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1.0 Introduction
A stock underpass is an important farm infrastructure asset that allows the passage of stock beneath 

a road, or railway, while allowing unhindered movement above. While it is a major capital outlay, once in 

operation an underpass provides major benefits by reducing safety risks, travel delays and inconvenience 

for both farmers and road users. There are also environmental and animal health benefits from stock not 

being held on races while waiting to cross. 

Environmental considerations around the operation of the structure must be identified during the 

investigation phase and solutions developed as part of the underpass design, rather than leaving 

these to the contractor or farmer to consider at a later time. Critical to environmental effectiveness is 

a drainage system that captures and manages any Farm Dairy Effluent (FDE) that might collect in the 

underpass. Minimising the amount of storm or ground water entering the underpass is also important. 

Animal welfare and stock flow factors must be considered carefully when designing the approach ramps 

and floor of an underpass. 

Underpasses are available in a range of shapes, sizes and construction materials and can be adapted to 

meet specific site conditions and operational use. Existing structures such as road bridges may also be 

modified to provide passage for stock under the road. 

Underpass structures need to meet a number of legislative requirements, notably the Building Act 2004 

(BA) and the Resource Management Act 1991 (RMA) and require consents and Chartered Professional 

Engineer (CPEng) signoff. 

Each local council, or the NZ Transport Agency (NZTA) in the case of national highways, has their 

own policies and procedures on the design, construction, operation, maintenance and inspection of 

underpasses. Authorities that administer road reserves, across which underpasses are built, such as 

district councils, are referred to as a Road Controlling Authority (RCA). They require owners of underpass 

structures to enter into legal agreements that will state the responsibilities and costs to be borne by 

each party. The construction of an underpass generally follows three main RCA processes; road opening, 

deed of grant registered against the property title, and building consent. The installation of underpasses 

in railway reserve or under railway bridges is outside the scope of this practice note. 

Farm owners should allow sufficient lead time for their new underpass as the process of arranging 

agreements and investigations through to design, approvals, and construction can take at least six 

months. Weather can also impede progress.
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KEY POINTS

Each RCA has their own policies and procedures which will need to be followed, including:

 ▪ Allow sufficient time ahead of when underpass is required, and allow for delays

 ▪ Professional engineering guidance is required for design and construction signoff

 ▪ Detailed survey and investigation of the underpass crossing site is critical

 ▪ Environmental effects mitigation and effective drainage must be incorporated into the 
underpass design

 ▪ Underpass width, stock flow, approach ramp slopes, and surfacing are key design 
considerations and can affect animal health 

 ▪ Different types of underpasses will suit different sites – suppliers should be consulted

 ▪ Only experienced contractors should be engaged to undertake installation.
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2.0 Preliminary
It is important that both farmer and designer develop an agreed understanding on all the performance 

requirements of the new underpass. This is likely to evolve through discussions with the RCA, regional 

council and other affected parties. There will be an expectation from the farmer that the structure will 

provide good stock flow with minimal maintenance, possess long-term durability and be continuously 

available for use. The RCA on the other hand will have an expectation that road users will be provided 

long-term safe and uninterrupted passage at minimum cost. Affected parties will include service 

providers, for example electricity and telecommunications providers, who have their assets located in the 

road reserve. These and other various parties must be consulted at an early stage.

2.1 RCA Requirements
If a stock underpass is to pass through a road reserve then permission will first be required from the 

governing authority, either the local authority for local roads or NZTA for State Highways. The governing 

RCA bodies will require payment for the approval process as well as guarantees that the roads will be 

reinstated to a certain standard. They may require a bond in order to recover any costs from the farmers 

and their agents, including contractors, if satisfactory completion is not provided.

All RCAs have slightly different procedures and it is necessary at the outset to check what these specific 

requirements are. Most RCAs have their policies and approval processes, including application forms, on 

their websites.  

RCAs will generally require: 

 ▪ That the land on both sides of the road reserve be owned by the same owner.

 ▪ If there are two owners, but one owner leases land to the other, there is the potential difficulty if 
one owner sells, of the sale leaving a redundant underpass. Who then takes the responsibility for 
maintaining or removing it? 

 ▪ The appropriate structural design is to be arranged (and paid for) by the owner and will be suitable for 
current and future crossing needs

 ▪ The landowner enters into formal binding agreements with the RCA, for example Construction 
Agreement and Use Agreement

 ▪ The underpass meets specific design standards for structures consistent with its intended use and 
“Importance Level (IL) (as specified in the NZTA Bridge Manual)

 ▪ The structure be designed by a CPEng and constructed by an experienced contractor in accordance 
with the Building Act 2004 and the Building Regulations 1992

 ▪ That any resource consents required under the Resource Management Act 1991 (RMA), are  
obtained by the owner from regional council. Note that in addition, some district councils may require 
a land use consent depending on issues such as, the volume of earthworks and separation distances 
to dwellings

 ▪ The underpass construction is commenced only after receiving an approved Corridor Access Request 
and a Work Access Permit from the RCA 

 ▪ The installation meets the requirements of the Health and Safety in Employment Act 1992. A Site 
Safety Plan will need to be submitted to the RCA for acceptance, prior to any work commencing in the 
road reserve 

 ▪ The underpass contractor carries out the work under an RCA approved Traffic Management Plan that 

conforms to the Code of Practice for Temporary Traffic Management (COPTTM)
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 ▪ Installation of any owner’s ancillary services across the road (for example, water pipes, electricity 
supply) is approved under a Deed of Grant for private services

 ▪ At construction completion and after signoff, the RCA will manage the structure as a bridge on their 
roading network

 ▪ The underpass structure will be operated by the landowner in a safe manner and be properly 

operationally maintained at their cost.

The Stock Crossings Working Group of the Road Controlling Authorities Forum (New Zealand) Incorporated 

has produced their “Best Practice Guidelines for Stock Crossings” as guidance (refer to References 

section of this PN). From this document a flowchart which demonstrates the typical RCA approval process 

is reproduced in Figure 2.1.

2.2 Cost Apportionments, Agreements and Ownership
2.2.1 WHO PAYS?
If it is primarily the land owner who wants the underpass then they will generally have to pay all the costs 

involved. However, subsidies to the landowner from the RCA may be available but will likely depend on:

 ▪ Whether the RCA or landowner farmer initiated the enquiry

 ▪ RCA subsidy policies

 ▪ RCA’s budget availability status

 ▪ Annual average daily traffic counts (AADT), usage and IL of the road.

If the underpass is subsequently removed then this will usually be undertaken by the RCA with costs, 

including road reinstatement, borne by the landowner who takes back ownership of the physical  

structure itself.

