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ABSTRACT: From 2012 to 2015 the Maputo Coastal Protection Project was implemented. The
project aimed at reversing the effects of the lack of maintenance, the raise of the sea level, the
loss of beach sand and reinstating the conditions of the coast to make it a tourist attraction and a
leisure area for the Maputo inhabitants. Ten years after the construction was completed, the works
were surveyed to check if the design assumptions and specifications were adequate and if the
overall performance of the implemented measures were adequate. Under these measures, the sand
nourishment and the construction of seven new groins represented the largest share. All measures
proved efficient and the works completed under the project show a very good behaviour and no
signs of distress.

1 INTRODUCTION

Climate change, regardless of its causes, has caused an undeniable rise in sea levels over the past
years. This topic has been the subject of heated debates in national and international meetings.

Some countries are even at risk of disappearing due to sea-level rise or losing a significant
portion of their current land area.

This rise in sea level, coupled with strong winds and seasonal cyclones, marine currents, and
insufficient maintenance, led to visible degradation along the coastline of the City of Maputo,
with particular emphasis on the area extending from the Nautical School to the Fishermen's Vil-
lage.

Signs of degradation were diverse. Due to age and exposure to repeated cycles of wetting and
drying by seawater, concrete structures or those containing mortar showed an advanced degree of
deterioration. Cracking of concrete or stone masonry was extensive and visible when observed
from the seaside. Contributing to increased cracking were differential settlements, mostly due to
phenomena such as piping or sub-excavation.

On Maputo Beach, from the Southern Sun Hotel to Costa do Sol, over a few decades, signifi-
cant volumes of sand have disappeared in some areas, dragged by wind, waves, and currents,
while deposition of sediments has been observed in others.

As a result, the sea has encroached upon the coast, causing significant erosion on the water-
front road, notably visible due to its size, especially during high tide periods.

In the Coastal Protection Project, which unfolded from 2010 to April 2015, including the
phases of studies, detailed design and construction phase, several simultaneous constructive in-
terventions took place, some of which are presented below.

After ten years, it is possible to see that all implemented measures are performing well and the
signs of degradation or the loss of material are negligible.



2 RECOVERY OF MAPUTO BEACH
2.1 Sand nourishment

Due to limited financial resources, it was not possible to intervene along the entire coastline of
about 15 km. Therefore, the section of the coast between the Maritimo Club and the Triunfo
Neighborhood with a length of about 3.6 km, was selected as a priority area for beach reinstate-
ment.

Historical data on marine currents, winds, waves, temperature, and water density are very lim-
ited. Based on available information on predominant winds, tide heights, current regime, and
some simplifying assumptions, the decision was made to build 7 groins of different lengths and
fill the spaces between them with sand to reinstate the beach, which is one of the city leisure
attractions.

The first major challenge was to find sand that met the design specifications. After some ex-
pedited investigations carried out in the design phase, it was found that sands with a diameter of
0.5 mm could be obtained through dredging in the Maputo Channel.

At the beginning of the project, a vast area of the bay up to Xefina Island and the access
channels was surveyed, and it was found that only a very small amount of sand met the specifi-
cations, which did not even justify mobilizing a dredger. For this reason, the search area was
expanded closer to the shore, and it was concluded that, even though they did not have the desired
diameter, these sands near the beach had an acceptable size.

The question then arose regarding the choice of technology to extract the sand and place it in
the designated areas. After analyzing several options, including the use of a dredger, it was de-
cided to use a combination of excavators and dump trucks. The major limitation was that this
operation, involving excavation, transportation, and sand placement, could only be done at low
tide. In contrast, the dredger could only be used at high tide.

An experiment was conducted to determine how quickly the sides of a hole excavated in the
sand at low tide would be softened again by the movement of the sands caused by the tides. It is
worth mentioning that the depth of the excavation never exceeded 2 m. Since these were sub-
merged sands, the walls of the excavation were unstable and slid into the hole, even during exca-
vation.

Over three successive tides, significant recovery was observed, showing that in a few weeks,
the seabed in the excavated areas would return practically to the level before excavation.

It was also determined in this operation that the stable slope of uncompacted submerged sand
would be around 4%. During excavation, extensive deposits of black sand were found at a depth
of 50 cm. Leaving these sands exposed to the sun for two weeks changed their color first to a light
gray, and then to an acceptable white. The sands used in the sand nourishment of the beach
showed the following grain-size variation and distribution: D;p = 0.17 - 0.18 mm , D3 = 0.18 -
0.21 mm, Dgp=0.23 - 0.29 mm, C,, = 1.35-1.71, C. = 0.81 — 0.88.

