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9 Culvert design 

9.1 Introduction 

9.1.1 Overview 

Culverts are important hydraulic structures used to convey water across a road corridor or in one of a 
range of other situations. Culverts must be designed to convey this flow in an acceptable way, 
considering the hydraulic conditions and the required performance (level of flood immunity) of the 
road. Environmental and/or other requirements may also need to be considered/incorporated, 
depending on the specific circumstances. 

In particular, the provision of fauna passage, including fish movement, may need to be incorporated 
into the design. In certain situations (typically where specified by an environmental assessment 
document), culvert designs will have special requirements to allow the passage of fish or terrestrial 
fauna. 

Other uses for culvert structures may include pedestrian/cyclist movement, vehicular movement 
(including rail/cane rail), fauna crossing or stock underpass. 

While the requirements will differ depending on whether passage is to be catered for, all will require a 
clear distinction between wet and dry passageways. 

The size requirements for passage, as well as hydraulic requirements, need to be considered and the 
culvert sized appropriately to meet both of these requirements. 

If no passage is to be provided, then the culvert is designed solely for hydraulic purposes. 

Hydraulic design of culverts is often an iterative process. As such, while the layout of this chapter 
reflects a typical order of design, this will not always be the case. In many instances, it may be 
necessary to revisit steps in the design process. Section 9.3 sets out a general process for the design 
of the culvert, while Sections 9.10 and 9.11 provide more detail. The process adopted is considered as 
industry practice and while a simplified process, it is appropriate for most culverts designs. 

Changes may arise for technical or non-technical reasons and, hence, a clear record of the decision-
making process should be retained at all times. 

Procedures for assessing the erosion potential and control at the inlet and outlets of culverts are 
included as part of the culvert design process. In some cases, hydraulic structures for permanent 
erosion control may be required with the design of culvert inlet and outlet structures and energy 
dissipaters considered. 

In some locations, the design will be complex and beyond the methods presented in this chapter. In 
this instance, computer model development, simulation and testing may assist in design and the 
designer should contact the Director (Hydraulics and Flooding Section), Engineering and Technology 
Branch for further guidance. 

9.1.2 Constructability 

When designing culverts, construction and future maintenance requirements must be considered with 
appropriate treatments incorporated into the design. Some guidance with respect to construction 
requirements and methods can be found within various departmental standard drawings and 
specifications. However, this must not prevent all hydraulic and environmental requirements from 
being satisfied. 
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Relevant standard drawings for culverts are: 1240, 1241, 1243, 1250, 1260, 1304, 1305 and 1359 
(TMR). 

Additional drawings related to fish passage, in draft form at the time of publishing this RDM, are 
numbered 1270 and 1271. 

The main departmental specifications are MRTS03 Drainage, Retaining Structures and Protective 
Treatments (TMR 2019a) and MRTS04 General Earthworks (TMR 2018c). 

For any possible non-standard or complicated culvert configurations, it is highly recommended that 
designers should involve construction personnel early in the design process to provide site-specific 
construction/constructability advice. 

9.1.3 Computer programs 

With reference to Section 1.2.2.5 in Chapter 1 of this manual, the department requires the use of the 
CULVERT software to model culverts within the 12d Model™ application. The reasoning for this 
requirement is that the software: 

• provides records of the culvert design 

• produces the drawing of the designed drainage cross-section to departmental standards; that 
is, showing chainage, skew number, invert heights, culvert component details (including joint 
type), quantities of precast components and installation materials, hydraulic design details 

• incorporates the culvert model into the project electronic model within the 12d Model™ 
application. 

As with all tools, use of this computer program will require output to be checked and verified. 

As a quick check, the head loss through a culvert is typically around 1.4 to 1.7 times the velocity head. 
Alternatively, review the design charts provided in this chapter (and appendices) or perform a quick 
manual calculation. 

9.2 General requirements 

9.2.1 Pipe joint types 

There are three types of joints for reinforced pipes: 

• flush or butt joint 

• rubber ring joint/spigot and socket 

• jacking. 

Designers should choose the most appropriate joint type for each installation. 

Flush or butt joint pipes are best suited where ground movement is not expected. They are an 
economical option, but installations require a high level of compaction where the resulting soil 
envelope is extremely stable. 

Rubber ring joint/spigot and socket-type pipes allow for ground movement more than flush joint pipes 
and should generally be used for all sizes of pipe in unstable ground, when pipes are laid in sand, or 
where pipe movement is possible, such as on the side of fills or at transitions from cut to fill. This type 
should also be used where the normal groundwater level is above the pipe obvert. 
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Jacking pipes are used where conventional excavation/laying/backfill methods are not feasible. 
Designers should refer to manufacturer’s guidelines for selection, use and design detail for jacking 
pipes. 

9.2.2 Geometric tolerances and cover requirements 

The geometric tolerances for location/position of culverts and minimum cover requirements will be as 
specified in the drawings or as per the department’s specification MRTS03 Drainage, Retaining 
Structures and Protective Treatments (TMR2019a). 

9.2.3 Skew angle/skew number 

As per MRTS01 Introduction to Technical Specifications (TMR 2019b), the determination of the ‘skew 
angle’ and/or ‘skew number’ for a skewed culvert installation is shown in Figure 9.2.3. These terms are 
used to specify the horizontal orientation of skewed culvert structures relative to the road centreline. 

The skew number is the number of degrees measured in a clockwise direction from the road 
centreline to the structure centreline. Skew number is required for ordering metal structures. 

Figure 9.2.3 – Skew angle/skew number 

 

9.2.4 Minimum culvert size 

The minimum diameter of any pipe culvert shall be 375 mm. 

The minimum waterway dimension (height) of any box section shall be 375 mm; however, in 
constrained situations and where all reasonable attempts to fit a 375 mm high box section have failed, 
a minimum 300 mm high box culvert can be used. 

9.2.5 Outlet flow velocity 

Section 3.7.2 of the Austroads Guide to Road Design – Part 5B is accepted for this section subject to 
amendments. 

Addition(s) 

1. The calculation of outlet velocity is required for every culvert, and the type and extent of 
protection should be decided after consideration of the outlet velocity, the natural downstream 
ground conditions, the natural stream velocities, and the performance of existing culverts in 
the area. 
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9.2.6 Structural and configuration requirements of culverts 

Loads on buried culverts include: 

a) fill over the structure, which is a function of: 

• height of fill 

• type of fill material 

• installation conditions (such as ‘trench’ or ‘embankment’) 

b) design traffic loads 

c) construction traffic loads 

d) other or abnormal load conditions. 

The load bearing capacity of a culvert is a function of: 

• unit strength (for example, pipe class) 

• type of bedding and backfill material 

• pipe diameter (excluding box culverts). 

The following specifies the requirements with respect to the determination of design loadings for 
buried structures and selection of correct pipe class, based on the department’s technical specification 
MRTS25 Steel Reinforced Precast Concrete Pipes, January 2018 (TMR2018b). 

a) Determination of design loads 

The methodology to determine the design loads on a culvert is specified in Section 6 of 
AS 3725. With reference to Section 6.5.3.3 of AS 3725, the calculated distribution of working 
loads shall comply with the requirements as specified in AS 5100.2. For uniformity, the 
department has adopted AS 5100.2 to provide the design criteria for loads on all buried 
structures. The load distribution ratio is to be in accordance with Section 6.12 of AS 5100.2. 

It is important to note that (for departmental projects) Table B2 of AS 3725 is not accepted as 
it is based on a load distribution ratio which is not in accordance with AS 5100.2. At the time of 
issue, all known pipe load and class determination software available from various companies 
and associations do not use the department’s accepted load distribution ratio. This software 
must not be used until a proof of change can be verified by the Structures section, 
Engineering and Technology Branch. 

Design loadings need to be determined for SM1600 and HLP400 loads. Table 5.7.2 of 
MRTS25 Steel Reinforced Precast Concrete Pipes, January 2018 (TMR2018b) shows correct 
live load pressures (as it is based on AS 5100.2) for W80 wheel load. 

b) Determination of pipe class 

The design load, as determined above, becomes the proof load for using Table 4.2 of 
AS 4058 to determine the required pipe class. 

It is important to note that civil designers are restricted to specifying culverts up to, and 
including, Class 10 pipes. Any situation or requirement to use higher class pipes must be 
reviewed and approved by the Structures section, Engineering and Technology Branch. 
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c) Support types 

The department generally specifies either H2 or HS3 support types – refer AS 3725, Standard 
Drawing 1359 (TMR) and Section 9.2.6 in this chapter. Other support types can be used; 
however, the use of these types be fully detailed and specified in the project’s documents as 
they are not covered by the department’s standard specifications and/or drawings. 