2.2.2 LEGAL ARRANGEMENTS
Legal agreements will be required. A Memorandum of Encumbrance which ties the structure to the 

adjoining land, or a Deed of Grant containing standard conditions, are methods which may be used. 

Most RCAs prefer to take over ownership of the underpass structure and will meet the repair cost of any 

structural defect, provided it is not attributable to the landowner’s activities. Any maintenance and repairs 

required, such as fencing and drainage, will usually be at the landowners cost and covered by a separate 

underpass use agreement. 
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Figure 2.1: Flow Chart for Underpass Approval (from RCA Forum – Best Practice Guidelines for Stock 
Crossings Appendix 5) 
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2.3 Programme 
Obtaining all the required approvals prior to underpass construction can take many months and farm 

owners need to allow sufficient lead time ahead of when they intend first using their new underpass. 

There are many factors that can affect the programme including: 

 ▪ Extent (and outcome) of consultation required with affected parties

 ▪ Manufacturing schedules of underpass product suppliers

 ▪ Weather, as some sites will be unsuitable for underpass construction in winter

 ▪ Road bypass availability during construction

 ▪ Conformance with RCA approval processes

 ▪ The RCA may restrict construction to certain times of the year to reduce road user inconvenience

 ▪ Availability of specialist contractors and equipment (for example, craneage) for the site location.

For general guidance, Figure 2.2 provides a typical timeline. 

Fig 2.2: Timeline for the Installation of a Stock Underpass (Typical)
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2.4 Documentation 
The table below provides a list of typical documents that may need to be supplied to the RCA.

DOCUMENTS TO BE PROVIDED TO RCA

 ▪ Certificate of Title for each property serviced by the underpass 

 ▪ A geotechnical (foundation) report giving evidence that the underpass sub-base is sufficient to support the 
structure

 ▪ Unsigned schedules from conditions of contract (NZS 3910)

 ▪ Underpass design drawings and specifications (site, drainage, cross sections, roading) from a CPEng.

 ▪ Underpass manufacturers drawings and specifications

 ▪ Building consent and Project Information Memorandum 

 ▪ Resource consent(s)

 ▪ Designer(s) producer statement(s)

 ▪ Signed construction agreement

 ▪ Signed use and subsoil lease agreement

 ▪ Proof of contractor’s insurance

 ▪ Contractor’s Health and Safety plan

 ▪ Corridor Access Request and a Work Access Permit 

 ▪ TMP completed by a qualified Site Traffic Management Supervisor (STMS)

 ▪ Bond (if required)

 ▪ Any further conditions the RCA may apply

 ▪ Fees payable on application

UTILITY PROVIDER DOCUMENTATION

 ▪ Utility provider documentation

 ▪ Telephone (may be more than one)

 ▪ Energy (for example electricity and gas)

 ▪ Water

 ▪ Sewer

 ▪ Gas

 ▪ Land Information New Zealand

Table 2.1: Documentation Required (Typical)

2.5 Need for Professional Engineering Guidance
Installing an underpass requires completion of a number of professional tasks including; surveying, 

geotechnical investigations and materials testing, resource management planning and consenting 

consultation with various parties, structural engineering design, construction drawings and specifications, 

estimates, tendering, construction contract management, testing and measurement, reviews and signoffs. 

This process can be complex and time consuming and is best left to an experienced engineering 

consultant. There are a number of design and construction approaches that will provide this as shown in 

Table 2.2 below.
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Design then Build
An engineering consultant designs the underpass, lets and administers a contract (on 
behalf of the landowner) to build it

Design and Build
An engineering consultant lets and administers (again on behalf of the landowner) a 
contract for both the design and build of the underpass

Alternatively, an experienced civil engineering contractor may manage the project but contract out required 
specialist professional inputs where these are not available ”in-house”. 

Table 2.2 Design and Construction Approaches

Installing stock underpasses and completing ancillary works is a specialist activity and should only be 

undertaken by an experienced civil engineering contractor. 

Like most other built structures, the design of each underpass structure and their foundations must be 

signed off by a CPEng with a Producer Statement (PS1 – Producer Statement - Design) which accompanies 

the building consent application. 

Underpass construction is best administered as a contract under NZS 3910 Standard Conditions of 

Contract for Building and Civil Engineering Construction. This standard defines the various roles and 

responsibilities of the principal, contractor and engineer. The construction industry promotes the use of 

NZS 3910 in its standard form which is an equitable form of contract that is well tested, fair and provides 

certainty to all parties. NZS 3910 is further explained in PN21 Part 1, section 9.4. 

At project completion a CPEng will generally need to signoff a PS 4 – Producer Statement – Construction 

Review to confirm that the structure has been built as detailed in the project drawings and specifications. 

As-built drawings and engineering test results on the excavated base below the underpass will also 

usually be required. Following construction and upon providing all completed documentation required by 

the RCA, a Code Compliance Certificate will be issued. Again, this process can be complex and is best 

handled by a project manager. 

Box culvert underpass under construction
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3.0 Investigations
3.1 Location
At the outset it is preferable to determine both the most likely position as well as an alternative crossing 

point option. Selection of the most suitable underpass site is likely to be a compromise that considers 

the following desirable factors:

 ▪ The land on both sides of the road reserve is in the same ownership 

 ▪ No likelihood of flooding 

 ▪ The underpass base level will be above the highest known ground water table level

 ▪ The base has suitable foundation bearing capacity to support the structure 

 ▪ A gully at right angles to the road with a continuous downslope over its length so as to avoid ponding 
within the underpass

 ▪ The location and operation of the underpass, ramps and access races will not affect surrounding 
surface drainage

 ▪ A straight section of road with good horizontal and vertical geometry where there is a low risk of errant 
vehicles leaving the highway and impacting the underpass

 ▪ The new underpass will cross the road without altering the horizontal or vertical alignment of  
the carriageway

 ▪ The profile of the underpass roof will not protrude up into the pavement or surface profile of the  
road shoulder.

Other site location considerations include:

 ▪ A safe alternative road crossing point is available should the underpass be temporarily unavailable 

 ▪ Alignment with existing farm race network 

 ▪ There are no significant underground services in the road corridor that are costly to relocate (for 
example, fibre optic cables) 

 ▪ Availability of a natural gully alongside the road, which will reduce the quantity of excavation required 

 ▪ Presence of trees, road culverts, power poles and other physical features 

 ▪ Sufficient separation distance from dwellings and other certain buildings

 ▪ Availability of power, if required (to operate sump pump and lighting) 

 ▪ The underpass is able to cross at right angles to the road (to minimise underpass length and cost)

 ▪ Availability of suitable bedding and backfill materials on site

 ▪ Proximity of the underpass effluent sump to the Farm Dairy Effluent (FDE) storage and  
irrigation system

 ▪ Sufficient area around the underpass site to construct a temporary bypass during construction

 ▪ The proposed underpass does not encroach on a known archaeological site.

