
CVG3148 - ASSIGNMENT 5 - Solutions

Problem 1 (30 marks):
a) Original design:

   ρ = 𝟑.𝟏𝟒% > 𝜌b = 𝟐.𝟐𝟕% ⟹ the actual design is an over ‒ reinforced beam 

b) Revised design              

Since  the beam reinforcement is OK.ρ = 𝟑.𝟏𝟒% < ρmax = 2.27% + 1.25% = 𝟑.𝟓𝟐%

c)  without using CDH Tables:𝑴𝒓

T = ϕsfy As

CS = ϕsfy A '
S

CC = α1ϕcf '
cba

Compression Reinforcement at the plastic stage ( )𝑓 '
𝑠 = 𝑓𝑦 = 400 MPa

At The equilibrium: (To check)C = T⟹T = CS + CC = CS +  α1ϕcf '
cba 

  𝑎 = 𝟐𝟕𝟓 𝒎𝒎
T = 2380 kN

CS = 952 kN

CC = 1430 kN

    ⟹T = CS + CC

 𝑐 = 𝟑𝟎𝟓𝒎𝒎
  and   are in the plastic range check if A '

S As



OKAs (εs ≥ εy  ); εs =  𝟎.𝟎𝟎𝟐𝟗 ≥ εy = 0.002      

OK A '
S (ε '

s ≥ εy  );ε '
s =  𝟎.𝟎𝟎𝟐𝟗 ≥ εy = 0.002        

N.m        OK𝑀𝑟 = 1079 kN.m    >   𝑀𝑓 = 850 k

d) Using CDH Tables:𝑴𝒓

ρ' = 𝟏.𝟐𝟓% →By linear Interpolation (Table 2.2): For ρ' % = 1.25% and
𝑑'

𝑑 = 0.1, k'
r = 3.83 MPa   

    ρ =  𝟏.𝟖𝟖% →By linear Interpolation (Table 2.1):For ρ = 𝟏.𝟖𝟖%, kr = 4.85 MPa

     Mr = 1081.06 kN.m

The result is close to what is found by analytical method.

Problem 2 before update (30 marks):

d = 341.5𝑚𝑚

d' = 54𝑚𝑚

We should keep (Assume )   Mr ≥ Mf Mr = Mf = 650 kN.m

  𝑘𝑟 = 𝟗.𝟐𝟗 𝐌𝐏𝐚 

In Table 2.1 in CSA A23.3:  No value for  corresponds to this case (ρ%  kr = 9.29 
.MPa and f'c =  40 MPa) 

Provide maximum tension reinforcement given in table 2.1 

 kr,max(f'
c = 40 MPa ) = 8.2 MPa →  correspond to  ρ𝑏 = 3.33%    

k'
r = 9.29𝑀𝑃𝑎 ‒ 8.2𝑀𝑃𝑎 = 1.09 𝑀𝑃𝑎 

We must use compression reinforcement too.

 ρ' = 𝟎.𝟑𝟖%   



A '
S = 𝟕𝟕𝟖.𝟔𝟐 mm2 

Use 2-25M → A'𝑆 = 1000mm2 > 778.62 mm2.

Recalculate:    ρ' = 𝟎.𝟎𝟎𝟒𝟖𝟖
Recalculate : k'

r = 0.00488(1 ‒ 0.158) ∗ 0.85 ∗ 400 =   𝟏.𝟒𝑴𝑷𝒂      

Mr1 = 𝟓𝟕𝟑.𝟕𝟖 𝐤𝐍.𝐦

 = 97.96 kN.m Mr2

OKM𝑟 = 573.78 + 97.96 = 671.74 kN.m >  M𝑓 = 650 kN.m    

Required Tension Reinforcement:

ρ = 3.33% + 0.38% = 3.71 %

 A𝑆 = 7601.79 mm2 

We can use 16 – 25M distributed in two layers (8-25M in each)

Check Bar spacing:

𝑠 = 𝟒𝟓𝒎𝒎

 Bar spacing:

     OK𝑠 = 45𝑚𝑚 ≥ {35𝑚𝑚
28𝑚𝑚
30𝑚𝑚�

Check :𝑨𝑺 > 𝑨𝑺𝒎𝒊𝒏

=  OK𝐴𝑆 = 8000𝑚𝑚2 > 𝐴𝑆𝑚𝑖𝑛 815.87𝑚𝑚2

Maximum Reinforcement:

ρ = 𝟑.𝟗%

ρ' = 𝟎.𝟒𝟖𝟖%
ρ𝑏 = 𝟑.𝟑𝟑%

  NOT OK ρ = 𝟑.𝟗%  >   ρmax = 𝟑.𝟑𝟑% + 𝟎.𝟒𝟖𝟖% = 𝟑.𝟖𝟏𝟖%

Increase  and use 3-25M → A '
S A𝑆 = 1500mm2 > 778.62 mm2

ρ' = 𝟎.𝟕𝟑𝟐%



ρ𝑏 = 𝟑.𝟑𝟑%

  OKρ = 𝟑.𝟗%  >   ρmax = 𝟑.𝟑𝟑% + 𝟎.𝟕𝟑𝟐% = 𝟒.𝟎𝟔𝟐%

Crack controlling (Z factor):

For Interior exposure: 𝑧 = 𝑓𝑠
3 𝑑𝑐𝐴 < 30000𝑁/𝑚𝑚

𝑓𝑠 = 240𝑀𝑃𝑎
 𝑑𝑐 = 54 𝑚𝑚
 𝑑𝑠 = 89 𝑚𝑚

s𝑁 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑟

𝐴𝑒 = 𝟏𝟎𝟔𝟖𝟎𝟎𝒎𝒎𝟐

𝐴 = 𝟔𝟔𝟕𝟓𝒎𝒎𝟐

   OK.𝑧 = 𝟏𝟕𝟎𝟖𝟎𝑵/𝒎𝒎 < 30000𝑁/𝑚𝑚



Problem 2 (30 marks):

L𝑛 =  𝟔𝟔𝟎𝟎 𝒎𝒎

q𝑓 = 𝟏𝟐.𝟑 𝒌𝑷𝒂

    Per (m) width of slab𝑊𝑓 = 𝟏𝟐.𝟑 𝒌𝑵/𝒎

    Per (m) width of slabM𝑓 = 𝟔𝟕 𝒌𝑵/𝒎

d =  275 ‒ 25 = 𝟐𝟓𝟎 𝒎𝒎

a)

As → 15M @ 175 mm

As =  𝟏𝟏𝟒𝟑 𝒎𝒎𝟐/𝒎



 𝑎 = 𝟐𝟏.𝟑𝟓 𝒎𝒎𝑀𝑟 = 𝟗𝟑 𝒌𝑵.𝒎 > 𝐌𝒇 = 𝟔𝟕𝒌𝑵.𝒎

 → Strength requirement is met. 

Check smax and Asmin requirements of CSA standard. 

𝐴𝑠𝑚𝑖𝑛 = 𝟓𝟓𝟎 𝒎𝒎𝟐 𝒎,     𝟏𝟏𝟒𝟑 > 𝟓𝟓𝟎    𝐎𝐊   

       s = 175 < 500    OK𝑠𝑚𝑎𝑥 →𝑚𝑖𝑛{ 825
500   →𝑐𝑜𝑛𝑡𝑟𝑜𝑙 �

b) 

𝐴𝑠 = 𝟒𝟎𝟎𝒎𝒎𝟐 𝒎,  𝐴𝑠𝑚𝑖𝑛 = 𝟓𝟓𝟎 𝒎𝒎𝟐 𝒎,  𝐀𝐬 <  𝑨𝒔𝒎𝒊𝒏  𝐍𝐨𝐭 𝐎𝐊‼   

       s = 500 ≤ 500    OK𝑠𝑚𝑎𝑥 →𝑚𝑖𝑛{ 1375
500   →𝑐𝑜𝑛𝑡𝑟𝑜𝑙 �

c) 

h ≤ 350   → 4𝛽 = 0.21

       𝑑𝑣 →𝑚𝑎𝑥{0.9𝑑 = 225 𝑚𝑚  →𝑐𝑜𝑛𝑡𝑟𝑜𝑙
0.72ℎ = 198   �

𝑉𝐶 = 𝟏𝟖𝟏.𝟕 𝒌𝑵  (𝑃𝑒𝑟 𝑚 𝑤𝑖𝑑𝑡ℎ) 

 =  = 181.7 kN𝑉𝑅 𝑉𝐶

 𝑉𝑓 = 𝟒𝟏 𝒌𝑵  (𝑃𝑒𝑟 𝑚 𝑤𝑖𝑑𝑡ℎ)

Since VR >     OK𝑽𝒇