9.2.6.1 Structural requirements for new structures 

The design life for all culvert types is 100 years. For further details, including design life criteria for 
ancillary drainage structure components (for example, culvert headwalls), refer to Section 17 of the 
department’s Design Criteria for Bridges and Other Structures manual. 

The following departmental specifications apply to culvert components: 

• MRTS03 Drainage, Retaining Structures and Protective Treatments – for general drainage 
structures (TMR2019a) 

• MRTS24 Manufacture of Precast Concrete Culverts – for concrete box culvert components 
(TMR2017) 

• MRTS25 Steel Reinforced Precast Concrete Pipes (TMR2018b) 

• MRTS26 Manufacture of Fibre Reinforced Concrete Drainage Pipes – for fibre-reinforced pipe 
components (TMR2017a). 

Steel culvert components do not currently have an applicable departmental specification and do not 
meet the 100-year design life requirement without protective coatings. Refer Section 9.2.6.8 for more 
details. 

9.2.6.2 Structural requirements for existing structures 

The road network is increasingly subjected to vehicles carrying heavy loads and, therefore, planners 
and designers must consider the freight task for the road link. Bridges and culverts designed since 
2004 are in accordance with AS 5100, which has SM1600 design loads and HLP 400 vehicles. 
Bridges and culverts that were designed and constructed prior to 2004 do not have a design loading 
capability equivalent to current design loads. Of particular concern are pre-2004 culverts that are 
subject to critical loading, such as structures that have less than two metres of cover (including 
pavement layers). These structures may influence the freight task capability of the road link in which 
they are located and should be considered for replacement if they cannot support the anticipated 
future loads. 

Specifically, pre-cast and cast-in-situ culverts purchased or placed in the road network before 1976 
were designed for significantly lighter loads and may also be past their design life (which was typically 
50 years). This means that pre-1976 culvert structures on the road network with less than two metres 
of cover are likely to be subjected to repetitive and/or peak loadings that exceed the structural capacity 
of the aged culvert structure. This reduces their service life and greatly increases the risk of structural 
failure. 

While critical loading is less of an issue for all culverts with two or more metres of cover, dead loads 
can be. These structures should also be inspected and replaced if found deficient. 

The following requirement (policy) is not intended as a network management tool or guide and should 
only be applied on a project by project basis. 
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For all planning, design and construction projects (excluding non-drainage related routine 
maintenance and sprayed reseals), it is strongly recommended that no pre-1976 culvert be retained. 
Retaining any pre-2004 culverts, including pre-1976 culverts, is an action that will potentially extend 
the service life of the culvert (or parts of it – such as centre units of culvert extensions) beyond its 
design life and placing the structure at greater risk of failure. Therefore, each pre-2004 structure to be 
retained, must undergo the Structural Assessment/Decision Process as shown in Appendix 9B. While 
this process applies to all culvert structures, major culverts (as defined in the department’s Bridge 
Inspection Manual (BIM)) are currently inspected on a regular basis, with records stored in the 
department’s Bridge Information System (BIS). All other culverts are deemed minor culverts and 
inspections should be carried out based on the philosophy within the BIM. Inspectors should take an 
inventory of the structure based on BIM Appendix C and assess the ‘Condition State’ of the structure 
using BIM Appendix D. This will be based on available information and access to structure. Use of 
CCTV may be of assistance to inspect small culverts. 

The process within Appendix 9B details both the engineering and departmental management 
components of assessment in order to determine if it is appropriate and/or justified to retain a culvert 
structure instead of replacing it. Appendix 9C is to be used in conjunction with Appendix 9B and 
assists the user in determining the risk (probability) of structural failure of a given culvert. Further 
advice in relation to structural requirements can be obtained from the Director (Structures Design, 
Review & Standards), Engineering and Technology Branch. Advice in relation to inspections can be 
obtained from the Director (Structures Construction Materials), Engineering and Technology Branch. 

It is highly recommended to replace steel culverts greater than 15 years of age. Departmental 
experience has shown that these structures do not generally last much longer than 15 to 20 years and 
structural failure of these types of culverts can occur quickly. 

The requirement for inspection may be relaxed if a pre-2004 culvert is assessed as hydraulically 
deficient when compared to the project’s performance and capability requirements. In this instance, 
the culvert should be replaced to improve hydraulic capability, and this would remove the requirement 
for structural inspection. However, if it is intended to retain the existing structure and simply modify it 
to meet project performance (hydraulic) requirements, then the ‘inspection/decision to retain’ process 
is required. 

9.2.6.3 General configuration requirements 

Culverts are laid in single or multi-cell installations. Culverts are also laid straight and on a constant 
slope/grade (also refer Sections 9.2.10 and 9.2.11). 

For multi-cell installations, each cell or barrel must be of the same size/dimension. 

There are two exceptions to this requirement: 

• where a different cell size is required in a multi-cell installation to accommodate passage 
(human or fauna) 

• in a slab link box culvert (SLBC) installation where the spanning slab(s) maybe longer than the 
width of the box unit (refer manufacturer for additional details). 

Where a different cell size is required, the designer should note that design software, standard 
drawings and specifications do not fully cover these types of installations. Therefore, the designer is 
required to ‘manually’ design these installations and include all details and specification in the 
model/drawings/project documents. 
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As per the department’s specification MRTS03 Drainage, Retaining Structures and Protective 
Treatments (TMR 2019a), rubber ring joint/spigot and socket pipes are placed with their spigot end 
facing the culvert outlet. 

9.2.6.4 Reinforced concrete pipes 

The strength classes of reinforced concrete pipes (RCPs) generally used are 2, 3 and 4. The minimum 
strength class for concrete drainage pipes should be Class 2. 

Higher strength pipes, expressed as multiples of 2 (6, 8 and 10) are also manufactured to order. 

It is important for designers and construction contractors (essential for the latter) to consider 
construction loads when determining pipe class during design/installation of culverts to avoid 
overstressing installed pipe units and cause cracks/fractures. While temporary load mitigating 
measures during construction exist, it may be an economical solution to use a higher-class pipe. 

With reference to AS 3725 and Standard Drawing 1359 (TMR, the support condition normally used is 
H2 for both embankment and trench installations. The HS3 support condition should be used where 
the height of the cover is critical and where significant savings can be made by using a lower-class 
pipe. 

To illustrate this point, the H2 support condition is typically cheaper to construct than HS3. However, 
under the same site, load and cover conditions, it may be possible to use a lower strength pipe, 
together with HS3 support than compared to a higher strength pipe with H2 support. These 
combinations of pipe strength and support condition should be cost analysed to determine an 
economical solution. 

The load on a pipe installed in a trench depends upon the width of the trench and is particularly 
sensitive to any changes in this dimension. Therefore, the trench width specified by design is a 
maximum allowable and not a minimum. 

It is important that the maximum allowable trench widths used in the design be strictly adhered to 
during construction. If any doubt exists as to whether the design trench width can be maintained (for 
example, wet weather causing erosion and slips of the trench wall), it is recommended that the 
embankment installation be used to determine allowable heights of embankment. 

For heights of cover less than 3 m, the allowable height depends on both live and earth loads. At 
these lower heights, the live load is a major contributor to the total load on the pipe. 

Design engineers can use other support conditions as detailed in AS 3725; however, standard 
drawings and specifications do not address these. 

9.2.6.5 Fibre-reinforced concrete pipes 

Table B1 information on fibre-reinforced concrete pipes (FRCPs) of the Austroads Guide to Road 
Design – Part 5 (Appendix B) is accepted for this section with amendments. 

Addition(s) 

1. They are generally suitable anywhere an RCP could be used (refer Section 2.3.5.3 in 
Chapter 2 of this manual). The reinforcement is a cellulose (wood fibre) product. Hydraulic 
design curves for precast RCPs are appropriate, although FRCPs have slightly lower 
roughness coefficients. 
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9.2.6.6 Reinforced concrete box culverts 

Table B1 of the Austroads Guide to Road Design – Part 5 (Appendix B) is accepted for this section 
subject to amendments. 

