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SLAB SYSTEM WITH INTERIOR BEAMS: 
 

• Aspect ratio (
𝒍𝟐

𝒍𝟏
) where: 

𝑙1: 𝑠𝑝𝑎𝑛 𝑐𝑒𝑛𝑡𝑟𝑒 𝑡𝑜 𝑐𝑒𝑛𝑡𝑟𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑟𝑎𝑚𝑒 
 
𝑙2: 𝑠𝑝𝑎𝑛 𝑐𝑒𝑛𝑡𝑟𝑒 𝑡𝑜 𝑐𝑒𝑛𝑡𝑟𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑒𝑟𝑝𝑖𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑟𝑎𝑚𝑒  
 

• 𝜶𝒇
𝒍𝟐
𝒍𝟏

 

• 𝜷𝒕: torsional member (8.10.5.2a) 
 

𝜷𝒕 =
𝑪

𝟐𝑰𝒔
 , 𝑰𝑺 =

𝒍𝟐.𝒕
𝟑

𝟏𝟐
  (where 𝒍𝟐: 𝑐𝑒𝑛𝑡𝑟𝑒 𝑡𝑜 𝑐𝑒𝑛𝑡𝑟𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠) 

 
Where: 
  

𝑪 = ∑(𝟏 − 𝟎. 𝟔𝟑
𝒙

𝒚
)
𝒙𝟑𝒚

𝟑
 … . . (𝟖. 𝟏𝟎. 𝟓. 𝟐𝒃) , x: small dimension, y: large dimension 

 
For the edge beam (torsional member): 
 

o Check the two possibilities for the C value for the edge beam and take the largest. 
 

 
 

o 𝜶 =
𝑰𝑩

𝑰𝑺
,       𝑰𝑺 =

𝒍𝟐.𝒕
𝟑

𝟏𝟐
,  𝑙2: 𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑓𝑟𝑎𝑚𝑒 

o Aspect ratio= 
𝒍𝟐

𝒍𝟏
,     𝒍𝟐: 𝑐𝑒𝑛𝑡𝑟𝑒 𝑡𝑜 𝑐𝑒𝑛𝑡𝑟𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠. 

o 𝜷𝒕 =
𝑪

𝟐𝑰𝒔
 , 𝑰𝑺 =

𝒍𝟐.𝒕
𝟑

𝟏𝟐
  , 𝒍𝟐: 𝑐𝑒𝑛𝑡𝑟𝑒 𝑡𝑜 𝑐𝑒𝑛𝑡𝑟𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠. 

 
MOMENT ON BEAMS 

  

𝑴𝒃𝒆𝒂𝒎 = 𝟎. 𝟖𝟓 (𝜶𝒇𝟏
𝒍𝟐
𝒍𝟏
) ×𝑴𝒄.𝒔. ≤ 𝟎. 𝟖𝟓 𝑴𝒄.𝒔. 

𝑴𝒔𝒍𝒂𝒃 = 𝑴𝒄.𝒔. −𝑴𝒃𝒆𝒂𝒎 

𝑴𝒎.𝒔. = 𝑴
∓ −𝑴𝒄.𝒔. 



DESIGN PROCEDURE 
 
1. Calculate 𝑾𝒖,     𝑾𝒖 = 𝟏. 𝟐 𝑫𝑳 + 𝟏. 𝟔𝑳𝑳 

 

2. 𝑴𝒐 =
𝑾𝒖𝒍𝟐𝒍𝒏

𝟐

𝟖
 

 

3. 𝑴∓ = 𝒄𝒐𝒆𝒇𝒇.×𝑴𝒐 {
𝒇𝒐𝒓 𝒊𝒏𝒕𝒆𝒓𝒊𝒐𝒓 𝒔𝒑𝒂𝒏 𝒄𝒐𝒆𝒇𝒇. {𝟎. 𝟑𝟓 𝑴

+

𝟎. 𝟔𝟓𝑴−

𝒇𝒐𝒓 𝒆𝒙𝒕𝒆𝒓𝒊𝒐𝒓 𝒔𝒑𝒂𝒏…… . 𝑻𝒂𝒃𝒍𝒆 𝟖. 𝟏𝟎. 𝟒. 𝟐
 

 

