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INTRODUCTION
In April 2019 part of the 150 m 

long Seaward Road Bridge over the 

Umhlatuzana River in KwaZulu-Natal 

collapsed, cutting off an important 

regional transport link and hampering 

the local economy. It would have been 

relatively quick and easy to demolish and 

remove the whole structure, then rebuild 

it from scratch, especially under emer-

gency provisions with a budget available. 

The alternative of taking apart and 

reconstituting the bridge involved many 

levels of uncertainty and risk, as the deck 

was specifically designed to be able to 

stay up only as an integrated structural 

arrangement and was never supposed 

to be tampered with once complete. 

However, the straightforward approach 

would have come at the expense of river-

side ecosystems and would have involved 

wastefully discarding the portion of the 

bridge that was still intact. Therefore, 

after thorough investigation and analysis, 

the project team took on the challenges 

of delicate, multi-stage demolition with 

different levels of stabilisation, and 

then integrating the single continuous 

prestress system across the new and 

old spans of the bridge. Environmental 

considerations determined decisions all 

the way through.

THE FLOOD AND THE FALL
The Seaward Road Bridge was 

constructed in 1979 as a five-span 

prestressed, post-tensioned concrete box 

girder. It supports the only direct access 

between the Umhlatuzana Industrial Park 

and major road, rail and sea connections 

to Durban.

The April 2019 floods in the southern 

regions of Durban claimed the lives of at 

least 85 people and caused an estimated 

R700 million loss in infrastructure 

damage, including damage to the Seaward 

Road Bridge.

The bridge crosses a complex curve in 

the river, which was originally intended 

to be canalised. The flooding first eroded 

the river’s east embankment immediately 

upstream of the bridge, redirecting the 

flow directly at the face of the eastern 

abutment, where the piles were exposed, 

and the abutment wingwall was dislodged. 

The saturated abutment fill pushed the 

precast piles out of position, then sheared 

them off. Without piles, the abutment 

collapsed. The remainder of the deck was 

not strong enough to perform without the 

support of the abutment, and the deck 

stresses were transmitted far beyond 

the end span, straining the prestress and 

reinforcing steel beyond serviceability, 

and cracking the concrete. The deck was 

twisted over sideways on its bearings and 

the end span had slumped down.

Access to the Industrial Park now 

required an additional detour of 5 km over 

a nearby hill along steep, narrow, winding 

suburban roads, where trucks had previ-

ously been completely forbidden. This was 

a hazard for both the large trucks carrying 

shipping containers and heavy machinery, 

and the local residents, including children 

walking to school. Congestion from 

trucks queuing to navigate difficult por-

tions of road could introduce long delays 

in accessing the Industrial Park, holding 

up work and reducing productivity.

A rudimentary environmental impact 

assessment for the bridge reconstruction 

was quickly approved as part of a package 

of emergency flood repairs on the river. 

But with freedom to get the job done as 

simply as possible, the project team still 

felt a responsibility to look at both the 

human and environmental impacts of 

their plans. Trying and failing to salvage 

the remaining deck would waste time, but 

success would bring many benefits.

A careful inspection was carried out 

to map the extent of the strain damage, 

and the original as-built drawings were 
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Temporary stability was achieved with the 

urgent installation of ultra-heavy-duty 

1000 kN props on either side of each pier
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tracked down. The conclusion was that 

the excessive strain stopped just short of a 

point where a cluster of prestressing cou-

plers connected the prestress cables from 

intermediate construction stages together. 

In principle, a new deck could be built to 

replace two of the five spans and the old 

couplers could be used to connect it with 

the salvaged deck and to share its loads.

DESIGN CHALLENGES
The original bridge was unusually 

unstable. The existing deck design was 

first completely remodelled and analysed 

using modern design codes and software. 

A number of complications were uncov-

ered, particularly relating to torsional 

stiffness and global stability. The bridge 

is straight in its horizontal alignment so 

has no intrinsic stability. The piers cannot 

help as each has just one bearing, which 

cannot provide torsional restraint. The 

exclusive use of single-column piers gives 

a pleasingly sleek, minimalistic visual 

impression. Stability is only introduced at 

the abutments, each of which has a pair 

of bearings. With the east abutment gone, 

the stability of the deck depended on that 

single additional bearing at the west abut-

ment, 150 m away.