Addition(s) 

In accordance with the department’s specification MRTS24 Manufacture of Precast Concrete Culverts 
(TMR 2017), standard reinforced concrete box culvert (RCBC) and link slab components have been 
manufactured to withstand a maximum height of fill (including pavement) of 2.0 m. For higher fills 
(including pavement), a special design for proposed installation is necessary. 

For multi-cell installations, SLBC construction should be considered, as shown in Figure 9.2.6.6. 
Details are shown on Standard Drawings Nos. 1250 and 1260 (TMR). 

RCBCs and SLBC construction can be used with nominal minimal cover above the culverts. Nominal 
cover has advantages in regions where the height of the overall formation is critical. 

In expansive soil areas, RCBCs and SLBC installations require special consideration. Refer 
Section 9.2.7 for details. 

Where baffles for passage are designed, installation of ferrules for bolt in points can be requested in 
the pre-cast or cast-in-situ box culverts. This should be done to avoid construction constraints of 
drilling anchor points into reinforced concrete box culverts and potentially reducing concrete cover on 
reinforcing steel. 

Figure 9.2.6.6 – Slab link box culvert under construction 

 

9.2.6.7 Reinforced concrete slab deck culverts 

The standard reinforced concrete slab deck culverts of 2500 mm span allow for a maximum fill of 
2500 mm above the slab deck and is a cast-in-situ structure (refer Standard Drawings No. 1240 
(TMR)). 

9.2.6.8 Corrugated steel pipes 

Corrugated steel pipes, as shown in Figure 9.2.6.8(a), offer a lightweight alternative when compared 
to concrete pipes. The use of such pipes is not generally favoured due to the reduced life spans they 
have exhibited to date in the field. However, they may be considered if the design life requirement is 
purposely relaxed to suit the constraints of a particular situation. An example of this is when transport 
of alternative materials over long distances becomes excessively costly. In making such a choice, the 
shorter expected life span must be recognised and replacement of the structure appropriately 
programmed. 
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Figure 9.2.6.8(a) – Corrugated steel pipes 

 

Source: Catchments and Creeks Pty Ltd 

The following Australian Standards are relevant to corrugated steel pipes: 

• AS 2041.1:2011 – Buried corrugated metal structures – Design methods 

• AS 2041.2:2011 – Buried corrugated metal structures – Installation 

• AS 2041.4:2010 – Buried corrugated metal structures – Helically formed sinusoidal pipes 

• AS 2041.6:2010 – Buried corrugated metal structures – Bolted plate structures 

The department’s specification MRTS03 Drainage, Retaining Structures and Protective Treatments 
(TMR 2019a) also contains requirements for supply and construction of metal culverts. 

New steel culvert components must have a protective coating applied to both internal and external 
surfaces in order to meet the required 100-year design life. The protective coatings must conform to: 

• galvanising to Z600 in accordance with AS 1397 

• a polymer coating to ASTM A742. 

Before specifying in design/used in construction, any proposed steel culvert product with this 
protective coating applied must be approved by the Structures section, Engineering and Technology 
Branch. 

Additional design requirements for helical culverts are: 

• the maximum diameter of helical pipe culverts complying with AS 2041 shall be 3600 mm 

• the maximum flexibility factor for installation shall not exceed the limits in AS 2041. 

Apart from this protective coating requirement, steel culverts must also have invert protection. The 
invert of all corrugated steel pipe culverts shall be lined with concrete as follows: 

• Concrete Class: 32 MPA/9.5 

• minimum depth of concrete above corrugations: 50 mm 

• minimum height of lining above invert to be D/6 where ‘D’ denotes diameter as shown in 
Figure 9.2.6.8(b). 
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Figure 9.2.6.8(b) – Culvert lining detail 

 

It is important to note that any bolts or lugs that are connected to the culvert to allow anchorage for the 
concrete invert must also be covered by the protective galvanising/polymer coating. 

Further details for concrete lining are contained in the department’s specification MRTS03 Drainage, 
Retaining Structures and Protective Treatments (TMR 2019a). 

The design of corrugated metal helical pipe and arch culverts is not as simple as for concrete culverts 
and, therefore, should be undertaken by an experienced design engineer. Furthermore, installation of 
metal culverts is also specialised and, therefore, should be undertaken by qualified/experienced 
personnel. Assistance and advice with respect to the design and installation of metal culverts can be 
provided by the Structures section, Engineering and Technology Branch, when required. 

9.2.6.9 Plastic flexible pipes 

Polyethylene and polypropylene pipes are available, but are not currently approved for use as culverts 
under a state-controlled road (refer to the department’s Technical Note 103 Vandalism of Plastic Pipe 
under Roads, Rail and Similar Infrastructure available on the departmental website). They. They can 
be considered for applications which are not subjected to traffic loading. In these instances, 
confirmation of acceptance for the proposed use of these culvert types should be sought from the 
department. 

9.2.6.10 Aluminium culverts 

Table B1 of the Austroads Guide to Road Design – Part 5 (Appendix B) is accepted for this section. 

9.2.6.11 Other structural aspects 

All other structural aspects should be referred to the Structures section, Engineering and Technology 
Branch for advice and/or guidance. 

9.2.7 Culverts in expansive soil areas 

Expansive soils pose particular problems in civil engineering works due to shrink-swell behaviour. With 
respect to drainage structures, this movement in the soil places uneven stresses on RCBCs, SLBCs 
and RCCs and can damage the structure as shown in Figures 9.2.7(a) and (b). In Figure 9.2.7(a), the 
longitudinal crack stops at the slab which forms the footing of the wingwall. While the apron has risen 
relative to the wingwall, the outer edge of the apron has dropped and now slopes away from the 
culvert. Figure 9.2.7(b) shows the vertical displacement across the break in the apron slab. Again, the 
apron has risen relative to the wingwalls. 
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Figure 9.2.7(a) – Longitudinal cracking of apron failure 

 

Figure 9.2.7(b) – Vertical displacement of apron failure 

 

Other issues, such as culverts which appear to rise above their original level, approaches to culverts 
that deform and pavement distress over culverts, are often the result of volume changes in expansive 
soil foundations and embankments. With differential ground movements taking place at the 
culvert/approach interfaces, heavy vehicles can inflict high axle impact loads on the structure. The 
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design load of culverts is influenced more by high impact loads of individual axles rather than the 
behaviour of the entire vehicle. High impacts on structures can dramatically reduce service lives. 

This section addresses: 

• multiple barrel, RCBCs and SLBCs 

• multiple barrel, reinforced concrete culverts (RCCs) with a total length greater than 10 m along 
the road centreline in expansive soil conditions. 

9.2.7.1 Expansive soil potential 

The shrink-swell behaviour of expansive soils is caused by moisture movement in the soil brought 
about by climatic changes producing moisture variations from extreme wet to extreme dry or vice 
versa. Examples are: 

• soils in arid climates, usually in a desiccated state (cracked), which are subjected to 
occasional unusually high rainfall or prolonged inundation causing the soil to saturate and 
expand 

• soils in semi-arid climates where the moisture conditions of the soil reflect the wet-dry 
seasonal cycle and may be subjected to occasional climate extremes of drought and flood 

• predominantly wet soils which, from time to time, are subjected to a prolonged period of 
drought and exhibit drying shrinkage. 

The shrink-swell behaviour or volume change phenomena is controlled by three major factors: 

• intrinsic expansiveness of the soil (generally characterised by shrink-swell index for the soil) 

• suction change (site-specific and dependent on the atmospheric conditions) 

• applied stress. 

Changes in soil moisture produce suction changes which, in turn, produce a loading/unloading effect 
on the soils and result in volume changes in the soil. The two most important site-specific issues with 
regard to suction are: 

• the postulated suction change at the surface 

• the depth over which the suction change manifests, called the active depth (generally between 
2–5 m). 

While some guidance is available for expansive soil embankments in road construction, the problem 
with drainage structures in expansive soils is different in that it is a soil/structure interaction condition. 

Experience has shown that expansive soil problems generally tend to occur in soils which have a 
Linear Shrinkage greater than 8% and/or swell strains greater than 5% at OMC (based on a 
multi-point soaked CBR test). 

According to the Unified Soil Classification, these soils range from SC/CL to CH and are not 
necessarily restricted to high plasticity CH clays. 

Therefore, particular design and/or construction considerations need to be adopted to avert damage to 
culverts where expansive soils are exposed to significant long-term moisture changes. 
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9.2.7.2 Postulated mechanism of distress 

The observed movement in some large culverts is generally a movement of the outer edges of the 
culvert relative to the central section of the culvert, which is generally immune to the movement. 
Figure 9.2.7.3 depicts this failure mechanism for two case study sites. 

