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2m LONG SLEEPERS



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2000 mm  

Sleeper Depth = 200 mm

Height of Wall = 2000 mm n = 2

Thickness of Sleeper = 75 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 40 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 5 kPa

1.94 kPa

13.30 kPa

 w0 = 0.39 kN/m

w1 = 2.66 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 3.91 kN/m

M* = 1.95 kNm

V* = 3.91 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.32 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 6.20 kN

fVuc 4.34 kN

V* > fVuc

φVuc>V* Therefore, no shear reinforcement required

2.27 kNm

133.25 mm
2

φMu>M* Therefore, okay in bending

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.25𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =

3



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2000 mm  

Sleeper Depth = 200 mm

Height of Wall = 3000 mm n = 2

Thickness of Sleeper = 100 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 65 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 5 kPa

1.94 kPa

20.30 kPa

 w0 = 0.39 kN/m

w1 = 4.06 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 5.66 kN/m

M* = 2.83 kNm

V* = 5.66 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.20 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 10.07 kN

fVuc 7.05 kN

V* > fVuc

113.81 mm
2

3.84 kNm

φMu>M* Therefore, okay in bending

φVuc>V* Therefore, no shear reinforcement required

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.25𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =

4



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2000 mm  

Sleeper Depth = 200 mm

Height of Wall = 4000 mm n = 2

Thickness of Sleeper = 110 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 75 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 5 kPa

1.94 kPa

27.30 kPa

 w0 = 0.39 kN/m

w1 = 5.46 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 7.41 kN/m

M* = 3.70 kNm

V* = 7.41 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.17 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 11.62 kN

fVuc 8.13 kN

V* > fVuc

129.04 mm
2

4.47 kNm

φMu>M* Therefore, okay in bending

φVuc>V* Therefore, no shear reinforcement required

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.25𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =
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Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   

Plain Concrete End Bearing Zones - Length of 2m

Design Shear :

V* = Reduced Shear (refer Appendix A for calculation)

for t = 75 mm H = 2000 mm V* = 3.52 kN

for t = 100 mm H = 3000 mm V* = 5.09 kN

for t = 110 mm H = 4000 mm V* = 6.67 kN

End Region Shear Strength:

b = 200 mm

0.6 Bearing Capacity Reduction Factor

for t = 75 mm 5.29 kN φVu>V*, Okay
f'c = 60 MPa

for t = 100 mm 7.05 kN φVu>V*, Okay
f'c = 60 MPa

for t = 110 mm 7.75 kN φVu>V*, Okay
f'c = 60 MPa

ϕ𝑟 = 

ϕ𝑉𝑢 = ϕ𝑟0.15𝑡𝑏𝑓′𝑐1/3

ϕ𝑉𝑢 =ϕ𝑉𝑢 =ϕ𝑉𝑢 =

6



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   

End Region Flexural Strength - Length of 2m

Design Bending Moment:

Refer Appendix A for calculation of M*

for t = 75 mm H = 2000 mm Ld = 130 mm M* = 0.46 kNm

for t = 100 mm H = 3000 mm Ld = 130 mm M* = 0.67 kNm

for t = 110 mm H = 4000 mm Ld = 130 mm M* = 0.88 kNm

End Region Flexural Strength:

b = 200 mm

for t = 75 mm φMu = 0.52 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa

for t = 100 mm φMu = 0.93 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa

for t = 110 mm φMu = 1.12 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa

7



2.4m LONG SLEEPERS



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2400 mm  

Sleeper Depth = 200 mm

Height of Wall = 1600 mm n = 2

Thickness of Sleeper = 80 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 45 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 5 kPa

1.94 kPa

10.50 kPa

 w0 = 0.39 kN/m

w1 = 2.10 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 3.21 kN/m

M* = 2.31 kNm

V* = 3.85 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.29 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 6.97 kN

fVuc 4.88 kN

V* > fVuc

φVuc>V* Therefore, no shear reinforcement required

2.58 kNm

139.10 mm
2

φMu>M* Therefore, okay in bending

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.25𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =

9



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2400 mm  

Sleeper Depth = 200 mm

Height of Wall = 2400 mm n = 2

Thickness of Sleeper = 100 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 65 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 5 kPa

