 ∗ 𝐴𝑓𝑙𝑜𝑜𝑟 ∗  ∆𝑇𝑓𝑙𝑜𝑜𝑟 

 

𝐴𝑓𝑙𝑜𝑜𝑟 = 75.7 m2 

𝑅𝑓𝑙𝑜𝑜𝑟 =  𝑅° + 𝑅𝑠𝑡 + 𝑅𝑐 + 𝑅𝑖𝑛 + 𝑅𝐵 + 𝑅𝑝𝑙𝑎𝑠 + 𝑅𝑖 = 1.33 

𝑈𝑓𝑙𝑜𝑜𝑟 = 
1

∑ 𝑅𝑓𝑙𝑜𝑜𝑟
 = 0.75 KW/m2.K 

∆𝑇𝑓𝑙𝑜𝑜𝑟 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

𝑞𝑓𝑙𝑜𝑜𝑟 = 𝑈𝑓𝑙𝑜𝑜𝑟 ∗ 𝐴𝑓𝑙𝑜𝑜𝑟 ∗  ∆𝑇𝑓𝑙𝑜𝑜𝑟 = 0.75*75.7*17 = 965 W. 

 

 

2. Ventilation load: 

 

𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝜔 

 

# 𝑝𝑒𝑜𝑝𝑙𝑒 = 15 people  

 

𝑉̇𝑣𝑒𝑛𝑡 = (𝑎𝑖𝑟 𝑟𝑒𝑞𝑢𝑖𝑒𝑟𝑚𝑒𝑛𝑡𝑠/𝑝𝑒𝑟𝑠𝑜𝑛) ∗ (# 𝑝𝑒𝑜𝑝𝑙𝑒) = 5 (L/s) * 15 = 75 L/s 

 

∆𝑇 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

∆𝜔 = 𝜔𝑖 − 𝜔° = 0.008-.004 = 0.004. 

 

𝑞𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝜔 = 1.23 *75*17 + 

3000*75*.004 = 2468 W. 

 

 

 

 

 

 

 

 

3. Infiltration load: 
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𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑖𝑛𝑓𝑖𝑙 ∗  ∆𝜔 

 

𝑉̇𝑖𝑛𝑓𝑖𝑙 = 𝑉 ∗ (𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑) = 75.7*4*(1/3600) = 84 L/s 

 

∆𝑇 = 𝑇𝑖 −  𝑇° = 22-5 = 17C. 

 

∆𝜔 = 𝜔𝑖 − 𝜔° = 0.008-.004 = 0.004. 

 

𝑞𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 1.23 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝑇 + 3000 ∗ 𝑉̇𝑣𝑒𝑛𝑡 ∗  ∆𝜔 = 1.23 *84*17 + 

3000*84*.004 = 2767 W. 

 

For Restaurants  

 

(A) Juice Shop 

   

• Transmission load 

           − 𝑨𝒘𝒂𝒍𝒍 = 𝟕. 𝟗 × 𝟒 + (𝟐. 𝟒 × 𝟒 − (𝟏. 𝟖𝟓 × 𝟏. 𝟓)) = 𝟐𝟒. 𝟕𝟕𝟓 𝒎𝟐 

           − 𝑨𝒈𝒍𝒂𝒔𝒔 = 𝟏. 𝟖𝟓 × 𝟏. 𝟓 = 𝟐. 𝟕𝟕𝟓 𝒎𝟐 

 

    The glass is double glassed, so U=3.3 𝑤𝑎𝑡𝑡/𝒎𝟐. 𝑲 

 

              𝒒𝒘𝒂𝒍𝒍 = 𝑼𝒘𝒂𝒍𝒍 × 𝑨𝒘𝒂𝒍𝒍 × (𝑻𝒊𝒏 − 𝑻𝒐) 

  

                𝑹𝒕𝒐𝒕𝒂𝒍=𝑹𝒂𝒊 + 𝑹𝒑 + 𝑹𝑩 + 𝑹𝑰 + 𝑹𝒄 + 𝑹𝒔 + 𝑹𝒂𝒐 

        

 R=L/k , where : 

  

                     L:thikness 

 

                       K: thermal conductivity  

                         

                 𝑼𝒘𝒂𝒍𝒍 = 𝟏/(𝑹𝒂𝒊 + 𝑹𝒑 + 𝑹𝑩 + 𝑹𝑰 + 𝑹𝒄 + 𝑹𝒔 + 𝑹𝒂𝒐) , where: 

       