The RCA may have specific policy requirements that could affect final location and configuration,  

for example:

 ▪ Minimum underpass length allowable; for example some RCAs may require the underpass to span the 
full width of the road reserve, while others may allow it to be reduced if the risks to road user safety is 
mitigated, for example, with safety barriers
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 ▪ Provision for pedestrians and cyclists 

 ▪ Side protection requirements, for example, approved guard railing

 ▪ Minimum depth of basecourse cover over the top of the underpass unit for example 100 millimetres 

 ▪ Rationalisation of existing access places along the property road frontage required

 ▪ Consent required to alter a water course

 ▪ Location does not compromise foreseeable future work (for example, road widening or realignment)

 ▪ The stability of any cut/fill slopes supporting the road is not compromised

 ▪ Minimum clearance distance available between the edge of the carriageway and the end of  
the underpass

 ▪ The underpass is able to be drained and kept free of water (and effluent) at all times.

3.2 Survey
RCAs usually require detailed plans of the proposed stock underpass site as part of the required 

application documentation. Similarly, the designer needs to know the position and level of all physical 

features so they can optimise the road crossing position and develop construction plans. This is best 

achieved with a detailed topographic survey that picks up features such as gullies, water courses, 

culverts, gates, fence lines, races, road centreline, pavement edges, accesses, trees, and road  

corridor utilities. 

An experienced engineering surveyor can confirm where the legal boundaries are and what the land 

ownership arrangements are. Legal easements and underground utilities that might affect the underpass 

location can also be investigated.   

3.3 Geotechnical Investigation
As with any project that involves earthworks, there is a need to know what the subsurface materials 

present are and their engineering properties. This is best undertaken by a geotechnical engineer or a 

civil engineer with engineering materials experience. The following stepped approach is similar to that 

described in PN21 Part 1, section 4 for the site investigations for FDE ponds.

Step 1 Assess and record the site’s overall terrain. Need to note slope stability, surface water, 
trees, other features

Step 2 Excavate test pits (at least one on each road side) to at least one metre below 
the proposed base of the underpass and determine materials present. Undertake 
continuous scala penetrometer testing down through the test pit to infer foundation 
bearing strength. Determine highest ground water level. Note any collapsing of the test 
pit sides as this may be an indicator of cut slope stability issues

Step 3 Log and photograph soil materials present and take representative samples of 
potential fill materials for laboratory testing 

Step 4 Prepare a geotechnical report

Table 3.1: Investigation Steps
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CHECKLIST: SITE SELECTION

 � Base of the underpass above ground water level

 � Extent of earthworks cutting for underpass and ramps able to be minimised 

 � Base area has sufficient soil bearing capacity

 � Site drainage will be unaffected (or can be remediated) by the works

 � Power available to the site

 � Ponded FDE can be captured, stored and irrigated

 � Land on both sides of the road is in the same ownership

 � RCA accept proposed location, design and construction.
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4.0 Underpass Structure 
Options
There are a number of different underpass structures available in a wide range of sizes from suppliers 

throughout New Zealand. Precast concrete is the most popular type but there are other options in 

alternative materials such as galvanised steel and aluminium. 

Underpasses are usually assembled by bolting or tying together units of standard length either partially 

in the factory, or on site depending on the site conditions. The limiting issue is often the accessibility 

for lifting equipment of the required lifting capacity to the underpass site. Accessibility challenges can 

include; soft ground conditions, ground slopes, turning circles, gate widths, overhanging trees, overhead 

powerlines, and drainage features. 

Water pipes, power cables and other on-farm services are best contained underground within PVC ducts 

that are placed parallel to, and outside of the underpass wall, and exit through the wingwalls. This design 

arrangement reduces the likelihood of damage to services by vehicles or stock. 

4.1 Concrete 
Precast or in situ poured concrete underpasses have some advantages in that they can be engineered to 

situations where a minimum pavement cover over the top of the underpass is desired. An example of this 

is where a high ground water level would otherwise restrict the available opening size of the underpass. 

Concrete floors can be shaped to assist in channelling FDE to a cut-off trench, sump or similar FDE 

containment facility. 

Figure 4.1: Precast concrete underpass unit options 
Above - Box culvert, under construction  
Above Right - Twin U culvert  
Right - U culvert and base 
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Box culverts can be specifically engineered to provide the required foundation strength under the road 

pavement. As the internal base of the box is the floor of the underpass, boxes provide some construction 

savings by eliminating the need to pour an in situ base. Interconnecting precast wingwalls and headwalls 

are available. Starter bars can be cast into end units so as to tie into in situ poured wingwalls or apron 

floor slabs. Various joint sealing options are available. 

One advantage that precast concrete units have over galvanised steel or aluminium underpass options 

is that less width and depth of excavation and backfilling is required. For safety, the pouring of concrete 

floors into steel or aluminium units require cutting batters further back, which is not such an issue for the 

premade concrete units. 

For difficult or unusual sites, an in situ poured concrete underpass may be an option. However, it will be 

more expensive than other precast options because of the one-off nature of its design and construction. 

While concrete underpasses have a higher capital cost than other options, they are considered to be the 

most resilient and longest design-life option where FDE and groundwater needs to be contained while still 

providing durable interior surfaces for stock and vehicle passage. 

4.2 Steel and Aluminium Structures
4.2.1 CORRUGATED PIPE
Buried helically corrugated metal structures, typically corrugated galvanised steel or aluminium pipes, are 

defined in AS/NZS 2041 as Class 1 and are manufactured with continuous locked seams with annular 

corrugated ends. The sections of pipe are joined by coupling bands. They are suitable for smaller structures 

with standard spans up to 1.2 metres although up to 3.6 metres is available on request. However, because 

of their relatively small diameter, Class 1 structures are unsuitable for stock underpasses.

4.2.2 MULTIPLATE SYSTEMS
Class 2 structures are defined as steel and aluminium multiplate structures, which are assembled by 

bolting together corrugated galvanised steel or aluminium plates to create a continuous structure. They 

do not require a coupling band and have a span from 1.5 metres up to 6 metres and are manufactured in 

lengths to suit. 

Key features of multiplate structures are their durability, and the lightness of the plate sections which 

allow; ease of handling, relatively quick construction with minimal plant, and onsite assembly using bolts. 