It is considered most likely that the outer edges, being the apron slabs, are subjected to extremes of 
wetting/drying phenomena, which produce either high swelling pressures or lack of base support. 

Most small culverts (< 10 m along the road centreline) generally only suffer small movement, which is 
satisfactory or exhibit a uniform heave due to their inherent geometric stiffness. 

9.2.7.3 Standard drawings 

The current standard drawings for culvert bases do not state the design assumptions on which the 
drawings are based and, most importantly, situations when the drawings are inappropriate for use. 

Figure 9.2.7.3 – Failure mechanism of base slabs in expansive soils 

 

 

The design assumptions on which those drawings are based include: 

• the base slabs are designed as a beam on a moisture insensitive, elastic foundation; that is, 
differential settlement due to moisture changes are not a design consideration in the standard 
drawing 

• the minimum ultimate bearing capacity of the strata under the culvert base is at least 150 kPa, 
but preferably in excess of 200 kPa. 
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Sites subject to large settlements or large differential settlements, arising out of moderate or highly 
expansive soils below the culvert base, are outside the design method of these standard drawings. 

9.2.7.4 Amended design procedure 

For culverts with a base greater than 10 m along road centreline, specialist geotechnical and structural 
advice (from the department’s Engineering and Technology Branch) should be obtained where highly 
reactive or expansive clay soils (linear shrinkage > 8% and/or CBR swell > 5%) occur below the 
culvert bases. This is to determine if non-standard base slabs or other foundation treatments are 
required. 

9.2.7.5 Foundation investigation 

An appropriate, special investigation for culvert bases on expansive soils should be undertaken in a 
similar manner to the proven need for special bridge site investigations. This work should be 
undertaken under the direction of specialist geotechnical engineers and/or geologists as appropriate. 
This is required only if preliminary testing indicates the subgrade to be expansive (that is, LS > 8% 
and/or CBR swell > 5%). This preliminary testing can be undertaken at the regional level. 

It is imperative that a vertical profile is established to determine the extent of the actual expansive 
zone. A field investigation should include: 

• trenching or drilling to 2 m depth under or in the vicinity of the proposed culvert location 

• in situ moisture content (Q102A) and density testing (Q111A) at every 300 mm in depth or at 
change of soil horizon, whichever is earlier, to determine the active zone (below the active 
zone, no significant moisture content changes occur over time). Due to lack of data, 
AS 2870 – 2011 gives little guidance on active depths for Queensland conditions. For most 
other states, such as Victoria, where the reactivity of clay profiles has been the subject of 
extensive research, useful guidance is available 

• 50 mm undisturbed tubes taken from each soil horizon, for shrink-swell index testing and filter 
paper suction measurements 

• adequate materials to be sourced from each location for the following laboratory tests. 

A laboratory investigation is required for each soil horizon. The required tests are detailed in 
Table 9.2.7.5. 

If instrumented sites are established in different soil/climatic regions, enabling a rational classification 
of soil/climatic behaviour response patterns, the level of testing can be reduced in the future. 

Table 9.2.7.5 – Required tests 

Parameter Test method 

Particle size distribution (sieve analysis) Q103A 

Liquid Limit Q104A 

Plastic Limit Q105 

Linear Shrinkage Q106 

Shrink-swell index AS 2870–2011 

Filter paper suction measurement BRE–IP 4/93 
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9.2.7.6 Options for the control of distress in culverts 

For drainage structures using culvert bases, special measures need to be undertaken to avert 
distress. Options for control of distress of culvert bases may be categorised into either geotechnical 
alternatives or structural alternatives. In many cases, geotechnical methods may be used successfully 
in conjunction with structural methods. 

a) Geotechnical methods 

There are broadly two geotechnical methods for limiting damage to light structures, such as 
culverts constructed on expansive soil foundations. These either reduce the expansive 
potential of the soil or minimise the seasonal fluctuations of the subgrade moisture. 

Reducing expansive potential of the foundation – volume stability 

Methods for reducing the expansive potential of the foundation may include one of the 
following: 

• excavation of the foundation and replacement with a low permeability granular or 
non-swelling material 

• chemically treating the natural material (for example, lime stabilisation) 

• ripping, scarifying and then compacting the soil with moisture and/or density control. 

These processes are carried out to a depth beyond the level of seasonal moisture variation 
within the soil. The areas to be treated would be under the aprons and 1 m beyond the cut-off 
wall of the apron. 

Control of foundation moisture fluctuations – moisture stability 

The aim of these methods is to control the moisture fluctuations in the foundation within 
acceptable limits. Methods of control may include one of the following: 

• pre-wetting or ponding a foundation prior to construction 

• stabilisation of foundation moisture conditions by a physical limit, such as vertical 
moisture barriers. This involves the placement of a geomembrane (generally a waterproof 
fabric) in a trench along the perimeter of the slab to the limit of the estimated active zone 
depth. These vertical barriers minimise seasonal lateral migration of moisture to and from 
the foundation soils beneath the foundation slab. Details of backfilling and other technical 
issues will need to be covered by supplementary specifications 

• extending the concrete apron with a flexible apron, such as grout-filled erosion mattress 
(≈ 3 m wide) underlain by an impermeable membrane (horizontal moisture barrier). This 
is aimed at shifting the moisture fluctuation zone to be under the extended apron, thus 
shielding the concrete apron slab from the edge effects. 

Prediction of moisture infiltration under sealed areas by numerical methods may be used in 
estimating the required lateral extent that needs to be provided by the flexible apron. 

b) Structural methods 

The structural options to control distress of culvert bases are as follows: 
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Improved layout of culverts 

The risk of damage to culvert bases may in some circumstances be reduced by limiting the 
size of banks of culverts. In wide floodplains, it is considered that a number of banks of 
culverts distributed across the watercourse will result in a better hydraulic and structural 
solution. 

Other structural solutions 

The use of stiffened raft foundations (AS 2870) are technically proven solutions widely used in 
the building industry. As the culvert distress is commonly observed within the apron area of 
the slab, any stiffening needs only be confined to the apron slab. Swell pressures can be as 
much as 200 kPa; that is, much greater than the applied pressure at the base of the slab 
(typically up to 50 kPa). Each case has to be considered on its own merit. 

Other options – bridges 

Consideration should be given to using short span bridges founded on freestanding piles 
extending to the stable material below the active zone. Due to the limited nature of contact 
between the volumetrically active soil and the foundation elements, being the free-standing 
piles, limited upward thrusts are transmitted to the deck. Therefore, these foundation systems 
are less influenced by the movement of the ground and allow such designs to be optimised. 
However, expansive soil issues with bridge abutments and general bridge maintenance 
requirements would still need to be resolved. 

Bridges would not be a practical option for low height structures, but the actual height limit has 
not currently been determined, and it may vary for different sites. 

9.2.7.7 Improved construction practice 

Consideration should be given to restricting construction practices which adversely affect the moisture 
content of the soil. The following practices should be excluded: 

• placement of permeable fill behind the culvert (either granular or cement stabilised sand) 

• opening a culvert base up for a prolonged period when the moisture content is low 

• not allowing adequate time for the culvert base to reduce moisture content after a prolonged 
wet period. 

Supplementary specifications may be required in such situations, and may require specialist input 
from geotechnical and structural specialists within the department’s Engineering and Technology 
Branch. 

9.2.8 Flap gates (tides and floods) 

Where the outlet to a culvert may be submerged by tide or a flood from downstream sources, and 
where it is necessary to prevent the flow of such waters into the culvert, it may be necessary to install 
flap gates. 

However, flap gates will generally cause a higher head loss to occur. Therefore, reference should be 
made to loss coefficients as provided by the manufacturers. 

Where flap gates are required, it will be necessary to ensure that only those culvert types for which 
gates are available are selected. Obvious impacts on fish passage must also be considered. 
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Regular maintenance of flap gates is required to ensure their efficient operation. This is especially 
important for locations where there is significant debris or sediment transport. If regular maintenance 
is unlikely, then flap gates may not be appropriate. 

In addition, if the culvert is expected to pass large quantities of sand, then the outlet should be raised 
above the downstream invert to avoid sediment blockage of the gate(s). 

9.2.9 Multiple barrels 

When two or more barrels of pipes are laid parallel, they should be separated by the dimensions as 
shown on the relevant standard drawing and within MRTS03 Drainage, Retaining Structures and 
Protective Treatments (TMR 2019a). 