4. 𝑴𝒄.𝒔. = 𝒄𝒐𝒆𝒇𝒇.𝑴∓        𝒄𝒐𝒆𝒇𝒇. {
𝟖. 𝟏𝟎. 𝟓. 𝟏
𝟖. 𝟏𝟎. 𝟓. 𝟐
𝟖. 𝟏𝟎. 𝟓. 𝟓

 

 

o 𝑴𝒃𝒆𝒂𝒎 =  𝟎. 𝟖𝟓 (𝜶𝒇𝟏
𝒍𝟐

𝒍𝟏
) ×𝑴𝒄.𝒔. ≤ 𝟎. 𝟖𝟓 𝑴𝒄.𝒔. 

o 𝑴𝒔𝒍𝒂𝒃 = 𝑴𝒄.𝒔. −𝑴𝒃𝒆𝒂𝒎 
 
5. 𝑴𝒎.𝒔. = 𝑴∓ −𝑴𝒄.𝒔. 
6. Reinforcement design: 

 
𝑴𝒖: 𝒌𝒏𝒐𝒘𝒏                    compute 𝑨𝒔, 𝝆, 𝒂𝒏𝒅 𝑺 
 

𝝆 =
𝟏−√𝟏−𝟐.𝟔𝟐𝟐𝑴𝒖/𝒇𝒄′𝒃 𝒅𝟐

𝟏.𝟏𝟖𝒇𝒚/𝒇𝒄′
 …………. Mu=× 𝟏𝟎𝟔, 𝒇𝒄

′&𝒇𝒚 = 𝑴𝑷𝒂, 𝒃&𝒅 = 𝒎𝒎  

𝑨𝒔 = 𝝆. 𝒃. 𝒅   ………𝑨𝒔 =
𝒎𝒎𝟐

𝒎
 ≥  𝑨𝒔 𝒎𝒊𝒏 = 𝝆𝒎𝒊𝒏. 𝒃. 𝒕 

 

𝑺𝒎𝒂𝒙 = 𝒎𝒊𝒏 (
𝟏𝟎𝟎𝟎𝑨𝒔 𝒃𝒂𝒓

𝑨𝒔
 , 𝟐𝒕, 𝟒𝟓𝟎𝒎𝒎) 

𝝆𝒎𝒊𝒏 =

{
 
 

 
 
𝟎. 𝟎𝟎𝟐 (𝒇𝒚 = 𝟑𝟎𝟎 − 𝟒𝟎𝟎𝑴𝑷𝒂)

𝟎. 𝟎𝟏𝟖              (𝒇𝒚 = 𝟒𝟐𝟎𝑴𝑷𝒂)

𝟎. 𝟎𝟏𝟖
𝟒𝟐𝟎

𝒇𝒚
     (𝒇𝒚 > 𝟒𝟐𝟎𝑴𝑷𝒂)

 

 
 
 
 
 
 
 
 
 
 



Example 6: A two way reinforced concrete floor system is composed of panels measuring 7.5x6m as 
shown below. Using concrete with 𝑓𝑐

′ = 27.6𝑀𝑃𝑎 and steel having 𝑓𝑦 = 414𝑀𝑃𝑎, design panel (A) to 

carry a service live load of 6.9 𝑘𝑁 𝑚2⁄  in addition to the slab’s own weight. Use slab thickness of 170mm,  
∅𝑏𝑎𝑟 = 12𝑚𝑚 for the slab’s reinforcement, columns are 360 × 360𝑚𝑚 and the beams measure as 
500 × 360𝑚𝑚 (𝑓𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟 𝑏𝑒𝑎𝑚 = 1.5 & 𝑓𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑏𝑒𝑎𝑚 = 2.0). 
 
 

 
 
Solution: 
 
1. Check the slab thickness. 

o Beam B1: 

𝐼𝐵𝑒𝑎𝑚 = 1.5 ×
𝑏ℎ3

12
= 1.5 ×

0.36 × 0.53

12
= 0.00563𝑚4. 

