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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced  |Flexural Moment Capacity @ 084 |@ 0.87
2.0 m LONG Sections Shear Capacity @027 |@0.29
2 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @ 100 | 1.06
Sections Shear Capacity Q 0.72 Q 0.76
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 2000 mm
Max Retained Height H 2000 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 75 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 40 mm  Formula = D-c-d,/2
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Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.26 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability
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LOADING

WGA150933
ENG: HAB CHK: CL

OCTOBER 2023

Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 11.63416 kPa N, =K.yH - Ky(b/2)
Wy 2.326832 kN/m w;=n:b
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 13.59 kPa N, =K,yH - Ky(b/2)
Wi 2.72 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 3.99 kN/m
M* = W|_2/8 at midspan - relevant
M* 2.00 kNm  for reinforced section
V* 3.99 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 4.24 kN/m
M* 2.07 kNm  M* =wL?/8
V* 4.18 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 2.38 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 94% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 87% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 4 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 6.52E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 6.75E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.25 Eq. 8.2.4.2(1)
LC2 kv kv 0.25 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 14.60
Shear Strength LC2 - eq ¢V

kN VUC = ka\/stqrt(fC)
14.35 kN

Vie = kib,disart(fe)
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Vv i aa WGA150933
ENG: HAB CHK: CL
o fV>V* No shear re/nforcem-e;)? ~"R2023
Utilisation LC1 V*/ oV 27% .
required
>V* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 29% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1425 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 0.52 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 0.55 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 245.6897 Mpa
EMx 2.266534  kNm
f syt ¥ ¥ Lsyt ¥
— : 1 1 L
Frr— 12db e ?Im
35mm |
s |
TENSILE STRENGTH OF
REINFORCEMENT I |
: |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus z 187500 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 0.52 kNm
Utilisation LC1 u 100% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 106% Within 10% - Accept
3
2.5
2
1.5
1
0.5 -~
0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Moment Capacity Design Moment LC1 Design Moment LC2
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WGA150933
ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 50 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 Vi 3.79 kN V=w(L/2-xv)
Shear at Critical Section - LC2 eq V50 4.02 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 5.29
Utilisation LC1 U 72%
Utilisation LC2 - EQ U 76%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

fV>V* Concrete section adequate
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced |Flexural Moment Capacity @071 |[@o0.77
2.0 m LONG Sections Shear Capacity @032 |@o036
3 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @ 086 |@ 0.95
Sections Shear Capacity Q 0.77 Q 0.85
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 2000 mm
Max Retained Height H 3000 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 100 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 65 mm  Formula = D-c-d,/2
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Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.16 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability
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LOADING

WGA150933
ENG: HAB CHK: CL

OCTOBER 2023

Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 17.7574 kPa N, =K.yH - Ky(b/2)
W, 3.551481 kN/m w;=n;b
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 20.75 kPa N, =K,yH - Ky(b/2)
W, 4.15 kKN/m  w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 5.78 kN/m
M* = W|_2/8 at midspan - relevant
M* 2.89 kNm  for reinforced section
V* 5.78 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 6.38 kN/m
M* 3.11 kNm  M* =wL?/8
V* 6.30 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 4.05 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 719% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 77% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 75 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 7.31E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 7.88E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.23 Eq. 8.2.4.2(1)
LC2 kv kv 0.22 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 18.06
Shear Strength LC2 - eq ¢V

kN
17.35

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)
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WGA150933
ENG: HAB CHK: CL

fV>V* No shear reinforcement R 2023

ili [ * [0)
Utilisation LC1 V*/ oV 32% -
>V* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 36% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1525 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 0.80 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 0.89 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 262.931 Mpa
EMx 3.83733 kNm
f syt f f Lsyt {
— : 1 1 L
Frr— 12db e ?Im
35mm |
s |
TENSILE STRENGTH OF
REINFORCEMENT I |
E |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus Z 333333.3 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 0.93 kNm
Utilisation LC1 u 86% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 95% fV>V* Concrete section adequate
5
4
3
2
1
0
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2