They can be a good option for remote areas where site access is difficult and partial pre-assembly of 

lengths can reduce installation time.

Aluminium plate structures are manufactured from a marine grade aluminium alloy, which offers better 

resistance to corrosion in both fresh and marine water environments than galvanised steel. When 

mechanically damaged the aluminium oxide coating surface reforms. In contrast, galvanised steel 

structures in abrasive stock underpass situations will continue to corrode slowly, although this can be 

reduced by the use of epoxy coatings.

Multiplate systems are not suitable however for locations prone to high water tables or groundwater inflow 

as the plates do not provide sufficiently watertight joints. Not only does the groundwater need to be cut 

off from flowing in through the wall but FDE must not be able to flow out through the plates and potentially 

into groundwater.
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A poured concrete floor within the structure should be included to provide a durable surface for  

stock and vehicles to travel on. Under the floor, at the lowest point of the internal cross section, a  

subsoil drain within a bedding of free-draining granular fill should also be installed to provide effective 

drainage capture. 

All buried corrugated metal structures derive their strength through interaction of the surrounding backfill 

while providing important side drainage. Design and supervision of this should be conducted by an 

experienced engineer. 

Galvanised steel corrugated multiplate culvert underpass under construction

Multiplate typically requires a minimum of 900 millimetres of cover and the approved backfill must be 

carefully selected and compacted so to provide support to this flexible structure while avoiding damage 

to the lightweight plates. The site engineer needs to ensure that assumptions made at the design stage 

match on site realities and that backfilling is in accordance with the manufacturer’s specifications. Only a 

manufacturer approved contractor should be installing these types of structures. 

Figure 4.2: Typical Cross Section for a Multiplate Structure
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4.3 Modification to an Existing Bridge
Where there is sufficient clearance under an existing bridge to construct a dairy race this may prove to 

be a cost effective option. However, the challenge will usually be what to do with the stormwater and FDE 

that collects on the race as there is a risk that it will flow into an adjacent waterway or to groundwater. 

A specially designed sump system is recommended that pumps the contained stormwater/FDE away to 

storage and irrigation.

The figure below provides an example design of how this could be accomplished.

Figure 4.3: Example Design for an Underpass Beneath an Existing Bridge

4.4 General Comments
Many suppliers offer generic drawings and specifications to be included with building consent 

applications. While these will be satisfactory for many sites, they may not be for others and there is a 

potential trap here. Often generic drawings and specification assume the underpass base is founded 

on “good ground” as defined by NZS 3604, or that the subgrade allowable bearing pressure is 100 

kilopascals. Where the ground is not “good” then it will be necessary for the structural engineer to 

analyse the standard foundation detail supplied and determine whether it needs to be modified to suit 

the particular site. Figures 4.4 and 4.5 illustrate typical underpass plan and cross sections.
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5.0 Design
5.1 Design Introduction
A stock underpass structure must be designed by a structural professional in order to meet the multiple 

and, at times, competing requirements of the RCA, road users, utility owners and the farmer. Their 

design and construction needs to be of a high standard to ensure that not only is it effective in form and 

function but allows safe passage of road users for many years with minimal maintenance. A rigorous 

design, construction and signoff process is required to achieve this. 

The designer’s drawings need to show: 

 ▪ A plan, long section and sections through the underpass, as for example shown in figures 4.4 and 4.5.

 ▪ Gradients of approach ramps, location of the top and bottom of any side batters and their gradients, 
and how slopes are to be retained

 ▪ Design levels and the amount of cover over the underpass to the road pavement and shoulders above

 ▪ The location of existing and proposed culverts, watertables, drainage channels or water courses, and 
how roadside drainage will be controlled during and after construction

 ▪ Location of legal boundaries, buildings that may be affected, power poles and other road furniture 

 ▪ Location of any utilities present at the site (for example, power, telephone, water) and any easements 
within the property that may be affected by the location of the underpass

 ▪ Any fencing and/or barriers alongside the road

 ▪ Details of the storm water drainage system, including the level and position of subsoil drains and 
water channels discharging from the underpass 

 ▪ Details of the FDE capture system for the underpass floor and ramp surfaces, how FDE is contained 
and subsequently discharged, including relevant details of the pumping system proposed if the grade 
of the floor and ramps do not allow a gravity flow system

 ▪ For higher trafficked roads, details of road safety barrier systems to be adopted 

 ▪ Reinstatement details of the pavement including how pavement joints are to be constructed to provide 
a smooth road surface transition.

Particular attention is required around the separate design and management of both the stormwater and 

FDE. This includes consideration of removal of surface water, mud, and FDE from the lowest point of the 

underpass. The design of the storm water system should be such that if it overflows it does not enter 

and overload the FDE system.

Difficult engineering conditions such as a periodic high water table will require specific design, for 

instance; anti-flotation design, hydrostatic pressure relief, differential displacement provision, groundwater 

control and additional subsoil drainage. 

While proper investigation and design will substantially reduce known risks, it is important to identify 

before construction other risks that might arise. These need to be identified and discussed between the 

parties and an appropriate contingency for additional time and cost allowed for. 

5.2 NZTA Bridge Manual
RCAs will almost always require the structure to be designed in accordance with NZTA’s Bridge Manual as 

underpasses are designed as if they are a bridge structure. The design requirements are summarised in 

tables 5.1 and 5.2 below. 
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DESIGN ACTIONS BASIS OF DESIGN

Design loading NZTA HN-HO-72, or 0.85HN for lightly trafficked rural bridges (refer Appendix D)

Wind, snow and 
flood actions

Importance Level category as per AS/NZS 1170 

Earthquake actions Bridge Manual section 5: Earthquake resistant design of structures

Other actions
Statistical distribution appropriate to a 100 year design working life. Where reinforced 
concrete is used, the cover to steel and maximum crack widths are to be designed to 
provide this

Table 5.1: The Basis of Design, (Adapted From NZTA Bridge Manual)

The greater the Importance Level (as shown in the table below), the higher the designed structural 

capability required of the underpass. It is important that the underpass supplier is aware of the actual 

intended location and the Importance Level of the road so that the underpass supplied meets the 

required design criteria. 

