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Concrete Sleeper Retaining Wall Rev 2, Created 4 March 2022

A concrete sleeper retaining wall can be designed in Structural Toolkit using two modules — Sleeper Walls & Concrete Member
Design. The following guide will show the step-by-step process of doing this.
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Using Sleeper Walls

The first step of designing a concrete sleeper wall is to use the Sleeper Walls module. Upon opening module, fill in the relevant
geometry values as shown below. Many of these values will be based on geotechnical recommendations. Make sure that the
concrete sleepers option is set as “Y”, with the intended sleeper width specified to the right.

Geometry

Wall assumed fully drained
Geometry Retaining height must be a multiple of the sleeper vertical dimension [1200mm)

Retaining height (ht) = 1200 mm

Post centres (cts) = 1200 mm
Upright = 5 [T)imber,(5]teel (B)oth
Concrete sleepers = ¥ (¥)es,[Njo Concrete sleeper width = 200 mm (Vert. dimenzion)
Risk class = B [A)(BLIC) - Moderate damage and loss of services - Table 1.1
Backfill type = 1 Class{i), Class{2), (U)ncantrelled, (Ijn-situ - Table 5.1(A)
Soil parameters Footing - Cohesive
Internal friction (g) = 30 *(0° = @ = 45%) Total footing depth (d) = 1600 mm (From surface)
Incline (B) = O0*(0*=R<45%1in0.0 lgnore top (ig) = 200 mm
Soil weight {ys) = 18.0 kN/m® Footing diameter (dia) = 450 mm
Cohesion (c) = ] lm Soil cohesicn (cf) = 30 kPa (0 for cohensionless
Design cf*=cf*Quc(=0.7) = 21.0 kP nsitu material

Sleepers Miror axis bending Soil behind wall ~ . .

Sleeper depth [d5D) = M/% mm (Horz. dimension) Live Load duration = Permanent Soil at footing

Sleeper width (dSW) = 200 mm (Vert. dimension)

Max number of layers = B [1200mm high) Long term LL factor (W) = 1.00 AS 1170.0 Table 4.1
Duration factor (k1) = 0.57

Next is to fill in any additional design loads specific to the design and the relevant load factors, as seen below. For this design, only
the minimum surcharge of 5.0kPa has been added (note for risk class A this would be 2.5kPa).

Design loads - Appendix | & Section 4 - AS4678

Min. surcharge = 5.0 kPa - Tahble 4.1 Additional upright overturning
Water height (hw) = 0.0 mm (Drained) Thrust (Va) = 0.00 kN
Surcharge [3) = 5.0 kPa Owverturning (Ma) = 0.00 kMNm
Load factor = 1.50
Dead only factor = 1.35 (1.35) Long term LL facter (W) = 0.40
Earth factor = 1.25 (1.25) Va* = 0.00 kM
Live load factor = 1.50 (1.50 - 0.0 far stahilising effect) Ma* = 0.00 kMNm
Stabilising factor = 0.80 AS4ETE - Appendix J2 [Thrust/mament applied at the top of the wall)
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Once the geometry and design load values have been set, select the desired steel uprights using the [Select Upright] button on the
right, and check the capacity section to verify it works.

Once the upright has been verified, the next step is to then design the concrete sleepers. However, before moving on to the
Concrete Member Design, make note of the maximum loads and moment found in the summary tab at the top (refer below).

Wall:

Loads:

Steel Upright:

Timber Upright:

Footimg:

Sleepers:

afs

>

(Sleeper Wall SW01) 1200mm high, 5.0kPa surcharge [Drained)

Surcharge = 5.00kPa, Drained

100UC14.8 [G300) [Galv.)

M* = 5.00kMm < @M = 21.43kNm, V* = 10.60kN < gVvm = 83.81kN OK {0.23,0.13)
&[dl)=ht/9995 [1.0mm], &{dI+WLI)=ht/E51 [1.8mm) oK

Mot Applicable

M*¥a=7.12kNm < gMr = 23.15kMNm OK {0.31)

Concrete sleepers - refer Concrete Member Design or manufacturer's specifications

wdl = 1L.39kN/m, wil = 0.35kN/m, w* = 2.26kM/m, M* = 0.41kNm
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Using Concrete Member Design

With the loading distribution found from the Sleeper Walls module, the concrete sleeper can be designed. The first step is to input
the geometry of the concrete sleeper, as shown below. Usually the concrete strength and reinforcement information is provided by
the sleeper wall manufacturer.