Moment Capacity

Design Moment LC1

Design Moment LC2
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WGA150933
ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 62.5 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 V¥ 5.42 kKN V=w(L/2-xv)
Shear at Critical Section - LC2 eq Va5 5.98 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 7.05
Utilisation LC1 U 77%
Utilisation LC2 - EQ U 85%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

fV>V* Concrete section adequate

10
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced |Flexural Moment Capacity @ 080 |@ 0.88
2.0 m LONG Sections Shear Capacity 0 0.42 0 0.50
4 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @094 |()1.05
Sections Shear Capacity Q 0.91 ()1.03
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 2000 mm
Max Retained Height H 4000 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 110 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 75 mm  Formula = D-c-d,/2
|
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Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
Y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.14 kuo = Astf,/(afcybd) ensure <0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
¢

Friction Angle of Soil

30 degrees Serviceability

11
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WGA150933
ENG: HAB CHK: CL
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Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 23.88065 kPa N, =K.yH - Ky(b/2)
Wy 4776129 kN/m w;=nb
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 27.90 kPa N, =K,yH - Ky(b/2)
Wi 5.58 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 7.57 kN/m
M* = W|_2/8 at midspan - relevant
M* 3.79 kNm  for reinforced section
V* 7.57 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 8.53 kN/m
M* 4.16 kNm  M* =wL?/8
V* 8.42 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 4.72 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 0% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 88% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 292 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 8.81E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 9.70E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.21 Eq. 8.2.4.2(1)
LC2 kv kv 0.20 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 17.82
Shear Strength LC2 - eq ¢V

kN

16.86

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)

12
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WGA150933
ENG: HAB CHK: CL

fV>V* No shear reinforcement R 2023

ili [ * [0)
Utilisation LC1 V*/ oV 42% -
>V/* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 50% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1525 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 1.05 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 1.19 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 262.931 Mpa
EMx 4.465649  kNm
f syt ¥ ¥ Lsyt ¥
— : 1 1 L
Frr— 12db e ?Im
35mm |
: |
TENSILE STRENGTH OF
REINFORCEMENT I |
E |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus Z 403333.3 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 1.12 kNm
Utilisation LC1 u 94% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 105% Within 10% - Accept
5
4
3
2
| — —
0
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2

Moment Capacity

Design Moment LC1

Design Moment LC2

13
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WGA150933
ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 67.5 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 V¥ 7.06 kKN V=w(L/2-xv)
Shear at Critical Section - LC2 eq Va5 7.95 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 7.75
Utilisation LC1 U 91%
Utilisation LC2 - EQ U 103%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

Within 10% - Accept

14
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced |Flexural Moment Capacity @087 |[@ 0.88
2.4 m LONG Sections Shear Capacity @027 |@o0.27
1.6 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @093 |@0.96
Sections Shear Capacity Q 0.67 Q 0.69
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 2400 mm
Max Retained Height H 1600 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 80 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 45 mm  Formula = D-c-d,/2
L F
Jlr:. bk
‘I' | }
r | -
] : —_t ,r,j
l; x4 i W
Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.23 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability

15
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WGA150933
ENG: HAB CHK: CL

OCTOBER 2023

Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 9.184863 kPa N, =K.yH - Ky(b/2)
Wy 1.836973 kN/m w;=n;b
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 10.73 kPa N, =K,yH - Ky(b/2)
Wi 2.15 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 3.28 kN/m
M* = W|_2/8 at midspan - relevant
M* 2.36 kNm  for reinforced section
V* 3.93 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 3.38 kN/m
M* 2.38 kNm  M* =wL?/8
V* 4.01 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 2.72 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 97% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 88% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 576 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 7.15E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 7.22E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.24 Eq. 8.2.4.2(1)
LC2 kv kv 0.24 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 14.82
Shear Strength LC2 - eq ¢V

kN

14.74

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)

16



s
'I

0
I’II

1!

WGA150933
ENG: HAB CHK: CL

fV>V* No shear reinforcement R 2023

ili [ * 0,
Utilisation LC1 V*/ v 27% -
>V/* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 27% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1525 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 0.56 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 0.57 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 262.931 Mpa
EMx 2.580693 kNm
f syt ¥ ¥ Lsyt ¥
— : 1 1 L
Frr— 12db e ?Im
35mm |
s |
TENSILE STRENGTH OF
REINFORCEMENT I |
E |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus Z 213333.3 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 0.59 kNm
Utilisation LC1 u 93% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 96% fV>V* Concrete section adequate
3
2.5
2
1.5
1
0.5
0
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2