                  𝑹𝒂𝒊: 𝒊𝒏𝒔𝒊𝒅𝒆 𝒂𝒊𝒓 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆  

                            𝑹𝒑:Cement plaster resistance 

                                 𝑹𝑩: 𝑯𝒐𝒍𝒍𝒐𝒘 𝑩𝒍𝒐𝒄𝒌 𝒓𝒆𝒔𝒊𝒕𝒂𝒏𝒔𝒆 

                                  𝑹𝑰: 𝑷𝒐𝒍𝒚𝒔𝒕𝒓𝒚𝒏𝒆 𝑰𝒏𝒔𝒖𝒍𝒂𝒕𝒐𝒓 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆    
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                                 𝑹𝑪: Concrete resistance   

                                 𝑹𝑺: 𝑺𝒕𝒐𝒏𝒆 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆  

                                 𝑹𝒂𝒐: 𝑶𝒖𝒕𝒔𝒊𝒅𝒆 𝒂𝒊𝒓 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 

 𝑹𝒕𝒐𝒕𝒂𝒍==
𝟎.𝟎𝟐

𝟏.𝟐
+

𝟎.𝟎𝟕

𝟏
+

𝟎.𝟎𝟓

𝟎.𝟎𝟑
+

𝟎.𝟐

𝟏.𝟕𝟓
+ 𝟎. 𝟏𝟐 + 𝟎. 𝟑 = 𝟐. 𝟎𝟏𝟔𝟔 𝒎𝟐𝒌/𝒘 

 𝑼𝒘𝒂𝒍𝒍 =
𝟏

𝟐.𝟎𝟏𝟔𝟔
= 𝟎. 𝟒𝟗 𝒘/𝒎𝟐𝒌 

                               

                                                𝒒𝒘𝒂𝒍𝒍 = 𝟎. 𝟒𝟗 × 𝟐𝟒. 𝟕𝟕𝟓 × (𝟐𝟐 − 𝟓) = 𝟐𝟎𝟖. 𝟗 𝒘𝒂𝒕𝒕 

 𝒒𝑮𝒍𝒂𝒔𝒔 = 𝟑. 𝟑 × 𝟐. 𝟕𝟕𝟓 × 𝟏𝟕 = 𝟏𝟓𝟓. 𝟔𝟕𝟏𝟕 𝒘𝒂𝒕𝒕 

 

For Roof : 𝑨𝑹𝒐𝒐𝒇 = 𝟕. 𝟗 × 𝟓. 𝟕𝟕 = 𝟒𝟓. 𝟓𝟖𝟑𝒎𝟐 

 

𝑹𝒕𝒐𝒕𝒂𝒍=  𝑹𝒂𝒔𝒑𝒉𝒂𝒍𝒕 + 𝑹𝒄𝒐𝒏𝒄𝒓𝒆𝒕𝒆 + 𝑹𝒑𝒐𝒍𝒚𝒔𝒓𝒚𝒏𝒆 + 𝑹𝒄𝒐𝒏𝒄𝒓𝒆𝒕𝒆 + 𝑹𝒃𝒓𝒊𝒄𝒌 +  𝑹𝒑𝒍𝒂𝒔𝒕𝒆𝒓 + 𝑹𝒂𝒊 +𝑹𝒂𝒐 

=
0.02

0.7
+

0.05

1.75
+

0.05

0.03
+

0.06

1.75
+

0.18

0.95
+

0.02

1.2
= 2.0842 𝒎𝟐𝒌/𝒘 

U=1/2.0842=0.48 𝒘/𝒎𝟐𝒌 

 

𝒒𝑹𝒐𝒐𝒇 = 𝟎. 𝟒𝟖 × 𝟒𝟓. 𝟓𝟖𝟑 × 𝟏𝟕 = 𝟑𝟕𝟏. 𝟗𝟖𝟕 𝒘𝒂𝒕𝒕 

 

For Floor: 𝑨𝑹𝒐𝒐𝒇 = 𝟒𝟓. 𝟓𝟖𝟑𝒎𝟐 

 

Ufloor=0.7575 𝒘/𝒎𝟐𝒌 

 

𝒒𝑭𝒍𝒐𝒐𝒓 = 𝟎. 𝟕𝟓𝟕𝟓 × 𝟒𝟓. 𝟓𝟖𝟑 × 𝟏𝟕 = 𝟓𝟖𝟕. 𝟎𝟓 𝒘𝒂𝒕𝒕 

 

