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ABSTRACT

The prime goal of this project report is to investigate whother it zs sen
sible for comtractors ta utilise the facilities offered by Comtractor’s All
Risks {CAR) imsuranée; following an outline of the meip characteristics of
CAR, tke approach adopted refers mainly to an investigation of accidents
and losses that have occurred on civil engineering and building projects
sud relating these incidents to the cost of insurance of each project.

Research for this investigation concemtrates primarily on conclusions that
become evident from analysing, on a worldwide basis, the aumber of losses
that have occurred per site during the comrse of construction of various
types of civil enginecring strusctures (such as dams, tunnels, harbour
works) and buildings (such as highrise office blocks). A statistical model
for each kind of strueture is then drawm in graphical forrat to enable the
reader to ascertaian the appropriate minimum imsurance p wamiuvm (or rate)
related to the minimum corresponding deductibles.

Deductions wade from these statistical models indicate that the premium
rate and corresponding deductibles vary from high values for exposed risks
such as dams and harbour works, to lower values for less exposed risks such
as office buildingo.

In couclusion, the findings of this investigstion indicate that due to the
high umber and high costs of losses, especially on exposed risks, Contrac-
tor's ALl Risks insurance is indeed npt only visble, but highly
recommended.
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At the time of conduating this research project, the author was in the
ewployment of a major reinsurer aud dealt primarily with comstruction re-
lated insurance matters on a daily basis.

The author is a civil engimeer and during his exposure to the construction
engineering insurance market, became very interested in the techmical
aspects of major civil and building risks on the
bacis of historical loas data; poTesance of thi faterest has culminated in
setting the parameter: for this research project.

Furthermore, in the author's work environment
many instances, little was
parties (developers, consultants
construction industry.

, it became apparent that in
out  construcrion insurance by any
and contractors) concerned within the

The author thus felt a need not only to broaden and explein the concept of
to

construction insurance to members of the construction industry, but also
use this opportunity as a basis for loss data research.
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INTRODUCTION

General

The comstruction imdustry, especially the civil engineering side,
is very prone to losses suffered as a.result of the occurreace of
natural catastrophies {such as Cyclone Devoina 1984, Natal Floods
September 1987). The magnitude of these occurrences can have

disastrous effects oa ion sites, such as bridge and road

washaways, breaching of dam walls, flooding of coffer dams, col-
lapse of tummels, etc., (damage resulting from the Naral Floods
was estimated to be RS00 milliom). In some instances, these
natural occurrences can cause indirect damage to third party pro-
perty within or adjacent to the comstruction site for which the
contractor will be held responsible, e.g., breaching of a dam: a
wall of water from the breached dam can cause loss of life and
serious damage further downstream.

As the title of this research project implies, it will be the
inteation of the author to investigate the nature of Contractor's
A1l Risks (hereinafter always referred to as CAR) insuramce within

the civil engineering and building industry.

Before outlining this project, it may be necessary to make the
reader of this report realise that CAR insurance covers the whole
spectrum of losses Ehat cam occur on any construction site.
Losses may vary from petty theft (for instance building materials
such as bricks and cement), defined as minor losses, to total

collapse of dams and highrise buildings, defined as major losses.

Minor losses are to a certain extent taken care of by the dedue-
tible (that monetary part of any claim or loss that the contractor
bears) associated with that particuler loss and which is also

specified in the CAR imsurance policy.

It is the major losses (for whick there are usually also asso-
ciated deductibles) which are of real coacern in this project

report.
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Bearing in mind the possibilities of large losses occurring on
construction sites, the value of imsurance protection csumot be
underestimated. In the past, contractors have not considered
imsyrance as an important aspect; in fact, from the author's own
experience, contractors in general were unsure of the nature of

CAR insurauce and viewed ion i with and

even more so when premiums increased rapidly. There is, however,
a tepdency for large losses to occur in the empineering sphere and
for this reasom, the construction industry should pay more atten—
‘tion to the aspects of CAR insurance; above all, conmstruction
projects are constantly becoming larger, thus iscreasing the pos-
sible financial loss exposure. The claims experiemce of insurance
companies have furthermore indicated that losses suffered during
the past few years on construction insurance have been signifi-
cant; Gasche (FIDIC 1978) mentioned that the contract works
insurance loss ratio in Germany was 93,5% of premiums in 1975 and
104,9% in 1976 respectively.

Gonsidering the above, CAR insurance may thus be construed as a
facility whereby a contractor (or principal) could purchase protec—
tion against unforescen events which mey cause major damage (and
concomitant delays) to the construction works and associated third

party property.

To che past, insurance premiums were a relatively small percentage
of the coatractor's overthead costs, but at presemt, insurance
premiums are higher, requiring the need to examine the cost of
insurauce and the associsted cover more closely. One of the main
reasons for the iucreased cost of insurance has been the large
losses which have occurred recently, such as Cyclone Demoina 1984,
the Natal floods in September [987 amd Orange Free State floods in
M¥arch 1988. Iosurance premiums had to be increased in general in
order for the insurers to maintain their solvency wargins, resul-
ting in CAR insurance becoming more expensive; this, in turn has
led to resistance by comtractors to irsure., This issue will be

forther dealt with in Chapter Two, Literature Survey.




The remainder of this chapter will be utilised to

%  Specify the characteristics and purpose of CAR insurance and
what it entails.

* Identifying the current involvement of parties participating
in the construction industry (e.g. conssltents, comtractors,
ete,) with vespect to CAR insuramce and Ctheir concomitant

.problems and thereby establishing the necessity of this re-

search project.
%  Indicate how the irvolvement of all concerned parties and

their problems could be addressed im order that sll disci~

plines could have a better understanding of CAR insurauce.

Characteristics and Purpose of CAR Insurance

have i (Brown 1987, Madge 1987)
about CAR insurance in the past. This has been substantiated by
the author's experience, thus it is considered necessary at the
outset” to explain the characteristics and purpose of CAR

insurance.

Contractor's All Risks (CAR) insurance is a relatively modern
branch of engineering insurance. The basic concept of GAR insur-
ance is to offer comprehensive and adequate protection against
loss or damage in respect of the contract works, construction
plant and equipment and/or construction machinery, as well as for
third party claims in respect of property dsmage or bodily injury
arising in commection with the execution of a comstruction

project.

The rapid development of techaology, which has also occurred in

the eivil field, the i i demand for construe~

tion work of any kind and the growth in the values of individual
building projects have resulted in am increase of the technical

and economic risks during i and  an

demand for CAR insurance protection all over the world. In

addition, owing to im

reasingly keen competition, comtracting
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tirms are frequently not ia a position to include in their tender
prices a sufficient margin for the hazards iovoived. Since am

inssrance premium can be calculated mich wore sccurately by a

professional insurer than the hazard margin by a contractor, CAR °

insurance contributes to reducing the overall comstruction expen~
ses and at the same time offers efficient fimancial protection for
all parties coucerned.

Therefore, there is an incressing tendency on the part of prin—
cipals, comsulting engineers, architects and finaaciers to make
the inclusion of a CAR policy & condition for the award of the
tender, This is also a condition stipulated in many contracts

involving goverameat projects.

Gertain important aspects of CAR insurance have to be considered;

these are as follows:
The Imsured
A CAR insuraace may be coneluded by
* the principal;

*  the contractors engaged in a project, including ail sub—

contractors.

In order to prevent overlaps or gaps in the cover provided, a
AR insurance should be concluded for all parties concerned.

The Subject Matter Imsured

CAR Insurance can be taken out for ail building and civil
engiteering projects, such as

%  residential and office huildings, hospitals, schonis,

theatres;
* factories, power plants;

% road aud railway facilities, airports;




1,2.2.1
1.2.2.2
1.2,2.3
-
<
1.2.2.4
<

% bridges, dams, weirs, tumnels, water supply and drainage
systems, canals, harbours.

In particular, the cover comprises the following:
Contract Works

This term implies all the operations to be carried out
by & contvactor and his sub-contractor im compliamce
with the building coatract, imcluding preparatory work
on the site, such as excavation, grading and levelling
work, the execution of temporary structures like diver-
sion cuts and protective dams, as well as the use of 2ll
the materials stored on the site which are to be incor-

porated in the structure.

The assembly or ersction of machimery, plants and steel
structures may be included under 2z CAR policy provided
that their value, including erection costs, is less than
50% of the total sum insured.

Piant and

This term implies workers' accommodations, storage
sheds, preparation and mixing plant, scaffoldings,
utilities (electricity, watar supply), ate.

Construction Machinery

This term implies earthmoving equipment, crames and the
like, as well as site vehicles not licensed for use on
public roads, no matter whether such machinery is owned
or hired by the contractor.

Gosts for Clearance of Debris
This term implies the expeases incurred for the removal

of debris from the site in the event of a loss indem-

nifiable under CAR imsurauce.




1.2.2.5

1.2.2.6

Third Party Lisbility

This term implies legel lisbility arising out of pro-
perty damage or bodily injury suffered by third parties
'.  and occurring in connection ‘with the comtract works om
or near the building site. Eowever, the imsurers will
tor indemmify any cleims from the employees of the
insured or workmen who are counected with the construc—

tion project.
Surrounding Property

This term implies property located on the site as well
as property surrouading the site. A distinction is

made, however, between

%  property belonging to or held in care, custody or
control of persons named in the pulicy as the im-
sured (in this case cover is oaly granted by way of
an endorsement on the CAR policy, thereby extending
cover to the employer's or principal's existing
property; double insuramce ({assuming thzu the
existing property is also insured) can be svoided
by an adjustment to the normal premium during the

period of the contract (Atkins, 1980)), and

*  property belonging to or held in care, custody or
control of persons who may be regarded as third
parties for the purposes of the policy, i.e. per-
sons who are neither insurers nor insured (in this
case indemnity is paysble according to the prin-
ciples of third party liability cover, Section 1T
of the CAR policy).