Moment Capacity

Design Moment LC1

Design Moment LC2
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WGA150933
ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 52.5 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 V¥ 3.76 kKN V=w(L/2-xv)
Shear at Critical Section - LC2 eq Va5 3.88 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 5.64
Utilisation LC1 U 67%
Utilisation LC2 - EQ U 69%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

fV>V* Concrete section adequate

18
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced  |Flexural Moment Capacity @ 084 |@ 0.89
2.4 m LONG Sections Shear Capacity 0 0.34 0 0.37
2.4 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @086 @093
Sections Shear Capacity Q 0.76 Q 0.82
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 2400 mm
Max Retained Height H 2400 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 100 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 65 mm  Formula = D-c-d,/2
|
L r
Jlr:. bk
‘I' y | }
[ ] T -
| 3 .
| h
| E E A D G
B x4 E
Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.16 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability
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WGA150933
ENG: HAB CHK: CL

LOADING Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N4 14.08346 kPa N, =K.yH - Ky(b/2)
Wy 2.816691 kN/m w;=n:b
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 16.45 kPa N, =K,yH - Ky(b/2)
Wi 3.29 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 471 kN/m
M* = W|_2/8 at midspan - relevant
M* 3.39 kNm  for reinforced section
V* 5.65 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 5.10 kN/m
M* 3.59 kNm  M* =wL?/8
V* 6.05 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 4.05 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 94% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 89% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 75 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 8.40E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 8.90E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.21 Eq. 8.2.4.2(1)
LC2 kv kv 0.21 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 16.76
Shear Strength LC2 - eq ¢V

kN
16.22

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)

21
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WGA150933
ENG: HAB CHK: CL

fV>V* No shear reinforcement R 2023

ili [ * [0)
Utilisation LC1 V*/ oV 34% -
>V* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 37% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1525 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 0.80 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 0.86 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 262.931 Mpa
EMx 3.83733 kNm
f syt f f Lsyt {
— : 1 1 L
Frr— 12db e ?Im
35mm |
s |
TENSILE STRENGTH OF
REINFORCEMENT I |
E |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus Z 333333.3 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 0.93 kNm
Utilisation LC1 u 86% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 93% fV>V* Concrete section adequate
5
4
’ \
2
1
0
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2

Moment Capacity

Design Moment LC1

Design Moment LC2
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WGA150933
ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 62.5 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 V¥ 5.36 kKN V=w(L/2-xv)
Shear at Critical Section - LC2 eq Va5 5.80 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 7.05
Utilisation LC1 U 76%
Utilisation LC2 - EQ U 82%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

fV>V* Concrete section adequate
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced  |Flexural Moment Capacity @ 0.90 [@ 0.99
2.4 m LONG Sections Shear Capacity @049 |@ 058
4 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @082 |@0.92
Sections Shear Capacity Q 093 [()1.05
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 2400 mm
Max Retained Height H 4000 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 130 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 95 mm  Formula = D-c-d,/2
L |
Jlr:. bk
‘I' | }
le, X <] i T !
r i -
] : —_t ,r,j
l; x4 i W
Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.11 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability
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LOADING

WGA150933
ENG: HAB CHK: CL

OCTOBER 2023

Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 23.88065 kPa N, =K.yH - Ky(b/2)
Wy 4776129 kN/m w;=nb
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 27.90 kPa N, =K,yH - Ky(b/2)
Wi 5.58 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 7.57 kN/m
M* = W|_2/8 at midspan - relevant
M* 5.45 kNm  for reinforced section
V* 9.09 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 8.53 kN/m
M* 6.01 kNm  M* =wL?/8
V* 10.13 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 6.05 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 90% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 99% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 936 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 1.07E-03 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 1.18E-03 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.18 Eq. 8.2.4.2(1)
LC2 kv kv 0.17 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 18.51
Shear Strength LC2 - eq ¢V

kN

17.39

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)
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WGA150933
ENG: HAB CHK: CL

fV>V* No shear reinforcement R 2023

il [ * o)
Utilisation LC1 V*/ oV 49% -
>V/* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 58% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1525 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 1.28 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 1.45 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg. 13.1.2.2, AS3600
Stress development at x o 262.931 Mpa
EMx 5.722286  kNm
f syt ¥ ¥ Lsyt ¥
— : 1 1 L
it 12db e ?Im
35mm |
s |
TENSILE STRENGTH OF
REINFORCEMENT I |
: |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus z 5633333 mm3 Z=bD/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 1.57 kNm
Utilisation LC1 u 82% fV>V* Concrete section adequate
Utilisation LC2 - EQ u 92% fV>V* Concrete section adequate
7
6
5
4
3
2
1
0
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2

