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Example 3.9 

Determine the values of bending moment and shear force used to design and evaluate the 

reinforced concrete slab bridge shown below. Take the effective span length of 25 m, future 

wearing surface load of 1.2 kN/m2 and barrier (curbs and parapet) load of 7.5 kN/m each side.  

25 m Abutment

Concrete T-Girder

4S @ 1.75 m 1 m

0.6 m

0.5 m

0.8 m

0.2 m
1.95 m

SectionElevation  
Figure 3-17: Details for Example 3.9 

Solution 3.9 

Deck Slab 

Unfactored Loads Per Unit Width: 

 Permanent loads: 

𝑤ௗ ൌ ℎௗ𝑏𝛶 ൌ ሺ0.2ሻሺ1ሻሺ24ሻ ൌ 4.8 kN/m 
𝑀 ൌ 𝑤𝐿ଶ/24 ൌ ሺ4.8ሻሺ1.75ሻଶ/24 ൌ 0.61 kN.m 

𝑀
ି ൌ 𝑤𝐿ଶ/12 ൌ ሺ4.8ሻሺ1.75ሻଶ/12 ൌ 1.23 kN.m 

𝑤௪௦ ൌ 𝑞௪௦𝑏 ൌ ሺ1.2ሻሺ1ሻ ൌ 1.2 kN/m 
𝑀ௐ ൌ 𝑤ௐ𝐿ଶ/24 ൌ ሺ1.2ሻሺ1.75ሻଶ/24 ൌ 0.15 kN.m 
𝑀ௐ

ି ൌ 𝑤ௐ𝐿ଶ/12 ൌ ሺ1.2ሻሺ1.75ሻଶ/12 ൌ 0.31 kN.m 

 Live loads: 

𝑆 ൌ 1.75 m 

𝑆 ൌ 1.7 m → 𝑀 ൌ 21.44 kN.m 

𝑆 ൌ 1.8 m → 𝑀 ൌ 21.79 kN.m 

𝑀 ൌ ሺ21.44  21.79ሻ/2 ൌ 21.62 kN.m 

0.5𝑏௪ ൌ 400 mm 

0.5𝑏௪ ൌ 300 mm → 𝑀
ି ൌ ሺ9.71  10.44ሻ/2 ൌ 10.08 kN.m 

0.5𝑏௪ ൌ 450 mm → 𝑀
ି ൌ ሺ6.06  6.27ሻ/2 ൌ 6.17 kN.m 

450 െ 300
400 െ 300

ൌ
6.17 െ 10.08
𝑀

ି െ 10.08
→ 𝑀

ି ൌ 7.47 kN.m 

Strength I Limit State:  

𝜂 ൌ 1.0 

𝑀௨ ൌ 𝜂ሾ1.25𝑀  1.50𝑀ௐ  1.75𝑀ାூெሿ 
𝑀௨ ൌ 1.25ሺ0.61ሻ  1.50ሺ0.15ሻ  1.75ሺ21.62ሻ ൌ 38.82 kN.m 
𝑀௨

ି ൌ 1.25ሺ1.23ሻ  1.50ሺ0.31ሻ  1.75ሺ7.47ሻ ൌ 15.08 kN.m 
Interior Girder 

Unfactored Loads: 

𝑏 ൌ 𝑆 ൌ 1.75 m 

𝐴 ൌ 𝐴  𝐴௪ ൌ ሺ1.75ሻሺ0.2ሻ  ሺ0.8ሻሺ1.75ሻ ൌ 1.75 m2 
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𝑤 ൌ 𝑤 ൌ 𝐴𝛶 ൌ ሺ1.75ሻሺ24ሻ ൌ 42 kN/m 
𝑀 ൌ 𝑤𝐿ଶ/8 ൌ ሺ42ሻሺ25ሻଶ/8 ൌ 3281.25 kN.m 
𝑉 ൌ 𝑤𝐿/2 ൌ ሺ42ሻሺ25ሻ/2 ൌ 525 kN 
𝑏௪௦ ൌ 𝑏 ൌ 1.75 m 
𝑤௪௦ ൌ 𝑞௪௦𝑏௪௦ ൌ ሺ1.2ሻሺ1.75ሻ ൌ 2.1 kN/m 
𝑀ௐ ൌ 𝑤ௐ𝐿ଶ/8 ൌ ሺ2.1ሻሺ25ሻଶ/8 ൌ 164.06 kN.m 
𝑉ௐ ൌ 𝑤ௐ𝐿/2 ൌ ሺ2.1ሻሺ25ሻ/2 ൌ 26.25 kN 

