
Flexural Analysis of 
T-Sections

By: Dr. Majed Ashoor



𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑇𝑇 𝑏𝑏𝐼𝐼𝐼𝐼𝑏𝑏 �
𝑏𝑏𝑏𝑏 ≤ 4 𝑏𝑏𝑤𝑤

ℎ𝑏𝑏 ≥ 0.5 𝑏𝑏𝑤𝑤

𝑇𝑇 − 𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆 : 𝑏𝑏𝑏𝑏 ≤

)𝑏𝑏𝑏𝑏 + 2(8ℎ𝑏𝑏

𝑏𝑏𝑏𝑏 + 2
𝐿𝐿𝑆𝑆
8

𝑏𝑏𝑏𝑏 + 2
𝑆𝑆𝑆𝑆
2

𝐿𝐿 − 𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆 : 𝑏𝑏𝑏𝑏 ≤

)𝑏𝑏𝑏𝑏 + (6ℎ𝑏𝑏

𝑏𝑏𝑏𝑏 +
𝐿𝐿𝑆𝑆
12

𝑏𝑏𝑏𝑏 +
𝑆𝑆𝑆𝑆
2

Flange Effective Width Limitations:

Monolithically casted
Beam-slab system



If flange located in Tension zone (Negative Moment), the section will be Rectangular with b=bw

If flange located in Compression zone, There will be two possibilities, depending on the concrete compression area
required to satisfy the equilibrium:

�𝐼𝐼 ≤ ℎ𝑓𝑓 (𝑅𝑅𝐼𝐼𝑆𝑆𝐼𝐼𝐼𝐼𝑆𝑆𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝑅𝑅 𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆 𝑏𝑏𝑆𝑆𝐼𝐼ℎ 𝑏𝑏 = 𝑏𝑏𝑏𝑏

�𝐼𝐼 > ℎ𝑓𝑓 (𝑇𝑇𝑅𝑅𝑅𝑅𝐼𝐼 𝑇𝑇 𝐵𝐵𝐼𝐼𝐼𝐼𝑏𝑏

0.85 𝑏𝑏𝑐𝑐′ 𝐼𝐼 𝑏𝑏𝑓𝑓 = 𝐴𝐴𝑠𝑠 𝑏𝑏𝑦𝑦

𝐼𝐼 =
𝐴𝐴𝑠𝑠 𝑏𝑏𝑦𝑦

0.85 𝑏𝑏𝑐𝑐′𝑏𝑏𝑓𝑓

𝐶𝐶ℎ𝐼𝐼𝑆𝑆𝐶𝐶: 𝐼𝐼 �
≤ ℎ𝑓𝑓 →→→ 𝑅𝑅𝐼𝐼𝑆𝑆𝐼𝐼𝐼𝐼𝑆𝑆𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝑅𝑅 𝑆𝑆𝐼𝐼𝑆𝑆.𝑏𝑏𝑆𝑆𝐼𝐼ℎ 𝑏𝑏 = 𝑏𝑏𝑓𝑓

> ℎ𝑓𝑓 →→→ 𝑇𝑇𝑅𝑅𝑅𝑅𝐼𝐼 𝑇𝑇 𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆



𝑀𝑀𝑛𝑛 = 𝑀𝑀𝑛𝑛1 + 𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜

𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜 = 0.85 𝑏𝑏𝑐𝑐′ ℎ𝑓𝑓(𝑏𝑏𝑓𝑓 − 𝑏𝑏𝑤𝑤) 𝐼𝐼 −
ℎ𝑓𝑓
2

𝐴𝐴𝑠𝑠𝑜𝑜𝑜𝑜 =
0.85 𝑏𝑏𝑐𝑐′ ℎ𝑓𝑓 𝑏𝑏𝑓𝑓 − 𝑏𝑏𝑤𝑤

𝑏𝑏𝑦𝑦

𝐴𝐴𝑠𝑠1 𝑏𝑏𝑦𝑦 = 0.85 𝑏𝑏𝑐𝑐′ 𝐼𝐼 𝑏𝑏𝑤𝑤

𝐼𝐼 =
𝐴𝐴𝑠𝑠1 𝑏𝑏𝑦𝑦

0.85 𝑏𝑏𝑐𝑐′ 𝑏𝑏𝑤𝑤

𝑀𝑀𝑛𝑛1 = 0.85 𝑏𝑏𝑐𝑐′ 𝐼𝐼 𝑏𝑏𝑤𝑤 𝐼𝐼 −
𝐼𝐼
2

𝑀𝑀𝑛𝑛 = 𝑀𝑀𝑛𝑛1 + 𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜

𝑆𝑆 =
𝐼𝐼
𝛽𝛽1

𝜀𝜀𝑡𝑡 = 0.003
𝐼𝐼𝑡𝑡 − 𝑆𝑆
𝑆𝑆

𝑀𝑀𝑢𝑢 = ∅𝑀𝑀𝑛𝑛

For True T Section:

𝜌𝜌1 =
𝐴𝐴𝑠𝑠1
𝑏𝑏𝑤𝑤 𝐼𝐼

𝑀𝑀𝑛𝑛1 = 𝜌𝜌1 𝑏𝑏𝑦𝑦𝑏𝑏𝑤𝑤𝐼𝐼2 1 −
1
2 𝜌𝜌1𝑏𝑏

�𝜌𝜌1 ≤ 𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 =
3
8
𝛽𝛽1
𝑏𝑏

𝐼𝐼𝑡𝑡
𝐼𝐼 (𝑏𝑏𝐼𝐼𝑅𝑅 𝐼𝐼𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆 𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑅𝑅𝐼𝐼𝐼𝐼

