STRUCTURAL CALCULATIONS

FOR

REINFORCED CONCRETE SLEEPERS
AT

OUTBACK SLEEPERS AUSTRALIA PTY LTD

Prepared by:

" WALLBRIDGE & GILBERT

60 Wyatt Street, Adelaide SA 5000

'Ph: (08) 8223 7433 Fax: (08) 8232 0967

 JOB NO: C060604

Waa

- APPROVAL REGISTER
Rev | Date Issue Engineer Checked Approved
& | 10/7/06 | Construction CL
1 13/4/07 | Construction Re-lssue CL
The following Australian Standards have been used in the preparation of this design:
AS 1170.0:2002 Structural Design Actions Part 0: General Principles
AS 1170.1:2002 Structural Design Actions Part 1: Permanent, Imposed & Other Actions
AS 3600 Concrete Structures

AS 3700 Masonry Structures

06060411002



Project Job Ref.
u Outback Sleepers C0606804
. - . Secti Sheet no.frev.
WALLBRIDGE & GILBERT |~ N R
Consulting Engineers Reinforced Concrete Sleepers to Retaining Walls
80 Wyatt&reet Cale. by Date Chid by Date Appd by Date
Adelaide SA 5000 CL Aeg, O7 :

INTRODUCTION

The following structural calculations concem the design of “standard” reinforced concrete sleepers manufactured by
Outback Sleepers Australia PTY LTD. The required flexural reinforcement was calculated for wall heights ranging from
1.0m to 3.0m and two different lengths of sleepers (2.0m and 2.4m). Checks were also done on the end bearing zone
which is assumed to have no reinforcement. All of the above was completed in accordance with AS3600-2001
"Concrete Structure”,
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Sleeper Length = 2.0m
Maximum Sleeper Depth = 1.0m

GENERAL SLEFPER COVER REQUIREMENTS
1) 1km — 50km from coast
4 B1 exposure class fo exposed face

Table 4.10.3.4 — AS3600

o N32 concrete ¢ 2 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2) < 1km from coast
= B2 exposure class to exposed face

“Table 4.10.3.4 — AS3600

o N40 concrete ¢ 2 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TO AS3600
Length of Sleeper

Height of Wall

Compressive Strength of Concrete

Yield Strength of Steel Reinforcement (N grade)
Depth of Sleeper

Thickness of Sleeper

b=t/2

Friction Angle of Soil

Ka = (tan{45-¢/2))"2

Unit Weight of Backfill Soil

Surcharge

m=KaxQ

M=KaxysxH-Kaxysxd/2

N =70+

w=nixd

w'=15xw
M'=wxL?/8
Flexural Strength of Sleeper

Capacity Reduction Factor of Bending

Astrequired = F'o x d /(1.2 x foy) x (b-V(b® — (2.4 x M*}(¢w x F's x d)))
2 10mm diameter bars are required

Diameter of Bar

Ag1 = 2 x m x (dpf2)"2

My = ¢p x foy x Ast x b x (1= 0.6 x (Ag x o di(b x d x F'g))

oM, = M” therefore OK

Shear Strength of Sleeper
V'=w'xL/2

Calculate 0.5¢,Vue and check it is larger than V* => no shear reinforcement is required

Bi=1.1x{1.6-Db)

B2=PBs=1.0

Shear Strength Reduction Factor;

YedWue = 0.5 x dv x P1x B2 x Bz x b x d x (Ag x F'e /(b x dNM1/3)
As 0.5¢Vyc 2 V™ no shear reinforcement is required

L = 2000 mm
H=1000 mm
F's = 32 MPa (B1)
fay = 500 MPa

d =200 mm
t=80 mm

b =40 mm

b =30
Ka=0.333

¥s = 18 kN/m®*
Q=5kPa

1p = 1.667 kPa
11 = 5.400 kPa
= 7.067 kPa
w = 1.413 kN/m
w'.= 2,120 kN/m
M* = 1.060 kNm

s = 0.8
At required = 72.39 I"I"II’I'I2

dy, = 10 mm
Ast = 157.08 mm?
My = 2.051 kNm

V'=2.120 kN
B1=1.716

=07 -
YedVue = 4.115 kN

Table 2.3 — AS3600

¢l 8.2.5 - AS3600
¢l 8.2.7.1 — AS3600

Tahble 2.3 — AS3600
cl 8.2.7.1 — AS3600
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Sleeper Length = 2.0m
Maximum Sleeper Depth = 1.6m

GENERAL SLEEPER GCOVER REQUIREMENTS
1) 1km — 50km from coast
= B1 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N32 concrete ¢ = 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2) < 1km from coast
= B2 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N40 concrete ¢ = 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TQ AS3600
Length of Sleeper