Slab width=
7.5𝑚

2
+
0.36

2
= 3.93𝑚 

𝐼𝑠𝑙𝑎𝑏 =
𝑙2𝑡

3

12
=
3.93 × 0.173

12
= 0.001609𝑚4 

∴ 𝛼𝐵1 =
𝐼𝐵𝑒𝑎𝑚
𝐼𝑠𝑙𝑎𝑏

=
0.00563

0.001609
= 𝟑. 𝟓 

o Beam B2: 

𝐼𝐵𝑒𝑎𝑚 = 2 ×
𝑏ℎ3

12
= 2 ×

0.36 × 0.53

12
= 0.0075𝑚4. 

Slab width=6m. 

𝐼𝑠𝑙𝑎𝑏 =
𝑙2𝑡

3

12
=
6 × 0.173

12
= 0.00246𝑚4 



∴ 𝛼𝐵2 =
𝐼𝐵𝑒𝑎𝑚
𝐼𝑠𝑙𝑎𝑏

=
0.0075

0.00246
= 𝟑. 𝟎𝟓 

o Beam B3: 

𝐼𝐵𝑒𝑎𝑚 = 2 ×
𝑏ℎ3

12
= 2 ×

0.36 × 0.53

12
= 0.0075𝑚4. 

Slab width=7.5m. 

𝐼𝑠𝑙𝑎𝑏 =
𝑙2𝑡

3

12
=
7.5 × 0.173

12
= 0.00307𝑚4 

∴ 𝛼𝐵3 =
𝐼𝐵𝑒𝑎𝑚
𝐼𝑠𝑙𝑎𝑏

=
0.0075

0.00307
= 𝟐. 𝟒𝟒 

𝜶𝒇𝒎 =
𝟑. 𝟓 + 𝟑. 𝟎𝟓 + 𝟑. 𝟎𝟓 + 𝟐. 𝟒𝟒

𝟒
= 𝟑. 𝟎𝟏 

𝛽 =
𝑙𝑛
𝑆𝑛
=
7.5 − 0.36

6 − 0.36
= 1.27 

Using table 8.3.1.2 for a slab with interior beams: 

 

ℎ =
𝑙𝑛(0.8 +

𝑓𝑦
1400)

36 + 9𝛽
=
7.14(0.8 +

414
1400)

36 + 9 × 1.27
× 103 = 165𝑚𝑚 > 90𝑚𝑚 

∴ 𝑠𝑙𝑎𝑏 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (𝑡) = 170𝑚𝑚. 

 

2. Determine 𝑊𝑢. 

𝐷𝐿 = 𝑠𝑒𝑙𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑙𝑎𝑏 = 0.17 × 24 = 4.08𝑘𝑁/𝑚2 

∴ 𝑊𝑢 = 1.2𝐷𝐿 + 1.6𝐿𝐿 = 1.2 × 4.08 + 1.6 × 6.9 = 16𝑘𝑁/𝑚2 

 
3. Determine the moments for the transverse frames. 

 



a. Interior Transverse Frame:- 

𝑙2 = 7.5𝑚 

𝑙𝑛 = 6 − 0.36 = 5.64𝑚       > 0.65𝑙1 = 0.65 × 6 = 3.9𝑚 

 

𝑀𝑜 =
𝑊𝑢𝑙2𝑙𝑛

2

8
=
16 × 7.5 × 5.462

8
= 477𝑘𝑁.𝑚 

For interior span: 

−𝑀 = 0.65𝑀𝑜 = 0.65 × 477 = 310𝑘𝑁.𝑚 

+𝑀 = 0.35𝑀𝑜 = 0.35 × 477 = 167𝑘𝑁.𝑚 

𝑙2
𝑙1
=
7.5

6
= 1.25 

𝛼𝐵3
𝑙2

𝑙1
= 2.44 × 1.25 = 3.1    > 1……… ∴ 𝑢𝑠𝑒 𝛼𝐵3

𝑙2

𝑙1
= 1     

From ACI 8.10.5.1. 