Moment Capacity

Design Moment LC1

Design Moment LC2
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WGA150933
ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 77.5 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 V¥ 8.50 kN V=w(L/2-xv)
Shear at Critical Section - LC2 eq Va5 9.57 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 9.16
Utilisation LC1 U 93%
Utilisation LC2 - EQ U 105%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

Within 10% - Accept
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced  |Flexural Moment Capacity @ 0.60 |[@ 0.63
1.5 m LONG Sections Shear Capacity @023 |@0.25
2.6 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @092 |()1.00
Sections Shear Capacity Q 0.67 Q 0.73
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 1500 mm
Max Retained Height H 2600 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 75 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 40 mm  Formula = D-c-d,/2
L F
Jlr:. bk
‘I' | }
r | -
] : —_t ,r,j
l; x4 i W
Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.26 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability

29



&
1|i| )
’ll

LOADING

WGA150933
ENG: HAB CHK: CL

OCTOBER 2023

Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 15.30811 kPa N, =K.yH - Ky(b/2)
Wy 3.061621 kN/m w;=nsb
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 17.89 kPa N, =K,yH - Ky(b/2)
Wi 3.58 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 5.07 kN/m
M* = W|_2/8 at midspan - relevant
M* 1.43 kNm  for reinforced section
V* 3.80 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 5) 2 kN/m
M* 1.50 kNm  M* =wL?/8
V* 4.07 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 2.38 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 60% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 63% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 4 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 4.81E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 5.08E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.29 Eq. 8.2.4.2(1)
LC2 kv kv 0.28 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 16.79
Shear Strength LC2 - eq ¢V

kN

16.40

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)
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WGA150933
ENG: HAB CHK: CL

fV>V* No shear reinforcement R 2023

ili [ * [0)
Utilisation LC1 V*/ oV 23% -
>V/* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 25% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1425 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 0.48 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 0.52 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 245.6897 Mpa
EMx 2.266534  kNm
f syt ¥ ¥ Lsyt ¥
— : 1 1 L
Frr— 12db e ?Im
35mm |
s |
TENSILE STRENGTH OF
REINFORCEMENT I |
E |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus z 187500 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 0.52 kNm
Utilisation LC1 u 92% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 100% Within 10% - Accept
3
2
0 - ,
40 0.2 0.4 0.6 0.8 1.2 1.4
-2
-3
-4

Moment Capacity

Design Moment LC1

Design Moment LC2
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ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 50 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 Vi 3.55 kKN V=w(L/2-xv)
Shear at Critical Section - LC2 eq V50 3.87 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 5.29
Utilisation LC1 U 67%
Utilisation LC2 - EQ U 73%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

fV>V* Concrete section adequate
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced  |Flexural Moment Capacity @ 053 |@ 057
1.5 m LONG Sections Shear Capacity @028 |@0.32
4 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @077 |@o0.387
Sections Shear Capacity Q 0.74 Q 0.83
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 1500 mm
Max Retained Height H 4000 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 100 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 65 mm  Formula = D-c-d,/2
|
L r
Jlr:. bk
T W : ’
J|= = b | T o
| 3 .
| h
| E E .l"_ D =
B x4 E
Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.16 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability
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LOADING

WGA150933
ENG: HAB CHK: CL

OCTOBER 2023

Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 23.88065 kPa N, =K.yH - Ky(b/2)
Wy 4776129 kN/m w;=nb
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 27.90 kPa N, =K,yH - Ky(b/2)
Wi 5.58 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 7.57 kN/m
M* = W|_2/8 at midspan - relevant
M* 2.13 kNm  for reinforced section
V* 5.68 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 8.53 kN/m
M* 2.32 kNm  M* =wL?/8
V* 6.29 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 4.05 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 539% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 57% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 75 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 5.61E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 6.13E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.26 Eq. 8.2.4.2(1)
LC2 kv kv 0.25 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 20.57
Shear Strength LC2 - eq ¢V

kN
19.73

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)

34



il
1 1
Iy
N
f
1]

g
g
'I
A
)

1!