Height of Wall

Compressive Strength of Concrete

Yield Strength of Steel Reinforcement (N grade)
Depth of Sleeper

Thickness of Sleeper

b=t/2

Friction Angle of Soil

Ka= (tan(45-4/2)y*2

Unit Weight of Backfill Soil

Surcharge

n=KaxQ

M=Kaxyex H-Kgxysxd/2

nt=To+ ™

w=mxd

w'=15xw

M =w'xL?/8

Flexural Strength of Sleeper

Capacity Reduction Factor of Bending

Astrequired = F'o x d / (1.2 x fay) x (b-W(b% — (2.4 x M*M(dp x F'c x d)})
2 10mm diameter bars are required

Diameter of Bar

At =2 x m x (du/2)*2

OMy = P x Foy x Agt x b x (1 — 0.6 x (Agt x fy)i{b x d x F*0))

My = M” therefore OK

Shear Strength of Sleeper

V'=wxL/2

Calculate 0.5¢.,Vyc and check it is larger than V* => no shear reinforcement is required

Br=11x{1.6-b)

B2=Pa=1.0

Shear Strength Reduction Factor;

YadVue = 0.5 x ¢y x B1 x P2 x Bax b x d x (Ag x F'c /(b x d))M(1/3)
As 0.5V 2 V' no shear reinforcement is required

L = 2000 mm

H = 1600 mm
F's = 32 MPa (B1)
fs, = 500 MPa

d =200 mm
t=100 mm

b =50 mm

b =30
Ka=0.333

¥s = 48 kiN/m®
Q=5kPa

No = 1.667 kPa
11 =9.000 kPa
= 10.667 kPa
w=2.133 kiN/m
w*.=.3.200 kN/m
M= 1.600 kNm

¢‘b =0.8
Actrequired = 87.11 mm?®

dp =10 mm
Agt = 157.08 mm?
oM, = 2.679 kNm

V' = 3.200 kN
B1 = 1.705

¢v =07
VedVue = 4.745 kN

Table 2.3 — AS3600

cl 8.2.5 - AS3600
cl 8.2.7.1 — AS3600

Table 2.3 — AS3600
ct8.2.7.1 - AS3600
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Sleeper Length = 2.0m
Maximum Sleeper Depth = 2.0m

GENERAL SLEEPER COVER REQUIREMENTS
1) 1km — 50km from coast
= B1 exposure class o exposed face

Table 4.10.3.4 - AS3600

o N32 concrete ¢ = 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2) < 1km from coast
= B2 exposure class to exposed face

Table 4.10.3.4 — AS3600

o~ N40 concrete ¢ = 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TO AS3600

Length of Sleeper L = 2000 mm
Height of Wall H=2000 mm
Compressive Strength of Concrete F'c =32 MPa (B1}
Yield Strength of Steel Reinforcement (N grade) fey = 500 MPa
Depth of Sleeper d =200 mm
Thickness of Sleeper t=100 mm
b=t/2 b =50 mm
Friction Angle of Soil ¢ =30

Ka = (tan{45-¢/2))42 Ka=0.333

Unit Weight of Backfill Soil vs =18 kN/m®
Surcharge Q=5kPa
no=KaxQ o =1.667 kPa
m=KaxyxH-Koxyxd/2 n1=11.400 kPa
m="Mo+ Nt ne= 13.067 kPa
w=mxd w=2.613 kN/m
w'=15xw w"=3.920 kN/m
M'=w'xL?/8 M’ = 1.960 kKNm
Flexural Strength of Sleeper

Capacity Reduction Factor of Bending ¢ =08

Astrequied = F'o x d / (1.2 x foy) x (B-¥(b% — (2.4 x M"¥(d x F'e x d)))
2 10rmm diameter bars are required

Diameter of Bar

Agt = 2 x m x {du/2)42

PMy = dp x foy % Ay x b x {1 0.6 x (Ag x )b x d x F'e))

$My = M* therefore OK

Shear Strength of Sleeper

Vi=w'xL/2

Ag required = 109.17 I'I'Im2

dp =10 mm
Ag = 157.08 mm?
oMy = 2,679 kNm

V" =3.920 kN

Caiculate 0.5¢,Vyc and check it is larger than V* == no shear reinforcement is required

B1=11x(1.6-b)

B2=Pz=1.0

Shear Strength Reduction Factor;

VadVue = 0.5 x ¢y x B1 x B2 x Bax b x d x (Agt x F'e /(b x d))*(1/3)
As 0.5¢Vyc 2 V" no shear reinforcement is required

B1=1.705

¢y =07

Y0V = 4.745 kN

Table 2.3 — AS3600

cl 8.2.56 - AS3600
cl 8.2.7.1 — AS3600

Table 2.3 — AS3600
¢l 8.2.7.1 - AS3600
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Sleeper Length = 2.0m
Maximum Sleeper Depth = 2.4m