The spacing allows for thorough compaction of the backfill material, which is essential for haunch 
support and the prevention of settlements. 

Multiple pipe culverts should always be treated as an embankment installation when determining the 
class of pipe required from the allowable height of cover. Even for culverts installed in trench 
conditions, the height of cover should be calculated for embankment installation. 

For multiple cell culverts in a restricted natural waterway, box culverts can make better use of the 
width available, particularly when SLBCs are used. 

For large culverts, it is often possible to use link slabs to reduce costs. In these situations, selection of 
an odd number of box culvert cells is preferred, though by no means essential. An odd number of cells 
should only be sought if no other design criteria are compromised. 

9.2.10 Reduction in culvert size 

New culvert installations must maintain the same size diameter pipe/box dimensions for its whole 
length. 

For culverts being extended: 

• a reduction in culvert size is not permitted on the downstream side as the discontinuity 
between the different pipe sections can ‘catch’ debris causing blockage which, in turn, reduces 
the capacity of the culvert and/or can cause failure of the culvert 

• a reduction in culvert size is permitted on the upstream side provided that the hydraulic 
capability is not compromised. 

This also applies for projects where the inflow to an existing culvert has been reduced and the culvert 
requires extension. 

Where culverts require strengthening by insertion of a sleeve or similar, the internal 
dimensions/diameter must be maintained for the length of the culvert. 

9.2.11 Splay pipes 

The use of splay pipe components to construct ‘bends’ in culverts is not permitted. 

However, a relaxation of this requirement may be approved for individual cases within a project 
subject to the following requirements: 

• specific locations where it is proposed to use splay pipes to construct bends in culverts are to 
be reviewed and approved by the department’s design representative 

• culverts must conform to relevant departmental specifications 
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• bends are to be constructed in large culverts only – for pipe diameter of 1200 mm or greater 
using propriety splay pipe units and for box culverts with widths and heights of 1200 mm or 
greater using a cast-in-situ chamber without access 

• bend angles are restricted to a total or maximum 22.5° culvert deflection in the horizontal 
plane only (grade of culvert must not change) 

• only one bend is allowed in a single culvert installation 

• the detailed design of any culvert that includes a bend will require formal approval by the 
Structures section, Engineering and Technology Branch. 

9.3 General process for culvert design 

This section describes an approach or general process for the design of culverts. Some of the work 
described in the following sections may not be required for each design of a culvert. 

The design of a culvert commences with assembling the data related to the drainage site, including 
detailed survey of the site, site inspection data and other site-specific information, including 
environmental and geotechnical reports. 

A generalised approach to the design of the culvert follows: 

a) Collate site data 

Review survey, topographic information, locality map, photographs, aerial photographs and 
details from field visit to determine/understand: 

• catchment/waterway details, including natural constrictions, bends, low/high flow channel, 
vegetation, potential overflow to other crossings, and so on 

• upstream and downstream conditions and details 

• location of any geotechnical issues 

• location of environmental constraints or identification of environmental issues 

• location of Private/Public Utility Plant (PUP) or other physical constraints 

• any stream or channel diversion issues 

• any culvert skew requirements 

• soils data 

• existing and allowable stream flow details (depth, velocity, energy and so on) (refer 
Chapter 8) 

• any possible/identified inlet and outlet erosion issues 

• possible sediment/debris issues. 

It is also essential to review: 

• recorded and observed flood data, and local anecdotal data from residents or local 
council 

• design data for nearby structures 

• studies by other authorities near the site, including small dams, canals, weirs, floodplains, 
storm drains. 
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From this information, the designer can then commence the design to determine the size and 
alignment of the culvert. 

b) Determine road/channel geometry 

Where the road alignment crosses the stream/channel, the designer needs to 
determine/understand: 

• the grade height of the road over the crossing 

• location of adjacent low points in the road alignment 

• height and width (location) of shoulders (both sides) considering crossfall/superelevation 
application 

• embankment or batter slopes (and possibility of steepening the slopes if height of 
embankment over culvert is too high) 

• pavement thickness 

• shape of channel (width of bed and bank slopes) including uniformity of shape over the 
reach where the culvert will be located 

• channel bed slope. 

These parameters are required to determine the maximum height, width and minimum length 
of the culvert. This allows the designer to ‘fit’ the culvert under road and within the channel. 
The parameters also allow the determination of the height of headwater that can be developed 
upstream of the culvert. 

c) Determine culvert type and location 

Select a suitable culvert type (RCP, RCBC and so on) for site and locate the proposed culvert 
along the best initial alignment and determine the following: 

• an initial trial culvert size and configuration that ‘fits’ (refer ‘b)’) and check cover 
requirements for selected culvert type 

• incorporate any environmental requirement such as fauna passage 

• set an outlet invert level 

• based on the channel bed slope and an initial slope for the culvert, determine the inlet 
invert level 

• check that the inlet invert level is at or just below the natural bed level 

• if the inlet level is well below the natural bed level, assess the extent of inlet works 
needed to avoid/minimise siltation over time 

• check/determine available space for possible ancillary erosion or environmental 
protection devices 

• identify and document any possible issues/limitations that may necessitate a review of 
the culvert design or its location. 
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d) Determine tailwater level 

• Calculate the tailwater level within the existing channel immediately downstream of 
culvert outlet. 

e) Undertake hydraulic design 

• determine/set the maximum allowable headwater, including freeboard, for the design 

• complete the hydraulic design of proposed culvert to determine headwater, control, outlet 
velocity Froude number 

• undertake several trials based around the initial culvert size/configuration, including cost 
comparison, to select optimum design. 

f) Review hydraulic design output 

• check if hydraulic design is reasonable/realistic and if the flood immunity requirements 
are being achieved 

• check generated headwater against maximum allowable headwater 

• check outlet velocity against permissible channel velocities 

• check extent of any additional inundation due to afflux and review impacts to adjacent 
property 

• assess the likelihood of road overtopping or excessive/erosive outlet velocities in an 
extreme rainfall event (how close is generated headwater to shoulder point/outlet velocity 
to maximum permissible). 

g) Check connections 

• Can surface drains, such as catch drains and diversion drains, be drained to the culvert 
inlet and/or outlet? (refer Chapter 11) 

• Can underground drainage be drained to the culvert inlet and/or outlet? (refer 
Chapter 11) 

h) Assess mitigation treatments 

• Determine any inlet or outlet protection devices to address pollution or erosion control 
concerns. 

As the designer works through this step-by-step process, there will be some outcomes that indicate 
that revisions to the proposed culvert need to be made. 

The designer needs make amendments to the proposal and restart the geometric design at an 
appropriate point and continue the design with the amended culvert proposal. 

The culvert design will not be able to be finalised until all related components of the drainage 
infrastructure are defined by the relevant sections in Chapters 8, 9, 10, 11 and 12 are addressed. 

9.4 Location of culverts 

Sections 3.3, 3.3.1 and 3.3.2 of the Austroads Guide to Road Design – Part 5B are accepted for this 
section. 
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9.5 Allowable headwater 

Section 3.7.5 of the Austroads Guide to Road Design – Part 5B is accepted for this section subject to 
amendments. 

Addition(s) 

1. Culverts that are designed for hydraulic purposes only are designed to pass the design 
discharge from one side of the road embankment to the other in a cost-effective manner in 
accordance with individual project requirements. 

The velocity of the water through the culvert is usually greater than the approach velocity in 
the stream because the culvert presents a smaller cross-sectional area of flow than the 
stream. 

As detailed in the previous chapter, the energy in water is measured as head (m). When water 
flows through a culvert, several losses of energy occur: 

• firstly as the flow accelerates into the culvert (known as entrance loss) 

• then there is friction loss along the length of the barrel as water flows against the culvert 

• finally as the flow decelerates out of the culvert (known as exit loss). 

In order to pass the design discharge through the culvert, extra energy within the flow is 
required on the upstream side to overcome these losses. This extra energy is generated by 
‘damming’ the flow on the upstream side of culvert/road formation which raises the water level 
(increases the height of water or head) above that of normal flow levels. This increase in level 
is known as afflux and it is at its highest just upstream of the culvert entrance. 

The overall increase in water depth (afflux) generated by the culvert cannot exceed the 
allowable headwater for the site. 

2. Reduction of the culvert outlet discharge velocity is normally achieved by increasing the 
waterway area of the culvert; however, this is not always possible and, therefore, outlet 
protection, as shown in Figure 9.5, may have to be designed. 