WGA150933
ENG: HAB CHK: CL

fV>V* No shear reinforcement R 2023

ili [ * [0)
Utilisation LC1 V*/ oV 28% -
>V* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 32% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1425 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 0.72 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 0.81 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 245.6897 Mpa
EMx 3.83733 kNm
f syt ¥ ¥ Lsyt ¥
— : 1 1 L
Frr— 12db e ?Im
35mm |
: |
TENSILE STRENGTH OF
REINFORCEMENT I |
E |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus Z 3333333 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 0.93 kNm
Utilisation LC1 u 77% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 87% fV>V* Concrete section adequate
6
4
0 = :
X 0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2
-4
-6

Moment Capacity

Design Moment LC1

Design Moment LC2
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ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 62.5 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 V¥ 5.21 kKN V=w(L/2-xv)
Shear at Critical Section - LC2 eq Va5 5.86 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 7.05
Utilisation LC1 U 74%
Utilisation LC2 - EQ U 83%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

fV>V* Concrete section adequate
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced  |Flexural Moment Capacity @ 068 [@ 0.70
1.8 m LONG Sections Shear Capacity @022 |@0.24
2 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @089 @ 0.94
Sections Shear Capacity Q 0.64 Q 0.68
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 1800 mm
Max Retained Height H 2000 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 75 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 40 mm  Formula = D-c-d,/2
L |
Jlr:. bk
‘I' | }
le, X <] i T !
r i -
] : —_t ,r,j
l; x4 i W
Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.26 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability
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WGA150933
ENG: HAB CHK: CL

OCTOBER 2023

Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 11.63416 kPa N, =K.yH - Ky(b/2)
Wy 2.326832 kN/m w;=n:b
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 13.59 kPa N, =K,yH - Ky(b/2)
Wi 2.72 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 3.99 kN/m
M* = W|_2/8 at midspan - relevant
M* 1.62 kNm  for reinforced section
V* 3.59 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 4.24 kN/m
M* 1.67 kNm  M* =wL?/8
V* 3.76 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 2.38 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 63% fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 70% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 4 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 5.34E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 5.52E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.27 Eq. 8.2.4.2(1)
LC2 kv kv 0.27 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 16.04
Shear Strength LC2 - eq ¢V

kN

15.81

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)
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WGA150933
ENG: HAB CHK: CL

fV>V* No shear reinforcement R 2023

ili [ * [0)
Utilisation LC1 V*/ oV 22% -
>V* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 24% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1425 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 0.46 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 0.49 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 245.6897 Mpa
EMx 2.266534  kNm
f syt ¥ ¥ Lsyt ¥
— : 1 1 L
Frr— 12db e ?Im
35mm |
s |
TENSILE STRENGTH OF
REINFORCEMENT I |
E |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus z 187500 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 0.52 kNm
Utilisation LC1 u 89% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 94% fV>V* Concrete section adequate

3
2.5

2

1.5
1
0.5

0

-05 0 0.2 0.4 0.6

-1
-1.5

Moment Capacity

0.8

1.2

Design Moment LC1

1.4

1.6 1.8 \2

Design Moment LC2
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ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 50 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 Vi 3.40 kN V=w(L/2-xv)
Shear at Critical Section - LC2 eq V50 3.60 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 5.29
Utilisation LC1 U 64%
Utilisation LC2 - EQ U 68%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

fV>V* Concrete section adequate
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OUTBACK SLEEPERS - CONCRETE SLEEPER DESIGN