Scope of CAR Imsurance Cover
AR insurance provides am ™all risks" cover - every hazard is

covered which is not mormally epecifically excluded. This

medns that almost any sudden and unforeseen loss or damage
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occurring during the period of insurance to the property
insured on the building site will be indemnified. The most
important causes of losses indemnifisble under CAR insurance

% fire, lightning, explosion, creshing aircraft, extin-

guishing water or other Fire fighting measures;
v%  flood, inundation, rain, snow, avelanche, teunami;
% windstorm of eny kind;
%  earthquake, subsidence, landslide, rockslide;
*  theft, burglary;

*  bad workmanship, lack of skill, negligence, malicious
acts or human error,

CAR imsurance also covers lLoss of or damage to building
material, construction machinery and construction plant and
equipment occurring during on-site transport, intermediaie

storige, or during assembly or disassembly.

The cover provided by CAR imsurance is only subject to a few
obvious exclusions which the internationsl insurance market
usually applies. These exclusions are named in the policy

and essentially comprise:

*  loss or damage due to war or warlike operations, strike,
riot, civil commotion, cessation of work, requisition by
order of sny public asthority (it is possible to include
the’ risks of strike sad riot in special cases, but such

an inclusion is subject to careful prior examination};

* loss or damage due to nuclear reaction, auclear radi-

ation or radicactive contamination;

* consequential loss of amy Kind or description whatso-

ever, such as claim$ from penslties, losses due to

i
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R delay, loss of contract (it is however possible to
obtain an extension to the CAR policy in order to be
covered agsinst loss of profit, idcreased interest
charges and other additional costs attributsble to the
physical loss and/or demage imsured by the poliey
(Advanced Study Group 2084 (1985), FIDIC (1978));

* 1oss or damage due to mechanical and/or electrical break—
o down or derangement of construction machinery, plant and
equipment (i.e. loss or damage not caused by exterior
influences, whereas any physical loss of or damage to
. the building project resulting therefrom is covered); a
separate Plant ALl Risks policy is usually issued for

this type of cover;

*  loss of damage due to faulty design, which is usually
the design consultant's responsibility and covered in

terms of Professional Indemnity insurance;

* the cost of replacement, repair or rectification of any 5]
deficiencies in the coutract works (e.g. use of defec—
tive or inadequate material, which wmay be covered by
Products Lisbility insurance, alternatively, it has been
proposed (FIDIC (1981)) that insurers could offer supple-
mentary cover to the employer only (thus not Lo the
contractor) i respect of damage due to faulty materials
(or workmanship), with the insurer retaining right or
recourse against the negligent contractor); however,

- loss of or damsge to correctly executed items resulting
from the inadequacy of other items of the coutract works

° is generally covered under CAR insurance.

Identification of the Involvement and Problems of Parties !

ic the

Industry
G

On a typical construction project, the following Jlisciplines are

W

usually encountered:

% the principsl or owner ar develaper;

8 I :
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* the professional comsultants (architect, quantity svrveyor,
engineers, etc.);

* the contractor(s) {including subcontractors).

For each of the sbove parties, the insuramce requirements are
totally different.
N

The principal may elect to take out a principal controlled insur—
ance (P.C.I.) policy which would include, inter alia, the main
section of the works (Brown, 1987:53 and Freeman, 1989:12). This
type of cover may, however, not be adequate for the comntractor who
must then establish whether additional insurance cover is neces—

sary to protect himsclf.

The consultants, on the other hand, have their own professional
indemnity (PT) insurance.  Professiomal 1liability claims are

increasing (Campbell, 1988:51) and counsultants ave thus becoming
more aware of their need for this type of insurance. Although FI
irsurance is separate from CAR insarance, certain provisions may
be made in a CAR insurance policy to cover certain design risks

which would otherwise fall within the scope of PI imsurance.

Finally, the contractor may be compelled to take out CAB insurance
(specifically so in terms of Clause 21 of the General Conditions of
Contract (1982)). 1Ia other iastances, the contractor may opL to
self-insure, especially in view of increasimg iusurance costs
(Sounes, 1987 and Freeman, 1989).

In the past, insurance premiums relating to comstruction projects
were a relatively small percentage of overhead costs (Sounes, 1987)
and little consideration was given to realistically determining the
actual need for a specific type of cover, However, with current
conditions relating to inereasing premiums and large deductibles,
it has become necessery, not only for the comtractor, but also for
the principel and the consultant, to become more aware of the

insurance aspect of sach type of construction project.




Addressing Problems Relating to the Concept of CAR Insurance

In order to addrass this aspect, it will be the intention of this
project report to describe the background of how CAR iusurance
developed ints its present form and to broaden the concept of loss
awareness (i.e. risk mamagement) for specific types of risks by
means of staristical models; these models are to be amalysed in
order to give s base for influencing the decision whether to
insure a project or uot, The basis of the analysis will be an
in\ggstigacion of the number of major losses that have occurred an
various insured projects and these rasults will be used as the
main resource available to broaden the concept of the need for CAR

insurance.

It is the overall aim of this project to create a better understan—
ding of the nature of CAR i not only For I 3

for principals and consultants as well.
Approach to be Adopted in the Research Project

The author intends o outline the structure of this project as
follows:

%  Chapter Two: A literature survey will be carried out of haw
CAR insurance developed into its present form and curreat
literature on aspects of CAR insurance in general. The
author will identify any shartcomings and questions which

need to be addressed.

% Chapter Three: In order to imcresse lose awareness on various
types of civil engineering and building projects, claims that
have occurred on these projects need to be investigated., For
this purpose, statistical models have been compiled in both
tabular and graphical form. Example on the use of g statisw

tical model is aiso included in this chapter.

* Chapter Four: will centre on discussion of resslts emanating

from the statistical model research.
* Chapter Five: Conclusion

10




2 LITERATURE SURVEY

In order to investigate the nature of CAR insurance, it was first

neéessary to establish the extent of current literature on the

matter.

Origin of CAR Insurance

The concept of construction insurance came into being and
thrived during the period immediately after the Second World
War (Bunni, 1986:14). Concentrated reconstruction prog-
rammes for cities, towns and their iunfrastructures that were
devastated during the war, together with rapid techmological
advances which occurred in uew materials and methods of
construction, created a need for comstroction 1nsurance

(Bunni, 1986:14).

CAR insurance (also referred to as contract works insurauce
or construction insurance) is thus a relatively Maew" class
of insurance, which has been developed during the last forty

years.

is 4 highly specialized

class of i requiring techmically orientated skills

to underwrite and maintain this type of cover.

CAR insurance protection has not usually beea a compulsory
inclusion into the contract works documents, however it has
become a fairly receut requirement in terms of the Insurance
Clause of the General Conditioms of Contract (1982), as
approved by the South African Institution of Civil

Engineers.




pevelopment of CAR Insurance

CAR imsurance s linked directly to the construction indus—
try aud as such, is never stagnamt. Cover provided by CAR
insurance has to keep abreast of the development of mnew

naterials, equi and techniques.

The development of CAR insurauce in Seuth Africa is very
closely limked to the European system, where in fact our
engineering insuramce originated from. Certain aspects of
the Europesn CAR insurance were modified and adopted to suit
the more adverse conditions found in Somth-Africa.

Current Literaturs
General

The author has founs it difficult to establish detailed
sources of literature dealing with CAR xnsurance, the

Teasons being as follows:

.
%  the umiqueness and specialized type of protection

offared by CAR insurance;

¥  the fact that CAR insuramce can be tailoved to
suit any type of comstruction project and is thus

infinitely variable;

* constyuction iwsurance forms part of engineering
insurance which in turn is a small division of

short~term insurance;

.




2.3.2

2.3.2.1

*

CAR insurance has until fairly recently mnot been

incorporated as part of the costract comditions
{General Gonditions of Contract, 1982) of eivil
engincering projects and as such has not received
any particular arteation;

there is little or no memtion of this type of
insurance in the media (compared to other classes
of i such as and house—

holder’s insurance);

CAR insurance can be construed to form part of the
requirements of comstruction and building works
and as such, literature concerning insurance mat-
ters appears to be restricted to publications
withia the construction and building eavironment.

Scope of Current Literature

_Textbooks

Little information on CAR insurance is available
in textbook form, particularly within the South
African Insurance Industry. During the literature
research, the author found four textbook refer—

ences which were of interest:

1. K. Gerathewohl (1982) defined the aspacts of
engineering insurance in gemeral and then wade
specific mention of CAR insurance. He also mea~
tioned the inclusion of cover for the property of
third parties within the ambit of a standard CAR
policy.




[

Gerathewohl ststed that an importamt criterion for
the contractor wishing to take out a CAR policy
was the techmical service (such as providing loss
winimisation proposals > and discounts for work
carried out in dry periods) that an insurer was
able to offer in addition to imsuring the risk
itself, in fact the technical service might be the
wain reason for taking out a CAR policy in the
firet place. In turn, the insurer should, in his
own interest, try to gain an exact idea of the

construction project to be imsured.

Furthermore, Gerathewohl stressed the especial and
fighly individual nature of engineering insuraace,
as well as the fact that CAR risks were constantly
becoming larger as time progresses. He cited the
following examples during the period 1970 to 1976:

The average cost for a muclear power station
rose frow US$200 million to US$500 million
during this period (pl57);

thet of an oil refinery from US$80 million to
US$300 miliion (pl57).

Inflation also had a strong effect on CAR insur-
ances, especially on large projects with construe-

tion periods spamning several yeara.