Geometry L/D ratio = 125
Coencrete strength (fc) = 40 MPa
Depth (D) = B0 mm i;iiiii
Web width [W) = 200 mm, (S)lab
Flange width (Bf) = 0 mm e %éé Comp.
==® Tension

Next the reinforcement needs to be specified. In this case, only the bottom reinforcement is needed, so the bar size of the top
reinforcement is put as zero. The recommended "Bottom cover to ligs” can be found to the bottom right under “Top Steel” — refer
image below. In this case, 23.0mm was used.

Reinforcement Liga = 2 legs M12-40 cis
Bottom reinf't = 2-MN10 Top reinf't = None
Bar size = 10 mm M. nl | L2 Bar size = 0 mm M. nl | Ls
Bar cts/Ne/mm? = 2 Ne Bar cts/Ne/mm? = 300 mm
Yield strength (fsy) = 500 MPa Yield strength (fayc) = 500 MPa
Ductility class = A (M)ormal,iLjow,|A)ute Ductility class = A (M)ormal,iLjow,|A)ute
Reinf't ductility class = N (M)ormal,(L]ow Reinf't ductility class = N (M)ormal,(L]ow
Steel area (Ast) = 157 mm? Steel area (Asc) = O mm?
Bottom cover to ligs = 23 mm Top cover to ligs = 20 mm
Depth to bottom steel layer [ds.max) = A0 mm Depth to top steel layer = 32 mm
Depth te bottom steel [ds) = 40 mm Depth to top steel = 32 mm
D-ds = 40 mm D-ds = 48 mm
Mo. bars = 2.0 Mo. Mo. bars = 0.0 Mo.
Bar centres = 120 mm Bar centres = 0 mm
Max bars per layer = & Max bars per layer = 1
Layers required = 1 Max bars pers 2nd layer =
Top steel
I Cover for central bottc 23.0 mm I
Cover far central top co.d mm
Refer to the [Preview] tab to check that the geometry appears correct, as shown below.
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Once the geometry and reinforcement has been set, click on the [Analysis] button to the right, which will open up a linked Analysis
document. In this document, input the span and load values taken from the Sleeper Walls module (the span will be the pier
spacing). In addition, set the “Live Load type"” to Permanent, turn the self-weight off, and set the "Dead load factor (DLF)" to 1.25
(Refer AS4678 Clause 4.1 (a) (iii)) unless input as otherwise in the Sleeper Walls module. If done correctly, the maximum moment
should equal that from the Sleeper Walls module, in this case it was 0.4TkNm.

Geometry for [Concrete Member CBO1): Concrete simple beam

Description = 80mrm (D] x 200mm (W] beam Ix = £.533333333 x10* mm*
Span L) = 1200 mm
Span type = 5 |Slimple,[E)xt,(l)nt,(Clant,|P)rop,[Flixed,[O)ther g = 16000 mm®
Material type = C [Tlimber,|5]teel,(Clonc., (SClcemp. steel, [O)ther Density = 25 kMfm?*
E= 32724 MPa
Loading
Linifarm loads (kN/m) Point loads (kM)
Uniform loads Partial 1 Partial 2 Point loads PL 1 PL 2 PL 3
Dead load (wdl) = 1.39 Dead lead {pdl) =
Live load [wil) = 0.35 Live load [pll) =
StarrrromT e o Pos. from LHS [mm) =
End from LHS [mm) = 1200 Ultimate lead {p*) = 0.00 0.00 0.00
5 Wt = 0.00 kMfm
Ultimate load [w™) = 2.26 0.00 0.00 Include 5. Wt = M [Y)es,[M)o
Strength loadcase = C [D]ead Only,[Clomb.
Live Load type = Permanent [Concrete)
Short term LL 10a0) = T.00 Wep) = 1.00
Long term LL (W) = 1.00 (Wip) = 1.00
Actual LL {Wsa) = 1.00 (Wia) = 1.00
Results at midspan (Max +ve M) Position of result (1) = 00 mm
1257 G+1.5070 analysed
Units
Rdl 0.23 0.23 kM
RIl 0.21 0.21 kM
R* 138 138 kM
n* 0.00 0.41 0.00 0.41 800 0.00 a kMim
v e 136 0.00 -1.36 1.36 0 kN
&dl 0.00 013 0.00 013 B804 0.00 a mm 829249
&l 0.00 0.03 0.00 0.03 800 0.00 a mm 35459
Sdl+Ws*Ell 0.00 017 0.00 017 800 0.00 a i 7133
Combinations:
Ultimate = 1. 25*G+1 50°0
Dead load factor [DLF) = 1.25
Dead load only factor (DLOF) = 1.35
Dead load uplift factor {DLUF) = 0.90
Live load factor (LLF) = 1.50
Wind load factar [WLF) = 1,00
[+
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With the correct loads set, switch back to the design document, and click the [Max M+*] button, which will transfer the maximum
positive moment from the linked Analysis. From here check that the specific limit states are met, as seen below.