 Live loads: 

𝐿 ൌ 25 m  12 m → 𝑄ெ ൌ 𝑄் 

7.47 m8.93 m 4.3 m

12.5 m

MTr

12.5 m
VA 0.73 m

3.57 m

VB

CL

CL

145 kN145 kN 35 kN

4.3 m 16.4 m
VTr

VC

4.3 m

VD

145 kN145 kN 35 kN

25 m

 
Σ𝑀 ൌ 0 ↷ା 
𝑉 ሺ25ሻ ൌ ሺ35ሻሺ7.47ሻ  ሺ145ሻሺ11.77  16.07ሻ 
∴ 𝑉 ൌ 171.93 kN 
𝑀் ൌ ሺ171.93 ሻሺ13.23ሻ െ ሺ145ሻሺ4.3ሻ ൌ 1651.13 kN.m 
Σ𝑀 ൌ 0 ↷ା 
𝑉  ሺ25ሻ ൌ ሺ35ሻሺ16.4ሻ  ሺ145ሻሺ20.7  25ሻ 
∴ 𝑉  ൌ 288 kN 
𝑤 ൌ 9.3 kN/m 
𝑀 ൌ 𝑤𝐿ଶ/8 ൌ ሺ9.3ሻሺ25ሻଶ/8 ൌ 726.56 kN. m 
𝑉 ൌ 𝑤 𝐿 2⁄ ൌ ሺ9.3ሻሺ25ሻ/2 ൌ 116.25 kN 

6.42 m5.28 m 4.3 m

12.5 m

MfTr

12.5 m
VA

1.78 m

7.22 m

VB

CL

CL

145 kN145 kN 35 kN

9 m 11.7 m
VfTr

VC

4.3 m

VD
25 m

145 kN145 kN 35 kN

 
Σ𝑀 ൌ 0 ↷ା 
𝑉 ሺ25ሻ ൌ ሺ35ሻሺ6.42ሻ  ሺ145ሻሺ10.72  19.72ሻ 
∴ 𝑉 ൌ 185.54 kN 
𝑀் ൌ ሺ185.54 ሻሺ14.28ሻ െ ሺ145ሻሺ9ሻ ൌ 1344.51 kN. 

Live load distribution factors: 

𝑁  4     𝑁 ൌ 5   ∴ OK 
6  𝐿  73    𝐿 ൌ 25 m   ∴ OK 
1.1  𝑆  4.9    𝑆 ൌ 1.75 m   ∴ OK 
110  ℎௗ  300   ℎௗ ൌ 200 mm  ∴ OK 
4x10ଽ  𝐾  3x10ଵଶ   𝐾 ൌ 2.02x10ଵଶ mm4 ∴ OK 
𝑛 ൌ 𝐸/𝐸ௗ ൌ 1.0 
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𝐼 ൌ 𝑏௪ℎ௪
ଷ/12 ൌ ሺ800ሻሺ1750ሻଷ/12 ൌ 357.29x10ଽ mm4 

𝐴 ൌ 1.75x10 mm2 
𝑒 ൌ ℎ/2  ℎ௪/2 ൌ 200/2  1750/2 ൌ 975 mm 

𝐾 ൌ 𝑛൫𝐼  𝐴𝑒ଶ൯ ൌ ሺ1.0ሻሾ357.29x10ଽ  1.75x10ሺ975ሻଶሿ ൌ 2.02x10ଵଶ mm4 
𝑤 ൌ 9 m 
𝑁 ൌ INTሺw/3.6ሻ ൌ INTሺ9.0/3.6ሻ ൌ 2 ∴ check both 𝑔ଵ and 𝑔ଶ 

Live load distribution factor for bending moment: 

𝑔ଵ ൌ 0.06  ሺ𝑆 4.3⁄ ሻ.ସሺ𝑆 𝐿⁄ ሻ.ଷ൫𝐾 𝐿ℎௗ
ଷ⁄ ൯

.ଵ
 

ൌ 0.06  ሺ1.75/4.3ሻ.ସሺ1.75 25⁄ ሻ.ଷሾ2.02x10ଵଶ/ሺ25x10ଷሻሺ200ሻଷሿ.ଵ ൌ 0.46 

𝑔ଶ ൌ 0.075  ሺ𝑆/2.9ሻ.ሺS/Lሻ.ଶ൫𝐾 𝐿ℎௗ
ଷ⁄ ൯

.ଵ
 

ൌ 0.075  ሺ1.75 2.9⁄ ሻ.ሺ1.75/25ሻ.ଶሾ2.02x10ଵଶ/ሺ25x10ଷሻሺ200ሻଷሿ.ଵ ൌ 0.62 

∴ 𝐷𝐹 ൌ 0.62 

Live load distribution factor for shear: 