An important observation made by Gerathewohl was
the fact that there was a tendency towards large
losses in engineering iusurance; ome of the main
ressons for this oceurrence, being the fact that
CAR insurance also cavers major perils (so-called
“Acts of God") which include natural hazards (sueh

as earthqueke, storm, flooding, etc.).




Gerathewohi further pointed out that there was no
detailed tariff pricing (or rating) system for
insuring CAR projects, as was the case with other
types of property insurances. FRach major civil
engineering or building project thus had to be
assessed oa its own merits and due allowance hod
to be made for the technical features of the par~
ticular project, its specific expossre to majoer
perils, the duration of the project and the ex-—

perience of the contractor involved,

4 key statement made by Gerathewohl concerning
losses for various types of risks has been borme

ot by is comments as foilows:

The probability of & loss occurring is deter-
mined by observing, if feasible for as many
yesrs as possible, the claims experience in
each risk category and sdjusting the findiags
by means of techuological sssessments. As @
result, the size of the losses to be antiei-
pated is also taken into comsideration before

retentions are determined.

The above statement by Gerathewohl has put the aim
of this project into perspective, viz. to carry
out an observation of the loss history for various
types of comstruction projects and to utilize
these findings for the bemefit of. both the insured

{i.e. the confracicr) end the imsurer.

2. N.G. Bumni {1986) gave a very broad background

on the develop of on

through the years and how it was intertwined with
legal issues pertaining to construction insurance

in general.
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Buani confirmed the author's earlier statement

that there was little or ao published material
dealing with constrdetion insurance (pvii).
Bunni's book dealt with the following Essues:

*  the subject of CAR imsurance from its
rationale to its everyday practice amnd high-
lights the importance of the interaction

between CAR insurance and comstruction law;

% other concomitsnt Ffacats of CAR insurance,
such =s third party lisbility end profes-
sional indemnity ave discussed and explained.

Bunni's book was very gemeralised and comprehen-
sive, HNis findings and statements were primerily
bssed on British constrsction policies and pro-
cedures and he sapporred the Federation
iuternationale Des Ingenieurs - Conseils (FIDIC)
Conditions of Contract for works of Givil
fngineering Construction (which do not apply to
South African censtruction procedures, but are

similar to ovr General Conditioms of Contract).

An important issue in Bunni’s book is his view
thar it was important to identify and analyse the
effect of risks on mejor construction projects and
that such an analysis can be done through know-
ledge of previous experience (including the lass
history) om similar projects, Burni therefore set
the parameters of the author's intended field of
research (just as Gerathewohl (1982), did), which
will involve the smaly.is of the loss history for
various types of comstruction project to establish
the level (premium and associated deductible) of

insyrance required,
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Bunni confirmed the suthor's earlier statement
chat there was little or no published material
desling with construction iusuramce (pvii).
Bunni's boak dealt with the following issues:

* the subject of CAH insvrance from its
rationale to its everydsy practice and high~
lights the importance of the interaction

between CAR insurance and comstruction law;

* other concomitant facets of CAR insurance,
such as third parcy liability and profes—
sional indemmity are discussed and explained,

Burni’s book was very generalised amd comprehen-
sive., His findings and statements were primarily
based on British construction policies and pro-
cedures and he  supported the Federation
luternationale Des Ingenieurs - Consails (FIDIC)
Conditions of Contract for works of Civil
Engineering Construction (whick do not apply to
South African comstruction procedures, but are
similar to our General Conditions of Contract}.

An important issue in Bunni's book is his view
that it was impertent to identify and amalyse the
effect of risks on major coustruction projects and
that such an analysis can be done through know-
ledge of previous experience (including the Loss
history) on similar projects. Buuni therefore set
the parameters of the author's intended field of
research {just gs Gerathewohl (1982}, «id), which
will involve the analy.is of the loss history for
various types of construction project to establish
the level (premium and associated deductible) of

insurance required.
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Other CAR insurance aspects covered in Buani's
book provided fascinating veading, especially tke
legal issues, but due "to the British procedures
and factors relevant to the British comstruction
industry mentioned in his bock, these were mot
relevant to the South Afvicau comtext of this

research project.

3. P. Mudge (i987) outlined the insurance clauses
that usually appeared in building and engineering
contracts and what Chese clauses imposed upon
eitber the contractor or the employer, He further
explained the extent of ctover offered by the

various policies issued by insurers.

Mudge's book specifically referred to forms of
contract conditions 4nd clauses based on the
{British)  Iastitution of Civil  Engineers’
Conditions of Contract, which are not applicable
to the South African Comstruction industry.

4. C.J, Freeman (1989) was appointed by the Con—
struction Research Advisory Committee of the Civil
Eagineering Advisory Couacil to investigate civil
engines.ing coustruction  insuramce in  South

Africa.

His book (Draft Practical- Guideline Document 3)
outlined & survey of the methods of insuring con-
struction risks from the point of wiew of the
client (or principal or employer) as well as the

contractor.

Most of the points raised in Freeman's guideline
Bave already been mentioned in Chapter I, Introduc-

tion,




IERE SR

2.3.2.2

an ‘imporrant statement that Freeman made fn his
guideline, was that there had been a lack of pub-

lished i ion on the ef of con~

struction insurauce cover in Soutbh Africa aad that
the matter should be addressed.

Periodicals

Several  articles  dealing with construction
insurance were found in various local wmonthly
periodicals, such as The Civil Engineering
Contractor, These articles were short and comcise
and deslt with pertineat matters that have been
used to form a basis of the Literature Survey
regarding the latest issues comcerning CAR

insurance,

In his article "Iasurance for Civil Contractors!’
(June 1v87), €. Sounmes dealt with the matter of
self-insurance for comtractors. He stated that

self~insurance, for those contracts which did mot

force the to take out insurance, could
be effective when carefully planmed, especially
when losses were relatively foreseeable. {an
example of foreseebility with regard to insurance
losses, is for instance the construction of an
earth coffer dam in a viver during the pesk rainy
season. Damage Lo the coffer dam is foreseeable
and could thus be self-insured, as the insurance
company would levy a high premium for this kimd of

exposure, or, slternatively, refuse to insure).
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Sounes did not advocate total self-insurance; he
states that the risk which is not being insured
must- be "“affordablz" to the contractor, i.e, when
the loes actually occurs, such an occurremce would

not be detrimental to the contracter himself. In
order for the contractor to establish which risks
should de self-insured, Sounes advised that the
contractor dealt with specialist comstruction

insuyrance brakers.

E.L. Brown (1987) stated that there have been
congiderable chamges in the construction insurance
industry, cavsing premiums to escalate alarmingly

and deductibles to be set at high levels. One of’

the reasons for these increases wes the widespread
losses caused by heavy rainstorm damage, such as
Cyclone Demoina in 1984.

Brown confirmed im his article that the contractor
was traditionally responsible for the eatire con-
tract wvatil completion and that he thus carried
the eatire risk of the comstruction project (both
temporary and permanent works), including every-
thing that is brought onto the construction site.
In view of this, the onus was thus on the contrac—
tor to obtain the relevant GAR cover to protect
the iatercsts of both the employer and himself.

In Browa's abovementioned article, he also refer-
ved to the asspect of the Principsl Controlled
Insurance (PCI).  He stated that this kind of
insurance is a type of CAR cover which is more
orientated towards the principal, developer or em-
ployer, such as ESCOM, SATS or even s wunicipal-
ity; he stated thar a FCI policy is designed prim-
arily to sccommodate these kinds of imstitutions

with premiums and excesses adjusted accordingly.




He warned contracters to establish the details of
the PCI policy (when it applies) in order to ascer~
tain its limitations and deductibles, which might
be set-off against their own insuranve claims.
Contractors were 4lso advised to establish whether
additional cover is necessary, such as cover for
large excesses, Browa .stated that PCL has many
advantages, such as a single overall policy for a
large or several projects, covering all contrac~
tors and scb-contractors and with known deduc~
tibles; however, he felt that these advantages
were outweighed by the disadvantages to the coo~
tractor, which included inter alia:

% lack of coupunication between the various
parties involved, especially regarding imsur~

ance matters;

*  the need for additional cover mot provided
for within the PGCL coantext, such as plant ard

equipment;

* the centractor's lisbility for deductibles
aver which he has mo comtrol;

* settlement of claims are paid directly to the
principal who is expected to arrange payment
to the contractor - the contractor has thus
no direct sccess to the insurers to negotiate

payment of the claim;

* settlement of claims could be rendered impos~
sible should the fnsurer of the principal
collapse (which has in fact occurred recently
with the demise of A.A. Mutual Insorance).
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Brown further promoted the concept of the comtrac—
tor taking out CAR insuramce; he advised him to

obtain the beat aud most economic cover, but the
contractor might hava- to sccept the risk for
certain aspects of the contract, as well as
exclusions mentioned In the GAR policy in order ko
remain competitive in his pricing. (It should be
remewbered that imsuramce costs are part of over-
head costs and the higher the imsuremce costs
become, the less chamce the comtractor has of
being awarded the contract in an open tender

sitvation).

Brown comciuded his article with comments regar-
ding standardising the CAR insurance palicy with
the mipimum smendments snd emdorsements to accom-
wodate each different type of risk. The benefits
of such a universal policy were obvious - both the
employer's and the contractor's risks are clearly
defined and each party's needs could readily and
efficiently be accommodated.

4. Greig, in his article entitled "Risk Manage-
meat" (August 1987), concurred with E.L. Brown's
comments vegarding the rapid rise in insuramce
premiums.  Greig's opinion as to the ocause of
these increases was based on the fact that he felt
that there was inadequate loss coumtrol, i,e. poor
risk management; he stated that the real way to
reduce insurance premiums was to reduce losses by
proger risk managememt and verified his opinion

with the following statement:
The resl way to reduce premiums is to reduce

losses, but senior management is usually

onder preesure from the shareholders, who
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constautly expect their companies to improve
profits, and uafortunately, the beaefits of
sound risk menagement camnot easily be reflec—
ted in the company's accounts as a profit-
making activity.