GENERAL SLEEPER COVER REQUIREMENTS
1) 1km — 50km from coast
= B1 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N32 concrete ¢ 2 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2} < 1km from coast
= B2 exposure class to exposed face

Table 4.10.3.4 - AS3600

o N40 concrete ¢ 2 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TQ AS3600
Length of Sleeper

Height of Wall

Compressive Strength of Concrete

Yield Strength of Steel Reinforcement (N grade)
Depth of Sleeper

Thickness of Sleeper

b=t/2

Friction Angle of Soll

Ka= {tan(45-4/2})*2

Unit Weight of Backiill Soil

Surcharge

o *Kax Q

Mm=KaxysxH-Ksxysxd/2

TH=To+ M

w=mnxd

w=15xw
M =w'xL?/8
Flexural Strength of Sleeper

Capacity Reduction Factor of Bending

Astrequired = F'e x d £ {1.2 x fiy) x (b=¥(b? — (2.4 x M*}(¢s x F'c x d)))
2 10mm diameter bars are required

Diameter of Bar

Ast =2 xm x (do/2)'2

My = dp x Foy x Ast x b x (1 0.6 x (Aa x fey)/(b x d x P'c))

éMy = M* therefore OK

Shear Strength of Sleeper

V=w xL/2

Calculate 0.5¢,Vyuc and check it is larger than V' => no shear reinforcement is required

Br=11x(1.6-b)

B2=p3=1.0

Shear Strength Reduction Factor;

VeV = 0.5 x ¢y x B1x B2 x Bax b x d x (Ast x F'e /(b x d))N(1/3)
As 0.5¢Vyc 2 V' no shear reinforcement is required

L = 2000 mm

H = 2400 mm
F'. =32 MPa (B1)
sy = 500 MPa

d =200 mm
=100 mm

b = 50 mm

¢ =30
Ka=0.333

¥e = 18 kN/m®
Q=5kPa

No = 1.667 kPa
1n1=13.800 kPa
m= 15.467 kPa
w = 3.093 kN/m
w' = 4,640 KN/m
M* = 2.320 kNm

op=0.8
Astrequired = 132.45 mm?

dy =10 mm
Aq = 157.08 mm”
M, = 2.679 kNm

V" = 4.640 kN
1 = 1.705

=07
Y20V = 4.745 kN

Table 2.3 — AS3600

cl 8.2.5 — AS3600
cl 8.2.7.1 - AS3600

Tabie 2.3 — AS3600
¢l 8.2.7.1 — AS3600
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Sieeper Length = 2.0m
Maximum Sleeper Depth = 3.0m

GENERAL SLEEPER COVER REQUIREMENTS

1) 1km — 50km from coast
= B1 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N32 concrete ¢ 2 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2) < 1km from coast
o B2 exposure class to exposed face

Table 4.10.3.4 - AS3600

o N40 concrete ¢ = 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORGEMENT TO AS3600
Length of Sleeper

Height of Wali

Compressive Strength of Concrete

Yield Strength of Steel Reinforcement (N grade)
Depth of Sleeper

Thickness of Sleeper

b=t/2

Friction Angle of Soit

Kz = (tan(45-¢/2))*2

Unit Weight of Backfill Soil

Surcharge

Mo=Kax Q

M=KaxysxH-Kgxysxdf2

nt=ne + M1

w=mnxd

w=15xw
M=wxL?/8
Flexural Strength of Sieeper

Capacity Reduction Factor of Bending

Astrequired = Fe x d / (1.2 x foy) x (b-V(b% - (2.4 x M ){(ds x F'c x d)))
3 12mm diameter bars required

Diameter of Bar

Ast =3 x mx (dpf2)72

OMu = dp x fay % Agt x b x {1 = 0.8 x (Agt x f )b x d x F'))

oM, 2 M” therefore OK

Shear Strength of Sleeper
Vi=wxL/2

Calculate 0.5, Vuc and check it is larger than V' => no shear reinforcement is required

Bi=11x(1.6~b)

Ba=B:=1.0

Shear Strength Reduction Factor;

YoV = 0.5 x by x B x P2 x Ba x b x d x (A x F'e f{b x d))*(1/3)
As 0.56Vyc 2 V™ no shear reinforcement is required

L =2000 mm

H = 3000 mm
F's = 32 MPa (B1)
fsy = 500 MPa

d =200 mm
t=100 mm
b=50 mm

b =30
Ka=0.333

¥s = 18 kN/m®
Q=5kPa

no = 1.667 kPa
n1 = 17.400 kPa
ne= 19.067 kPa
w=3.813 kN/m
w"=5.720 kN/m
M*= 2.860 kNm

o, = 0.8
At required = 170.14 mm?