Part 4, section 4.1 of this Practice Note touches on the key requirements for reinforced concrete; that is 

design based on ultimate (ULS) and serviceability (SLS) limit state principles. 
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Bridge Usage

Import- 
ance Level 
(as per AS/
NZS 1170)

Design 
Working 
Life 
(Years)

Annual 
Probability of 
Exceedance 
for the 
Ultimate Limit 
State

Annual Probability of 
Exceedance for the 
Serviceability Limit State 
(SLS)

SLS 1 for 
Flood Water 
Actions

SLS 2

Bridges on no-exit or loop rural 
roads, not serving a through 
road function, and serving 
populations less than 50

1 100 1/500 1/25 1/25

Normal bridges, not falling into 
other levels. Footbridges

2 100 1/1000 1/25 1/50

Bridges on primary lifeline 
routes categorised on the 
basis of: 

 ▪ Volume of traffic carried

 ▪ Route strategic importance 
(eg inter-connection of 
centres of population)

 ▪ Redundancy of the regional 
roading network

3 100 1/2500 1/25 1/100

Table 5.2: Importance Level and Annual Probabilities of Exceedance for Wind, Snow, Floodwater and 
Earthquake Actions for Permanent Bridges – 100 Year Design Working Life (Adapted from NZTA Bridge 
Manual), Section 2: General Requirements, Table 2.1) 

5.2.1 ROADSIDE PROTECTION
To reduce the safety risk of vehicles leaving the road and dropping over either end of the underpass, 

the RCA may require a barrier system to be installed. The NZTA Bridge Manual, Appendix B: Bridge Side 

Protection provides definitive guidance. NZTA’s M23B Specification for Road Safety Hardware Systems 

Appendix B: Bridge Barrier Systems also provides details of approved barrier system types as an interim 

appendix to M23. Useful background information on barrier types is available in the NZTA M23 Notes 

(refer to References section of this PN).

Where the underpass extends across the full road width and a flexible system (for example, wire rope 

safety barrier) or semi-rigid system (for example steel guardrail) is not required, a rigid barrier will still 

need to be placed along the boundary and extend past the ends of the underpass above road batters 

to provide roadside protection. These can be made of concrete but often they are constructed of timber 

depending on the site location and traffic volumes. The design criteria for complying timber rigid traffic 

barriers are included in section B6 of the Bridge Manual.

Positions where guardrail anchor posts are fixed to the top of the underpass need to be designed into 

the structure, not considered as a retrofit after thought. If a vehicle hits a side barrier this can place a 

significant sudden horizontal force onto an affixed anchor post and cause the concrete around the anchor 

hold-down bolts to shear off damaging the structure itself. 
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Width (bridge end) markers (RM-6) are required if the end post comes within the clear or trafficable 

approach width of the road. Hazard markers will also need to be installed if there is a reasonable 

probability of the side barrier being a hazard. NZTA’s Manual of Traffic Signs and Markings (MoTSAM) Part 

2: Markings section 5.02 provides detailed definitive guidance.

Adequate fencing and gates should be constructed to control stock movement when they enter or leave 

the underpass so they are unable to escape onto the road. 

5.3 Underpass Sizing
To maintain cow flow, the underpass internal width, that is opening size, is best determined by 

considering a combination of: 

 ▪ Herd size

 ▪ Frequency of use

 ▪ Vehicle access requirements for example, motorcycle or tractor

 ▪ Access ramp width

 ▪ Distance from the dairy shed.

It is essential that cross section area size be sufficiently large to ensure cows will not slow as they enter 

the underpass because of passage constriction or lack of exit visibility. As the underpass internal width 

increases so does its capital cost, but this has to be offset against the decreased travel time and the 

risk of cow lameness over the life of the underpass. 

The recommended race width table below provides some guidance for underpass width depending on 

herd size. However, because of the cost of underpasses, some reduction from these race widths is 

appropriate and each farm owner will need to make their own assessment as to what underpass width 

will be satisfactory for their particular farm operation. Preferably the herd should be managed to allow the 

cows to walk at their own pace to avoid bottlenecking at the underpass. Irrespective though, significant 

narrowing of the race on approach to the underpass should be avoided.

HERD SIZE (COWS) RACE WIDTH (M)

<120 5.0

120 – 250 5.5

250 – 350 6.0

350 – 450 6.5

>450 Varies with the split of the herd

Table 5.3: Race Width Recommendation – From DairyNZ Farmfact, 8-10 Design of Farm Raceways

Closer to the dairy shed farmers usually opt for a wider underpass as it provides better stock flow, 

especially with larger herd sizes. As a further guide, an underpass supplier should be able to advise  

the most suitable size for a dairy farm operation based on farmer feedback from underpasses  

previously installed.
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5.4 Cow Flow
Cows have well developed senses and rely heavily on visual stimulation. While they have a wide field of 

vision, they are poor judges of detail and distance. They also have poor depth perception which explains 

why they are reluctant to enter dark or shaded underpass areas. Cows have a tendency to move towards 

light but are sensitive to harsh contrasts of light and dark. Consistency of lighting through a building, 

such as an underpass, is as important as level of illumination (light intensity). 

Cows are less sure footed when walking on downward slopes and prefer to move up gradual ramps 

rather than steep slopes. A surface that is excessively rough will impair cow flow and contribute to 

lameness. Slick surfaces will increase the number of slips and falls. Cows may be hesitant to walk on 

a bare smooth concrete surface inside the underpass. Some spreading of sand or crusher dust may 

alleviate this, but may create issues downstream in the FDE system due to the presence of these coarse 

particles. Some solutions for slippery floors are covered in section 7.7.2 of Part 4: Concrete Structures. 

The ponding of runoff within an underpass can create cow flow problems as the herd want to slow down 

because they are unable to see where they are placing their feet. Furthermore, water, mud and stone in 

an underpass can contribute to lameness. 

Designing underpasses that minimise changes in lighting, flooring and slope, as well as providing good 

drainage will improve cow flow.

5.5 Ramps and Aprons
Inappropriately designed approach ramps and aprons at the entrance to an underpass can affect cow 

flow. This can be reduced by ensuring:

 ▪ Ramps and aprons are of adequate width for the herd size 

 ▪ Any narrowing of approaches to the underpass are gradual 

 ▪ The ramp and apron surfaces are kept clean and are drained to an FDE sump 

 ▪ A sufficiently long apron that transitions the surface grade from that of the ramp to that of the 
underpass will improve underpass entrance acceptance by stock and vehicles 

 ▪ No turns or narrow races on approaches

 ▪ As flat as possible approach slope but not steeper than 1:10 

 ▪ No steep or sudden changes in ramp slope

 ▪ The use of post and wire fencing instead of electric fences. Cows naturally bunch when races narrow 
such as when entering an underpass. If electric fences are used to provide the narrowing then cows 
can become scared affecting their travel time and welfare 

 ▪ Ramps and aprons are constructed with a slip resistant surface. Concrete is preferable over crushed 
aggregate or “pit” gravel. It is more durable and provides a more impermeable surface on which to 

collect FDE and stormwater.