An example of how CAR insurance premimms (and
associated deductibles) have increased over the

past few years may be illustrated ss fallows:

In 1983 market related terms for a staudard
road contract, were a rate of 0,31 of the
contract value, with & wajor and minor dedue~
tible of R25 000 snd Rl 000 respectively. A
contract value of say RS million (in 1983)
would thus gemerate 2 premium of R15 000, At
present market conditions, the rste would
probably be 0,5% with associated deductibles
of R50 000 major and R10 000 minor respec—
tively, resulting in a comparative premium of
R25 000 for RS million (note that the equiv-
alent contract value for a R5 million project
in 1983 would be approximately R25 million
today, generating a real premium of R125 000
compared to a present value premium (at rate
0,3%} of R15 000 x 5, i.e. R75 000, which is
much less than R1Z5 000).

It would suffice to say here that although Greig
advocated risk wansgement to reduce losses, he Wus
not against insurance and admitted that insurance,
when selectively applied, formed part of the over-
all risks management programme.

In apother article entitled "Better Risk Manage—
ment Information" (May 1988) {(and a similar

article eatitled “Exposure Monitor from Hosken"




(May 1988), C. Sounes stated that with the control
of risk management tools, contractors were in a
better position to be made aware of risk infor-
wation relating to unidsured risks, Contractors

were thus made aware of a possible accumulation of
risk exposures om varicus cemsktruction projects
and remedial action (in temms of sdditional CAR

insurance cover) could then be taken.

Sounes further mentioned in both the sbove artic—
les, the development of & uew type of imsurance
calle¢ Building Defects or Decennial Insurance
which in simple terms is a tem year, non-cancel-
lable insurance policy whick provides an indemnity
for structural defects im a new building. As most
of the losses eaviesged with this type of insur-
ance would relste to Professional Indemmity cover,
this falls outside the context of CAR insurance

and is only mentioned here.

In another article, “Gostracter im Breach of Con-
tract" (1988), E.L. Brown referred to the contrac—
tual obligation of the contractor to teke ouf, a
CAR insurance policy in terme of Clause 23 d(ihe
General Conditions of Contract (1982), He stated
that it would be ualikely for the contractor to
fuifil hie obligation in this respect, as the
insurance cover prescribed iu terms of Clause 21,
namely to cover Pall loss or damsge From whatever

cause®, is not svailable from imsurers.
This situation of the contractor being in breach

of contract from the outset in terms of the exis-—
ting Conditions of Contract, was being reviewed by
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the General Conditions of Contract Revision Commir-

tee {of which Browa was a mewber)} and the aim of
the Committee was to update the current edition of
the Genmeral Conditions» of Contract, inter alia
Clause 21, Insurance of Works.

D. Lake, in his article "Contractors ALl Risks Insur-— .
ance” (November 1988}, expressed his comcern Tegarding
the deductibles associated with CAR policies, espec-
‘ ially on contracts in northern Natsl where extremely Lo
. heavy rainfalls had occurred. Re further stared that

the observation of sound eungimeeriog practices and loss "

were ious for

the imsurers who were imsuring civil engineering and

building projects.

Lake also called for closer co-operation between the

insurer and the insured (i.e. the contractor) in order B
to establish parameters by which certain risks (such as 3
i flooding, wind damage and collapse) could be mirimized.

Pinally, further sources of information have been ob-
tained from several in-house publications issued by the
Munich Reinsurance Company of South Africa Limited.
These publications refer to CAR insurance in general,
policy wordings, loss events and risk minimisation tach=
niques., Information from those publications have been
‘ncorporated into the text of the research project

where required.

Forthernore, it should be stated here that the author
‘is involved with the comstruction insursnce industry
and uwany observations and comments appearing in this
project report origimated from esperience gained from

CAR insurance matters.
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2.4 Results of Literature Scrvey

Conclusions reached as a result of the Literaturs Survey are

as follows:

%  Opinions expressed by authors tend to be gemeralized,
although they appear to be based on «xperience gained

as a result of loss events}

* Contractors have widely varyimg views on CAR insurance,
some believe it to be omerous and unmecessary, while
others deem it a necessity. (This is borme out spec— |
ifically by the author in his work emviromment). 1In °
aluost aill instances, contractors believe that inm-

surance premiums are far too high.

#* AR insurance cover seems market related. 1In times of

high of natural i (e.g. Cyclone

Pemoina} and Ineses, CAR iasurance iz in demand and
vice versa, Tu period of low demand, insurance cover
tends to be broad, less restrictive and premium costs
celatively low (dependimg on the type of risk to be
insured).

* It appears that very little statistical research has
been conducted on matters pertaining to CAR insurance.

* It is evident that there is a definite need to analyse
loss history data in order to-establish a guideline

S ) |

(with respect to premium and associated deductibles)

for suitable CAR insurance protectiom.
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The justification for this research topic lies within’

hewohl's (1982) that, withiu the eagineering
market, there is a tendency for large.losses to + az, including
the fact that the probability of these losses cccurring should be = i

investigated by determining the loss history in each risk cate-
gozy.

K
The above observations clearly indicate that an opportunity
axists for etatistical research in the field of CAR insurance.
It is thes the intention of the ,author to use this -chance to
investigate and analyse loss data to enable the construction
industry to achieve a better understaading of CAR jnsurance and

its ramifications.
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STATISTICAL ANALYSIS OF RISKS

Gemeral

Hitherto, determination of premiums and as-ociated deductibles
have been based on s rather ad hoc rating geidance system for
each kind of risk (road, dam, office block, etc.). This latter
system was usually an "in-house" Facility within each company,
and was closely guarded to avoid exposure to competitors. It has
not been possible for the awthor to divulge these ratings for
each typ. of risk.within the comtext of this research project;
however, the system proposed in this chapter - to establish suit-
sble rating parameters - may be seen as an ideal and easy
reference method to simplify assessing the insurence terms for

each type of risk,

Many similsr civil engideering and building risks seem repetitive
in nature, io otber words, the same sequence of eveats would
probably occur during the course of comstruction of say, varicus
earth dams, During these similsr operstions, it is not onoly
experience that is gained by the particular comtrector (which
would stand him in good stead in future : +ilar projects), but
these similar projects form & historical basis that could be
established regarding design problems, mishaps, accideats, time
delays and copstruction problems.

This bistorical basis could be of use to consulting engineers and
contractors specialising in that particular field, but would be
of definite use to the insurance industry.

Preeman (1989) further underlines the need for further research,

particularly in the field of insurance losses, esprcially thome
claims that have presented serious problems.

27
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When the i fraternity is to insure a large

civil engineering risk, the first step is to establish the nature

of the risk, e.g. is the particular risk a very exposed risk
subject to damasge from fiooding or fire? If this is the case,
the insurers would probably ascertsin whether such a similar
project was constructed in the past and what the particular
claims history has been. This would then serve as a basis for
ject ia

the appropriate rate or premium and deductible for the pr

question.

In view of the above couments, it would thus be advisable for the
insurance industry ko establish a data bank regardiag similar pro-—
jects and their related claims history. This project report sats
out the first steps to be teken for the possible establishaent of
such & dats bank.

Risk Undexvriting for the Insarer

The drt of establishing s snitable rate and deductible structure
for a particular project requires the following:

* oo insurer with sustable technical background and experience

in the particular risk field;

* establishing the suitability of the contractor (kaow-how,
past claims experieuce, reliability, completion on time)s

* ascertaining the most exposed areas of the risk and the

eorresponding expected claims that could arise;

investigating which sections of the project are carried out
in the rainy season (jeopardy of flooding aad storm damage)
and which are carried cut in the dry period (in genmeral a

auch safer period);

28
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*  reviewing previous similar projects to establish possible

causes of losses and to compare progosed rate or premiuvm to
be levied, together with the appropriate deductibles.

e above list may indeed be eytended, but most of the above
points 4re in the writer's viewpoint, the prime requirements. In
many projects, hewever, s basis is required from which the under—
writing level commences. 4n ideal base would be to cousider a2
particular class of risk (i.e. a dam, or building® and to obtain
as much relevant stasistical data that would be o. sigaificance,

such a& information relating to:

%  pumber of similar projects completed;

* total sums insured in each case;

* construction period per project;

*  location of each project;

* number of claims per project;

*  value of claims per project.

Information pertaining to the above items could be made available

by reviewing the history of similar projects over, say. the last
ten yesr period. This study would be time consuming, however, by

means of isation of visk i on (and

claims} it would be possible to draw wp such a statistical data
bank.,

Statistical Models

When sssessing a risk, the insurer should be reasonably fiexihle

regarding particular rates with particular deductibles, in other

words, it ie not a question of ome single rate with one or more

29




fixed deductibles for a particular project, but rather a rate amd

deductible proposal with one or more alternatives. A basic rate
wicth appropriate deductibles may be adjusted, as an sltermative,
by & lower rate or rates with cortespondingly higher deductibles.

The question now arises with which rate and deductible sbould the
insurer commence smd what other alternstives should he offer. By
reviewing s statistical model for the particaler risk in ques—
tion, the insurer would be in a position to offer a rate equiv—
@lent to the minimum proposed by tii model for a particular level
of deductible applicable and as an altermative, propose a lower
rate (once again, a minimum according to the model) with higher
deductible.