dp =12 mm
Ag = 339.20 mm®
oM, = 4.627 kNm

V' = 5720 kN
B1=1705

dv=0.7
Y2pVye = 6.133 kN

Table 2.3 - AS3600

cl 8.2.5 - AS3600
ct8.2.7.1 - AS3600

Table 2.3 - AS3600
cl 8.2.7.1 — AS3600
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As V' £ $V, +2% End Bearing Shear Strength is Adequate

End Region Fiexural Strength

Mua = e x F' x lg / (#2) §Muo “="r x 0.6VF'C x (b x 43 / 12) / (12)
for t = 80mm

for t =100mm

for t =120mm

@ X=Lat=12ds

for dp = 10mm

for dp = 12mm

for dg = 16mm

M’x = wx{L-x)/2

for H= 1000mm

for H = 1600mm

for H = 2000mm

for H = 2400mm

for H = 3000mm

As M'<pM,, the flexural strength in the end zone is OK

¢Muo = 0.434 kKNm
My, = 0.679 kNm
$Muo = 0.978 kNm

Ldt1 =120 mm
Loz = 144 mm
Ldt3 =192 mm

M’= 0.239 kNm
M'= 0.361 kNm
M= 0.442 kNm
M"=0.523 kNm
M’'= 0.764 kNm

Outback Sleepers C060604
L&Rib GE & GILBERT Section . - Sheet no./rev.
Consulting Engineers Reinforced Concrete Sleepers to Retaining Walls 7
80 Wyatt Strect Calc. by Date . Chk'd by Date App'd by Date
Adelaide SA 5000 cL Arr 07
CHECK PLAIN CONCRETE END-BEARING ZONES
To AS3600 clause 15.2
End Region Shear Strength
Bearing Capacity Reduction Factor ¢ =06 Table 2.3 - AS3600
Vu=dr x 015 x t x d x (F')*(1/3) cl 15.4.1 — AS3600
for t = 80mm oVy=4.572 kN
for t = 100mm ¢V =5.715 kN
for t =120mm oVy = 6.858 kN
for t = 80mm H = 1000mm V= 2120 kN
fort = 100mm H = 1600mm V* = 3.200 kN
H = 2000mm V= 3.920 kN
H = 2400mm V* = 4,640 kN
fort=120mm H = 3000mm V' =5.720 kN

¢l 8.1.4.1 — AS3600

ol 13.1.2.2 - AS3600

<M., | see

APPenpiy  CALCS
S0y
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Sleeper Length = 2.4m
Maximum Sleeper Depth = 1.0m

GENERAL SLEEPER COVER REQUIREMENTS
1) 1km — 50km from coast
= B1 exposure class to exposed face

Table 4.10.3.4 ~ AS3600

o N32 concrete ¢ = 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2} < 1km from coast
= B2 exposure class to exposed face

Table 4.10.3.4 - AS3600

o N40 concrete ¢ = 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TO AS3600
Length of Sleeper

Height of Wall

Compressive Strength of Concrete

Yield Strength of Steel Reinforcement (N grade)
Depth of Sieeper

Thickness of Sleeper

b=t/2

Friction Angle of Soil

Ka= (tan{45-4/2)}*2

Unit Weight of Backfill Soil

Surcharge

Mo =Kax Q

M =KaxysxH-Kaxysxd/2

Tt = Tlo + T

w=mxd

w=15xw

M =wxL?/8

Flexural Strength of Sleeper

Capacity Reduction Factor of Bending

Astrequied = F'o x d 7 (1.2 x fy) x (b-¥(b? — (2.4 x M*M(gp x F'c x dm)
2 10mm diameter bars are required

Diameter of Bar

At = 2 x 1t % (dpf2)*2

My = dp x oy x Ast x b x (1 = 0.6 x (Ag x fy)(b x d x F'c))

$My 2 M® therefore OK

Shear Strength of Sleeper

Vi=w'xL/2

- L =2400 mm

H = 1000 mm
F's = 32 MPa (B1)
foy = 500 MPa

d =200 mm
t=100 mm

b =50 mm

d =30
Ka=0.333

¥s = 18 kKN/m®
Q=5kPa

Mo = 1.667 kPa
11 = 5.400 kPa
ne=7.067 kPa
w=1.413 kN/m
w'=2.120 kN/m
M* = 1.526 kNm

dp=0.8

Ast requires = 82.74 mm2

dp =10 mm
Ae = 157.08 mm?

oM, = 2.679 kNm

V' =2.544 kN

Calculate 0.5¢,Vyc and check it is larger than V™ => no shear reinforcement is required

B1=11x{(16-b)

B2=P2=1.0

Shear Strength Reduction Factor;

Ya0Vue = 0.5 x by x B1x B2 x Pax b x d x {Ast x Fle /(b x d)I1/3)
As 0.5¢Vye 2 V* no shear reinforcement is required