WGA150933
ENG: HAB CHK: CL
OCTOBER 2023

LC1 LC2 - EQ
SLEEPER ID: Reinforced |Flexural Moment Capacity @072 |[@0.79
1.8 m LONG Sections Shear Capacity @036 |@O0.42
3.8 m MAX RETAINED HEIGHT Un-Reinforced |Flexural Moment Capacity @090 |[()101
Sections Shear Capacity Q 0.86 Q 0.96
DESIGN PARAMETERS Mark Value Unit  Comment
Sleeper Length L 1800 mm
Max Retained Height H 3800 mm
Sleeper Depth b 200 mm  Standard sleeper depth
Thickness of Sleeper D 100 mm
Concrete cover @ 30 mm  Measured from tension face
Side cover ce 35 mm
Reinforcement Size dy 10 mm
Number of Bars Ny 2
Bearing Width 25 mm
Area of Steel Ast 157.0796 mMm’  Ast= an[(db/Z)2
Depth to Reinforcement d 65 mm  Formula = D-c-d,/2
|
L r
Jlr:. bk
T W : ’
J|= = b | T o
| 3 .
| h
| E E .l"_ D =
B x4 E
Compressive Strength Conc fc' 60 MPa
Elastic Modulus Concrete Ec 36533.33 MPa Refertable 3.1.2, AS3600
a, 0.76 a, = 0.85-0.0015f.'
y 0.82 y =0.97-0.0025f,'
Ratio neutral axis to comp edge Kuo 0.16 kyo = Astf,/(af.ybd) ensure < 0.36
Yield Strength Reinforcement fy 500 MPa
Elastic Modulus Steel Es 200000 MPa
Inclined Slope Behind Wall B 575 °
Bulk Unit Weight of Backfill y 18 kN/m’
Surcharge q 5 kPa
Friction Angle of Sail ¢ 30 degrees Serviceability
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ENG: HAB CHK: CL
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Mark Value Unit  Comment
Active Coefficient of Earth Pressure Ka 0.34 Serviceability: (1-sin(¢))/(1+sin(¢))
Serviceability Surcharge Loading No 1.701 kPa nN.=K,q
W, 0.34 kN/m  wg=1,b
Serviceability Soil Loading N: 22.656 kPa N, =K.yH - Ky(b/2)
Wy 4531199 kN/m w;=nb
Ultimate Friction Angle ¢, 26.1  degrees Ultimate: arctan(0.85*tan(¢))
Active Coefficient of Earth Pressure Ka 0.40 Ultimate: (1-sin(q))/(1+sin(q))
Ultimate Surcharge Loading No 1.99 kPa nN.=Kyq
Wo 0.40 kN/m wg=n.b
Serviceability Soil Loading N4 26.47 kPa N, =K,yH - Ky(b/2)
Wi 5.29 kN/m w;=n;b
DESIGN ACTIONS Mark Value Unit  Comment
1.25G +1.5Q (LC1) w* 7.21 kN/m
M* = W|_2/8 at midspan - relevant
M* 2.92 kNm  for reinforced section
V* 6.49 kN V* = wL/2
1.5G + 0.4Q (LC2 - earthquake) w* 8.10 kN/m
M* 3.19 kNm  M* =wL?/8
V* 7.19 kN V* = wL/2
SLEEPER CAPACITY Mark Value Unit Comment
FLEXURAL STRENGTH (REINFORCED SECTION)
Safety Factor G, 0.85 0.65 =< 1.24 - 13kuo/12 =< 0.85.
Refer Table 2.2.2 AS3600
Flexural Strength ¢M 4.05 kNm  ¢M = ¢f A,d(1-(0.6f A,)/(f bd))
Utilisation LC1 M*/ oM 729 fM>M* Flexural strength
adequate
Utilisation LC2 - earthquake M*/ oM 79% AN X th
adequate
SHEAR STRENGTH (REINFORCED SECTION)
Safety Factor @unear 0.7 Refer Table 2.2.2 AS3600
Effective Shear Depth dv 75 Greater of 0.72D and 0.9d Clause
8.2.19, AS3600
Longitudinal Strain in Concrete LC1 EX 7.49E-04 Eqg. 8.2.4.2.2(1) AS3600
Longitudinal Strain in Concrete LC2 £X 8.20E-04 Eqg. 8.2.4.2.2(1) AS3600
kdg 1 Assuming max agg size greater
than 16mm
LC1 kv kv 0.23 Eq. 8.2.4.2(1)
LC2 kv kv 0.22 Eqg. 8.2.4.2(1)
sqrt(fc) 7.75
Shear Strength LC1 ¢V 17.83
Shear Strength LC2 - eq ¢V