The purpose of the statistical model is thus to recommend minjmum
rates each with its own level of deductible(s), far a particular
type of risk (dam, building, =tc.), as well as to -onsider other
alternatives with higher rvares and lower deductibles, ALl the
data obtained from Munich Reinsurance is factual and was obtained
by menitoring losses toat actually occurred over a period of time
on each type of risk comsidered in this chapter. Ieformation
relsting to premivm and deductibles for each risk was also sup~
plied by Munich Reinsurance. 1t is the author‘s inteation to
=stablish & graphical relationship between the premium level and
associated dedustible for each type of risk, by combining the
said risk dsta (i.e. losses, premiums and deductibles), These
graphe couid then be used as an easy reference to estabiish cri-
teria fox premium levels and associated deductibles for each type
of risk. -

The statistical model for a specific risk is prepared from data
relating to the average expected number of claims that way occur
on that particular risk. The more jnformation relating to the
type of risk, such as numbers of projects, value of claims per
project, sum insured per project, number of claims per project,
etc,, that cam be gathered, the wore accurate the statistical
wodel becomes.
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The information that will be used for the statistical miodel was
provided by the Munich Reinsurance Company, based in Munich, West
Germany. The scurce of the dath related to claims information
thet. have been compiled by the insurauce industry in order to
sssess the degree of profitability (from s insurance point of

view) of various construction projects.

The sim of enalysing this inforsation was thus to establish a
basis for calculating the probability of a loss occurrence; this
cosld be dome by observing for as many years as possible
{Gerathewohl, 1982:162), the claims experiemce ia each major
civil engineering category (dams, tunnels, etc.} and adjusting
the findings by means of technological sssessments,

The information gathered for the stacistical amalysis was ob-
tained by compiling all the claims details for = particular risk
(say earth dams) in a tabular format (refer Sectiom 3.3.!, Statis-
ti.al Model for Earth Dams), in which losses (i.e, claims) and
dates of these losses per structure {in this case, an earth dam)
are indicated, From this dats, basic statistical informakion
could he uscertained. Other useful information, such as the
oumber of similar risks, their sums insured and their respective
contract pericds has alsc been collated.  Details of the
stavistical procedure adopted will be dealt with in the First

wodel.

Statistical wodels for the following types of risks will be

revieved:
1. Eerth dams;
2, Dams in conjunction with hydro-electric works;

3.  Harbour works;

kil
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4. Gonstruction works within harbour areas;

5. Underground railway tunnels;
6. Underground tunnels, mines and shaft sinking;
7. Bamk snd office buildiogs;

Kulti~storey buildings.

information pertaining to road and bridge risks

At this stage,
statistical analysis &nd risk

kas not yet been collated for
assesament will have to be based on the existing rating guidsmce

system mentioned at the beginning of this chapter.

3.3.2 Ststistical Model for Farth Dams

The construction of an varth dam is considered to be a high—
ly exposed risk; it involvas the temporary (or permanent)
blocking off of the natural flow of 2 water course and this
msy lead to flooding andfor breaching problems, It may,

. be i to the to establish when

the most crucial pections of the construction have beer
planned to occur in terms of the highest expected rainfall
period, Above all, it would be of great significance to the
insurer to compare the dam under consideration with infor-
mation that would be availatle from am earth dam statistical

model,

4 steristical model for earth dams could be established as

follows:

A number of similar typs cartk £ill dams could be con-

sidered to serve as a basis for comparison. For this
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model we have (at preseat) nine dams, each of a dif-

ferent contract value and duration, A study has been
wade of the number and valve of claims (in this case,
104) for each project.” By means of statistical mee-
hods, a comparison has been made between the avirage
claim value per contract and the average cootract
value, A datum leval was thus established which
defined the division between a possible profitable
{from the insurer's viewpoint) insured project or a
possible non-profitable (i.e. too many expected lesses) .
insured project. This exercise was expanded further by

altering the deductible levels,

Detsils vegarding the establishment of the abovemen-

: tioned datum level were obtained from Table 3.3.1.1,
el Loss History for Earth Dams. The table indicates the a

Fad qumber Of losses and their corresponding dates that

have occurred in nine differeat (but similar) earth dam

constroction sites.

. The contract vsive (in Deutsche Mark (DM)) and corres
ponding contract duration (in years) for each of the §
contracts may be seen in Table 3.3.1.2., WNote that the
gurrency value of each contract has beea converted into
the same Deutsche Mark base value so that the data may

i - be compsred; the same has been done with the other

. losses listed in Table 3.3.1.1.

Plesse note that at the time of writing this report
(August 1989), the following exchange rate applied:

1 Deutsche Mark = 0,746 Rand.
From Tables 3.3.1.1, 3.3.1.2 and 3.3.1.3, the infor-

mation requiced to plot the statistical model may be

derived.
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Table 3.3.1.1 Loss History for Barth Dams iy

Daw 1 an Dan 3
(Rigeria) (Capada) (Iraq)
™
Loss Date of Loss Date of Loss Date of N
Amount Loss Amount Loss Amount Lass
(o) (M) (D)
356 862 | 81.07.16 486 720 | 78.02.24 {[4 597 816 78.12.12 9
117 666 | 80.10.01 32 740 77.11.12 &
139 615{ 78.11.09 217 524 | 78.04.24 @ |
260 170 80.07.30 334 466 | 79.06.26 y
25 467 {  80.07.30 555 800 { 80.04.03 | ]
310 482{ 80.05.13
91 460 80.12.21 .

0 163 81.01.01 &
146 9281 80.04.09
223 528 79.01.23 Q’
. 217 112} 81.02.09 ]
| 24 270 82.05.26 )
f 256 890 |  62.05.26

171 661 81.02:214

Total = 4 525 321 Total = 486 720 Total = § 738 346 ty

4 No. of Losses = 21 No. of Losses = 1 No. of Losses = 5
i .
|
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Table 3.3.1.1 Loas History for Earth Dams

Dan 4 Dam 5 Dam 6
(Australia) (Canada) (Cameroon)
Loss Date af Loss Date of Loss Date of
Amount Loss Amount Loss . Amount Loss
(o) . (o) (u)
7510 82.10.02 208 777 | 77.12.20 550 383{ 80.03,19
17 522 94 4261 77.01.19 4760 77.12.09
7 820 185 000 | 77.03.12 7 6601 79.04.17
133 440 33 045 | 79.03.21
33 151 42 780 [ 79.03.2L
6 733 48 213 79.06.02
38 220 23 670§ 79.06.17
23 425 23 275| 77.09.09
24 520 63721 78.10.06
4 276 28 230| 78.12.29
195 667 28 320 | 78.10.06
37 470 12 325} 79.01.18
377 943 23 283 { 79.06.09
21 832 20 607 [ 79.08.06
110 864 72 7221 79.10.16
42 120 69 645 | 79.10.22
6 615] 81.08.17 27 946 | 79.11.06
19 725} 79.12.08
48 9181 80.01.21
26 221 | 80.01.05
228 773 |  60.01.09
19 8201  80.01.02
68 114§ 80.02.02
i 10 400 |  80.01.18
i 5040 80.01.16
8383( 860.06.168
11 835  80.0w.22
24 7351 80.03.19
550 090 |  80.02.19
91921 80.05.21
21 3031 80.03.15
| 29 056 | 80.03.04
! 21 610}  80.05.31
i 42081 80.06.23
i 13 973| 80.02.13
15 600! 80.07.13
15 3251 80.07.10
11 3651 80.07.08
79691 80.06,14
15 325 | 80.07.26
29 6681 80.05.22
14 100 |  80.06.04
47 3301  80.07.06
4886 80.08.29
57801 80.07.30
61371 80.01.01
' i 58 235 |  80.01.10

Total = 1 088 928
He, of Losses = 17

Total = 488 203
Xo

. of Losses = 3

"10:51 =
IN0> of Lo

2 376 24
s8es = 4
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Table 3.3.1.1 Loss History for Earth Dams

Daw 7 Dam 8 Dam 9
(Venezuela) (Libya) (Todouesia)
T

Loss Date of Loss Date of Lass Date of

Amount Loas Amount Loss Amount Loss

(o) (M) (Dr)

55 623 85.03.13 286963 79.09.27 {1 1 950 000 84.08.30
35000 85.11.23 198 514 { 60.12.19 /{1 650 000} 84.09.12
61 315 86.64.251]1 655 580} 80.12.19 {| 1 145 000 83.06.18
410 000 |  $3.02.15

Total = 151 938 Total = 2 141 057 Total = 3 655 000

No. of Losses = 3 ¥o. of Losses = &

No. of Losses = 3




Table 3.3.1.2

Sums Insured and Contract Periods of Eerth Dams

under Congideration

Dam No, Congract Value (DM) Contract Duration (years)
1 524 709 120 9,67
2 409 367 700 4,25
3 437 693 136 6,58
4 122 170 GO0 9,00
5 461 169 677 4,54
£ 104 194 045 5,08
7 317 052 360 6,00
8 164 301 547 6,00
g 573 040 925 8,16
Total = 3 113 698 510 Total = 57,28
37
DI = P W )




Table 3.3.1.3 Loss Data for Earth Dams
. Total Nusber of Loscas:
Dam No. No. of Losses T.088 Amount (DM)
1 21 4 525 321
: 2 1 486 720 )
j 3 s 5738 346 '
4 i7 1088 928
5 3 488 203
6 47 2 376 242 J
: 7 3 151 938
8 3 2 141 057 s
: 9 4 3 655 000
: 9 104 20 651 755

. ‘28 3¢l]




Calculation of minieum rate with no deductible was carried

out as follows:

Deductible = 0 Rate = .Total loss smount (all risks)
Total contract value (all risks)

- 20 651 755
3 113 698 510

= 6,63255 x 1073
Note that the rate is dimensioniess.