1.94 kPa

16.10 kPa

 w0 = 0.39 kN/m

w1 = 3.22 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 4.61 kN/m

M* = 3.32 kNm

V* = 5.53 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.20 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 10.07 kN

fVuc 7.05 kN

V* > fVuc

φVuc>V* Therefore, no shear reinforcement required

3.84 kNm

134.60 mm
2

φMu>M* Therefore, okay in bending

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.25𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =

10



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2400 mm  

Sleeper Depth = 200 mm

Height of Wall = 4000 mm n = 2

Thickness of Sleeper = 130 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 95 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 5 kPa

1.94 kPa

27.30 kPa

 w0 = 0.39 kN/m

w1 = 5.46 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 7.41 kN/m

M* = 5.33 kNm

V* = 8.89 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.14 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 14.72 kN

fVuc 10.30 kN

V* > fVuc

φMu>M* Therefore, okay in bending

φVuc>V* Therefore, no shear reinforcement required

146.00 mm
2

5.72 kNm

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.25𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =

11



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   

Plain Concrete End Bearing Zones - Length of 2.4m

Design Shear :

V* = Reduced Shear (refer Appendix A for calculation)

for t = 80 mm H = 1600 mm V* = 3.53 kN

End Region Shear Strength:

b = 200 mm

0.6 Bearing Capacity Reduction Factor

for t = 80 mm 5.64 kN φVu>V*, Okay
f'c = 60 MPa

ϕ𝑟 = 

ϕ𝑉𝑢 = ϕ𝑟0.15𝑡𝑏𝑓′𝑐1/3

ϕ𝑉𝑢 =

12



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   

End Region Flexural Strength - Length of 2.4m

Design Bending Moment:

Refer Appendix A for calculation of M*

for t = 80 mm H = 1600 mm Ld = 130 mm M* = 0.56 kNm

End Region Flexural Strength:

b = 200 mm

for t = 80 mm φMu = 0.59 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa

13



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   

Plain Concrete End Bearing Zones - Length of 2.4m

Design Shear :

V* = Reduced Shear (refer Appendix A for calculation)

for t = 100 mm H = 2400 mm V* = 5.07 kN

for t = 130 mm H = 4000 mm V* = 8.15 kN

End Region Shear Strength:

b = 200 mm

0.6 Bearing Capacity Reduction Factor

for t = 100 mm 7.05 kN φVu>V*, Okay
f'c = 60 MPa

for t = 130 mm 9.16 kN φVu>V*, Okay
f'c = 60 MPa

ϕ𝑟 = 

ϕ𝑉𝑢 = ϕ𝑟0.15𝑡𝑏𝑓′𝑐1/3

ϕ𝑉𝑢 =ϕ𝑉𝑢 =

14



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   

End Region Flexural Strength - Length of 2.4m

Design Bending Moment:

Refer Appendix A for calculation of M*

for t = 100 mm H = 2400 mm Ld = 130 mm M* = 0.80 kNm

for t = 130 mm H = 4000 mm Ld = 130 mm M* = 1.28 kNm

End Region Flexural Strength:

b = 200 mm

for t = 100 mm φMu = 0.93 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa

for t = 130 mm φMu = 1.57 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa
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EARTHQUAKE DESIGN



REFER TO SHEET 26(2) FOR ASSOCIATED CALCULATION
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2m LONG SLEEPERS - EARTHQUAKE DESIGN



Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2000 mm  

Sleeper Depth = 200 mm

Height of Wall = 2000 mm n = 2

Thickness of Sleeper = 75 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 40 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 2 kPa

0.78 kPa

13.30 kPa

 w0 = 0.16 kN/m

w1 = 2.66 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 4.22 kN/m

M* = 2.11 kNm

V* = 4.22 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.32 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 6.20 kN

fVuc 4.34 kN

V* > fVuc

φVuc>V* Therefore, no shear reinforcement required

2.27 kNm

145.17 mm
2

φMu>M* Therefore, okay in bending

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.5𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =
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Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2000 mm  

Sleeper Depth = 200 mm

Height of Wall = 3000 mm n = 2

Thickness of Sleeper = 100 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 65 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 2 kPa

0.78 kPa

20.30 kPa

 w0 = 0.16 kN/m

w1 = 4.06 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 6.32 kN/m

M* = 3.16 kNm

V* = 6.32 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.20 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 10.07 kN

fVuc 7.05 kN

V* > fVuc

φMu>M* Therefore, okay in bending

φVuc>V* Therefore, no shear reinforcement required

127.91 mm
2

3.84 kNm

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.5𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =
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Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2000 mm  