B1=1.705

d=07
YadVue = 4.745 kN

Table 2.3 - AS3600

cl 8.2.5 - AS3600
cl 8.2.7.1 — AS3600

Table 2.3 — AS3600
cl 8.2.7.1 — AS3600
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Sleeper Length = 2.4m
Maximum Sleeper Depth = 1.6m

GENERAL SLEEPER COVER REQUIREMENTS
1) 1km — 50km from coast
= B1 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N32 concrete ¢ = 30mm {for rigid formwork and intense compaction, 40mm otherwise)

2) < 1km from coast
= B2 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N40 concrete ¢ 2 35mim {for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TO AS3600
Length of Sleeper

Height of Wall

Compressive Strength of Concrete

Yield Strength of Steef Reinforcement (N grade)
Depth of Sleeper

Thickness of Sleeper

b=ti/2

Friction Angte of Sail

Ka= (tan{45-4/2))*2

Unit Weight of Backfill Soil

Surcharge

M =KaxQ

™ =Kax'YsXH'Kax'Yst1'2

m=no t M

w=mxd

w=15xw
M=w=xL?/8
Flexural Strength of Sleeper

Capacity Reduction Factor of Bending

Astremired = F'o x d /(1.2 x foy) x (b-¥(b? — (2.4 x M*W(dp x F'c x dn}
2 10mm diameter bars are required

Diameter of Bar

Ast= 2 x m x {du/2)22

oMy = o % fiy x Agt x b x (1= 0.6 x (Ast x fsy)l(b x d x F'¢)}

oMy = M therefore OK

Shear Strength of Sleeper

Vi=wxLl/2

Calcuiate 0.5¢,V and check it is larger than V" => no shear reinforcement is required

Pi=11x(1.6-h)

Bz=P3=1.0

Shear Strength Reduction Factor;

YobVic = 0.5 x ¢y x B1x B2 x B3 x b x d x (Ax x F'e b x d))*(1/3)
As 0.5¢Vyc 2 V* no shear reinforcement is required

L = 2400 mm

H = 1600 mm
F'c = 32 MPa (B1)
fsy = 500 MPa

d =200 mm
t=100 mm

b = 50 mm

$ =30
Ka=0.333

¥s = 18 kN/m®
Q=5kPa

1o = 1.667 kPa
1= 9.000 kPa
m = 10.667 kPa
w = 2.133 kN/m
w"=3.200 kN/m
M* = 2.304 kNm

dp=038
Ag required = 131.38 l‘l‘ll'l"l2

do =12 mm

. = 226.19 mm?
oM, = 3.565 kNm

V' =3.840 kN
B =1.705

¢v =07
YedVye = 5.358 kN

Table 2.3 — AS3600

cl 8.2.5 - AS3600
¢l 8.2.7.1 - AS3600

Table 2.3 — AS3600
cl 8.2.7.1 - AS3600 -
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Sleeper Length = 2.4m
Maximum Sleeper Depth = 2.0m

GENERAL SLEEPER COVER REQUIREMENTS
1} 1km — 50km from coast
= B1 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N32 concrete ¢ = 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2) <1km from coast
= B2 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N40 concrete ¢ = 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TO AS3600

Length of Sleeper L = 2400 mm
Height of Wall H = 2000 mm
Compressive Strength of Concrete F'. = 32 MPa (B1)
Yield Strength of Steel Reinforcement (N grade) fsy = 500 MPa
Depth of Sleeper d =200 mm
Thickness of Sleeper t=100 mm
b=t/ b = 50 mm
Friction Angle of Soil $ =30

Ka = (tan(45-4/2))*2 Ka = 0.333

Unit Weight of Backiill Soil ¥s = 18 kN/m*
Surcharge Q=5kPa
m=KaxQ ne = 1.667 kPa
M=KaxysxH-Kgxysxd/2 1+ = 11.400 kPa
= "o + N1 1= 13.067 kPa
w=mxd w=2.613 kN/m
w=15xw w'.= 3.920 kN/m
M =wxL*/8 M* = 2.822 kNm
Flexural Strength of Sleeper

Capacity Reduction Factor of Bending $p=0.8

Astrequired = Fe x d /(1.2 x fiy) x (b-V(b® = (2.4 x M"){¢» x F'c x d))}
2 12mm diameter bars required
Diameter of Bar

Ag =2 x tx (du/2)42

dJMu = ¢b X fsy X Ast xbx (1 -06x (A31 X fsy)/(b xd x F'c))
oM, = M* therefore OK

Shear Strength of Sieeper

Vi=w'xL/2

Ast required = 167.39 mm2
dp =12 mm

Ag = 226.19 mm?
dMy = 3.565 kNm

V' =4.704 kN

Table 2.3 — AS3600

Calcuiate 0.5¢,Vyc and check it is larger than V" => no shear reinforcement is required

B1=11x{1.6-b) B1=1.705
Bz=pz=1.0
Shear Strength Reduction Factor; =07

YedVue = 0.5 x ¢y x B1x Pz x Bz x b x d x (Agt x F'e /(b x d))M1/3) YadpVie = 5.358 kN