This is the first poiot of ¢ statisticsl model, for net
rate only, which makes no allowance for mark-up, management
and adainistrative expenses and business overheads; the net
rate is then adjusted by means of a weighting factor (this
may differ from company to company and/or country to coua-
try). From meny years of experience, the policy of the
Munich Reinsorance Company has beem to apply a weighting
factor of 66,7% which has also provided for a margin of
safety within which the insurer has a wmoderate form of flex—
ibility. T the losding factor of 1,667 is spplied, the

gross rate is calculated as follows:
Gross Rate = 1,667 x 6,63255 x 10-3
(for deductible = 0)

= 11,05666 x 103

= 11,056 46 per thousand

= 11,0565%0 *

* Where %o is an abbreviation for "per thousand”.
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This was the first point on the curve for Figure 3,3.1,

Statistical Model for Earth Dams.

Other points for the model were then plorted; mote that the
deductible was defined in this particular case in terms of a
fraction (here 173500 or 1073 or per mille) of the sum in—

sured.

From a stacistical point of view, we have a fairly small
sample (9 sepsrate comtracts with 104 losses). which were
used for our model,

As we have considered the application of the minimwm (so~
called "burning cost™) rate for each kind of risck, we have
to teke the aversge conmtract value {also defined as the
average sum insured) of all the variouw contracts into con-

sideration, thus:

Average contract value {in DM) from Table 3.3.1.3 for 9

projrsts

=3 115 638 510
9

= 345 966 501,1
A second point for the medel (Figure 3.3.1) was established
as followa (note that the deductible level could commence at

any suitable value above 0), for examplo:

Deduetible: 0,01 per miile or 0,01 x 10-3 of
average contract value (in DM)

= 0,01 x 10-3 x 345 966 501,1

= 3 459,665
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of average comtract value), it was necessary to consider the ;

net loss (i.e. the lpss less the deductible just calcu= B
lated), This was done by déducting the sum of each individ-
ual loss from the total loss amount (refer to Table 3.3.1.3,

In order to calculate the corresponding rate (ar 0,01 x 10~3 l%

Deductible, as calculated sbove (in DK) = 3 459,665

Toss Data): g 1

2 \‘\

- Total nusber of losses = loa f {
Total loss amount (in DM) = 20 651 755 B

i

The rate (at deductible 0,01 x 103 of average wrntract [
value) was defined in terms of the following equation: |-

Totgl loss amount - Deductible per loss

Total Contract Value

20 651 755 - 3 459,665 x 104
3 113 698 510 3

= 6,°7699 x 1073

This value was ouce again a2 net rate and as for the first
point, the gross rate became: .

Gruss Rate = 1,667 x 6,51699 x 1¢~3
(for deductible
0,01 x 1073)

= 10,86383 x 1073

ot

= 10,863 83%0

This value was plotted on Figure 3.3.1.
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1
{ ‘table 3.3.1.4 Dats for #w.istical Madel for Barth Dams
1

i

{ Number of similar risks g

’ { Total suus insured (mometary wait) 3,114 x 109
| Average sum insured (monetary unit) 3,46 x 108
| Average contract peried (yesrs) 6,37

{ Rate - .thout deductible Zo {per thousand) 11,056
{ Total Ioss amount, all risks (monetsry unit) 2,065 x 107

{ Total number of losses 104
{ Average wumber of claims per risk 11,56
!
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The manual calculations of these pointe were tedious and in
order to provide speed and flexibility with the various
calculations, a computer programme was devised. This prog=~
ramme was adapted from a tethod developed by Munich Rein-
surance Compsny to assess underwriting guidelimes for eivil
engineers and construction projects and has been modified to
suit calculations for each type of risk comsidered for the
various models. Results of further calculations appear in
tabular form in Appendix Al.  Values appearing in these
tebles have been rounded off to give a better curve Fit.
Rey data for the cowputer programme may be seen in Table
3.3.1.4,

In all these calculations relating to monetary values, such
&s Total Lss smount, Deductible per Loss, Average Contract
value, Total Contract Value, ete., 2 currency unit (in the

i
i
i
i

example, Deutsche Mark) was required. The deductibles in
Figure 3.3.1 snd Appendix Al were expressed in terms of Cthe
contract value and its corresponding monetary wait, there—

fore, the statistical model may be used with any currency.

The values calculated in Appendix Al were then plotted to
establish the full extent of the statistical model, which

ey be found in Figure 3.3.1.

8
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The result of the above exercise was thus the establishmeat
of a series of datam poiats, each datum point represented
the cut~off between expecied losses (i.e, low rates) and
expected profitability (i.e. higher rates).

Yote that the profile of Figure 3.3.1 was that of a lognor—
wal distribution. It may be seen that this would also be
the case for the other types of civil engineering projects
to be considered in the following sections. Thig type of
digtribution was to be expected, as the rate should decrease
as the deductible increases.

In order to highlight the practical use of Figure 3.3.1, the
fallowing example was considered:

Exemple 3.3.1

The coustruction of a large sarth fill dam was pro~
posed, The estimated combract price was R60 million.
The contractor wished to establish the insurance
premium for insuring the project on a Contractor's All

Risk basis.

A twofold solution to the above example was found by
proposing a suitable rate (and then calculating the
premivwm) and utilizing Figure 3.3.1 to deduce the appro-
priate deductible and vice versa. Thus a proposed rate
of 5,4%0 (per thousand, cospered with % which is pex
hundred) would require s deductidle of 0,78%0 of the

sum insured, Galculations or terms then became:
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Rate = 5,4%0

Premivm = 5,4%0 x R60 million
= R324 00D

Deductible = 0,78% x R60 million
= R 46 800.

It should be borne in mind that the above terms vere not to
be considered cbligatory. Other factors, such as, imter
alia, experience of contractor, adverse weather and/or
flooding conditions, duration of contract, earthquake danger
and above all,-the judgement of the insurer, might influence
the final decision regarding the suitability of the proposed
terms. In cases where terms would be offered to the con—
tract which were less than those proposed by utilizing
Figure 3.3.1, there would be no guarantee that the project
would in fact be non-profitsble (from the insurer's view-
point); however, the lognormsl distribution is a probability
distribution and there would thus be z high probability that
the project would be non-profitable should terms be offered
which fall within the distribution.

Detail has been provided for the statistical model for earth

dams. This, however, was not deemed necessary for the other

following models.
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Statistical Model for Dams in Conjunction with Hydro~
Electric Works

For this modei, information relating to thirteen dams and
154 claims have been analysed, from which Figure 3.3.2 has
been deduced. As msy be seen, the distribution was omce
again that of a lognormal distributian.

Details of the statistica) data may be found in Table 3.3.2
and the derivation of the distribution appears im dppendix
B. Once sgaio the net rate has been adjusted by a weighing
factor of 1,667 (as for the Earth Dem Model) resultiog in
the overall or bruto rate. This was the case for all the
proposed models for this project.

Figure 3.3.2 was very similar to Figure 3.3.1, &s may be
expected. However, earth dams are wore exposed to scour,
ovartopping and breaching damage compared with dams used in
conjunction with hydro-electric works, cthe latter usually
being constructed of comcrete. Thus it may be expected that
a slightly higher premium would be charged for earth dams,

whick was in Fact the case.
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I 7able 3.3,2

1
{

Data for Statisticsl Model for Dams in

conjuction with Hydro-Electric Works

{ Number of similar risks 13

} Total sums insured (mometary umit) 7,763 x 109
| Average sum insured {monetary unir) 5,971 x 108
{ Average contract period {yeara) 6,1

| Rate without deductible %o (per thousand) 9,726
| Total loss amount, all risks (monetary unit) 4,529 x 107

| Total number of losses 134
| Average claim amount per risk 2,9409 x 105
| (wometary umit)
| Average number of claims per risk 11,86
(
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3.3.3

Statistical Model for Harbour Works

For the derivation of Figure 3.3,3, infarmation relatiag to
twenty different projects and a toral number of 185 claims
was evaluated. Details of the derivation appear in Table

3.3.3 in summarised form snd ia Appendix G in more detail. .

In thie case the analysis resulted in a flat logaormel dis-
tribution, whick indicated that small incresses in the rate
would have a considersble effect on the deductible, The
level of the deductible was thus very sensitive to small

changes in the zate.
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iTable 3.3.3 Data for Statistical Model for Rarbour Works |

1

i !
i Rumber of similar risks 20 i
j Total swes inssred (mometary unit) 8,231 = 109 |
| Average sum insured (monetary umit) 4,115 x 108 |
| Average comtract period (years) 3,46 |
{ Rate without deductible %o (per thousead) 5,450 i
{ Total loss amouat, all risks {mopetary wmit} 2,691 x 107 |
| Total number of losses 169 |
} Average claim amount per risk 1,693 x 105 [
| (mometary wnit) . 1
| Average number of cleims per risk B,45 1
1 §
51
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isti Model  for i Works within Harbour

Areas

Projects under thic heading include the construction of dry
docking aress, jetties and quays within the harbour area and
gemeral protection construction works. ‘The number of
projects and dams utilized for calculating the lognormal
distribution were 26 and 186 respectively. The distribution
has been depicted ia Figure 3.2.4.

Details of the derivation may be found in Figure 3.3.4 and
Appeadix D,

This distribution was nSt as flat as the one io Figure
3.3.3, however, the rate level was much higher than the casz
of normal harbour works.




PP

i
{ Table 3.3.4
| Works within Harbour Areas

Data for Statistical Model for Coostruction

|

{ Number of similar risks

| Total sums imsured (monetary uait)

| Average sum insured {(momstary unit}

| Average contract period {years)

| Rate without deductibla Zo (per thousand)
| Total loss amount, all risks (mometary umit)
| Total number of losses

| &verage claim amount per risk

{ (monetary wnit)

| Average number of claims per risk

26
9,29
3,574
3,93
5,531
4,20
186
2,276

x 109
x 108

x 107

x 103
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Statistical Model for Underground Reilwasy Tuunels

Underground railway tunmels have beer a fairly new field of
construction risk analysis aud for this reason data was oaly
available for two risks, with a total number of Ffifty-two

losses.