𝒒𝑻𝒓𝒂𝒏𝒔𝒎𝒎𝒊𝒔𝒊𝒐𝒏 𝒕𝒐𝒕𝒂𝒍 𝑭𝒐𝒓 𝑱𝒖𝒊𝒄𝒆 𝑺𝒉𝒐𝒑 = 𝒒𝑭𝒍𝒐𝒐𝒓 + 𝒒𝑹𝒐𝒐𝒇 + 𝒒𝑾𝒂𝒍𝒍 + 𝒒𝑮𝒍𝒂𝒔𝒔 = 𝟗𝟗𝟕. 𝟐𝟏𝟑 𝒘𝒂𝒕𝒕 

 

(B) KFC Shop 

• Transmission load 
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− 𝑨𝒘𝒂𝒍𝒍 = 𝟔. 𝟎𝟏 × 𝟒 + (𝟑. 𝟗𝟕 × 𝟒 − (𝟏. 𝟗𝟏 × 𝟏. 𝟓𝟏)) = 𝟑𝟕. 𝟎𝟓𝟓  𝒎𝟐 

− 𝑨𝒈𝒍𝒂𝒔𝒔 = 𝟏. 𝟗𝟏 × 𝟏. 𝟓𝟏 = 𝟐. 𝟖𝟔𝟓 𝒎𝟐 

−𝑨𝒇𝒍𝒐𝒐𝒓 = 𝟒. 𝟓𝟗 × 𝟕 + 𝟓. 𝟔𝟓 × 𝟑. 𝟗𝟕 + 𝟒. 𝟗𝟓𝟐 × 𝟏. 𝟑𝟔 + 𝟎. 𝟓 × 𝟒. 𝟗 × 𝟒. 𝟐𝟐 

       𝑨𝒇𝒍𝒐𝒐𝒓 = 𝟕𝟏. 𝟓𝟔𝒎𝟐 

 

   𝒒𝒘𝒂𝒍𝒍 = 𝑼𝒘𝒂𝒍𝒍 × 𝑨𝒘𝒂𝒍𝒍 × (𝑻𝒊𝒏 − 𝑻𝒐) = 𝟎. 𝟒𝟗 × 𝟑𝟕. 𝟎𝟓𝟓 × 𝟏𝟕 =

𝟑𝟎𝟖. 𝟔𝟔𝟖 𝒘𝒂𝒕𝒕 

                          𝒒𝒈𝒍𝒂𝒔𝒔 = 𝟑. 𝟑 × 𝟐. 𝟖𝟔𝟓 × 𝟏𝟕 = 𝟏𝟔𝟎. 𝟕𝟐𝟔𝟓 𝒘𝒂𝒕𝒕 

 𝒒𝒇𝒍𝒐𝒐𝒓 = 𝟎. 𝟕𝟓𝟕𝟓 × 𝟕𝟏. 𝟓𝟔 × 𝟏𝟕 = 𝟗𝟐𝟏. 𝟓𝟑𝟖 𝒘𝒂𝒕𝒕 

 𝒒𝑹𝒐𝒐𝒇 = 𝟎. 𝟒𝟖 × 𝟕𝟏. 𝟓𝟔 × 𝟏7=583.92 

 

 𝒒𝑻𝒓𝒂𝒏𝒔𝒎𝒎𝒊𝒔𝒊𝒐𝒏 𝒕𝒐𝒕𝒂𝒍 𝑭𝒐𝒓 𝑲𝑭𝑪 𝑺𝒉𝒐𝒑=1974.89 watt 

 

(C) Shawarema Joint 

 

• Transmission load 

 

All walls is internal walls  

 

−𝑨𝒇𝒍𝒐𝒐𝒓 = 𝟔. 𝟗𝟔 × 𝟒. 𝟗𝟏 = 𝟑𝟒. 𝟏𝟕𝟑𝟔𝒎𝟐  

     

 

 𝒒𝒇𝒍𝒐𝒐𝒓 = 𝟎. 𝟕𝟓𝟕𝟓 × 𝟑𝟒. 𝟏𝟕𝟑𝟔 × 𝟏𝟕 = 𝟒𝟒𝟎. 𝟎𝟕 𝒘𝒂𝒕𝒕 

 𝒒𝑹𝒐𝒐𝒇 = 𝟎. 𝟒𝟖 × 𝟑𝟒. 𝟏𝟕𝟑𝟔 × 𝟏7=278.856 watt 

 