Sleeper Depth = 200 mm

Height of Wall = 4000 mm n = 2

Thickness of Sleeper = 110 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 75 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 2 kPa

0.78 kPa

27.30 kPa

 w0 = 0.16 kN/m

w1 = 5.46 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 8.42 kN/m

M* = 4.21 kNm

V* = 8.42 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.17 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 11.62 kN

fVuc 8.13 kN

V* < fVuc

φMu>M* Therefore, okay in bending

WITHIN 10% - ACCEPT

147.68 mm
2

4.47 kNm

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.5𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =
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Page Number:   

Plain Concrete End Bearing Zones - Length of 2m

Design Shear :

V* = Reduced Shear (refer Appendix A for calculation)

for t = 75 mm H = 2000 mm V* = 3.80 kN

for t = 100 mm H = 3000 mm V* = 5.69 kN

for t = 110 mm H = 4000 mm V* = 7.58 kN

End Region Shear Strength:

b = 200 mm

0.6 Bearing Capacity Reduction Factor

for t = 75 mm 5.29 kN φVu>V*, Okay
f'c = 60 MPa

for t = 100 mm 7.05 kN φVu>V*, Okay
f'c = 60 MPa

for t = 110 mm 7.75 kN φVu>V*, Okay
f'c = 60 MPa

ϕ𝑟 = 

ϕ𝑉𝑢 = ϕ𝑟0.15𝑡𝑏𝑓′𝑐1/3

ϕ𝑉𝑢 =ϕ𝑉𝑢 =ϕ𝑉𝑢 =
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End Region Flexural Strength - Length of 2m

Design Bending Moment:

Refer Appendix A for calculation of M*

for t = 75 mm H = 2000 mm Ld = 130 mm M* = 0.50 kNm

for t = 100 mm H = 3000 mm Ld = 130 mm M* = 0.75 kNm

for t = 110 mm H = 4000 mm Ld = 130 mm M* = 1.00 kNm

End Region Flexural Strength:

b = 200 mm

for t = 75 mm φMu = 0.52 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa

for t = 100 mm φMu = 0.93 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa

for t = 110 mm φMu = 1.12 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa
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Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2400 mm  

Sleeper Depth = 200 mm

Height of Wall = 1600 mm n = 2

Thickness of Sleeper = 80 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 45 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 2 kPa

0.78 kPa

10.50 kPa

 w0 = 0.16 kN/m

w1 = 2.10 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 3.38 kN/m

M* = 2.44 kNm

V* = 4.06 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.29 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 6.97 kN

fVuc 4.88 kN

V* > fVuc

φVuc>V* Therefore, no shear reinforcement required

2.58 kNm

147.43 mm
2

φMu>M* Therefore, okay in bending

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.5𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =
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Project Number: 150933

Designer:  NM

Date:  03/07/2019

Page Number:   
Sleeper Length = 2400 mm  

Sleeper Depth = 200 mm

Height of Wall = 2400 mm n = 2

Thickness of Sleeper = 100 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 65 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 2 kPa

0.78 kPa

16.10 kPa

 w0 = 0.16 kN/m

w1 = 3.22 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 5.06 kN/m

M* = 3.65 kNm

V* = 6.08 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.20 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 10.07 kN

fVuc 7.05 kN

V* > fVuc

φVuc>V* Therefore, no shear reinforcement required

3.84 kNm

148.75 mm
2

φMu>M* Therefore, okay in bending

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.5𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =
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Sleeper Length = 2375 mm  

Sleeper Depth = 200 mm

Height of Wall = 4000 mm n = 2

Thickness of Sleeper = 130 mm dp = 10

Parameters:

Compressive strength of concrete f'c = 60 MPa

Ec = 37400 MPa

Yield Strength of Steel Reinforcement (N Grade) fsy = 500 MPa

Elastic Modulus Steel Es = 200000 MPa

b = b = 200 mm

d = d = 95 mm

Friction Angle of Soil φ = 26.1 ⁰
0.39

Bulk Unit Weight of Backfill Soil γs = 18 kN/m3

Surcharge Q = 2 kPa

0.78 kPa

27.30 kPa

 w0 = 0.16 kN/m

w1 = 5.46 kN/m

γ = 0.85 - 0.007(f'c-28) γ = 0.60

Design Actions:

w* = 8.42 kN/m

M* = 5.94 kNm

V* = 10.00 kN

Flexural Strength of Sleeper

Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 φ = 0.8

No. of bars n = 2

Diameter of bar 10 mm

157.08 mm
2

Ductility Check ku = 0.14 Okay

Shear Strength of Sleeper

Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 φ = 0.7

AS3600 - Clause 8.2.4.1: kv = 0.100

Vuc = kvbvdv*sqrt(fc) Vuc = 14.72 kN

fVuc 10.30 kN

V* > fVuc

WITHIN 10% - ACCEPT

φVuc>V* Therefore, no shear reinforcement required

163.34 mm
2

5.72 kNm

𝐾𝑎 = tan(45 − ϕ/2)2 𝐾𝑎 =
η0 = 𝐾𝑎𝑄 η0 =η1 = 𝐾𝑎γ𝑠𝐻 − 𝐾𝑎γ𝑠𝐻(𝑏/2) η1 =𝑤 = η𝑡𝑑
𝑀∗ = 𝑤∗𝐿2/8𝑤∗ = 1.5𝐺∗ + 1.5𝑄∗𝑉∗ = 𝑤∗𝐿/2
𝐴𝑠𝑡,𝑟𝑒𝑞 = 𝑓′𝑐𝑏1.2𝑓𝑠𝑦 (𝑑 − √(𝑑2 − 2.4𝑀∗/ϕ𝑏𝑓′𝑐𝑏) 𝐴𝑠𝑡,𝑟𝑒𝑞 =

𝑑𝑏 =𝐴𝑠𝑡 = 𝑛𝜋𝑟2 𝐴𝑠𝑡 =ϕ𝑀𝑢 = ϕ𝑏𝑓𝑠𝑦𝐴𝑠𝑡𝑑(1 − 0.6𝐴𝑠𝑡𝑓𝑠𝑦𝑏𝑑𝑓′𝑐) ϕ𝑀𝑢 =
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Plain Concrete End Bearing Zones - Length of 2.4m

Design Shear :

V* = Reduced Shear (refer Appendix A for calculation)

for t = 80 mm H = 1600 mm V* = 3.72 kN

End Region Shear Strength:

b = 200 mm

0.6 Bearing Capacity Reduction Factor

for t = 80 mm 5.64 kN φVu>V*, Okay
f'c = 60 MPa

ϕ𝑟 = 

ϕ𝑉𝑢 = ϕ𝑟0.15𝑡𝑏𝑓′𝑐1/3

ϕ𝑉𝑢 =
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End Region Flexural Strength - Length of 2.4m

Design Bending Moment:

Refer Appendix A for calculation of M*

for t = 80 mm H = 1600 mm Ld = 130 mm M* = 0.59 kNm

End Region Flexural Strength:

b = 200 mm

for t = 80 mm φMu = 0.59 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa
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Designer:  NM

Date:  03/07/2019

Page Number:   

Plain Concrete End Bearing Zones - Length of 2.4m

Design Shear :

V* = Reduced Shear (refer Appendix A for calculation)

for t = 100 mm H = 2400 mm V* = 5.57 kN

for t = 130 mm H = 4000 mm V* = 9.16 kN

End Region Shear Strength:

b = 200 mm

0.6 Bearing Capacity Reduction Factor

for t = 100 mm 7.05 kN φVu>V*, Okay
f'c = 60 MPa

for t = 130 mm 9.16 kN WITHIN 10%

f'c = 60 MPa

ϕ𝑟 = 

ϕ𝑉𝑢 = ϕ𝑟0.15𝑡𝑏𝑓′𝑐1/3

ϕ𝑉𝑢 =ϕ𝑉𝑢 =
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End Region Flexural Strength - Length of 2.4m

Design Bending Moment:

Refer Appendix A for calculation of M*

for t = 100 mm H = 2400 mm Ld = 130 mm M* = 0.88 kNm

for t = 130 mm H = 4000 mm Ld = 130 mm M* = 1.43 kNm

End Region Flexural Strength:

b = 200 mm

for t = 100 mm φMu = 0.93 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa

for t = 130 mm φMu = 1.57 kNm φMu>M*, Okay
f'c = 60 MPa

f'cf = 4.65 MPa
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