As 0.5¢Vyuc 2 V" no shear reinforcement is required

¢l 8.2,5 - AS3600
cl 8.2.7.1 — AS3600

Table 2.3 — AS3600
cl 8.2.7.1 — AS3600




Project Job Ref.
Outback Sleepers CQO60604

AA —— Secti Sheet noJrev.
WALLBRIDGE & GILBERT |7 - eetnodrey
Consuiting Engineers Reinforced Concrete Sleepers to Retaining Walls | \
80 Wyatt Street Calc. by Date Chk'd by Date App'd by Date

[

Adelaide SA 5000 CL ApR O7 :

Sleeper Length = 2.4m
Maximurn Sleeper Depth = 2.4m

GENERAL SLEEPER COVER REQUIREMENTS
1} 1km — 50km from coast
= B1 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N32 concrete ¢ 2 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2) < 1km from coast
= B2 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N40 conerete ¢ = 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TO AS3500
Length of Sleeper

Height of Walt

Compressive Strength of Concrete

Yield Strength of Steel Reinforcement (N grade)
Depth of Sleeper

Thickness of Sleeper

b=t/2

Friction Angle of Soil

Ka= {tan(45-¢p/2})"2

Unit Weight of Backfill Soil

Surcharge

no=KaxQ

N =KaxvexH-Kaxyexdf2

Mm="o+ M1

w=mxd

w'=15xw
M =w'xL?*/8
Flexural Strength of Sleeper

Capacity Reduction Factor of Bending

Agtrequied = F'e x d /(1.2 x foy) x (b-¥(b® = (2.4 x M"Y(dp x F'c x d))}
3 12mm diameter bars required

Diameter of Bar

Ast =3 x 1 x (duf2)2

OMy = dp % foy x Ast x b x (1 —=0.6 x {Ag x foy)/(b x d x F'e})
M, 2 M* therefore OK

Shear Strength of Sleeper

Vi=w xL/2

Calculate 0.5¢.V\,c and check it is larger than V" => no shear reinforcement is required

Bi1=1.1x{1.6-b)

fa=ps=1.0

Shear Strength Reduction Factor;

YedVue = 0.5 x gy x B % B2 x Pax b x d x (Aq x Fg /(b x d))1/3)
As 0.5¢Vy; 2 V' no shear reinforcement is required

L = 2400 mm

H = 2400 mm
F'c =32 MPa {B1)
fsy = 500 MPa

d = 200 mm
t=100 mm

b =50 mm

¢ =30
Ka=0.333

¥s = 18 kN/m®
Q=5kPa

Mo = 1.667 kPa
11= 13.800 kPa
= 15.467 kPa
w = 3.093 kN/m
w' = 4.640 kN/m
M* = 3.34% kNm

=08 Table 2.3 — AS3600
Act required = 207.34 mm?®

dp =12 mm
Agt = 339.29 mm?
oMy = 4.627 KNm

V" = 5.568 kN

¢l 8.2.5 ~ AS3600
B1=1.705 cl 8.2.7.1 - AS3600
bv=0.7 Table 2.3 - AS3600
Y%e¢pVie = 6.133 kN cl 8.2.7.1 - AS3600
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Sleeper Length = 2.4m
Maximum Sleeper Depth = 3.0m

GENERAL SIEFPER COVER REQUIREMENTS
1)  1km — 50km from coast
o B1 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N32 concrete ¢ = 30mm (for rigid formwork and intense compaction, 40mm otherwise)

2} < 1km from coast
= B2 exposure class to exposed face

Table 4.10.3.4 — AS3600

o N40 concrete ¢ 2 35mm (for rigid formwork and intense compaction, 45mm otherwise)

SLEEPER REINFORCEMENT TO AS3600

Length of Sleeper L = 2400 mm
Height of Wali H =3000 mm
Compressive Strength of Concrete =32 MPa (B1)
Yield Strength of Steel Reinforcement (N grade) fey = 500 MPa
Depth of Sleeper d = 200 mm
Thickness of Sleeper t=12¢ mm
b=t/2 b =60 mm
Friction Angle of Soit ¢ =30

Ka = (tan(45-$/2)}*2 Kz=0.333

Unit Weight of Backfill Soil ¥s = 18 kN/m®
Surcharge Q=5kPa
MN=KysxQ 10 =1.667 kPa
Mm=Kaxvax H-Kaxysxdf2 M1 = 17.400 kPa
™M="o+ M = 19.067 kPa
w=mxd w = 3.813 kN/m
w=15xw w"=5.720 kN/m
M =wxL?/8 M* = 4.118 kNm
Flexural Strength of Sleeper

