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Coastal Bridges  

Definition: Coastal bridges are formalised structures that should provide safe road, rail or 

pedestrian access over a river, estuary or stream even during storm flow conditions.  

Impacts: Changes in flow dynamics; changes in erosion, sedimentation processes and patterns; 

benthic habitat disturbance; disruption of migration corridors. 

 

In general, selecting a bridge’s location and structural design is a complex process that requires 

careful investigation of all the factors affecting both the bridge and surrounding environment. A 

careful balance needs to be struck between the economics of the structural system and the 

environmental and infrastructural requirements affecting selection of the location. Relevant traffic 

and geometric standards should be met and particular attention paid to aesthetics. Depending on 

span, scale and importance a bridge’s design could vary from plain girder bridges to the more 

elegant arch bridges, and the very sophisticated cable-stayed and suspension bridges. 

Bridge foundations form the most important structural element in the bridge design. They should be 

designed to accept optimal loading on the bridge structure and should be placed at a level safe 

enough to avoid overtopping during flooding - as well as significant erosion problems in-channel and 

on the banks. The shape and location of foundations should be determined taking careful cognisance 

of flow patterns. The general rule should be to minimise interruption of water flow and 

constriction of the water channel.  

 

                        

Figure 1: Bridges should be designed to facilitate stream flow (rivers) and tidal circulation (estuaries). Poorly designed bridges interfere 

with circulation and flow patterns and may lead to sedimentation, and in addition, are at risk of flood damage (Source: SEACAM, 1999). 

 

 

 

Figure 2: The C.H. Mitchell Bridge 

on the R61 opened in 1966 and 

spans the uMthavuna Estuary, 

connecting KwaZulu-Natal to the 

Eastern Cape. This truss arch 

structure does not require bridge 

support members, making it quite 

resilient in the face of extreme 

flood events without interfering 

with flow regime, tidal exchange 

and sedimentation patterns 

(Photo: ORI).  
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Design and environmental considerations 

From an environmental perspective, the main issues to be addressed are irreversible habitat loss and 

the impact on the function of the aquatic ecosystem(s) being traversed by the bridge, including 

downstream effects. The volume and water flow to keep these ecosystems ecologically healthy must 

not be impaired or unduly altered whilst still adhering to the engineering constraints for foundation 

conditions, sedimentation patterns, approaches and levels. 

The following should be carefully considered in bridge construction along the coastline:  

 Erosion, deposition and water exchange patterns must be fully understood before deciding on the location 

of and type of bridge to be constructed (or rebuilt).  

 The shape and location of foundations relative to flow patterns – interruption of water flow and tidal 

circulation must be minimised. 

 The effect of floods, maximum flood heights and extents, and the movement of sediments must be taken 

into account. The much utilised “flood return evaluation” used in most projects, i.e. 1:100 yr may prove 

inadequate. A consideration of the geomorphological features that are associated with riverine 

environments should also be explored. 

 The implications of climate change must be factored, including the rise in sea level, extended drought 

periods and more regular flood events. 

 Undertake cost-benefit analysis of conventional designs currently in use vs alternate designs, e.g. using 

suspension bridges that require minimal bridge support members and which may have greater resilience to 

flood events in the long run. 

 In the past three to four decades, is there any pattern of what coastal bridges failed and how they failed? 

This will give direction in what designs to avoid. The opposite holds true as well - copy the successes. 

 Where bridges have a history of failure, consideration of relocation should be given where possible and 

applicable.  

 Other considerations: choice of materials (e.g. steel vs concrete); design for wider use (suitable for more 

forms of traffic, foot and bicycle-friendly, serve as viewpoints etc.). 

 Local tools and resources: Coastal Management Lines; South African Risk and Vulnerability Atlas; Coastal 

Climate Change Vulnerability (CoVu) Assessment; CSIR Green Book etc. 
  

Whilst the details of bridge design, location and construction are beyond the scope of this Fact Sheet, 

the design of bridges in the coastal zone must aim to avoid or minimise the following: 

 Size of the footprint and foundations within the estuary, watercourse or floodplain. 

 Number and size of bridge support members which interfere with water flow and movement of debris. 

 Low level bridges and culverts that fail are often as a result of the blockage of the openings, either by 

trees/vegetation and rocks.  

 Abutments must not intrude into the river or estuary channel. 

 Undercutting of structures and foundations. 

 Eddy effect around bridge pillars (piers) or foundations. 

 Deflection of flow patterns which could lead to bank erosion. 

 Infilling of embankments during construction – use working platforms. 

 Alteration of flow patterns and impounding of streams. 

 Increased sediment mobilisation and deposition. 

 Loss of riparian habitat during, and as a result of, bridge construction. 

 Blocking of riparian wildlife corridors. 

 Aesthetically insensitive design for perspectives above and below the bridge. 

 Effects of shading under the bridge. 

 Effects of night-time illumination of the estuary by roadway lights. 

 Pollution of the estuarine environment. 

 

It is evident that a structural engineer with experience in coastal environments, registered with a 

professional body, must be employed to carry out the design and construction of a bridge in the 

coastal zone. Such work must be informed by multidisciplinary inputs pertaining to the sand sharing 

system, flood levels, wave run-up and estuarine processes amongst others.  



 

Page 4 of 4 

 

References 

Bundy, S., Goble, B., Parak, O. and Bodasing, M. 2021. Best practices for coastal development in 

KwaZulu-Natal. Kwazulu-Natal Department of Economic Development, Tourism and Environmental 

Affairs, Pietermaritzburg, 102 pp. 

 

Caffrey, J., Burton, T. and Higgins, J. 2003. Broadmeadow Estuary Bridge: Integration of Design and 

Construction. The Institution of Engineers of Ireland: Civil Division, 27 pp. Available at: 

https://www.stainlesssteelrebar.org/media/1106/broadmeadow-estuary-bridge-integration-of-

design-a_59c9a0e01723dde7806f6614.pdf  

 

C.H. Mitchell Bridge. Available at: https://en.wikipedia.org/wiki/C._H._Mitchell_Bridge  

 

Council for the Environment. 1991. A Policy for Coastal Zone Management in the Republic of South 

Africa: Guidelines for Coastal Land Use (Part 2). Council for the Environment, Pretoria, 95 pp. 

 

Heinecken, T. and Badenhorst, P. 1999. Coastcare Practical Guide for Coastal Development and 

Management in South Africa – Final Draft Version 2. Department of Environmental Affairs, Cape 

Town, 261 pp. 

 

SEACAM. 1999. Guidelines for the Environmental Assessment of Coastal Tourism. SEACAM, Maputo, 

197 pp. 

 

Western Cape Estuarine Management Framework and Implementation Strategy: Best Practice 

Activity Guidelines. 2019. 87 pp. Available at: 

https://www.westerncape.gov.za/eadp/files/atoms/files/WC%20EMFIS%20Activity%20Guidelines.p

df  

 

 

 

 

Inputs and edits: Omar Parak (EDTEA), Simon Bundy (SDP Ecological & Environmental Services), 

Santosh Bachoo & Dominic Wieners (Ezemvelo KZN Wildlife), Dr Andrew Mather & Greg Mullins 

(eThekwini Municipality), Steven Weerts (CSIR). 

 

Disclaimer: This Fact Sheet is not a substitution for the site-specific recommendations needed from 

suitably qualified professionals. 

 

 

 

For more information contact: 
The Coastal Management Unit

KwaZulu-Natal Department of Economic Development, Tourism and Environmental Affairs 

Private Bag X9152 

Pietermaritzburg 3200 

SOUTH AFRICA 

Email: omar.parak@kznedtea.gov.za 
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