Figure 9.5 – Box culverts with riprap 

 

Source: Catchments and Creeks Pty Ltd 

9.6 Preliminary selection of culvert size 

Section 3.5.2 of the Austroads Guide to Road Design – Part 5B is accepted for this section subject to 
amendments. 
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Addition(s) 

1. For culverts used as walkways and bikeways, the minimum recommended invert level is equal 
to the level/height of the 20% Annual Exceedance Probability (AEP) flood event. For the 
minimum recommended cell height and widths, refer to the Department’s Road Planning and 
Design Manual. 

9.7 Requirements for fauna passage 

9.7.1 Considerations for fish passage 

Culverts are considered as a waterway barrier and can limit fish movement along the waterway. 
Defined waterways require a culvert design that supports fish passage. Definitions and key 
requirements are provided in Section 2.5.2.6 in Chapter 2. 

Sections 7.6.2 and 7.6.3 provide specific design criteria to be applied to maintain fish movement. 

9.7.2 Culvert specifications for fish passage 

Section 3.3.7 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to 
amendments. 

Addition(s) 

1. Specific requirements for the design of culverts that support fish passage can be found within 
the "Accepted development requirements for operational work that is constructing or raising 
waterway barrier works" effective date 1st October 2018, by the Department of Agriculture and 
Fisheries (DAF). These conditions and requirements take precedence over the Austroads 
Guide to Road Design. 

9.7.3 Considerations for terrestrial passage 

Section 3.3.8 of the Austroads Guide to Road Design – Part 5 is accepted for this section. 

9.7.4 Culvert features for fauna passage 

Other features associated with terrestrial passage are discussed below. The value and, hence, need 
for each of these features must be assessed on a site-by-site basis. 

Separate wet and dry cells: Most culvert designs will have requirements for some degree of 
terrestrial or aquatic movement. Thus, most multi-cell culverts will require both wet and dry cells. 

Separate wet and dry cells can be formed by placing individual cells at different invert levels. This may 
be achieved by having the two outside cells raised at least 100 mm above normal water level or 
lowering just one central cell below normal water level. 

Dry cells can also have a dual use as pedestrian tunnels and bikeways. 

Low flow channel: In some cases, in order to satisfy both aquatic and terrestrial passage 
requirements, it may be desirable to construct a low flow channel into the base slab rather than 
constructing a raised ledge. 

Fencing: Fencing, such as koala-proof fencing, as shown in Figure 9.7.4, or wildlife exclusion fencing, 
can be used to direct animals to the culvert to avoid animals moving over the road. 

For guidelines on the use and design of fauna control fencing, refer to the department’s Fauna 
Sensitive Road Design (2000). 
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Figure 9.7.4 – Koala fencing 

 

Habitat: As a general rule, the cells of a culvert should not be modified to provide or promote habitat 
of birds and terrestrial animals. The reason for this is that these habitats are not natural and are likely 
to be destroyed during flood events. 

Lizard run: If, for any reason, a dry ledge or dry cell cannot be constructed, then a lizard run may be 
considered. 

Lizard runs are approximately 100 mm wide strips of timber bolted to the waterway embankment side 
of a culvert cell. They are introduced to a culvert to enable smaller reptiles to move through the culvert 
at an elevated height. 

Lizard runs should be located approximately 300 mm below the obvert of the cell and must extend 
from ground level at the upstream wingwall, through the culvert to ground level at the downstream 
wingwall. 

Sidewall roughness: As an alternative to constructing a lizard run, the culvert cell wall adjacent to the 
watercourse bank could be roughened with texture paint, grout or other suitable material to allow for 
the movement of fauna such as lizards. 

Any increase in culvert wall roughness must be taken into account in the hydraulic analysis when 
designing the culvert. However, it is noted that in a typical road culvert, sidewall friction only 
represents around 12% of the total head loss. 

Street lighting: Many animals move only at night. To assist in the passage of such animals, street 
lighting adjacent to culverts should be fitted with metal shields to prevent the lighting of the culvert 
entry and exit. 

In some circumstances, it may be desirable to paint the concrete wingwalls and apron in a dark colour 
(dark green) to minimise the reflection of light. 

Lighting: Many terrestrial animals will not enter a dark culvert, so some means of lighting inside the 
culvert is important. For example, this lighting could be in the form of a break in the median for a major 
road. 

Vegetation: The provision of vegetation at the entrance and exit of a culvert is a key determining 
factor as to whether native fauna will use the culvert. 

Bank vegetation should be extended up to the edge of the culvert. This is especially important if a 
‘lizard run’ or ‘fauna path’ has been installed. 
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In critical flood control regions, this bank vegetation may need to consist entirely of flexible 
(non-woody) species that provide minimal hydraulic resistance (that is, no shrubs). 

9.7.5 Stock underpass 

Stock underpasses (also known as ‘cattle creeps’) are primarily designed for the purpose of allowing 
cattle to be driven under road formations and, therefore, should remain dry most of the time. 

If the culvert is to also be used to convey water under the road during storm events, channels leading 
to and away from the culvert must have sufficiently flattened side slopes to allow easy passage for 
cattle. The outlet channel must allow the culvert to completely drain after a storm event. 

The culvert must be at least 2.4 m in height to allow a person on horseback to be able to ride through 
the culvert (they can bend low in the saddle). 

For cattle to enter a stock underpass, sufficient daylight from the other side needs to be seen by the 
cattle, otherwise they will baulk and not enter. Suggested number and width of cells is 
3 x 2.4 m minimum for culvert up to 15 m in length. 

9.8 Selection of culvert type 

Further to Section 2.3.5 in Chapter 2 of this manual, the selection of the most appropriate type of 
culvert is dependent on a range of factors including economics, site conditions and environmental 
considerations. 

Box culverts are generally used where: 

• insufficient embankment depth or cover for pipes exists 

• channel is narrow and it would be difficult to fit a pipe culvert 

• fauna passage is required. 

In multi-cell construction, slab linked box culverts (SLBCs) are often an economical choice. 

Historically, while the majority of culverts installed consist of concrete pipes or box culverts, the 
installation of corrugated metal pipes, pipe-arch or arches, may be appropriate and economic in some 
situations. 

Metal culverts have some advantages in lower cost and ease of transport and installation. However, 
disadvantages, such as corrosion due to construction damage, high compaction standards and higher 
cover requirements, mean that unless there are large financial savings, or other construction 
restraints, other more robust and more durable materials should be used. 

Table 9.8 provides guidance in the selection of the most appropriate culvert type for different exposure 
conditions. 
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Table 9.8 – Culvert types for different conditions 

Exposure condition 

Concrete 
box 

culverts 
(normal 
cover) 

Concrete 
box 

culverts 
(saltwater 

cover) 

Concrete 
pipes 

Steel 
corrugated 

arch¹&² 

Steel 
helical 
pipe¹&² 

Aluminium 
helical 
pipe² 

Saltwater       
Aggressive soil (e.g. 
low pH, high chloride 
high sulphate) 

      

Invert in fresh water for 
prolonged periods  N/A    Not 

economic 

Typical condition (i.e. 
none of above)  N/A    Not 

economic 

Notes: 

¹ Refer Appendix C, AS/NZS 2041 1998 Buried Corrugated Steel Pipes 

² Refer Section 9.2.6.1 for structural requirements 

Reference should also be made to Standard Drawing No. 1359 (TMR) for installation requirements, 
cover, spacing and details for H2 and HS3 support conditions (refer Section 9.2.6.4). 

9.9 Typical culvert operating conditions 

Section 3.8.1 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.9.1 Inlet control conditions 

Section 3.8.2 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.9.2 Outlet control conditions 

Section 3.8.3 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.10 Hydraulic calculations 

Section 3.9 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.10.1 Control at inlet 

Section 3.8.2 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.10.2 Control at outlet 

Sections 3.8.3 and 3.9.1 of the Austroads Guide to Road Design – Part 5B are accepted for this 
section. 

9.10.3 Determination of tailwater 

Section 3.9.2 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.11 Design procedure 

Section 3.10 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.11.1 Hydraulic design 

Sections 3.10.1 to 3.10.11 of the Austroads Guide to Road Design – Part 5B are accepted for this 
section subject to amendments. 
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Addition(s) 

1. A copy of the design form referred to in this section (Figure 3.8, Section 3.10.1 the Austroads 
Guide to Road Design – Part 5B) is contained in Appendix 9A for download, print out and use. 