Detailed data may be found in Table 3.3.5 and Appendix %.
The lognormal distribution was as depicted in Figure 3.3.5.
The distribution was somewhat uneven and could probably be
attributed to the small s mple population. Batter results
could be expected if the sample size were increased.
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|
{ Table 3.3.5
' Railvay Tunnels

Date for Statistical Modal for Underground

!

\

|
1 i
i {
{ Number of similar risks 2 {
| Total sums insured {mometsry umit) 2,938 x Io? |
| Average sum insured (mouetary unit} 1,469 = 107 |
| Average contract period (years) 6,25 |
| Rate without deductible %o (per thousaed) 5,257 i
{Total loss amount, sll risks (monetsry unit) 9,265 x 10% |
| Total number of losses 52 |
| Aversge claim smount per Tisk 1,782 % 105
{  (monerary unit}) (
| Average number of claims per risk 26 |
1 !
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Statistical Model for Underground Tuunels, Mines and Shaft
Sinking

For this analysis eight differeat risks with a total nuuber
of simty-eight claims were evalvated., Statistical data may

be found ir Table 3.3.6 sad Appendix ¥ and the lognormal

distribution was depicted in Figure 3.3.6.

Comparison of Figure 3.3.6 with Figare 3,3.5 revealed sig-
the rating for the former was wmuch

nificant @iffersmces;
Exposure to losses was thus

bigher tham for the latter.
wich higher in the case of underground fusnels and shaft

sinking.




&
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| Table 3.3.6 Dats for Statistical Model for Underground
] Tuonels, Mines and Shaft Sinking

|

|

| Nouber of similar risks

| Total sums insured (mouetary upit}

| Average sum insored (monetary wmit}

{ Average contract period (years}

| Rate without deductible Zo {per thousand)

8
3,623
4,528
4,71
1,667

i Total loss amwunt, all risks (monetary unit) 1,528

{ Total number of losses

{ average claim amount per risk

| (mometary unit)

| dverage umber of claims per risk

!

68
2,20

4,50

= 109
= 108

= 107

x 105
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3.3.7 Statistical Model for Bank and Office Buildings

These types of structures appear to be more comwon than
those meutioned in previous models and there are thus a

K larger number of risks that may be analysed which in turn
leads to a more represeatative lognormal distribution.

Details appest in Table 3.3.7.

< Thus distribution is represented by Figure 3.3,7 and tie
caleulations appear in Appendix G.

It is of importamce to note that the proposed rating ap—
pearing in Figure 3.3.7 is sipnificantly reduced compared to
= the previous statistical models, The resson for this is
. - that structures such as banks and office buildinge are not
B as exposad to possible severe loss gituations such as eatrth
dams (e.g. flooding, breaching, etc.) or tunnmels (e.g. col-
lapse), i.e. the probable maximum loss {so called "P.M.L.")
for office buildings is much less than that of dams,
tunnels, shafts, bridges, harbour works, ete. The main loss
situations for these buildings are fire, storm and/or water

damage, collapse of excavated basement foundations, etc.

Data compiled for Figure 3.3.7 was derived from analysing 33
different risks with a total number of 223 losses.
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|

| Table 3.3.7 Data for Statistical Model for Bauk

D 1 and 0ffice Buildings

|

| Rumber of similar risks

| Total sums insured (mometary uait)
| Average sum insured (mometary unit}

} Average contract period (years)
| Rate without deductible Zo {per thousand)

!
1
{
1
i
1

33

8,425 x 1091
2,553 = 1081
3,14 |
4,489 1

{ Total loss amoust, all risks (wonetary umit) 2,2690 x 107 |

| Total number of losses

| Average claim amount per risk

i (wometary unit)

| Average number of claims per risk

{

223 |
1,62749 x 1051
|
6,758 {
!

'
!
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Statistical Hodel for Multi-Storey Buildings
Multi-storey buildings include the following:

Blocks of flats and offices,
Shopping centres,

Schools,

Baiversities,

Hospitals,

Adrport buildings and
Hotels,

The population size for this model was large, viz. 74 risks
with a toral number of 430 claims. Results from this model
would thus be more sccurate than with any of the previous
models. The distribution was once @gain of the logaormal
type and was represented by Figure 3.3.8. Calculations may
be found in Appendix B and 4 summary of the key data may
also be found in Table 3.3.8.
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| Table 3.3.8 Data for Statistical Model for Multi-Storey

: i Buildicgs
|
!
| umber of similar risks 74
| Total eums insured (mometary unit) 1,704 x 1010
{ Average sum insured (monetary vait) 2,303 x 108
| Average contract period {years) 2,957

| Rate without deductible %o (per thoussnd) 4,233
| Total loss amount, all risks (monetary umit) 4,347 x 107

| Total mumber c: losses 430
| Average claim amount per risk 1,011 x 108
{  (wonetary unit)
| Average number of claims per risk 5,81
|
.
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Comelusion to Statistical Models

The eight models described were by mno means the final pro-
posals for the various types of projects. Each model could
further be improved vpon if the number of sawples (i.e. the
number of risks with corresponding losses) were increased.
The information pertaining to each sample or risk was of a
historical uature and as time progresses, it would De pos—

sible to expand on the sample size.

There appear to be also several other projects or risks in
the c¢ivil emgineering field for which statistical models
could be prepared; these include itews such as bridges,
roadworks, construction plamt amd housing complexes. There
may thus be scope to expand the statistical models to cover
almost sll the fields of the civil emgineering and building
industry.




b4,

4.1

4.2

RESULYTS

General -

it should be noted from the various statistical models discussed
in Chapter 3, that the average number of claims for each type of

* risk was telatively high; it would be informative to summarise

these as follows:

i ! Number of Claims |
| Risk | Per Risk |
i | |
1 | i
| Earth Dams | 11,56 |
| Dams with Hydro-Electric Works i 11,86 i
| Barbour Works | 8,45 |
| Construetion Works in Harbours i 7,19 !
| Underground Railway Tunnels | 26,00 I
{ Teanels, Mines and Shaft Sinking | 4,50 !
| Bank and Office Buildings i 6,76 (
| Multi-Storey Buildings | 5,81 |

i !

From this suemary it may be seen that the probability of a risk
occurring on any of the above Tisk classes would be fairly high
(especially the "wer risks®, such as dams and hsrbour works and
also under;sund works such as tunnels and mining operations),

which underlines the necessity of CAR insurance in these cases.
Summary

The following observations can be made from the statistical model

. analyses:

* in all cases, the higher the rate (or premium), the lower
the deductible; ia other words as the rate imcreased, the

deductible decreased;
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in graphical form, each statistical model was affected by
the number of similar risks analysed, together with the
number of ascocisted losses; the greater the dumber, the
smoother {i.e. better fitting) the curve;

each statistical model was independent of a monetary unit
and would thus be universally acceptable;

each statistical model represented (in graphical form) the
“burning costs" associated with each type of risk; the arez
below each curve desiguated a high probsbility loss zome and
rates and deductibles falling within this zene should be

avoided by insurers;

in the case of building projects, losses were less frequent
and  the aversge claim emount per risk was less by

comparision with higher exposed risks such as earth dams;

values (rates and dedustibles) for curves for buildings were

lower than for exposed risks such as dams and harbour works;

results indicated that similer exercises would be possible
with other civil engineering projects, such as roads and
bridgas, as well as other building projects such as

factories, warehouses and housing;

rates and deductibles presented in graphical formst provide
a veliable source of the minimum terms required for the type
of project under consideration; these rterms cosld be
Mproved” by reference and are thus mot subject to the whim
of the insurer,

a weighing factor (in our example 67%) could be incorporated
into the caleulations thereby giving a safety margin; this
wargin is flexible andcould be adapted to suit prevailing

circumstances.




5.  CORCLUSIONS -

5.1 Sunmary and Conclusions

In view of the evidence that losses occurred om all different
types of comstruction projects (ss vindicated by the pumber of
actual losses used in the statistical model analyses), the author
would advise that CAR insursace should be taken seriously by ail
institutions (contractors, consultants and developers) withir the

construction industry, especially om major comstruction projects.

Cognizance should also be taken of the fact that construction
risks are becoming larger (for iustance, toll road projects,
extensive shopping complexes and office developments such as
Johaanesburg’s Bank City project), resulting in larger construce
tion periods which in turn lead to greater expossres from natural
hazards such as flooding and storm damage. CAR insarance protec—
tion in these instances, is in the author's opinion, & necessity
and the principal and/or comsultant should insist that the con-
trictors procure adequate imsurance.

on large civil eng ing and building , the

has ususlly beer compelled to take out CAR insurence cover and
such insurauce has been compulsory when the General Conditions of
Contract 1982 (for wuse in connection with Works of Civii
Pngineering Conatruction), have been applied to the project. Im
such cases, the viability of insuring a project would be limited
to the type of insurance the contractor wished to have, i.e.
would he require complete insurance (market related premiums with
corresponding deductibles), or only "catastrophe" type of cover
with very low premiums and high deductibles? These two aptions
(vith varistions in between) would be at the contractor's emtire

discrecion,




v

The insurers, however, may not wish to provide this type of
“catastrophe" cover and the contractor then has little choice,
but to avail himself of usual insufances availsble io the marker.