To provide structural integrity, the concrete apron is designed to tie the headwall and wingwalls together 

as an integrated assembly.

5.6 Headwalls and Wingwalls
As part of the design, it is important to consider the potential for scouring of any new batters. Protective 

retaining structures such as headwalls and wingwalls will assist in preventing or minimising the effects of 

scouring and damage to side slopes, as well as providing support to the road pavement itself. 
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Headwalls should be cast onto the end of the culvert, or precast and bolted, and be a minimum of 300 

millimetres in height to sufficiently retain fill over the top of the underpass structure. This is particularly 

important where the culvert end is close to the edge of the road.

Box culvert underpass near completion

The backfill materials behind headwalls and wingwalls need to be assessed to ensure they will provide 

sufficient stability and bearing capacity under both horizontal and vertical loads. Furthermore, an analysis 

needs to be undertaken to confirm that settlement and displacement will be within acceptable limits 

during the design life.

Where a cut surface is to be left above retaining structures, the engineer will need to confirm what cut 

slope angle is appropriate for the in situ material and whether a protective covering such as rip rap rock 

or shotcrete is necessary. Batters should not exceed a maximum slope of 1:1 without engineering advice. 

Wingwalls can be manufactured with either flat or tapered tops.

It is often a safer and a lower cost option, from both a geotechnical and constructability perspective, to 

extend the length of the underpass rather than having higher retaining wing-walls and steeply cut batters.

The structural designer will need to derive the design loads on the retaining structures, taking into 

consideration the flexibility and likely deformation. Careful consideration will need to be given to the 

interaction between the structure, the ground and foundations; under static, dynamic, earthquake and 

construction conditions. 

Earth retaining systems are further explained in section 4.9 of the NZTA Bridge Manual.

Wingwall

Apron

Headwall

Box Culvert
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5.7 Drainage
5.7.1 GROUND WATER LEVEL
The underpass and any sump or pump chamber structures installed must be designed to remain 

anchored in the event of a high water table from groundwater, flooding or high rainfall intensity event. 

Structures such as sumps and some concrete underpass units can be designed with some anti-flotation 

capability. If there are high water tables, then to achieve the greatest possible internal height, concrete 

units are preferable over aluminium and galvanised steel culvert pipe options as a reinforced concrete 

option allows less pavement cover, thereby allowing a higher base level installation. Furthermore, the 

higher the underpass base level, the shorter the overall structure length required to cross the road. 

Moreover, less earthworks quantities are required, and flatter access ramp slopes can be designed.

The ideal site is where there is natural fall from one side of the road to the other so that stormwater 

is able to gravity flow away. However, groundwater running along the base of banks, alongside and at 

the top of ramps still needs to be cut off (for example by a side wall), captured and channelled away to 

stormwater, and kept separate to any effluent falling onto ramps. Storm and ground water could flow to an 

open gully, a grassy swale or constructed wetlands, but there are environmental risks with flowing directly 

to a water course. Installing subsoil drains (wrapped in filter cloth to avoid clogging) within the drainage 

fill at the base of the underpass walls can provide effective capture of ground water. 

If the chosen site water table height is a real issue, and there are no other crossing place alternatives, 

then a lower final cost option to consider is negotiating with the RCA to allow reinstatement of the 

pavement to an increased road height, and taper the elevated surface level back to the existing road level 

either side of the underpass over an agreed length. 

5.7.2 ROAD SURFACE WATER CHANNELS
To avoid stormwater flowing down from the road into the entrance of the underpass, surface water 

channels alongside the existing road will need to be replaced with a means of allowing continued 

uninterrupted road drainage in the downslope direction. This could be achieved with a new lined water 

channel, or by installing a pipe incorporating end headwalls to capture stormwater and have it flow over 

and beyond the underpass. Similarly, surface water running off from the road surface should be collected 

in a water channel inside the top edges of the new underpass and channelled away. A concrete headwall 

along the edge is recommended as it will also assist in avoiding the spilling of pavement aggregate into 

the underpass entrance. 

Any drainpipes installed in the road must have sufficient strength to withstand the combined loads from 

heavy traffic and compacted backfill. Care must be taken so that pipes and other underground services 

are not damaged during construction from vibratory compaction and other heavy equipment.

5.7.3 NIB WALLS
A concrete nib wall should be constructed into and across the top of a ramp to direct stormwater away 

to a drainage channel rather than allowing it to flow down the ramp into the underpass where, if it ponds, 

it must be captured and treated as FDE. For nib walls over which cows will walk, the recommended 

dimensions are a square (not rounded) step 50 to 75 millimetre high and 300 millimetre wide.
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Figure 5.1: Correct (and Incorrect) Nib Wall Design

5.8 Effluent Management 
5.8.1 FDE SYSTEMS OPTIONS
Stormwater or groundwater from cut batter slopes that enters or collects in the underpass will mix with 

sediment and FDE when stock pass through. Irrespective of the volume of stormwater mixed with FDE, it 

must all be treated as FDE. 

If FDE is not contained at, and reticulated from, the underpass it may permeate into the groundwater and 

the land owner may be subject to a regional council non-compliance action. 

A number of FDE capture, transfer, storage and irrigation options are available. Typical options are 

illustrated conceptually in the Figure 5.2 and described further in the Tables 5.4 below.
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Figure 5.2: Underpasses - FDE System Options
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FDE CAPTURE OPTIONS

Channel to Sump 

If space and levels allow, it is advantageous to position a primary sump 
(or chamber) outside the ramp into which the FDE can gravity flow from the 
underpass. Solids can also be scraped or hosed along a concrete channel and 
into this sump

Interception Grate  
(For example, Figure 5.3)

Proprietary precast concrete systems are available that can be installed at 
the lowest level on the underpass approach. Covering the full width of the 
underpass exit, these capture FDE through a grated cover over a duct. The duct 
gravity feeds into a sump or chamber from which a submersible sump pump 
(typically incorporating a stirrer) draws the FDE out when it reaches a pre-set 
level. The sump can incorporate a stormwater diversion capability which can be 
manually set 

FDE TRANSFER OPTIONS

To Stormwater Diversion 

All captured FDE should run through a sealed pipe or channel containing a 
valve, gate or other system which allows stormwater to be reticulated away 
from the FDE system during the times of the year when the underpass is 
not being used. Depending on the design, the diversion function may be 
incorporated into a holding sump

To (Larger) Sump
If a small sump or chamber is installed a much larger secondary sump in the 
underpass FDE system is recommended as it can provide a greater temporary 
storage volume, flow buffering and a suitable location to pump from