−𝑀 𝐶. 𝑆. 𝑐𝑜𝑒𝑓𝑓. = 75 + 30 (𝛼𝐵3
𝑙2
𝑙1
) (1 −

𝑙2
𝑙1
) = 75 + 30(1)(1 − 1.25) = 68% 

−𝑀 𝐶. 𝑆 = 0.68 × 310𝑘𝑁.𝑚 = 211𝑘𝑁.𝑚 

𝑀𝑏𝑒𝑎𝑚 =  0.85 (𝛼𝑓1
𝑙2
𝑙1
) × 𝑀𝑐.𝑠. ≤ 0.85 𝑀𝑐.𝑠. = 0.85(3.1) × 211 = 555.9𝑘𝑁.𝑚 > 0.85 × 211 = 179.4𝑘𝑁.𝑚 

∴ 𝑀𝑏𝑒𝑎𝑚 = 𝟏𝟕𝟗. 𝟒𝒌𝑵.𝒎 

𝑀𝑠𝑙𝑎𝑏 𝐶. 𝑆. = 𝑀𝐶. 𝑆. −𝑀𝑏𝑒𝑎𝑚 = 211 − 179.4 = 𝟑𝟐𝒌𝑵.𝒎 

𝑀 𝑀. 𝑆. =  −𝑀 −𝑀𝐶. 𝑆 = 310 − 211 = 𝟗𝟗𝒌𝑵.𝒎 

+𝑀 𝐶. 𝑆. 𝑐𝑜𝑒𝑓𝑓. = 60 + 30 (𝛼𝐵3
𝑙2
𝑙1
) (1.5 −

𝑙2
𝑙1
) = 60 + 30(1)(1.5 − 1.25) = 68% 

+𝑀 𝐶. 𝑆 = 0.68 × 167 = 114𝑘𝑁.𝑚 

𝑀𝐵𝑒𝑎𝑚 = 0.85(+𝑀 𝐶. 𝑆) = 0.85 × 114 = 𝟗𝟕𝒌𝑵.𝒎 

𝑀𝑠𝑙𝑎𝑏𝐶𝑆 = +𝑀𝐶𝑆 −𝑀𝐵𝑒𝑎𝑚 = 114 − 97 = 𝟏𝟕𝒌𝑵.𝒎 

𝑀 𝑀. 𝑆. =  +𝑀 −𝑀𝐶. 𝑆 = 167 − 114 = 𝟓𝟑𝒌𝑵.𝒎 

 

b. Exterior Transverse Frame:- 

  

𝑙2 =
7.5

2
+
0.36

2
= 3.93𝑚 



𝑙𝑛 = 6 − 0.36 = 5.64𝑚       > 0.65𝑙1 = 0.65 × 6 = 3.9𝑚 

 

𝑀𝑜 =
𝑊𝑢𝑙2𝑙𝑛

2

8
=
16 × 3.93 × 5.462

8
= 250𝑘𝑁.𝑚 

For interior span: 

−𝑀 = 0.65𝑀𝑜 = 0.65 × 250 = 163𝑘𝑁.𝑚 

+𝑀 = 0.35𝑀𝑜 = 0.35 × 250 = 88𝑘𝑁.𝑚 

𝑙2
𝑙1
=
7.5

6
= 1.25 

𝛼𝐵1
𝑙2

𝑙1
= 3.5 × 1.25 = 4.38    > 1……… ∴ 𝑢𝑠𝑒 𝛼𝐵1

𝑙2

𝑙1
= 1     

From ACI 8.10.5.1. 