𝑔௩ଵ ൌ 0.36  𝑆/7.6 

ൌ 0.36  1.75/7.6 ൌ 0.59 

𝑔௩ଶ ൌ 0.2  𝑆/3.6 െ ሺ𝑆/10.7ሻଶ 

ൌ 0.2  1.75/3.6 െ ሺ1.75/10.7ሻଶ ൌ 0.66 

∴ 𝐷𝐹௩ ൌ 0.66 

Live load distribution factor for deflection: 

𝐷𝐹∆ ൌ 𝑚𝑁/𝑁 ൌ ሺ1.0ሻሺ2ሻ/5 ൌ 0.40 

Live load distribution factor for fatigue: 

𝐷𝐹 ൌ 𝑔ଵ/1.2 ൌ 0.46/1.2 ൌ 0.38 

𝐷𝐹௩ ൌ 𝑔௩ଵ/1.2 ൌ 0.59/1.2 ൌ 0.49 

Total live load: 

𝑀ାூெ ൌ ሾ𝑀்ሺ1  𝐼𝑀ሻ 𝑀ሿ𝐷𝐹 
ൌ ሾ1651.13ሺ1.33ሻ  726.56ሿሺ0.62ሻ ൌ 387.26 kN.m 

𝑉ାூெ ൌ ሾ𝑉 ሺ1  𝐼𝑀ሻ  𝑉ሿ𝐷𝐹௩ 
ൌ ሾ288ሺ1.33ሻ  116.25ሿሺ0.62ሻ ൌ 309.56 kN 

𝑀ାூெ ൌ ൣ𝑀்ሺ1  𝐼𝑀ሻ൧𝐷𝐹 
ൌ ሾ1344.51ሺ1.15ሻሿሺ0.38ሻ ൌ 587.55 kN.m 

Strength Limit State:  

𝜂 ൌ 1.0 

𝑀௨ଵ ൌ 𝜂ሾ1.25𝑀  1.50𝑀ௐ  1.75𝑀ାூெሿ 
ൌ 1.25ሺ3281.25ሻ  1.50ሺ164.06ሻ  1.75ሺ387.26ሻ ൌ 2025.36 kN.m 

𝑉௨ଵ ൌ 𝜂ሾ1.25𝑉  1.50𝑉ௐ  1.75𝑉ାூெሿ 
ൌ 1.25ሺ525ሻ  1.50ሺ26.25ሻ  1.75ሺ117.61ሻ ൌ 726.44 kN 

Service Limit State:  

𝑀௦ଵ ൌ 1.0𝑀  1.0𝑀ௐ  1.0𝑀ାூெ 
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ൌ 3281.25  164.06  387.26 ൌ 3832.57 kN.m 

Fatigue Limit State:  

𝑀ଵ ൌ 1.75𝑀ାூெ 
ൌ 1.75ሺ587.55ሻ ൌ 1028.21 kN.m 

Exterior Girder 

Unfactored Loads: 

 Permanent loads: 

𝑏 ൌ 𝑆/2 𝑤 ൌ 1.75/2  1.0 ൌ 1.88 m 

𝐴 ൌ ሺ1.88ሻሺ0.2ሻ  ሺ0.8ሻሺ1.75ሻ ൌ 1.78 m2 
𝑤 ൌ ሺ1.78ሻሺ24ሻ ൌ 42.75 kN/m 

𝑤 ൌ 7.5 kN/m 
𝑤 ൌ 𝑤  𝑤 ൌ 42.75  7.5 ൌ 50.25 kN/m 
𝑀 ൌ 𝑤𝐿ଶ/8 ൌ ሺ50.25ሻሺ25ሻଶ/8 ൌ 3925.78 kN.m 
𝑉 ൌ 𝑤𝐿/2 ൌ ሺ50.25ሻሺ25ሻ/2 ൌ 628.13 kN 
𝑏௪௦ ൌ 𝑏 െ𝑊 ൌ 1.88 െ 0.5 ൌ 1.38 m 

