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Engineering Insurance Exposure related to the Construction of Roads

1. Introduction

1.1 Goal and Scope of the Paper

Nowadays, roads are built at any time in almost every type of environment and serve many
different purposes. Road structures range from a few hundred metres up to several hundred
kilometres and are built across very different geological conditions. Construction time may
last from less than a year up to several years. Due to these facts, road construction is
naturally exposed to a wide variety of perils.

The goal of this paper is to help the Underwriter's understanding of road construction, to
build up awareness for the wide variety of perils construction of roads is exposed to, to help
to perform professional risk analysis and underwriting and to draw attention to possible loss
scenarios by some illustrative loss examples.

The paper explains in the first part various types of roads and the technical aspects of road
construction. In the second part, the paper describes a variety of exposures, individual
underwriting considerations, typical loss scenarios as well as risk management, safety and
security aspects. An integrated risk matrix illustrates the dependencies between types of
roads and exposures. The paper closes with the description and illustration of typical losses
and loss scenarios.

The risks involved in the construction of major bridges and tunnels — which quite often form
part of large road construction projects — are not dealt with by this paper.

1.2 History of Road Construction

The first pathways were the trails made by migrating animals. By about 10,000 BC, these
rough pathways were used by human hunter nomads following these herds. The
development of roads, however, began with the invention of the wheel in Mesopotamia
during the 5th Millenium BC. The oldest engineered road discovered is the Sweet Track
Causeway in the Somerset levels, England, dating from 3800 BC. The Ancient Egyptians
constructed a stone paved road to help move materials for the building of the Great Pyramid
in about 3000 BC.

The ancient Chinese constructed an extensive system of roads, some paved, from about
1100 BC onwards. By 20 AD, the Chinese road network extended over 40,000km.

The Incas built fine highways for couriers through the Andes, and the Mayans built an
extensive network of paved roads in Mexico before the European discovery of the New
World.



From about 300 BC, the Roman Empire built straight strong stone Roman roads throughout
Europe and North Africa, in support of its military campaigns.

Engineered roads in the age of horse drawn transport aimed for a maximum gradient of 1 in
30 on a macadamized surface since this was the steepest a horse could exert to pull a load
uphill which it could manage easily on the flat. Notable road engineers from this period are
Pierre Marie Jérbme Trésaguet (1716-1796) in France and John Loudon McAdam (1756-
1836) in England.

During the industrial revolution, the railway developed as a solution to the problem of rutting
of the road surface by heavy carts. Instead of trying to build a strong surface across the
whole road the cart was constrained to run either on rails or grooves which could be made of
much stronger, wear-resistant material.

Today, roads are almost exclusively built to enable travel by car and other wheeled vehicles.
In most countries, road transport is the most utilized way to move goods. Also, in most
developed countries, roads are formally divided into lanes to ensure the safe and smooth
movement of traffic.

1.3 Economical Aspects

In earlier times, construction of road networks was of great strategic and economical
importance. Huge investments were made in road construction e.g. by the Romans to
expand and consolidate their empire. Roads had, however, not only strategic importance,
they were of increasing importance for the rapid development of national and international
trade.

At all times, road construction was only possible if the necessary resources — i.e. work force,
materials and money — were made available. Nowadays, construction of roads is influenced
by many different aspects. Still, financing is very important. In addition, road construction is
often politically influenced. Ecological considerations and densely populated areas
complicate construction substantially.

Whether privately financed or financed by the government, it becomes increasingly important
to substantially protect these huge investments during construction and operation by proper
risk management and insurance.



2. Understanding Road Construction

2.1 Introduction

The aim of this chapter is to give an overview on the technical aspects for the design and
construction of roads. The information provided shall enable the reader to understand how
road construction works. However it is important to note that the details vary depending on
the road category and construction type.

3.1.1 Road Categories

There are various categorizations used for roads, defined along their location, function,
capacity and other characteristics.

Depending on the main function, traffic load and design speed, the following road categories
can be distinguished:

Motorways are routes for fast moving long distance traffic.
Strategic routes are trunk roads between primary destinations.

Distributor roads form the urban networks and are primary links for local traffic with
junctions.

Link roads are linking distributor networks with frontage access and frequent junctions.

Access roads are serving limited numbers of properties and carry only access traffic.

3.1.2 Types of Road Construction

Depending on the original state of the road the following general types of construction can be
distinguished.

e Construction of a new road
* Upgrading/extension of existing roads (e.g. adding two lanes)
* Rehabilitation of existing roads (e.g. replacing wearing course or drainage system)

Construction method as well as design may vary depending on the type of construction.
Nevertheless, the technical aspects as described below generally remain.

2.2 Design of Roads
2.2.1 Determining Factors for the Design of Roads

The determination of the final route and the structure of a road are influenced by many
different factors.

Expected traffic load:
Based on traffic models and the available figures on traffic flow (e.g. results from traffic
census), a forecast of the future traffic load for the road to be built or upgraded is



established. This is also the basis for the definition of the size of the road (e.g. number of
lanes) and the design of the pavement.

Maximum Speed:

The allowed maximum speed has a direct impact on the required stopping sight distance and
therefore on the definition of the width of lanes, radii of curves, vertical alignment (radii of
curvatures) and gradient.

Topography:

In flat areas, only minor structures like culverts, flyovers etc. are required, whereas in hilly
areas with rivers and valleys the number of bridges and tunnels to be built is much higher
and so is the quantum of earth to be moved (dams, cuts). In this case, the overall costs for
the road can multiply.

It also has to be considered that the flood exposure in hilly areas with a lot of rain is high.

Geology / Soil Conditions:

Detailed knowledge of the geology and soil conditions along and adjacent to the planned
road is crucial for the adequate design and construction of the road. The implied soil
investigation program has preferably to be developed by an expert who is familiar with the
local conditions.

A detailed geological survey report is the basis for the design of embankments, slopes,
foundations and the road body.

Climate and Natural Perils:
Flood, storm and earthquake exposure are to be considered when designing a road. The
possibility of frost is also a major issue for the durability.

International and Local Standards:

Roads have to be designed and built in line with internationally recognized standards like
British Standards BSI, AASHTO (USA), Eurocode. In a number of countries, local standards
taking the local conditions into account are used.

Local Regulations and Laws (safety, speed, etc.):
Parameters like design speed, safety measures and others are often specified by local
regulations and laws.

Existing / Third Party Property:
A road in ‘greenfield’ entails fewer restrictions for the design and construction than a new
road or the upgrading of an existing road in an urban area.

2.2.2 Determination of the Route

In consideration of the above factors, the final route of the road can be evaluated. The
connection of two points is usually made by adding up geometrical elements like straight line,
circles with appropriate radii and clothoids as a transition from a straight line to a circle
element.

The geometrical form of the road has to be aligned to the local topography. It is important to
have a high comfort and security at any point of time even when driving at the maximum
allowed speed.

In some cases, the optimal route must be adjusted in order to avoid bad soil conditions,
negative impact on existing property or excessive noise emissions to existing settlements.






