Ethiopian Arch Bridges

Arch bridge is one of the most popular types of bridges,
which came into use over 3000 years ago and remained in
height of popularity until industrial revolution and
invention of advanced materials enabled architect to
create other modern bridge designs. However, even today
arc bridges remain in use, and with the help of modern
materials, their arches can be build on much larger scales.

When we study the world history of Arch bridges we find
common report in this regard, which is stated as "
Although true archs were already known by the Etruscans
and ancient Greeks, the Romans were the first to fully
realize the potential of arches for bridge construction.
Roman engineers were the first ones until the industrial

revolution to construct bridges with concrete. The oldest
existing arch Footbridge is the Mpycenaean Arkadiko
Bridge in Greece from about 1300 BC. it is one of the
oldest arch bridges still in existence and use. In China,
the oldest existing arch bridge is the Zhaozhou Bridge of
605 AD.

The basic principle of arch bridge is its curved design,
which does not push load forces straight down, but
instead they are conveyed along the curve of the arch to
the supports on each end. These supports (called
abutments) carry the load of entire bridge and are
responsible for holding the arch in the precise position
unmoving position. Conveying of forces across the arch is
done via central keystone on the top of the arch. lts
weight pushes the surrounding rocks down and outward,
making entire structure very rigid and strong.

The Arkadiko Bridge, 1mt clear opening and 22 mt total length,

When we come to Ethiopian Arch bridges, according to
the Bridge Management System database, as a result of
the 1Ist nationwide bridge inventory and inspection
conducted in 2006, there are found 560 arch bridges.
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420 mt long Concrete arch bridge, 1997, China
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http://www.innovateus.net/innopedia/what-arch-bridge
https://en.wikipedia.org/wiki/Arch_bridge

No. Of Old Masonry Arch bridges By Inventory Year

rlt; Dlii:::l; I"| 2006 | 2010 | 2013 R;f‘,’f;d
1 Combolcha 206 188 188 91.3
5 | Alemgena 194 | 16 | N5 59.3
3 | Gonder 47 | 47 | 43 | 95
4 Nekempt 34 16 5 14.7
5 Jimma 32 26 25 78.1
6 | Adigrat 23 22 22 95.7
7 DebreMarcos 15 12 12 80.0
8 | Shashemene 6 5 5 83.3
g | Dire Dawa 3 2 2 66.7
10 | Soddo 0 0 0
Total 560 | 434 | 417 | 74.5

As an outcome of the service assessment conducted then
and in consecutive years, almost all these old arch bridges
can be considered as deficient. This can be explained by
visible deterioration of the bridge body due to Age, Sever
defects, location along sharp curves and being susceptible
to frequent accident, Lose of bearing capacity, negligence
in maintenance plan, over toping, etc

However some of them look good and seem sound, they
are at least in need of major structural repair works. But,
generally, as they finish the service period that originally
anticipated and they can’t more sustain the current
growing traffic weight and volume, total replacement is
recommended.

Year of Amount of Arch
construction bridges constructed
1930’s 317
1940's 172
1950's 44
1970-80's 10* (allRC)

According to the first nationwide bridge Inventory
conducted in 2005/06, there are about 560 arch bridges
in the country, most of them are constructed during
Italian invasion before 1945. These bridges are serving for
more than 7 decades and currently they are not
compatible and suitable to the current flow of traffic and
cargos as they were not designed to it.
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Combolcha District has the largest number of arch
bridges. It consists more than 40% of the total stock. 1t is
obvious that because of concentrated political and
administrative movement of the invaders the road

network expansion was done in the Northern part of the
Country. BMS

Ethiopian Masonry arch bridges are mostly made of
masonry wall from both sides and gravel back fill inside.
Due to the fact that the road pavement or the surface was
originally gravel type, during the rainy season leakage of
rain water in to the inside part and accumulation of water
on the surface pothole area was common occurrence and
thus back of concrete deck suffered from decay and
disintegration.

It could be therefore many of the existing old arch bridges
are vulnerable to sudden collapse even the current road
surface is Asphalt Concrete.

As envisioned in ERA Master Plan for bridge
rehabilitation, more than 500 old Masonry arch bridges
are supposed to be replaced with in 10 years, which is
until 2021.

Despite replacement plan is there, regular annual
condition survey is undergoing to assure safety of traffic
movement over these old and failure suspected bridges.
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Example of bridge pictures before and after replacement.
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Beauty of Kurakura bridge, along Woldiya—Dilb road
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In line with the road rehabilitation projects like
Combolcha—Wodya, Addis-Ambo-Nekempte, and others,
significant number of these type of bridges are replaced
in the past 15 years. Furthermore about 50 old arch
bridges are going to be replaced under Combolcha-Batti-
Mille road rehabilitation project alone, which is under
implementation.

In general, so far, quarter of the arch bridge stock is
replaced by new bridges and some are obsoleted due to
road realignment.

There are also few number of Reinforced Concrete ( RC )
arch bridges in Ethiopia. To mention long ones, Kurakura
bridge along Woldiya—Dilb route constructed by Chinese
and Awash River Bridge along Alemgena — Butajira route.
Arch bridges made of RConcrete and Masonry stone are
very different structurally and in bearing capacity aspects.
RC Arch bridges can serve for longer years as any RC
Girder Deck bridges and their defect is common to any
other concrete made bridges.

Currently there are about 15 RC Arch bridges and 417

Masonry Arch bridges in Ethiopia.

The longest RC arch bridge in Ethiopia is the Abay River
No3 bridge which is located at the gorge between

Gohatsion and Dejen towns. It has 125 mt central span
and 205mt total length.
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