𝑤௪௦ ൌ ሺ1.2ሻሺ1.38ሻ ൌ 1.66 kN/m 
𝑀ௐ ൌ 𝑤ௐ𝐿ଶ/8 ൌ ሺ1.66ሻሺ25ሻଶ/8 ൌ 129.69 kN.m 
𝑉ௐ ൌ 𝑤ௐ𝐿/2 ൌ ሺ1.66ሻሺ25ሻ/2 ൌ 20.753 kN 

 Live loads: 

𝑀் ൌ 𝑀்/2 ൌ 1651.13/2 ൌ 825.57 kN.m 

𝑉் ൌ 𝑉 /2 ൌ 288/2 ൌ 144 kN 

𝑤 ൌ ሺ3.1ሻሺ1.38ሻ ൌ 4.28 kN/m 

𝑀 ൌ 𝑤𝐿ଶ/8 ൌ ሺ4.28ሻሺ25ሻଶ/8 ൌ 334.38 kN. m 
𝑉 ൌ 𝑤 𝐿 2⁄ ൌ ሺ4.28ሻሺ25ሻ/2 ൌ 53.5 kN 

Distribution factors: 

െ0.3  𝑑  1.7   𝑑 ൌ 0.5   ∴ OK 
∵ 𝑁 ൌ 2 → check both 𝑔ଵ and 𝑔ଶ 

Hinge

S ൌ 1.75 m

X ൌ 0.75 m
de ൌ 0.5 m

1.5 m
R ൌ 1.0

 
Figure 3-18: Level Rule for Exterior Girder 

Live load distribution factor for bending moment: 

𝑅 ൌ 𝑋/𝑆 ൌ 0.75/1.75 ൌ 0.43 

𝑔ଵ ൌ 𝑚𝑅 ൌ ሺ1.2ሻሺ0.43ሻ ൌ 0.51 
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𝑒 ൌ 0.77  𝑑/2.8 ൌ 0.77  0.5/2.8 ൌ 0.95 

𝑔ଶ ൌ 𝑒𝑚𝑔ଶ ൌ ሺ0.95ሻሺ0.62ሻ ൌ 0.59 

∴ 𝐷𝐹 ൌ 0.59 

Live load distribution factor for shear: 

𝑔௩ଵ ൌ 𝑔ଵ ൌ 0.51 

𝑒௩ ൌ 0.6  𝑑/3 ൌ 0.6  0.5/3 ൌ 0.77 

𝑔௩ଶ ൌ 𝑒𝑣𝑔௩ଶ ൌ ሺ0.77ሻሺ0.66ሻ ൌ 0.51 

∴ 𝐷𝐹௩ ൌ 0.51 

Live load distribution factor for fatigue: 

𝐷𝐹 ൌ 𝐷𝐹௩ ൌ 0.43 

Live load distribution factor for deflection: 

𝐷𝐹∆ ൌ 0.40 

Total live load: 

𝑀ାூெ ൌ ሾ𝑀்ሺ1  𝐼𝑀ሻ 𝑀ሿ𝐷𝐹 
ൌ ሾ825.57ሺ1.33ሻ  334.38ሿሺ0.59ሻ ൌ 845.11 kN.m 

𝑉ାூெ ൌ ሾ𝑉 ሺ1  𝐼𝑀ሻ  𝑉ሿ𝐷𝐹௩ 
ൌ ሾ144ሺ1.33ሻ  53.5ሿሺ0.51ሻ ൌ 124.96 kN 

Strength Limit State:  

𝜂 ൌ 1.0 

𝑀௨ଵ ൌ 𝜂ሾ1.25𝑀  1.50𝑀ௐ  1.75𝑀ାூெሿ 
ൌ 1.25ሺ3925.78ሻ  1.50ሺ129.69ሻ  1.75ሺ845.11ሻ ൌ 6580.7 kN.m 

𝑉௨ଵ ൌ 𝜂ሾ1.25𝑉  1.50𝑉ௐ  1.75𝑉ାூெሿ 
ൌ 1.25ሺ628.13ሻ  1.50ሺ20.75ሻ  1.75ሺ124.96ሻ ൌ 1034.97 kN 

Service Limit State:  

𝑀௦ଵ ൌ 𝑀 𝑀ௐ 𝑀ାூெ 
ൌ 3925.78  129.69  845.11 ൌ 4900.58 kN.m 