To Stone Trap  
(For example, Figure 4.4)

A concrete draining pad constructed alongside the stone trap allows the semi-
solid muck to spread out while allowing the liquid portion to drain back into 
the sump. The drier solids can then be more easily removed and spread onto 
pasture. The stone trap should be installed to operate as described in this 
Practice Note in Part 2: Solid Separation, section 5.1

STORAGE OPTIONS

To Temporary Storage

Where power reticulation to the underpass FDE storage is not viable, one 
option is to install a much larger sump or tank at the underpass but use a 
tractor Power Take-off to pump the FDE back to the main pond or tank using an 
irrigation mainline. While this type of pump can be used to power a travelling 
irrigator, they can be costly to run. They are best suited to short-term high 
volume pumping, not for low rate irrigation systems 

To Main Storage

It is usually preferable for the underpass FDE to flow to the same pond 
or tank as the FDE generated from around the dairy shed and yards. This 
option presumes there is sufficient spare capacity to allow for the additional 
underpass volumes
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IRRIGATION OPTIONS 

Sump To Applicator/Muck 
Spreader

If the underpass is a very long distance from main storage, one option is  
to install a separate sump or tank near the underpass but use a slurry  
tanker to pump out the FDE and irrigate directly to pasture. However, this  
can be labour intensive and does not provide the same flexibility as a  
deferred storage system.

Sump To Irrigator
Again, if the underpass is some distance from the main irrigation system it 
may be more cost effective to irrigate directly from the underpass sump to 
pasture with a low rate applicator

Table 5.4: FDE Capture, Transfer, Storage and Irrigation Options

Figure 5.3: Example FDE Interception System

5.8.2 STORMWATER DIVERSION
During times of the year when the underpass is not being used, a stormwater diversion capability 

should be designed into the system to avoid groundwater and stormwater discharging unnecessarily 

into the FDE system. Diversion systems usually consist of an inlet pipe where surface water and FDE 

from the underpass flows into a chamber or sump. There are two pipe outlets from this chamber, one to 

stormwater and one to the FDE system. The direction of flow out into one pipe, or the other, is usually 

controlled using a manually operated valve. There are a number of options available including a slide or 

splitter type valve as illustrated in Figure 5.5.
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SLIDE VALVE SPLITTER VALVE

Simple push or pull movement required to open 

or close the valve. However, the handle needs 

to be enclosed in a protective chamber to avoid 

jamming up from surrounding fill

Provides discharge to one outlet pipe or the 

other, but not both at same time. This provides 

some confidence in avoiding inadvertent FDE 

discharge to stormwater

Figure 5.5: Some Stormwater Diversion Valve Options

In considering which valve option to adopt the following factors should be taken into account:

 ▪ The ground and surcharge loadings (for example from farm vehicles) that the valve is required  
to support

 ▪ The maximum fluid operating pressures that the valve is designed for

 ▪ Does the valve need supporting, for example with a concrete block underneath? 

 ▪ Will there be an advantage (or disadvantage) in being able to close off only one outlet at a time? 

 ▪ How will the valve be cleaned or replaced if it becomes jammed?

 ▪ Can the valve be operated easily from the ground surface, or does it require a specifically designed 
long shafted handle, or other arrangement, to access the valve? 

 ▪ Can the valve be locked or secured in such a way that it will not be able to ‘creep’ open, and that only 
authorised staff have access to? 

 ▪ Is the valve of sufficient quality for the intended use and life of the system as recommended by the 

manufacturer?

5.8.3 FDE STORAGE CALCULATION
As the total volume of FDE captured on the farm will increase because of the underpass, a check needs 

to be made using the Dairy Effluent Storage Calculator (DESC) to ensure sufficient storage is available in 

the farms main FDE pond or tank. 

The DESC makes allowance for the underpass area. The stormwater catchment area that flows to the 

underpass sump, typically the ramp areas, is entered in the “Other areas” field under the “Catchments” 

tab on the online calculator. If the FDE system for the underpass allows stormwater diversion, the 

catchment area entered into the DESC should be manually reduced in proportion to the part of year the 

diversion is not in place. 
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5.8.4 CONSENTS
While direct irrigation to adjacent pasture from the sump is possible, there will be some wet days where 

some regional council rules or consent conditions will not allow irrigation to take place, and underpass 

FDE will need to be temporarily stored. Furthermore, depending on the local regional council rules, a 

resource consent may be required if farmers intend to discharge FDE to specific areas of the farm. Part 1 

of this Practice Note which discusses legislation together with PN21 Part 1, section 3 describes relevant 

legislation and regulations in greater detail. 

5.8.5 FDE SYSTEMS REFERENCES
Effluent irrigation is not included in the scope of this Practice Note as there are a number of industry 

documents which cover this subject area. Recommended are DairyNZ’s - Farm Dairy Effluent (FDE) 

systems publications, some of which are included in the References section of this Practice Note. Of 

particular relevance are:

 ▪ Planning the right system for your farm

 ▪ A farmer’s guide to building a new effluent storage pond

Involving an accredited dairy effluent system designer at the planning stage is recommended to help 

ensure the most effective design is selected as retrofitting an effluent system to an underpass is often 

difficult and expensive. 

Accredited designers can be found on the Farm Dairy Effluent System Design Accreditation programme 

website: http://www.effluentaccreditation.co.nz/accredited-companies/
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6.0 Construction
6.1 Inspections
Since RCA’s are usually taking ownership of the underpass structure and it will become an asset requiring 

long-term maintenance, they will want to ensure the underpass is sitting on ”good ground”, has effective 

drainage and is constructed in accordance with the drawings and specification supplied. They will also 

want to ensure that any reinstatement of the road following underpass installation will be completed to 

at least the same condition as before. RCAs may wish to carry out inspections themselves or rely on the 

engineer or contractor to signoff that expected quality requirements have been met. Inspection items 

might include:

INSPECTION (OR DOCUMENT) CHECK)

Underpass set out Orientation, length, depth, ramp slopes, pavement cover

Temporary traffic management Approved TMP, signage set out, traffic flow, night time provisions

Site
Health and safety plan, underground services location (and relocation), 
temporary fencing and stock control, Ministry of Business, Innovation and 
Employment (MBIE) notifications

Earthworks materials Compaction density and water content control 

Underpass trench base 
Acceptable foundation condition, allowable bearing pressure achieved, 
stable cut slopes

Underpass bedding Suitable bedding material, level, compaction, effective drainage

Concrete unit installation Alignment, joints, reinforcement, surface finish

Underpass backfilling Suitable material, compaction, subsoil drainage

Pavement materials and 
compaction

Complying basecourse (to NZTA M/4) and subbase aggregates, compaction 
density and water content 

Surfacing Temporary surfacing, seal joins, texture, removal of loose sealing chip

Ramps Slope, surface finish, width

Effluent management Sumps, pumps, irrigation, procedures

Road reinstatement Road markings, signage, drainage

Roadside reinstatement
Permanent fencing, side protection, side safety barrier system, clearing and 
regrassing, 
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INSPECTION (OR DOCUMENT) CHECK)

Defects Liability
Practical completion certificate, final inspections, defects liability certificate, 
producer statements, records

Warrantees/guarantees From underpass supplier and contractor

Table 6.1: Inspection Items

6.2 Road Corridor Access 
Contractor’s dump sites, equipment storage and other activities should as far as possible be on private 

land. The work area within the road boundaries needs to be restricted to a minimum so as to limit 

possible damage to the pavement, underground services and drainage facilities within the road reserve.