kN

16.99

VUC = ka\/stq rt(fc)
kN

Vie = kib,disart(fe)
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ENG: HAB CHK: CL
o fV>V* No shear re/nforcem-e;)? ~"R2023
Utilisation LC1 V*/ oV 36% .
required
>V* No shear reinforcement
Utilisation LC2 - earthquake V¥ oV 42% v . J
required
PLAIN CONCRETE CHECK Mark Value Unit  Comment
FLEXURAL STRENGTH
Point where reinforcement begins to
develop X 1425 mm - ce+12db-25mm/2 (bearing length)
Design Moment LC1 M*x 0.84 kKNm  wx/2*(L-x)
Design Moment LC2 - eq M*x 0.94 KNm  wx/2*(L-x)
Development Length k1 1
k2 1.22
cd 30
k3 0.7
Lsyt 290 mm  Eqg.13.1.2.2, AS3600
Stress development at x o 245.6897 Mpa
EMx 3.83733 kNm
f syt f f Lsyt {
— : 1 1 L
Frr— 12db e ?Im
35mm |
s |
TENSILE STRENGTH OF
REINFORCEMENT I |
E |
Flexural Strength (Unreinforced Section)
Elastic Section Modulus Z 333333.3 mm3 Z= bD2/6
Flexural Strength Concrete fct 4.64758 MPa  0.6*sqgrt(fc)
Safety Factor ¢ 0.6 Table 2.2.2, AS3600
Moment Capacity ¢Mu 0.93 kNm
Utilisation LC1 u 90% fV>V* Concrete section adequate
Utilisation LC2 - EQ U 101% Within 10% - Accept

 ~—

1 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8\2

Moment Capacity

Design Moment LC1 Design Moment LC2
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ENG: HAB CHK: CL
OCTOBER 2023
Mark Value Unit  Comment
SHEAR STRENGTH
xv =0.5D + 25mm/2 (assuming
Critical Section Xy 62.5 mm  25mm bearing). Refer Cl 20.4.3
AS3600
Shear at Critical Section - LC1 V¥ 6.04 kKN V=w(L/2-xv)
Shear at Critical Section - LC2 eq Va5 6.78 kKN V=w(L/2-xv)
25mm BEARING 25mm BEARING
M CRITICAL SECTION FOR ONE-WAY SHEAR
e i
| - II D
0'5D _7’050
CRITICAL SECTION FOR ONE-WAY SHEAR
Safety Factor

Max design bearing strength

¢ 0.6
(Y 7.05
Utilisation LC1 U 86%
Utilisation LC2 - EQ U 96%

Table 2.2.2, AS3600
kN

Vu = 0.15bD(fc)(1/3) refer Eq.
20.4.3(1) AS3600

fV>V* Concrete section adequate

fV>V* Concrete section adequate
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STD UFP

Project Number: 150933
Designer: CL

Sleeper Length = 2340 mm Date: 04/09/2020
Sleeper Depth = 200 mm Page Number:
Height of Wall = 400 mm n= 2
Thickness of Sleeper = 50 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= 25 mm
Friction Angle of Soil b= 26.1°
K, = tan(45 — ¢/2)? K, = 0.39
Bulk Unit Weight of Backfill Soil ys = 18 kN/m3
Surcharge = 5 kPa
Mo = KqQ No 1.94 kPa
N1 = KovsH — KaysH(b/2) N1 = 2.10 kPa
W =n.d wo = 0.39 kN/m
wl = 0.42 kN/m
vy =0.97-.0025f'c 2067 Y= 0.82
Design Actions:
w* =1.25G" + 1.5Q* W= 1.12 kN/m
M* =w*L?/8 M* = 0.76 kNm
Vi =w'L/2 V* = 1.31 kN
Flexural Strength of Sleeper
Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 = 0.83309
Ast,req = % (d - \/(dz 1 2-4M*/¢bf,cb) Ast,req 79.73 mm?
No. of bars n= 2
Diameter of bar dy, = 10 mm
Ag = nmr? Age = 157.08 mm’
OMy = o foy Asgd (1 — 0_61;1;t]§y) OM,, = 1.38 kNm
Ductility Check ‘ ku = 0.38
¢Mu>M* Therefore, okay in bending
Shear Strength of Sleeper
Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 = 0.7
dv 22.5 mm
Ov 36.0 °
tan(0v) 0.727
AS3600 - Clause 8.2.4.3: k, = 0.100
Vu,max Vu,max 70.6
Vuc = k,b,d,*sqrt(f.) Ve = 3.5 kN
Ve 2.4 kN
V* < Ve
¢Vuc>V* Therefore, no shear reinforcement required
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Project Job Ref.

Outback Sleepers WAD150933
Calc. by Date Chk'd by [Date Sheet no./Rev.