9.11.2 Practical design 

Section 3.10.12 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.12 Minimum energy loss culverts 

The early designs based on this principle were known as minimum energy/constant energy and no 
afflux culverts, although the last title is no longer used. Bridge waterways have also been designed as 
minimum energy loss structures. 

To minimise energy loss through a culvert and the resulting afflux, the design requires carefully 
shaped inlets and outlets (refer Figure 9.12) and usually a dropped culvert barrel, such that critical 
flow passes through the system in the design flood. In a minority of these structures, flow is not at 
critical depth in the barrel in the design flood. 

Furthermore, due to the size, material requirements and increased difficultly in construction, minimum 
energy culverts are generally very expensive options and the benefits of these types of culverts are 
arguable. 

Figure 9.12 – Minimum energy loss culvert on Gateway Motorway 

 

Advantages promoted by others over conventional structures are that: 

• by constricting the natural flow to a greater extent, the body or cell has a minimum width, 
reducing construction costs for this component only 

• the flow through the culvert is streamlined and, therefore, has reduced turbulence which, in 
turn, reduces the erosion potential of the flow and minimises the need for protection 

• the minimisation of energy losses results in little or no adverse effect on upstream flood levels. 

Problems have been observed in some existing structures and some designers see them as 
indications for caution in the future design of minimum energy loss structures. 

Furthermore: 

• each structure is unique and requires considerable, specialist design effort 

• the cost of the curved base and extensive shaped wing and apron structures normally 
surpasses the savings in reduction in number of cells required 
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• future extensions or changes to these structures significantly change the hydraulic 
performance and generally require the complete rebuild of affected apron and wing structures 

• critical flow is inherently unstable and, therefore, sensitive to small changes in energy and 
depth of flow. Discharges, both higher and lower than the design discharge, have the potential 
to give higher affluxes than the design flood. The range of flows for which streamlined flow 
may occur in any structure is questioned 

• an anti-ponding pipe or channel is generally necessary to prevent ponding of water after a 
flood 

• sediment may be deposited after a flood and may not be removed in future flows with the 
possibility of growth of vegetation requiring removal; that is, provision for maintenance 
required 

• the possibility of debris blocking the culvert barrel is increased because of the smaller cell. 

The significance of some of these key points is that too much debris or siltation will change the 
geometry, such that streamlined flow would not occur. 

Minimum energy loss culverts are no longer used or recommended by the department. If an existing 
minimum energy loss structure requires extension or alteration, then the design must be referred to 
the Director (Hydraulics and Flooding), Engineering and Technology Branch. 

9.13 Blockage of culverts 

Section 6 of the Australian Rainfall and Runoff (ARR) 2019 is accepted for this section. 

9.14 Consideration of large or extreme events 

Section 3.12 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 

9.15 Culvert outlet protection 

Sections 3.13 and 3.14 of the Austroads Guide to Road Design – Part 5B is accepted for this section 
subject to amendments. 

Addition(s) 

1. In all types of culvert outlets, protection of the stream bed would normally be provided by the 
department’s standard apron treatment as shown on Standard Drawings 1240, 1250 and 1260 
(TMR). Typically, the distance of protection required, measured from the outlet of the culvert, 
is 1.5D metres where ‘D’ is the diameter of a pipe or the height of a box culvert. 

2. Wingwalls, in conjunction with the apron and cut-off wall, protect the integrity of the 
embankment from erosion/scour caused by stormwater flows. 

The length of the wingwall (W1 & W2 as per Standard Drawings 1240, 1250, 1260, 1304, and 
1305 (TMR)) is calculated based on the slope of the batter – the flatter the batter slope, the 
longer the wingwall needs to be. The wings should extend to at least the interface between the 
batter slope and the natural slope. For further detail on calculating wingwall lengths, refer to 
Appendix 9D. 

Should shorter wingwalls be proposed (that is, some of the embankment is exposed to 
inlet/outlet flow), it is recommended that there be a requirement to mitigate any possible 
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erosion/scour of the exposed embankment via works with a similar durability/design life as 
normal wingwalls (typically 50 years). 

3. Use of pre-cast end/headwalls must comply with the department’s Standard Drawing 1243 
and Technical Note TN27 – Guidelines for Design of Precast Culvert and Pipe Headwalls. 
NB: For concrete pipe culverts there is to be no step between the culvert invert level and the 
adjacent apron level. This requires the depth of the recess in the precast end unit to match the 
thickness of the concrete pipe. 

9.16 Special energy dissipation structures at culvert outlets 

When rock pad protection is not appropriate due to high velocity and/or high energy flows, 
non-standard and more specialised energy dissipaters are required. These options can be expensive 
to design and construct and generally have a potential for high maintenance costs (that is, debris 
collection). These devices can also be a potential public and wildlife safety hazard. 

Use of such energy dissipaters should be considered the exception, not the norm, and should only be 
used when no other reasonable options are available. The design of these devices/structures should 
be referred to the Hydraulics and Flooding Section, Engineering and Technology Branch or a suitably 
prequalified consultant. 

9.17 ‘Self-cleaning’ culverts and flow velocity limits 

For cross-drainage culverts, flow velocities must be no less than the “absolute minimum” as stated in 
Table 7.1.1 of Queensland Urban Drainage Manual (QUDM), 4th Edition 2016; however lower 
velocities are permitted where design is constrained by fish passage requirements, where very low 
maximum allowable velocities are specified for frequent AEP events. Some culverts are designed to 
be buried to facilitate a natural bed substrate within the culvert. 

Where the TMR regional offices or the design brief/contract documents require that pipes or culverts 
must be “self-cleaning”, Section 4.8.5 of the Austroads Guide to Road Design – Part 5 is accepted for 
this section. 

9.18 Inlet structures 

For culvert inlet structures, headwalls and wingwalls of reinforced concrete are usually needed to 
provide embankment stability and protection against erosion. 

Culverts with wingwalls should be designed with an apron extending between the walls. Aprons must 
be reinforced concrete. The actual configuration of the wingwalls will vary according to the direction of 
flow and so protection against scour is maximised through inclusion of the apron. (TMR). For more 
information on wingwall requirements, refer to Section 9.15, Addition 2. 

Cut-off walls in the form of a vertical wall constructed below the end, or outside edge, of the apron of a 
culvert must always be provided at culvert inlets and outlets to prevent undermining and piping failure. 
For corrugated metal pipe culverts, the cut-off walls also act to counteract uplift at the culvert inlet. If 
ground conditions upstream of a culvert are non-erosive, consideration may be given to omitting the 
cut-off wall at the inlet, but this is not recommended. 

Use of pre-cast end/headwalls must comply with the department’s Standard Drawing 1243 and 
Technical Note TN27 – Guidelines for Design of Precast Culvert and Pipe Headwalls. 

An important aspect that designers must check for is the occurrence of a hydraulic jump in the inlet of 
the culvert. Supercritical flows in the existing channel, at the site of a proposed culvert, will be forced 
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back to subcritical flow by the presence of the culvert. This will force a jump at the culvert entrance 
which can: 

• cause erosion about the inlet if not adequately protected 

• affect the hydraulic design of the culvert due to the turbulence. 

If this is the case, it is recommended to force the jump to occur some distance upstream of the culvert 
(by placing a hump across the stream bed), so that the energy and turbulence can dissipate before 
arriving at the culvert. 

9.19 Managing sediment 

Sediment deposits within culverts, especially multi-cell culverts, can cause significant operational and 
maintenance problems. 

Occasionally sediment traps (basins) are constructed upstream of culverts. In these cases, an access 
ramp for maintenance must be provided to allow de-silting of the trap. 

In critical areas, or for long culverts where maintenance is extremely difficult, a small sediment 
trap/weir can be constructed at the inlet to divert low flows to just one or two culvert cells. This will 
allow the flow to enter the remaining cells only during high flows. 

These sediment weirs should be designed to be fully drowned during major flood events, so that no 
adverse backwater effects occur. 

9.20 Safety 

9.20.1 Culverts used as walkways and bikeways 

Provision for pedestrians and cyclists can be made in sizing a waterway culvert. However, in order to 
be effective, the approach ramps must allow clear vision through the culvert cell. 

It should also be kept in mind that pedestrians will often prefer to cross over a road than under it for 
reasons of security. 

9.20.2 Barriers to flow 

9.20.2.1 Trafficability considerations 

Consideration needs to be given to the desired trafficability of the road during overtopping flood flows. 