Prior to construction contractors must determine the location of underground utilities around the underpass 

site. Company beforeUdig provides a New Zealand wide online service to assist contractors. This service 

assists in protecting people from underground hazards as well as protecting assets during earthworks.

http://www.beforeudig.co.nz/index.php?option=com_content&task=section&id=8&Itemid=39#

The New Zealand Utilities Advisory Group have produced a National Code of Practice for Utility  

Operators Access to Transport Corridors which sets out the processes and procedures for accessing  

the road corridor. 

6.3 Traffic Management
Options for temporary traffic management should be discussed with the RCA months ahead of when 

construction is proposed. 

Bypass the site using adjacent local roads

Periodic road closures

Constructing a bypass road at the underpass site.

Table 6.2: Traffic Management Options
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In determining their preferred option, RCA’s will consider:

 ▪ Traffic densities, number and type of vehicles affected by the works

 ▪ Service provider requirements

 ▪ The capability of the proposed temporary traffic management contractor and demonstration that they 
have sufficient personnel and equipment

 ▪ Speed restrictions and increased travel times

 ▪ How often any queued traffic would be let through

 ▪ Proposed health and safety around the site

 ▪ Whether sufficient notice advertising road closures can be given

All sites will require a Traffic Management Plan (TMP) meeting NZTA’s Code of Practice for Temporary 

Traffic Management (COPTTM) prepared by a qualified Site Traffic Management Supervisor (STMS) and 

approved by the RCA.

6.4 Construction Issues
6.4.1 AFFECTED PARTIES
Service providers, whether they be for power (overhead and underground), telecommunications, gas or 

water, will have polices around minimising interruption of supply to their customers. Advanced warning 

of the days and times of supply interruption may need to be communicated to their customers and 

some coordination will be required between service providers. Local emergency providers such as fire, 

ambulance and police will require notification as will milk processing and other rural service companies 

such as Fonterra, transport and mail delivery companies. A local letter box drop is recommended to keep 

locals informed in advance.

6.4.2 SAFETY
Installing an underpass can be a hazardous activity, not only for the contractor’s staff working around the 

site but also for road users moving through it. There are also real risks around managing the safety of 

the site at night when no contractor personal are present. Having a bypass route using other local roads 

significantly reduces the contractor’s safety risks. However, constructing a temporary bypass road that is 

sufficiently distanced from the worksite may be the only option available. Depending on the traffic volumes, 

speed environment and subgrade condition, the RCA may require a pavement of greater width, depth and 

length for the project duration than envisaged and this could add significant cost to the project.

Constructing in one side of the road while vehicles are travelling on the other can be very risky as it 

requires stable or supported cut slopes below the road surface unaffected by the vibration of both site 

and passing vehicles. 

A crane with a capacity significantly higher than for the load being lifted is usually required. It is unsafe to 

have the crane jacks founded close to the edge of the underpass trench as there is a risk of destabilising 

the trench wall during lifting. Therefore, a larger crane with a longer reach is desirable with the advantage 

that the additional reach will reduce the number of crane setups. 

A specific health and safety plan needs to be developed by the contractor for the site. This must identify 

the hazards and how these will be mitigated. These must include protecting the likes of cyclists and 

pedestrians, but also stock from entering the work site using temporary fencing and other barrier systems.
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6.4.3 BACKFILLING
The backfill material selected needs to be competent free-draining gravel so water does not become 

trapped behind the underpass walls. Sufficient compaction of this material is equally important otherwise 

there is a risk of differential pavement settlement over time creating an unacceptably rough road surface 

above. Careful compaction equipment choice, with advice from the manufacturer if necessary, is needed 

to determine the maximum vehicle weight and compactive effort that can be applied without damaging 

the underpass structure, especially for aluminium or galvanised steel units. This risk can be reduced 

using clean granular hardfill from known sources of competent material.

6.4.4 GROUNDWATER PUMPING
Pumping out groundwater from the underpass base while undertaking earthworks and preparing the base 

can cause various issues:

 ▪ Destabilisation of the cut batters, as water is drawn down and out. This movement can increase the 
amount of backfill needed to replace the material unintentionally removed by pumping

 ▪ It is near impossible to adequately compact fine grained soils and sandy materials directly on top of  
a soft base so as to provide a firm surface on which to place and compact the bedding material for 
the underpass 

 ▪ Decreases the stability and hence safety of the batters.

The key to avoiding these issues is to select a site that does not have a high water table. 

6.4.5 JOINTS
For precast concrete units, all joints between elements usually need to be waterproofed. Simply tying all the 

units together (for example by post tensioning) will not provide this waterproofing. As waterproofing can be 

damaged particularly in the floor by stock, the manufacturer should be notified of the requirement for sealed 

joints at the time of ordering, as they are best placed to recommend a jointing system for their product.

6.4.6 ROAD SURFACE SEALING
Cutting off road surface water that can penetrate through the bitumen seal into the overlying pavement 

will reduce the amount of water that can enter the underpass. A bitumen membrane seal sprayed at a 

rate of about 2 litres per square metre on the compacted basecourse surface, out to and including the 

formed water channels, will greatly assist in directing water away from the underpass. Surface water 

channels across the underpass area need to be sealed, continuous and at a constant grade. 

First coat chip sealing of a newly constructed pavement, whether it consists of one or two different 

chip sizes, will not provide a sufficiently waterproof surface and needs to be followed up with a second 

coat seal about a year later. As an alternative, many contractors find it more convenient to apply a thin 

asphaltic concrete (AC) surfacing layer, such as a 35 millimetre layer of AC14 mix. The main advantages 

are that a return site visit is unnecessary and the AC is more tolerant of pavement settlement than a chip 

sealed surface.