−𝑀 𝐶. 𝑆. 𝑐𝑜𝑒𝑓𝑓. = 75 + 30 (𝛼𝐵1
𝑙2
𝑙1
) (1 −

𝑙2
𝑙1
) = 75 + 30(1)(1 − 1.25) = 68% 

−𝑀 𝐶. 𝑆 = 0.68 × 163𝑘𝑁.𝑚 = 111𝑘𝑁.𝑚 

𝑀𝑏𝑒𝑎𝑚 =  0.85 𝑀𝑐.𝑠. = 0.85 × 111 = 𝟗𝟒𝒌𝑵.𝒎 

𝑀𝑠𝑙𝑎𝑏 𝐶. 𝑆. = 𝑀𝐶. 𝑆. −𝑀𝑏𝑒𝑎𝑚 = 111 − 94 = 𝟏𝟕𝒌𝑵.𝒎 

𝑀 𝑀. 𝑆. =  −𝑀 −𝑀𝐶. 𝑆 = 163 − 111 = 𝟓𝟐𝒌𝑵.𝒎 

+𝑀 𝐶. 𝑆. 𝑐𝑜𝑒𝑓𝑓. = 60 + 30 (𝛼𝐵1
𝑙2
𝑙1
) (1.5 −

𝑙2
𝑙1
) = 60 + 30(1)(1.5 − 1.25) = 68% 

+𝑀 𝐶. 𝑆 = 0.68 × 88 = 60𝑘𝑁.𝑚 

𝑀𝐵𝑒𝑎𝑚 = 0.85(+𝑀 𝐶. 𝑆) = 0.85 × 60 = 𝟓𝟏𝒌𝑵.𝒎 

𝑀𝑠𝑙𝑎𝑏𝐶𝑆 = +𝑀𝐶𝑆 −𝑀𝐵𝑒𝑎𝑚 = 60 − 51 = 𝟗𝒌𝑵.𝒎 

𝑀 𝑀. 𝑆. =  +𝑀 −𝑀𝐶. 𝑆 = 88 − 60 = 𝟐𝟖𝒌𝑵.𝒎 

 

 Beam Moment Slab CS moment MS moment 
Interior Transverse frame    

+ 97 17 53 
- 179 32 99 

Exterior Transverse frame    
+ 51 9 28 
- 94 17 52 

 
 
 
 



4. Determine the moments for the interior longitudinal frame. 

 

𝑙2 = 6𝑚 

𝑙𝑛 = 7.5 − 0.36 = 7.14𝑚    > 0.65𝑙1 = 0.65 × 7.5 = 4.9𝑚 

𝑀𝑜 =
𝑊𝑢𝑙2𝑙𝑛

2

8
=
16 × 6 × 7.142

8
= 612𝑘𝑁.𝑚 

Longitudinal distribution of moments: (ACI 8.10.4.2) 

𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟 (−𝑀) = 0.16𝑀𝑜 = 0.16 × 612 = 98𝑘𝑁.𝑚 

(+𝑀) = 0.57𝑀𝑜 = 0.57 × 612 = 349𝑘𝑁.𝑚 

𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 (−𝑀) = 0.7𝑀𝑜 = 0.7 × 612 = 428𝑘𝑁.𝑚 

 

𝐶 =∑(1 − 0.63
𝑥

𝑦
)
𝑥3𝑦

3
 

 

  

Case 1 Case 2 

 

Case 1: 

𝐶 = (1 − 0.63
0.33

0.36
)
0.333 × 0.36

3
+ (1 − 0.63

0.17

0.69
)
0.173 × 0.69

3
= 0.00277𝑚4 



 

Case 2: 

𝐶 = (1 − 0.63
0.36

0.50
)
0.363 × 0.50

3
+ (1 − 0.63

0.17

0.33
)
0.173 × 0.33

3
= 0.00461𝑚4 

∴ 𝐶 = 0.00461𝑚4 

𝑙2
𝑙1
=

6

7.5
= 0.8   ,    𝛼𝐵2

𝑙2
𝑙1
= 3.05 × 0.8 = 2.44 

𝐼𝑠𝑙𝑎𝑏 =
𝑙2𝑡

3

12
=
6 × 0.173

12
= 0.0025𝑚4 

∴ 𝛽𝑡 =
𝐶

2𝐼𝑠𝑙𝑎𝑏
=

0.00461

2 × 0.0025
= 0.922 

 

𝑒𝑥𝑡𝑒𝑟 − 𝑀 𝐶. 𝑆. 𝑐𝑜𝑒𝑓𝑓. = 100 − 10𝛽𝑡 + 12𝛽𝑡 (𝛼𝐵2
𝑙2
𝑙1
) (1 −

𝑙2
𝑙1
)