It should be noted that bars specified by manufacterers generally result in an overdesigned concrete sleeper. This may result in the
ku > 0.36 (i.e. non-ductile) (refer AS3600 Clause 8.1.5). To prove that the design still works, a smaller bar size can be selected such
that the capacity is reached while ku < 0.36. If the limit states are not met, readjust as with any other design.

Section: (Concrete Member CBOL) 80mm (D) x 200mm (W) beam, f'c=40MPa

Reinf't: 2-MN10 bottom, ku = 0.36

Strength: {+ve M) M* = 0.4kNm < gMuo = 2.3kNm 0K {0.18)
Cracking: fscr = 57MPa < Fser = 265MPa & fecrl = 57MPa < Fscrl = 400MPa, crack width = 0.1mm 0K {0.14,0.22)
Ast.min: Astumin = 49mm? < Ast = 157mm? (Minimum of Deemed and actual) 0K {0.31)

Temperate environment with scsd b*=800x107°, gce*=680x10"°

Once these limit states are met, the deflection will then also need to be checked by clicking on the [Defl] tab at the bottom of the
document — see below.

i 4 » M| Info', Design /Preview ; Detailed ShearCreep&Shrink Secondary /BeamDefl /SlabDefl

On this tab ensure the [Max Deflection] and [Transfer Reinf't] buttons have been clicked. This will transfer the results and point of
maximum deflection, along with the reinforcement specified in the [Design] tab earlier.

Next, check that the correct reinforcement has been transferred. As can be seen below the 2-N10 bars used earlier have been
transferred. As there is only a positive sagging moment in the centre of the sleeper (simply supported), the “Ast =" only designates
reinforcement to this segment (“At x"). Once checked, verify the deflection shown at the top meets the design requirements.

Section: {Concrete Member CBO1) 80mm {D) x 200mm (W) beam, f'c=d0MPa
Reinf't: 2-MN10 bottom {Additional reo specified)
Defl'm: .l = 2.6mm, &1 = 0.3mm, &.inc = 3.5mm, Stotal = 4.8mm [span [/ 248) Warning

gcs foar Temperate environment with ecsd b*=800x107%, gcs™=650x10" Mex Deflection...

Deflections - €1 8.5.3 simple beam at midspan [Max +ve Def]

Cancrete density (p) = 2400 kg/m*Cl1313 Gross area [Ag) = 16000 mm* Stiffness based on bef or bf:
Uze femi? = Y [¥)es,[Nje Urner.g. neutral axis (NA&) = 40 mm from tap Use bef
femi = 435 MPa Gross Stiffness (Ig) = 5 x10% mm* [w/o reinf't) MNote: Ag, |z 2 a shown a

Deflection at = ¥ [M)anual, [C)ritical, [L}eft, Pasition [¥) from analysis, (R)ight when bf usec
Pasition (x) = GO0 mm Steel Modulus (Es) = 200000 MPaCl3.2.2
Span type = 5ad. of elast. (Ec = p"**(0.024*Wfcmi®#0.12]) = 32724 MPa £20% C13.1.2 Position (x) for deflection:
Modular ratic [n = EsfEc) = 6.112 Ensure pasition is at maximu)
Deflection calculation
Left At x Right Units
Manual (M°) = kiim Transfer Reinft...
Manual (Mz*) = kM
Analysis (M*) = 0.0 0.4 0.0 kMm Red values of M*/Ms* manually input
Analysis (Ms*) = 0.0 0.3 0.0 kMNm Manual values:
Top reinf't: Astreg'd = [4] a a mm® To calculate the ¢
Design Ast = [4] a a mm® type in the Analysis
Ast = 0 (1] (4] mm?
Shart term LL factar {fis) = 1.0 Area of stes
Bottom reinf't: Astreqg'd = 0 24 [i] mm? Leng term LL factor (1) = 1.0 +ye value overrides, -ve valu
Design Ast = 157 157 157 mm?* Camp.
Ast = 0 157 (1] mm* Tension
2.0-N10

Note that there is a warning for acs shown at the top in red. This is to alert the user to ensure the correct environment has been
selected in the [Creep & Shrink] tab at the bottom — refer Clause 3.1.7.2. This variable will affect the Mcr (Cracking) value. For this
document, temperate was chosen.
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