Capacity Reduction Factor of Bending o, =0.8

Astrequired = F'e x d /(1.2 x Ty} x (B-V(b? ~ (2.4 x M"W(¢s x F'c x d)))
3 16mm diameter bars required

Diameter of Bar

Ag =3 x 7 x (du/2)2

My = db x foy x Agt x b x (1 — 0.6 x (At % Ty (b x d x F))

dM, = M* therefore OK

Shear Strength of Sleeper

Vi=w'xL/2

Ast requires = 204.17 mm?
dp =16 mm

¢ = 603.19 mm?®
oM, = 7.655 kNm

V' =86.864 kN

Table 2.3 — AS3600

Calculate 0.5¢.Vyc and check it is larger than V' => no shear reinforcement is required

B1=11x(1.6-b) B1=1.694
Ba=B2=1.0
Shear Strength Reduction Factor; oy =07

Y2¢Viue = 0.5 % ¢y x P1 x B2 x Bz x b x d x (At x F'e b x d))M1/3)
As 0.5V 2 V" no shear reinforcement is required

Y2V = 8.336 kN

¢l 8.2.5 - AS3600
¢l 8.2.7.1 — AS3600

Table 2.3 — AS3600
cl 8.2.7.1 — AS3600
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CHECK PLAIN CONCRETE END-BEARING ZONES
To AS3600 clause 15.2
End Region Shear Strength
Bearing Capacity Reduction Factor ¢r=0.6 Table 2.3 — AS3600
dVu=4r x 0.18 x t x d x (F')A(1/3) ¢l 15.4.1 — AS3600
for t = 80mm oVy=4.572 kN
fort=100mm $Vu=5.715 kN
fort=120mm ¢Vu=6.858 kN
fort=80mm H = 1000mm V' = 2.554 kN
for t = 100mm H = 1600mm V' = 3.840 kN
H = 2000mm V*= 4,704 kN
H = 2400mm V"= 5,568 kN
H = 3000mm V*=6.864 kN

As V' 5 ¢V, +2% End Bearing Shear Strength is Adequate

End Region Flexural Strength

dMuo = dr x Fy x Ig / (V2) dMyo = e x 0.8¥FC x (b x 13 1 12) / (1/2)

for t = B0mm

fort = 100mm
fort=120mm

@x=Lyg=12d,
for dy = 10mm
for dp = 12mm
for dp = 16mm
My = wx(L-x)/2
for H = 1000mm
for H = 1600mm
for H = 2000mm
for H = 2400mm
for H = 3000mm

As M*<$My, the flexural strength in the end zone is OK

cl 8.1.4.1 — AS3600

oMuo = 0.434 KNm
$Myo = 0.679 kNm
dMuo = 0.978 kNm

L4 =120 mm
Ldtz =144 mm
Lma =192 mm

M’= 0.290 kNm
M= 6.520 kNm
M*= 0.637 kNm
M*=10.754 kNm
M= 1.212 kNm

\

NOT  UstEh SO

LEAVE

of 13.1.2.2 - AS3600
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Sleepers 2000mm long
Ast
H t d W* reguired number bar dia Ast M* ¢‘Mu
m mm mm kKN/m mm? | of bars mm mm? kNm kNm
1.00 80 40 2.120 72 2 10 157 1.060 2.051
1.60 100 50 3.200 87 2 10 157 1.600 2.679
2.00 100 50 3.920 109 2 10 157 1.960 2.679
2.40 100 50 4.640 132 2 10 157 2.320 2.679
3.00 100. 50 5.720 170 3 12 339 2.860 4.627
End Bearing Zone
v* p' B 0.5¢Vie | V* | 6Mu+2% M* M
kN kN kN kN kNm kNm
2.120 | 0.0098 1.716 4115 ] 2120 4.663 0.239 0.434
3.200 | 0.0079 1.705 4.745 | 3.200 5.829 0.361 0.679
3.920 | 0.0079 1.705 4.745 | 3.920 5.829 0.442 0.679
4640 | 0.0079 1.705 4,745 | 4.640 5.829 0.523 0.679
5720 | 0.0170 1.705 6.113 | 5.720 5.829 0.764 0.679
Sleepers 2400mm long
Agt
H t d W* required number ba!’ dla Asi M* ¢MU
m mm mm kN/m mm?_ | of bars mm mm? kNm kNm
1.00 100 50 2.120 83 2 10 157, 1.526 2.679
1.60 100 50 3.200 131 2 12 226 2.304 3.565
2.00 100 50 3.920 167 2 12 226 2.822 3.565
2.40 100 50 4.640 207 3 12 339 3.341 4.627
3.00 120 60 5.720 204 3 16 603 4118 6.619
End Bearing Zone
V* p' B4 0.5V \'A O Vy M* oM
kN kN kN kN kNm KNm
2.544 | 0.0079 1.705 4,745 2.544 4.663 0.290 0.434
3.840 | 0.0113 1.705 5.358 3.840 5.829 0.520 0.679
4704 | 0.0113 1.705 5.358 4.704 5.829 0.637 0.679
5568 | 0.0170 1.705 6.133 5.668 5.829 0.754 0.679
6.864 | 0.0251 1.694 7.282 6.864 6.995 1.212 0.978
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SLEEPER RETAINING WALL STRUCTURAL CALCULATIONS FOR CUT RETAINING WALL
INPUT DATA
Design Height, H
Angle of Surcharge of the Refained Material, Beta
Surcharge Loading, Q
Density of the Retained Material, Gammma
Angle of Internal Friction of the Retained Material, Phi
Sleeper Length, L1