The collapsed portion of bridge deck 

needed to be removed without causing the 

remaining portion to collapse and become 

unsalvageable, while posing a major safety 

risk for the workers. Temporary stability 

was achieved with the urgent installation 

of ultra-heavy-duty 1000 kN props on 

either side of each pier. The props had 

to be monitored and adjusted during the 

demolition and construction stages to 

balance the torsional forces released as 

the collapsed spans were removed and 

then replaced.

The prestress analysis and design were 

made highly complicated by two unusual 

factors. Firstly, because half of the bridge 

is 40 years old, its concrete behaves 

very differently to new concrete when 

tensioned. Secondly, the bridge had to be 

lengthened by 4 m so that the piles for 

the new abutment would not clash with 

the original piles. The increased length 

also changed the loading and stiffness of 

the end span. Careful modelling of the 

various stages of the bridge’s construction, 

lifespan, demolition, reconstruction and 

future lifespan was done using Bentley 

Bridge-RM software. In particular, the 

designers needed to be confident that, 

despite the variability in prestress losses, 

the residual force at the prestress coupler 

would remain balanced and the con-

nection would not be overstressed, with 

extremely serious consequences.

The irregular bend and susceptibility 

to flooding of the Umhlatuzana River 

make it hard to predict its behaviour, 

and ongoing development upstream will 

produce stronger flows in the future. 

To safeguard Durban’s asset and public 

safety, an exceptionally robust new abut-

ment and wingwall were designed. A mass 

abutment with encapsulated fill material 

provides the stability to withstand high 

loads and is protected by very long 

wingwalls. It sits atop a large, monolithic, 

three-tier pile cap, which required 

careful design, detailing and construction 

monitoring to ensure that no thermal or 

shrinkage cracks occurred in the complex 

arrangement. The 39 piles were installed 

with a specialised “overburden drilling 

eccentric” method to penetrate boulders, 

and permanent casings with a diameter 

of 508 mm were used to handle river 

scour effects.

CONSTRUCTION CHALLENGES
Once a reliable stabilising system was in 

place, the deck was sawn apart 2 m away 

from the 10 critical prestress couplers, 

which were then carefully exposed by 

hand. Rather than push the damaged 

deck off its support and demolish it on 

the ground, it was decided to break it up 

in situ using chemical explosives, simul-

taneously with its supports. This would 

reduce the environmental impact of 

having a much larger platform in the river 

alongside the existing footprint and would 

reduce the time spent on demolition. 

With the deck wrapped in geofabric to 

prevent flying debris, a sequence of closely 

timed blasts created a safer, more predict-

able collapse. The blasts were specifically 

designed to prevent vibrations from 

destabilising the remaining portion of the 

deck or affecting nearby railway lines.

A major setback was discovered 

when the prestress couplers were 

exposed – the fittings from 1979 are 

not compatible with any of the prestress 

systems available today. In particular, the 

swage thickenings for new prestressing 

strands would not fit into the old coupler 

grooves. After extensive enquiries, the 

only option was to modify modern swages 

to fit. This required detailed empirical 

laboratory testing, with different modi-

fications tested until failure, in order to 

confirm reliability.

ENVIRONMENTAL EXCELLENCE
The chosen solution was complex but left 

the existing footprint of the bridge in the 

watercourse unchanged, saved 850 m3 

of concrete in the existing bridge, and 

avoided a larger demolition that would 

have destroyed nearby trees with nesting 

birds. All 500 m3 of material from the de-

molished deck was recycled as layerworks, 

abutment fill material and gabion protec-

tion. Aesthetically, the project aimed to 

protect a beautiful natural ecosystem 

from being disturbed by maintaining the 

unusually limited substructure footprint 

and the minimalist arrangement of the 

existing bridge, despite the difficulties 

this posed for stability. 

Rather than push the damaged deck off its 

support and demolish it on the ground, it was 

decided to break it up in situ using chemical explosives