𝑏𝑏 =
𝑏𝑏𝑦𝑦

0.85 𝑏𝑏𝑐𝑐′

𝑀𝑀𝑛𝑛 = 𝑀𝑀𝑛𝑛1 + 𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜

𝑀𝑀𝑢𝑢 = ∅𝑀𝑀𝑛𝑛

𝐴𝐴𝑠𝑠1 = 𝐴𝐴𝑠𝑠 − 𝐴𝐴𝑠𝑠𝑜𝑜𝑜𝑜



Ex1: Calculate the design moment strength of the T-section shown below, using f’c=24 MPa, fy=420 MPa

Solution: 𝐴𝐴𝑏𝑏 = 706 𝑏𝑏𝑏𝑏2

𝐴𝐴𝑠𝑠 = 6 × 706 = 4236 𝑏𝑏𝑏𝑏

0.85 𝑏𝑏𝑐𝑐′ 𝐼𝐼 𝑏𝑏𝑓𝑓 = 𝐴𝐴𝑠𝑠 𝑏𝑏𝑦𝑦

�𝐼𝐼 =
𝐴𝐴𝑠𝑠 𝑏𝑏𝑦𝑦

0.85 𝑏𝑏𝑐𝑐′𝑏𝑏𝑓𝑓
=

4236 × 420
0.85 × 24 × 915

= 95.31 > 80 (𝑇𝑇.𝑇𝑇. 𝑆𝑆

𝑀𝑀𝑛𝑛 = 𝑀𝑀𝑛𝑛1 + 𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜

𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜 = 0.85 𝑏𝑏𝑐𝑐′ ℎ𝑓𝑓(𝑏𝑏𝑓𝑓 − 𝑏𝑏𝑤𝑤) 𝐼𝐼 −
ℎ𝑓𝑓
2

𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜 = 0.85 × 24 × 80 (915 − 250) 430 −
80
2

𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜 = 423.26 𝐶𝐶𝑘𝑘.𝑏𝑏

𝐴𝐴𝑠𝑠𝑜𝑜𝑜𝑜 =
0.85 𝑏𝑏𝑐𝑐′ ℎ𝑓𝑓 𝑏𝑏𝑓𝑓 − 𝑏𝑏𝑤𝑤

𝑏𝑏𝑦𝑦

𝐴𝐴𝑠𝑠𝑜𝑜𝑜𝑜 =
0.85 × 24 × 80 915 − 250

420 = 2584 𝑏𝑏𝑏𝑏2



𝐴𝐴𝑠𝑠1 = 𝐴𝐴𝑠𝑠 − 𝐴𝐴𝑠𝑠𝑜𝑜𝑜𝑜

𝐴𝐴𝑠𝑠1 = 4236 − 2584 = 1652 𝑏𝑏𝑏𝑏2

𝐴𝐴𝑠𝑠1 𝑏𝑏𝑦𝑦 = 0.85 𝑏𝑏𝑐𝑐′ 𝐼𝐼 𝑏𝑏𝑤𝑤

𝐼𝐼 =
𝐴𝐴𝑠𝑠1 𝑏𝑏𝑦𝑦

0.85 𝑏𝑏𝑐𝑐′ 𝑏𝑏𝑤𝑤

𝐼𝐼 =
1652 × 420

0.85 × 24 × 250
= 136.04 𝑏𝑏𝑏𝑏

𝑀𝑀𝑛𝑛1 = 0.85 𝑏𝑏𝑐𝑐′ 𝐼𝐼 𝑏𝑏𝑤𝑤 𝐼𝐼 −
𝐼𝐼
2

𝑀𝑀𝑛𝑛1 = 0.85 × 24 × 136.04 × 250 430 −
136.04

2
𝑀𝑀𝑛𝑛1 = 251.14 𝐶𝐶𝑘𝑘.𝑏𝑏

𝑀𝑀𝑛𝑛 = 𝑀𝑀𝑛𝑛1 + 𝑀𝑀𝑛𝑛𝑜𝑜𝑜𝑜

𝑀𝑀𝑛𝑛 = 251.14 + 423.26 = 674.4 𝐶𝐶𝑘𝑘.𝑏𝑏



�𝜀𝜀𝑡𝑡 = 0.003
460 − 160.04

160.04
= 0.0056 > 0.005 (𝑇𝑇𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝑆𝑆 𝐶𝐶𝐼𝐼𝑆𝑆𝐼𝐼𝑅𝑅𝐼𝐼𝐼𝐼

𝜀𝜀𝑡𝑡 = 0.003
𝐼𝐼𝑡𝑡 − 𝑆𝑆
𝑆𝑆

𝑆𝑆 =
𝐼𝐼
𝛽𝛽1

=
136.04

0.85
= 160.04

𝑀𝑀𝑢𝑢 = ∅𝑀𝑀𝑛𝑛

𝑀𝑀𝑢𝑢 = 0.9 × 674.4 = 606.96 𝐶𝐶𝑘𝑘.𝑏𝑏
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