Raised median strips can result in traffic movement only on one side of the road during overtopping 
flows. In critical flood control areas, it may be necessary to use a painted median. 

Raised kerbs or pedestrian pathways on the downstream side of a road can cause ponding to occur 
across the full width of the road, thus reducing trafficability in both directions during flood events. 

9.20.2.2 Traffic safety barriers 

Median traffic barriers, such as the GM Barrier, can significantly interfere with the passage of 
overtopping flood flows and the migration of terrestrial wildlife across the road. 

If these barriers are likely to interfere with flood waters or terrestrial movement, then the road layout 
should be designed to avoid the need for such barriers, subject to satisfying safety requirements for 
road users. 
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9.20.2.3 Noise fencing 

Noise control fencing must allow for the free passage of overtopping flood flows in most cases. Even 
where culverts have been designed with a large capacity (such as 2% AEP event), consideration of 
the impacts of the fence on overtopping flow is also required. 

9.20.3 Additional safety considerations 

Section 2.2 and 2.7.4 of the Austroads Guide to Road Design – Part 5 are accepted for this section. 
Consideration should also be given to Section 2.7.1 of the Austroads Guide to Road Design – Part 5. 

9.21 Designing for resilience 

Resilience is the ability to survive a disaster event and return to a state of acceptable operating 
condition quickly after the event. A key objective of the department is to improve the resilience of 
Queensland’s road and transport infrastructure where experience has demonstrated that past flooding 
events have resulted in significant damage. 

9.21.1 Specific design criteria for downstream protection of road embankments at culverts 

Downstream scour due to overtopping of road embankments at culvert locations represents a high 
potential for scour of the road embankment. This can result in removal of the material supporting the 
culvert. 

This advice applies to road embankments with flood immunity less than AEP 2%. 

Whole-of-life cost considerations can be used to determine if these improvements to resilience are 
justified. 

If the height of the embankment is less than 500 mm, downstream slope protection is not needed 
unless there is a history of scour. 

Slope protection for culverts is to be in accordance with the following: 

• maximum slope of downstream batter is 1 (vertical) to 3 (horizontal) 

• all shoulders shall be sealed 

• all headwalls must be permanently physically attached to the culvert even after scour 

• the headwall, apron and cut-off wall shall be integral 

• minimum depth of cut-off wall of 450 mm 

• use of pre-cast end/headwalls must comply with the department’s Standard Drawing 1243 and 
Technical Note TN27 – Guidelines for Design of Precast Culvert and Pipe Headwalls. Precast 
ends to culverts must have cut-off walls 

• the downstream embankment face adjacent to a culvert shall be protected with either grouted 
rock, reinforced concrete or wire mattress (except where protecting sand or non-cohesive 
material). Note that where wire mattresses are proposed for the protection of non-cohesive 
embankment materials, proper filter protection, such as geotextile, shall be designed and 
installed behind the wire mattresses 

• all downstream batter protection shall extend to at least the toe of the batter and tie into a 
cut-off wall of at least 450 mm in depth 
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• for culverts with a drop less than 2 metres, vegetation may be used if it remains lush and thick 
for the entire year (typically coastal areas) 

• for culverts, batter protection on the downstream side of the road embankment shall extend 
along the carriageway past the culvert (in both directions) for a distance twice the height of the 
road embankment or channel width (whichever is the greater). 

The Pavement and Structures sections, Engineering and Technology Branch can provide further 
advice on batter protection. 

9.22 Worked examples 

Section 3.15 of the Austroads Guide to Road Design – Part 5B is accepted for this section. 
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9A Appendix: Design form 

Figure 9A – Design form 
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9B Appendix: Structural assessment/decision process 

Figure 9B – Pre-2004 culvert – structural assessment/decision process 
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9C Appendix: Structural failure risk assessment 

General 

This appendix assesses the risk (probability) of structural failure in simple terms. 

Culverts are categorised as either a ‘major culvert’ or a ‘minor culvert’. Major culverts are defined 
within the department’s Bridge Inspection Manual (BIM). These structures are currently inspected on a 
regular basis with records stored in the department’s Bridge Information System (BIS). All other 
culverts are deemed minor culverts. 

Link slab box culverts, cast-in-situ culverts and arch culverts are not covered by this Appendix and 
assessing risk of structural failure requires specialist advice. 

Risk assessment – major culverts 

For major culverts, a risk assessment can be undertaken using the ‘Whichbridge’ component within 
the BIS. 

Table 9C.1 – Risk rating – major 

Score Risk Recommended action 

1500+ High Replace structure 

751 – 1500 Medium Monitor structure 

0 – 750 Low No action required at this stage 

 

Risk assessment – minor culverts 

Risk of structural failure for minor culverts (under critical loading/cover is ≤ 2 m) is a function of: 

• W – maximum horizontal dimension of a culvert (such as nominal diameter for circular 
culverts, nominal span width for box culverts) 

• C – depth of cover which is defined as the minimum depth of material (under outer wheel 
path) from the road surface to top surface of culvert. 

Note: When cover exceeds two metres, inspection is still required, but specialist advice is required. 

Assessment method is same for both single cell and multi-cell structures. 

Table 9C.2 – Risk rating – W = 375 to 600 mm 

Assessment criteria Risk Recommended action 

When C is ≤ 600 mm High Replace structure 

All other situations Low No action required 

Table 9C.3 – Risk rating – W = 675 to 1200 mm 

Assessment criteria Risk Recommended action 

When C is ≤ 600 mm High Replace structure 

When C is between 600 mm and W Medium Monitor structure 

When C is ≥ W Low No action required 
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Table 9C.4 – Risk rating – W = 1350 to 1800 mm* 

Assessment criteria Risk Recommended action 

When C is ≤ W/2 High Replace structure 

When C is between W/2 and W Medium Monitor structure 

When C is ≥ W Low No action required 

Notes: 

*RCBCs greater than 1800 mm (in width) but less than 3.0 m² in waterway area are to be included. 

These risk rating tables are combined and shown diagrammatically in Figure 9C(a). 

Figure 9C(a) – Structural risk assessment – minor culverts 
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9D Appendix: Culvert wingwall length calculations 

Table 9D.1 – Culvert description and symbols 

Description Symbol 

Internal diameter of a pipe culvert or internal height of a box culvert  D 

Thickness of pipe or box culvert T1 

External diameter of pipe culvert or external height of box culvert D2 

Skew angle  ∅ 

Wingwall angle 1 α 

Wingwall angle 2 β 

Batter slope 1 on S 

Headwall thickness (typical value is 300mm) T2 

 

Wingwall angles and lengths are shown in Figure 9D. The following steps are a guide for calculating 
the lengths of W1 and W2. 

1. Calculate the culvert height. 

Culvert height = D+T1 

2. Find the horizontal distance of W1 perpendicular to the road alignment using the batter slope, 
refer to Figure 9D Side Elevation – Wingwall. 

W1 horizontal distance perpendicular to the road = (D+T1)×S - T2 

3. Find the horizontal distance of W2 perpendicular to the road alignment using the batter slope, 
refer to Figure 9D Side Elevation – Wingwall. 

W2 horizontal distance perpendicular to the road = (D+T1)×S – T2 – (D2 – T1) sin∅ 

4. For square culverts adjust W1 and W2 angles using the Figure 9D Wingwall Angles – Skew 
Culvert. 

W1 angle = Skew angle + α from the table of angles 

W2 angle = skew angle - β from the table of angles 

5. Calculate W1. 

W1 = [(D+T1)×S-T2]÷Cos (∅+∝) 

6. For skew culverts, adjust the initial perpendicular calculation of W2 for the offset created by 
the part of the headwall that is square to the culvert cell. Check that is at least 1.5 x the culvert 
height. If 1.5 x (D+T1) is greater than the above horizontal distance, then choose 1.5 x (D+T1) 
as the horizontal distance. Calculate W2. 

𝑊𝑊2 =
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝐻𝐻𝑑𝑑𝑡𝑡𝑡𝑡𝑛𝑛𝑑𝑑𝑑𝑑 𝑓𝑓𝐻𝐻𝐻𝐻𝑓𝑓 𝑡𝑡𝑎𝑎𝐻𝐻𝑎𝑎𝑑𝑑

𝑑𝑑𝐻𝐻𝑑𝑑(∅ − 𝛽𝛽)  
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Figure 9D – Culvert wingwall length calculations 
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