 𝒒𝑻𝒓𝒂𝒏𝒔𝒎𝒎𝒊𝒔𝒊𝒐𝒏 𝒕𝒐𝒕𝒂𝒍 𝑭𝒐𝒓 𝑺𝒉𝒂𝒘𝒆𝒓𝒎𝒂 𝑱𝒐𝒊𝒏𝒕=718.926 watt 

 

 

           (D) Cafeteria 

• Transmission load 

All walls is internal walls 

  

              −𝑨𝑺𝒌𝒚 𝒍𝒊𝒈𝒉𝒕𝒔 = 𝟐𝟑. 𝟕𝟕 × 𝟏𝟗. 𝟓𝟔 + 𝟏𝟒. 𝟖𝟕 × 𝟓. 𝟐𝟐 + 𝟗. 𝟕𝟐 × 𝟒. 𝟔𝟗 + 
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                                      𝟏𝟕. 𝟎𝟔 × 𝟏. 𝟓 = 𝟔𝟏𝟑. 𝟕𝟑𝟗𝒎𝟐  

     

 

 𝒒𝒇𝒍𝒐𝒐𝒓 = 𝟎. 𝟕𝟓𝟕𝟓 × 𝟔𝟏𝟑. 𝟕𝟑𝟗 × 𝟏𝟕 = 𝟕𝟗𝟎. 𝟒𝟐𝟒 𝒘𝒂𝒕𝒕 

 𝒒𝑺𝒌𝒚 𝒍𝒊𝒈𝒉𝒕𝒔 = 𝟑. 𝟑 × 𝟔𝟏𝟑. 𝟕𝟑𝟗 × 𝟏7=34430.7 watt 

 

 𝒒𝑻𝒓𝒂𝒏𝒔𝒎𝒎𝒊𝒔𝒊𝒐𝒏 𝒕𝒐𝒕𝒂𝒍 𝑭𝒐𝒓 𝑪𝒂𝒇𝒆𝒕𝒆𝒓𝒊𝒂=35221.124 watt 

 

 

 

 

• Ventilation  

 

-For cafeteria assume in max occupancy per 100 𝒎𝟐 = 𝟓𝟎, 𝒂𝒏𝒅 Ventlation 

air req=10L/s/person 

The area of the cafeteria = 𝟔𝟏𝟑. 𝟕𝟑𝟗𝒎𝟐 

,so the max occupancy= 
𝟔𝟏𝟑.𝟕𝟑𝟗

𝟐
= 𝟑𝟎𝟔. 𝟖𝟔𝟗𝟓 

 𝑉̇𝑣𝑒𝑛𝑡 = 306.8695 × 10 = 3068.695 𝐿/𝑠 

 

 𝒒𝒕𝒐𝒕𝒂𝒍 𝒗𝒆𝒏𝒕𝒍𝒊𝒂𝒕𝒊𝒐𝒏 = 𝟏. 𝟐𝟑 × 𝑉̇𝑣𝑒𝑛𝑡∆𝑇 + 3000𝑉̇𝑣𝑒𝑛𝑡∆𝑤 

𝒒𝒕𝒐𝒕𝒂𝒍 = 1.23 × 3068.695 × 17 + 3000 × 3068.695 × 0.004 = 100990.7525 𝑤𝑎𝑡𝑡 

 

 

• Infiltration  

 

-ACPH=1 

                             𝑉̇𝑖𝑛𝑓 =
1

3600
× 613.739 × 4 = 0.6819𝒎𝟑/𝒔=681.9 L/s 

 

𝒒𝒕𝒐𝒕𝒂𝒍 𝒊𝒏𝒇𝒊𝒍𝒕𝒓𝒂𝒕𝒊𝒐𝒏 = 1.23 × 681.9 × 17 + 3000 × 681.9 × 0.004 = 22445 𝑤𝑎𝑡𝑡 
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        𝒒𝒓𝒐𝒐𝒎 𝒕𝒐𝒕𝒂𝒍 𝒄𝒂𝒇𝒕𝒆𝒓𝒊𝒂 = 𝒒𝒕𝒐𝒕𝒂𝒍 𝒊𝒏𝒇𝒊𝒍𝒕𝒓𝒂𝒕𝒊𝒐𝒏 +

𝒒𝑻𝒓𝒂𝒏𝒔𝒎𝒎𝒊𝒔𝒊𝒐𝒏 𝒕𝒐𝒕𝒂𝒍 𝑭𝒐𝒓 𝑪𝒂𝒇𝒆𝒕𝒆𝒓𝒊𝒂=64778.424watt 

 

 