= 100 − 10 × 0.922 + 12 × 0.922(1)(1 − 0.8) = 93% 

−𝑀 𝐶. 𝑆 = 0.93 × 98𝑘𝑁.𝑚 = 91.14𝑘𝑁.𝑚 

𝑀𝑏𝑒𝑎𝑚 =  0.85 𝑀𝑐.𝑠. = 0.85 × 91.14 = 𝟕𝟖𝒌𝑵.𝒎 

𝑀𝑠𝑙𝑎𝑏 𝐶. 𝑆. = 𝑀𝐶. 𝑆. −𝑀𝑏𝑒𝑎𝑚 = 91.14 − 78 = 𝟏𝟒𝒌𝑵.𝒎 

𝑒𝑥𝑡𝑒𝑟 (−𝑀 𝑀. 𝑆. ) =  −𝑀 −𝑀𝐶. 𝑆 = 98 − 91.14 = 𝟕𝒌𝑵.𝒎 

 

+𝑀 𝐶. 𝑆. 𝑐𝑜𝑒𝑓𝑓. = 60 + 30 (𝛼𝐵2
𝑙2
𝑙1
) (1.5 −

𝑙2
𝑙1
) = 60 + 30(1)(1.5 − 0.8) = 81% 

+𝑀 𝐶. 𝑆 = 0.81 × 349 = 282.7𝑘𝑁.𝑚 

𝑀𝐵𝑒𝑎𝑚 = 0.85(+𝑀 𝐶. 𝑆) = 0.85 × 282.7 = 𝟐𝟒𝟎. 𝟑𝒌𝑵.𝒎 

𝑀𝑠𝑙𝑎𝑏𝐶𝑆 = +𝑀𝐶𝑆 −𝑀𝐵𝑒𝑎𝑚 = 282.7 − 240.3 = 𝟒𝟐. 𝟒𝒌𝑵.𝒎 

𝑀 𝑀. 𝑆. =  +𝑀 −𝑀𝐶. 𝑆 = 349 − 282.7 = 𝟔𝟔. 𝟑𝒌𝑵.𝒎 

 

𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 − 𝑀 𝐶. 𝑆. 𝑐𝑜𝑒𝑓𝑓.= 75 + 30 (𝛼𝐵2
𝑙2
𝑙1
) (1 −