Allowable Soil Bearing Pressure

Concrete Pier Footing Diameter, B1

Steel Upright Spacing, L2

CONSTANTS

Angle of Inclination of the Wall, Alpha 90 degrees
Friction Angle Between the Refained Material and the Wali, Delta 0 degrees
Rankine Coefficient of Active Earth Pressure, K , 0.3333

Sleeper Breadth, B2 200 mm
Sleeper Depth, D1 100 mm
CALCULATIONS

Horizontal Sleepers



505
HORIZONTAL PRECAST CONCRETE SLEEPERS TO MANUFACTURERS SPECIFICATIONS.

Steel Uprights

Active Earth Force,

Pa = 0.5.Ka.Gamma.H.H.SEC(Delta).L2 54 kN

Surcharge Force,

Pq = Ka.he.Gamma.H.L2 10 kN

Cantilever Bending Moment,

M* (ult) = {Pa.(H/3)+Pq.(H/2)}*1.5 103.5 kNm

USE OR TEEL UPRIGHTS AT 2000 mm CENTRES

USE2- STEEL UPRIGHTS FOR CORNER DETAIL
NB: STEEL UPRIGHT SECTIONS CHOSEN ASSUMING FULLY RESTRAINT COMPRESSION FLANGE!

Concrete Pier Footing

Total Horizontal Force on a Steel Upright,

P=Pa+Pqg 64 kN
Lever Arm,
h=M/P 1.0781 m

Soil Bearing Pressure,
S$1=P.(2.37.D+2.64.h)Y/B1.D.D 98.783 kPa

Concrete Pier Footing Depth, D

Soif Bearing Pressure < Alfowable Soil Bearing Pressure . TRUE

USE 600 mm DIAMETER x 3450 mm DEEP CONCRETE PIER FOOTING
DEPTH OF EMBEDMENT OF STEEL UPRIGHT INTO PIER FOOTING = 3250 mm
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SLEEPER RETAINING WALL STRUCTURAL CALCULATIONS FOR CUT RETAINING WALL
INPUT DATA
Design Height, H
Angle of Surcharge of the Retained Material, Beta
Surcharge Loading, Q
Density of the Retained Material, Gamma
Angle of Internal Friction of the Refained Material, Phi

Sleeper Length, L1

Allowable Soil Bearing Pressure

Concrete Pier Footing Diameter, B1

Steel Upright Spacing, L2

CONSTANTS

Angfe of Inclination of the Wall, Alpha 90 degrees
Friction Angle Between the Retained Material and the Wall, Delta 0 degrees
Rankine Coefficient of Active Earth Pressure, K , : 0.3333

Sleeper Breadth, B2 200 mm
Steeper Depth, D1 100 mm
CALCULATIONS

Horizontal Sleepers
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HORIZONTAL PRECAST CONCRETE SLEEPERS TO MANUFACTURERS SPECIFICATIONS.

Steel Uprights

Active Earth Force,

Pa = 0.5.Ka.Gamma.H.H.SEC(Delta).L2 41.472 kN

Surcharge Force,

Pq = Ka.he.Gamma.H.L2 9.6 kN

Cantilever Bending Moment,

M* (uft) = (Pa.(H/3)+Pq.(H/2))*1.5 67.046 kNm

USE OR STEEL UPRIGHTS AT 2460 mm CENTRES

USE2- | STEEL UPRIGHTS FOR CORNER DETAIL

NB: STEEL UPRIGHT SECTIONS CHOSEN ASSUMING FULLY RESTRAINT COMPRESSION FLANGE!

Concrete Pier Footing

Total Horizontal Force on a Steel Upright,
P=Pa+Pq 51.072 kN

Lever Arm,
h=M/P 0.8752 m

Soil Bearing Pressure,
81 =P.(2.37.0+2.64.h)/B1.D.D 99.364 kPa

Concrete Pier Footing Depth, D
Soil Bearing Pressure < Allowable Soil Bearing Pressure TRUE

USE 600 mm DIAMETER x 2750 mm DEEP CONCRETE PIER FOOTING
DEPTH OF EMBEDMENT OF STEEL UPRIGHT INTO PIER FOOTING = 2550 mm