To protect the already constructed groins from settlement or movements, the contractor was
instructed never to excavate at a distance less than 50 m from the groins. Taking the Marginal
Avenue as a reference, it was defined that excavation would be done at a distance greater than
300 m.

2.2 Construction of groins

To prevent the placed sands from being washed away by currents, groins (also known as break-
waters) of varying lengths and heights were designed, depending on the terrain configuration.

A total of 7 new groins were designed, and the three existing groins were rehabilitated. The
new groins are located between the Maritimo Club and the Triunfo Neighborhood. The three
existing groins, with an average length of 300 meters, are in the stretch between the Southern Sun
Hotel and the Maritimo Club.

For the construction of the groins, stones of different dimensions and geotextile with sufficient
weight and strength were primarily used. The construction of the groins was slow due to the fact
that this work could only be carried out during low tide. A similar solution was followed for the
repair of the existing groins. These were in an advanced state of degradation. The stone slopes
were broken, there were voids under the slab, and there were clear signs of erosion around them
due to the action of waves and flowing water.



By placing the stones, the groin was raised by about 70 cm. The last 100 m of the existing
groin out of a total of 300 were covered with stone.

It should be noted that the construction of the groins preceded the nourishment of the beach
with sand. Immediately after the construction of the groins, their beneficial effect was observed
regarding sand deposition by wave action and the interruption of wind and current action. The
total volume of sand reached 300.000 m® while the volume of stone placed was 180.000 m®.

Both the new and the old groins performed very well since the construction ended and have
since become an attraction for beachgoers and residents who use them for various ceremonies and
walks. Figure 1 shows the evolution of the Maputo beach 10 years after construction and Figure
2 illustrates the typical cross section of the built groins.

2024 — 10 years after recovery of the Maputo beach.

Figure 1. Evolution of the Maputo beach from 2012 to 2024.
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Figure 2. Typical section of the built groins.

2.3 Concrete slab

The new groins were capped with an unreinforced concrete slab along their entire length. The
width of the slab was set at 4.0 m (see Figure 3).

For concreting, modules with dimensions of 12 x 4 x 0.50 [m®] were adopted, with each con-
creting operation covering two modules, totaling 48 m3. This operation could only be carried out
during low tide. Not only was the composition of the concrete studied considering the desired
strength, but also the placement parameters were defined, with emphasis on the temperature at



the time of placement. Ready-mixed concrete was supplied, and the major challenge was trans-
porting the concrete over the groin, sometimes for more than 200 meters, while avoiding placing
concrete during the hottest hours of the day or on windy days.

Concrete placement was followed by the curing period, with the steps of the process being
closely followed to avoid concrete defects, especially cracking and surface fissures. For the ex-
isting groins, since the slab as a whole was in reasonable condition, it was decided to pour a
protective concrete layer with a thickness of 0.20m directly onto the existing concrete.

The concrete slab on all the groins shows an outstanding quality, no cracks or deformation
were noted.

Figure 3. Concrete slab on top of newly built groin N.3.

3 SEAWALL OF AVENIDA MARGINAL
3.1 Description of deterioration signs

The seawall of Avenida Marginal extends from the Ferry Boat Bridge to Catembe up to the Naval
Club. While the first one thousand meters of the seawall were in reasonable condition, the re-
maining sections were in a calamitous state, demanding urgent intervention due to the risk of
collapse. A careful observation allowed the identification of the following pathologies in different
areas:

- The wall was beginning to loose support due to sub-excavation and fine particle erosion;

- Occurrence of differential settlements in the wall and consequent deformation and crack-
ng;

- Extensive cracking in some areas, especially at contact zones of different materials or
materials of different ages, or at working joints;

- Deterioration of bonding mortar leading to localized stone fall and the formation of large
holes. As a result, the parapets and sidewalks were heavily damaged, posing a serious
problem for pedestrians due to the risk of falls and severe injuries. With the available
budget in mind, appropriate solutions were devised.