CL Sep-20|CL Sep-20

Plain Concrete End Zones

Design Shear :
V* = Reduced Shear

Lreduced 2315 mm
fort= 50 mm

End Region Shear Strength:

oV, = $,0.15tbf"

b= 200 mm

o, = 0.6
fort= 50 mm
f'c= 60 MPa

taking into account bearing length of sleeper at each end

H= 400

mm V* =

1.27 kN

dv away from support

Plain Concrete Capacity Reduction Factor

3.52 kN

dVu>V*, Okay
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End Region Flexural Strength

Design Bending Moment:
* = reduced bending

Ld 155.0 mm
X 1425 mm
fort= 50 mm H=

End Region Flexural Strength:

b= 200 mm
fort= 50 mm
f'c= 60 MPa
f'cf = 4.65 MPa

400 mm

Project

Outback Sleepers

Job Ref.
WAD150933

Calc. by [Date Chk'd by |Date Sheet no./Rev.
CL Sep-20|CL Sep-20
M*=  0.17 kNm
¢dMu = 0.23 kNm dMu>M*, Okay
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HD UFP

Project Number: 150933
Designer: CL

Sleeper Length = 2355 mm Date: 04/09/2020
Sleeper Depth = 200 mm Page Number:
Height of Wall = 400 mm n= 2
Thickness of Sleeper = 65 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= 32.5 mm
Friction Angle of Soil b= 26.1°
K, = tan(45 — ¢/2)? K, = 0.39
Bulk Unit Weight of Backfill Soil ys = 18 kN/m3
Surcharge = 5 kPa
Mo = KqQ No = 1.94 kPa
N1 = KovsH — KaysH(b/2) N1 = 2.10 kPa
W =n.d wo = 0.39 kN/m
wl = 0.42 kN/m
vy =0.97-.0025f'c 2067 Y= 0.82
Design Actions:
w* =1.25G" + 1.5Q* W= 1.12 kN/m
M* =w*L?/8 M* = 0.77 kNm
Vi =w'L/2 V* = 1.31 kN
Flexural Strength of Sleeper
Capacity Reduction Factor (bending) - AS3600 Table 2.2.2 = 0.85
Astreq = % (d— \/(dz —2.4M" /by f'cD) Astreq = 58.67 mm’
No. of bars n= 2
Diameter of bar dy, = 10 mm
Age = nmr? Age = 157.08 mm®
OMy = o foy Asgd (1 — 0_61;1;t]§y) OM,, = 1.91 kNm
Ductility Check ‘ ku = 0.29
¢Mu>M* Therefore, okay in bending
Shear Strength of Sleeper
Capacity Reduction Factor (shear) - AS3600 Table 2.2.2 = 0.7
dv 29.3 mm
Ov 36.0 °
tan(0v) 0.727
AS3600 - Clause 8.2.4.3: k, = 0.100
Vu,max Vu,max 91.8
Vuc = k,b,d,*sqrt(f.) Ve = 4.5 kN
Ve 3.2 kN
V* < d)VUC
¢Vuc>V* Therefore, no shear reinforcement required
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Project Job Ref.

Outback Sleepers WAD150933
Calc. by Date Chk'd by [Date Sheet no./Rev.

CL Sep-20|CL Sep-20

Plain Concrete End Zones

Design Shear :
V* = Reduced Shear

Lreduced 2330 mm
fort= 45 mm

End Region Shear Strength:

oV, = $,0.15tbf"

b= 200 mm
o, = 0.6
fort= 45 mm

f'c= 60 MPa

taking into account bearing length of sleeper at each end

H= 400

mm V* =

1.27 kN

dv away from support

Plain Concrete Capacity Reduction Factor

3.17 kN

dVu>V*, Okay
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Project
Outback Sleepers

Job Ref.
WAD150933

Calc. by [Date Chk'd by |Date Sheet no./Rev.
CL Sep-20|CL Sep-20
End Region Flexural Strength
Design Bending Moment:
M* = reduced moment
Ld  155.0 mm
X 1425 mm
fort= 45 mm H= 400 mm M* = 0.17 kNm
End Region Flexural Strength:
b= 200 mm
fort= 45 mm ®Mu = 0.19 kNm dMu>M*, Okay
f'c= 60 MPa

f'cf = 4.65 MPa
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