𝑙2
𝑙1
) = 75 + 30(1)(1 − 0.8) = 81% 

−𝑀 𝐶. 𝑆 = 0.81 × 428𝑘𝑁.𝑚 = 346.7𝑘𝑁.𝑚 

𝑀𝑏𝑒𝑎𝑚 =  0.85 𝑀𝑐.𝑠. = 0.85 × 346.7 = 𝟐𝟗𝟒. 𝟕𝒌𝑵.𝒎 

𝑀𝑠𝑙𝑎𝑏 𝐶. 𝑆. = 𝑀𝐶. 𝑆. −𝑀𝑏𝑒𝑎𝑚 = 346.7 − 294.7 = 𝟓𝟐𝒌𝑵.𝒎 

𝐼𝑛𝑡𝑒𝑟 (−𝑀 𝑀. 𝑆. ) =  −𝑀 −𝑀𝐶. 𝑆 = 428 − 346.7 = 𝟖𝟏. 𝟑𝒌𝑵.𝒎 



 Beam Moment Slab CS moment MS moment 
Interior Transverse frame    

Exterior -M 78 14 7 
+M 240.3 42.4 66.3 

Interior -M 294.7 52 81.3 
 

𝐴𝑠 𝑚𝑖𝑛 = 𝜌𝑚𝑖𝑛 × 𝑏 × 𝑡 = 0.002 × 1000 × 170 = 340𝑚𝑚2 

𝑑𝑙𝑜𝑛𝑔 = 170 − 20 − 1.5(12) = 132𝑚𝑚 

𝑑𝑠ℎ𝑜𝑟𝑡 = 170 − 20 −
12

2
= 144𝑚𝑚 

𝜌min 𝑙𝑜𝑛𝑔 =
𝐴𝑠 𝑚𝑖𝑛

𝑏 × 𝑑𝑙𝑜𝑛𝑔
=

340

1000 × 132
= 0.0025 

𝜌min𝑠ℎ𝑜𝑟𝑡 =
𝐴𝑠 𝑚𝑖𝑛

𝑏 × 𝑑𝑠ℎ𝑜𝑟𝑡
=

340

1000 × 144
= 0.0023 

𝜌𝑚𝑎𝑥 = 0.85𝛽1
𝑓𝑐′

𝑓𝑦
 
3

7
= 0.85 × 0.85 ×

27.6

414

3

7
= 0.0206 

𝑆𝑚𝑎𝑥 = min(2𝑡, 450𝑚𝑚) = min(2 × 170 = 340𝑚𝑚, 450𝑚𝑚) 

∴ 𝑆𝑚𝑎𝑥 = 340𝑚𝑚 

 

Check (d) for both directions:(use maximum Mu in each direction) 

𝑀𝑢 = ∅𝜌𝑚𝑎𝑥𝑏𝑑
2 (1 − 0.59𝜌

𝑓𝑦

𝑓𝑐′
) = 0.9 × 0.0206 × 414 × 103 × 𝑑2 (1 − 0.59 × 0.0206 ×

414

27.6
) = 

∴ 𝑑 = √
𝑀𝑢

6276
 

Long direction:  𝑑 = √
𝑀𝑢

6276
= √

27×106

6276
= 65.6𝑚𝑚  < 𝑑𝑙𝑜𝑛𝑔 = 132𝑚𝑚     𝑂. 𝐾. 

short direction:  𝑑 = √
𝑀𝑢

6276
= √

22×106

6276
= 59.2𝑚𝑚  < 𝑑𝑠ℎ𝑜𝑟𝑡 = 144𝑚𝑚     𝑂. 𝐾. 

Check shear requirements: (always in the short direction) 

𝑉𝑢@ 𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑓𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑜𝑛𝑔𝑒𝑟 𝑏𝑒𝑎𝑚 

𝑉𝑢 = 𝑊𝑢 (
𝑆𝑠𝑝𝑎𝑛

2
−
𝑏𝑤
2
− 𝑑𝑠ℎ𝑜𝑟𝑡) = 16 (

6

2
−
0.36

2
− 0.144) = 42.8𝑘𝑁 

∅𝑉𝑐 = ∅0.17√𝑓𝑐′ 𝑏𝑑𝑠ℎ𝑜𝑟𝑡 = 0.75 × 0.17 × √27.6  × 1000 × 144 × 10−3 = 96.45𝑘𝑁 

∴ 𝑉𝑢 < ∅𝑉𝑐           𝑂. 𝐾 



 

 

  location 

Mn 
b 

(mm) 

d  

(mm) 

𝑀𝑢

=
𝑀𝑛 × 103

𝑏
 

𝜌 
As 

(𝑚𝑚2) 

No. 

of bars 

L
o

n
g

 d
ir

ec
ti

o
n

 7
.5

m
 

2 half CS 

Ext. -M 14 2640 132 5.3 0.0025 871 8 

+M 42 2640 132 16 0.0025 871 8 

Int -M 52 2640 132 20 0.0031 1080 10 

2half MS 

Ext. -M 7 3000 132 2.3 0.0025 990 9 

+M 66 3000 132 22 0.0035 1386 13 

Int -M 81 3000 132 27 0.0043 1702 15 

          

Sh
o

rt
 d

ir
ec

ti
o

n
 6

m
 Ext 

half CS 

-M 17 1320 144 12.8 0.0023 437 4 

+M 9 1320 144 6.8 0.0023 437 4 

Ms 
-M 99 4500 144 22 0.0023 1880 17 

+M 53 4500 144 11.7 0.0023 1361 14 

Int 

half CS 

-M 16 1320 144 12.1 0.0023 437 4 

+M 8.5 1320 144 6.4 0.0023 437 4 

 

 