3.2 Reinforcement of the base of the seawall

To strengthen the wall and reduce the risk of piping and soil erosion, it was decided to place a
stone prism on a geotextile mat along the base of the wall. Besides this function, the prism effec-
tively dissipates the energy of the waves, as they no longer directly hit the wall. This way, the
wall material is subjected to fewer shocks and vibrations, which should contribute to keeping the



wall stable for a long time. The stone prism, constructed as shown in Figure 4, significantly re-
duced the carrying of particles under the wall and thus minimized settlements of the wall and
sidewalks.

Figure 4. Reinforcement of the base of seawall with loose stone (Av. 10 de Novembro).

3.3 Repair of cracks and fissures at the seawall

The cracks and fissures displayed by the wall were deep in most cases. In several cracks, the high
tide water would enter, and as it receded during low tide, it would carry away soil particles. The
first solution studied to repair the cracks was to seal them with a mortar based on an epoxy resin.
However, this option proved unfeasible within the available timeframe due to the extensive
length of the cracks and the size of the gap openings. The adopted solution consisted of repairing
the most significant localized collapses and fixing a welded mesh along the entire height of the
approximately 4-meter wall.
Subsequently, a layer of reinforced shotcrete, 10 cm thick, was applied, with sufficient care
taken to ensure that it would not be removed by the next high tide.
The condition of the wall before the repair and after the repair was completed Figure 5.

a) Seawall with visible cracks. b) Seawall after repair with shotcrete.
Figure 5. Repair of cracks and fissure at the seawall.



3.4 Reconcstruction of sidewalks and parapets

Due to soil erosion behind the wall, the sidewalks were left unsupported, resulting in several
collapses along Av. Marginal. In the past, the repairs to the collapsed areas were carried out with-
out much engineering and without addressing the true causes of the problem. Several decisions
had to be made regarding the sidewalks.

In the case of Av. 10 de Novembro, where the sidewalk was damaged, it was considered that
after making localized repairs, the existing sidewalk would provide a good support base upon
which a new sidewalk slab could be constructed. This slab was made of concrete, and its surface
was finished in such a way that no screed or other finishing was applied.

a) Sidewalk before rehabilitation. b) Sidewalk and parapet rebuilt.

Figure 6. Re-construction of the sidewalk and parapet.

Between the Viaduct and the Centennial Restaurant, investigations revealed several voids un-
der the sidewalk, some the size of small caves, extending up to about 2 meters from the inner face
of the wall. Since the sidewalk was in a deplorable state, it was decided to excavate the soil to a
depth of up to 2 meters and a width of approximately 2 meters. The soil was then replaced and
properly compacted.

To protect the soil, a lightweight geotextile was inserted between the soil and the wall. Upon
the compacted soil, the sidewalk slab was constructed using unreinforced concrete.

The parapet was constructed using plain concrete, and the respective prefabricated elements
were produced in a workshop. After curing in the workshop, the elements were transported to the
assembly site and fixed to the coping beam of the retaining wall.

Although the connection between the element and the wall was improved with a cement and
sand mortar, the elements withstand possible wave actions due to their own weight.

4 CONCLUSIONS

The Maputo Coastal Protection Project, already of considerable size, took approximately 24
months of effective construction. During the project, the main challenges faced were coordination
with various involved entities, implementing safety measures on-site to prevent accidents, and
managing logistics capable of moving large quantities of materials such as stone, sand, prefabri-
cated concrete elements, and ready-mix concrete without significantly disturbing urban life.

Work periods primarily depended on moments of lower traffic and low tides. The adopted
solutions always considered the execution time and the project's financial availability.

Given the degree of degradation of existing structures, which was only fully understood during
construction, it was necessary to quickly study complementary solutions, some of which were not
initially planned in the contract.

In this type of project, active supervision is crucial. Not only is strict quality control essential,
but also participation in defining construction methods is an absolute necessity.



Therefore, supervision with the required knowledge for this type of work can be an asset in
completing the project within the available budget and agreed-upon timeframe. This project re-
quired the Client, in this case, the Maputo Municipal Council, to consider other complementary
features such as vehicle parking, changing rooms, drainage of neighboring works, sewage treat-
ment plants, windbreaks, beach safety, and visitor security, among many other aspects that sig-
nificantly enhance and improve urban life.

Unfortunately it took a long time for the City Council to approve a program of reforestation
of the shoreline which is now underway. In the absence of the windbreaks, the fine sand was
blown to the road by stormy winds. In general the combination of sand nourishment and groins
proved very effective allowing the people of Maputo to enjoy the beach again.
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