Furthermore, the insurers are in a ytrong position (and will be
even more so in future) to aralyse the imsurability of a par—
tienlar construction project, The kind of information obtaimed
from the statistical models of Chapter 3, ensbles the insurers to
assess the minimum insurance requirements of a particular type of
risk, be it a dam, building or tuapel. The statistical models
are based on information relating to the number of projects sad
concomitant clst and are & pownrrful tool in risk a2ssessment.
As mentioned in Chapter 3,3.9, Conclusion to Statistical Models,
the sample size of models are increasing all the time as new
projects are completed. This in turn not only leads to more

accurate statistical models, but also opens the door for further
different types of projects to be analysed.

a4 far as insurers are concerned, there seems t'us & need for
contractors to utilize the insursnce protection offered by a CAR
policy. This statement is not made to underline the existence of
the insuraace industry, but in view of the large number of losses
(refer to each statistical model) that have beer occurring at
various projects, it seems evideat that comtractors should not

consider insurance as an uvunecessary expense.
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Future Developments

Building and civil engineering pepjects will continue to be con-
structed and losses and claims relsted to these projects will
Reeping historical track of this praject and

statistically J

continue to occar.
loss dats, ingurers will have at their .disposal,

accurate informetion, which will enable them mot cnly to provide
realistic terms to the coustruction industry, but also to provide il
guidance to comtractors in terms of the type and occurreace of

claims.

There is thus vast scope for the improvement and expansion of the

scatistical modeis developed in this study.
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DATA FILE: EARTE DAMS . N 1
|
: e : I
Total Sums Iasured = 0,3114E10 {Currency Unit (CU)} a ]
PML Loss Share = 0,000 (%)

Total Gontract Periods (years) = 57,3

Average Sum Insured (8I) = 0,3660E9 (CU)
!
Tatal Lass Amount (All Risks) = 0,20635E8 (CU) .
' Average Glaim Awmount (Per Risk) = 0,1986E6 (CU) \)

Average SI Per Contract Period = 0,3463E9 (CU)

Gross Rate Loading Factor = 1,667
¢ .

o

i i

al ‘
-

I :

H .
|

i !

o :

; I

A |-

5 1 ’
o N
[ 15 -

R S 1 A R




APPENDIX AZ

DEDUCTIBLE (%.)

NET RATE %, GROSS RATE %.
9,00000 6,63255 11,05646
0,01000 £,51699 10,86383
0,01500 6,46011 - 1076900
0,02000 6,40612 10,6790%
9,02500 6,35515 10,59404
©0,03000 6,30609 16,51225
0,03500 6,25808 10,43222
0,04000 6,21335 10,35432
0,04500 6,16582 10,21834
9,05000 6,12192 10,20525
0,05500 6,07852 10,132689
0,06000 6,03606 10,06211
0,06500 5,99582 9,99503
0,07600 5,95741 3,93100
0,07500 5,92150 9,87114
0,08000 5,88597 9,81358
0,08500 5.85363 9, 75834
9,09000 5,82208 9,70541
©,09500 5,75046 9,65269
0,10000 5,76031 9,60244
0,15000 5,48443 9,14255
9,20000 $,23963 8,73446
0,25000 5,01613 8,36189
0,30000 4,80081 8,00306
0,35000 4,59415 7,65844
0,40000 4,39573 7,32769
9, 45000 4,20926 7,01684
0,50000 4,02635 6,71193
0,55000 3,85315 6,42319
0,60000 3,69322 6,15659
0,65000 3,54812 5,91472
0,70000 3,41909 5,65963
0, 75000 3,29730 5, 49660
0,80000 3,18804 5,31447
0,85000 3,08477 5,14231
©,50000 2,98847 4,98177
©,95000 2,90513 4,84286
1,00000 2,82549 4,71010
1,50600 2,24909 3,74923
2,00000 1,93941 3,23299
2,50000 1,66163 2,76994
3,00000 1,38385 2,30688
3,50060 1,23657 2,05136
4,00000 1,11946 1,86614
4,50000 1,00835 1,58092

i
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APPERDIX BY

DATA FILE: DAMS IN CONJUNCTION WITH HYDRO-ELECTRIC WORRS

K

Total Sums Insured = 0,7763E10 (Curreacy Unit (CU))
BML Loss Share = 0,000000 (%o}

Total Contract Periods (years) = 80,3

Aversge Sum Insured (SI) = 0,5971E9 (CU)

Total Loss Amount (All Risks) = 0,4529E8 (CU)

Average Claim Amount (Per Risk) = 0,2941K6 (cU)

Average SI Per Contract Period = 0,6213E9 (CU)

Grogs Rate Loading Factor = 1,667

=




ADPENDTX B2 |
- : ]
DEDUCTIBLE (%} NET RATE %. GROSS RATE %, 1
Y i
0,00000 5,83454 9,72617 : i
0,01000 571696 9,53017 S
0,01500 5,66205 5,43854 !
9,02000 5.60923 9,35059 i
0,02500 5.55787 9126498
0.03000 5.50812 9,18204 |
0,03500 5.45931 9,10067
0,04000 5,41287 9,02325 ,
0,04500 536934 8195069 !
0,05000 5.32743 6,88083
05500 5.28667 881288
0.06000 5124710 B,74691
0, 66500 5,20899 8,68339
, 007000 517289 862371
0,07500 513821 8,56540 .
a.08000 5.10404 8,50844
0,08500 507076 8.45296
| 0,09000 5,03768 8.39781
0,09500 5,00491 834310
0,10000 437400 829166 -
0.15000 4,69732 7.83043
051000 4,44620 7,41181
0.25000 4,22450 7,04223
. 0,30000 4,03070 671917 )
0,35000 3.86527 6,44340
0, 20000 372162 6,20395
0,45000 3,59479 5,99251
0,50000 3.48069 5,80231
0,55000 337723 5,62984
0,60000 320272 5147229
0,65000 3,20086 533584
0,70000 -} 3112487 520932
0,75000 3,05311 5,08953
/80000 2/98387 497012
0,85000 2,91917 4,36626 e
0,90000 2,86062 4,76865 .
M 095000 2,80861 4,68228
1,00000 2,76265 4,60534
1.50000 2,31323 3.85615
4 2,00000 1,94527 324276
2,50000 1168700 2,81223
3,00000 1159380 2.50683
3750000 1,34995 2,25037
4,00000 119611 1,99391
%
B i

o
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APPENDIX C1
DATA FILE: BARBOUR WORKS
K
Total Sums Insured = 0,8231£10 (Currency Unit (CD))
PHL Loss Share = 0,000000 (%o}
' Total Contract Periods (years) =7 074,3
Average Sum Insured (SI) = 0,4115E9 (CU)
Total Loss Amount {41l Risks) = 0,2691E8 (CO)
Average Claim Amoun: (Per Risk) = 0,1693E6 (CD) b
Average SI Per G ° ‘et Period = 3,6704E7 (CU)
Gross Rate Loading ¥: .ror = 1,667
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APPENDIX C2

DEDUCTIBLE (%,) NET RATE %, GROSS RATE %,
0,00000 3,26953 5,45031
0,01000 3,19003 5,31779
0,01500 3,15059 - 5,24203
©0,02000 3,11198 5,18767
0,02500 3,07532 5,12656
0,03000 3,03991 5,06753
0,03500 3,00529 5,00982

, 0,04000 2,97079 4,95231
© 0,04500 2,93658 4,89528
0,05000 2,90339 4,83996
0,05500 2,87248 4,78443
0,06000 2,84532 4,74314
0,06500 2,81970 4,70044
0,07000 2,79557 4,65022
0,07500 2,77226 4,62136
0,08000 2,74964 4,58364
0,08500 2,72873 4,54879
0,05000 2,70881 4,51558
0,09500 2,68980 4,48389
0,10000 2,67167 4,45368
©,15000 2,52169 4,20365
©,20000 2,41424 4,02453
0,25000 2,32634 3,88133
0,30600 2,25942 3,766+5
0,35000 2,20059 3,66839
0, 40000 2,14887 3,58217
0,45000 2,10350 3,50653
0,50000 2,06041 3,43472
0,55000 2,01820 3,36433
0,60000 1,98275 3,30524
0,65000 1,95203 3,25404
0,70000 1,92203 3,20403
0,75000 1,89363 3,15668
0,80000 1,86831 3,11447
0,85000 1,84581 3,07696
0,%0000 1,62331 3,03945
0,95000 1,80081 3,00195
1,00000 1,77832 2,96444
1,50000 1,62429 2,70769
2,00000 1,50718 2,51247
2,50000 1,40718 2,34577
3,00000 1,33092 2,21865
3,50000 1,28092 2,13530
4,00000 1,23092 2,05195
4,50000 1,18092 1,96850
5,00000 1,13092 1,88525

i




"APPENDIX Bl

DATA FILE: WORKS WETHIN HARBOUR AREAS .

Total Sums Insured = 0,9292E10 (Currency Uait (G¥)) =

PML Loss Share = 0,000700 (Zo)
Total Contract Periods (years) = 102,2

Average Sum Insured (SI) = 0,3574E9 (cU)

Total Loss Amcunk {All Risks) = 0,4210E8 (cU)

) Average Claim Amount (Per Risk) = 0,2276E6 (CU)

Average SI Per Contract Period = 0,4622E7 (CU)

Gross Rate Loading Factor = 1,667

§i
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APPENDIX D2

DEDUCTIBLE {%.} NET RATE %o GROSS RATE %o
0,00000 4,53128 7,55365
0,01000 4,46013 7,43503
0,01500 4,42459 7,37579
9,02000 4,38960 7,31746
0,02500 4,35549 7,26055
0,03000 4,32252 7,20564
0,03500 4,29048 7,15223
©0,04000 4,25904 7,09983
0,04500 4,22770 7,04157
0,05000 4,19647 6,99552
6,05500 4,16583 6,94444
0,06000 4,13593 6,82459
9, 06500 4,10866 6,84914
©,07000 4,08328 6,80683
0,07500 4,05909 6,76650
0,08000 4,03587 6,72780
9,08500 4,01342 6,69036
0,05000 3,99167 6,65412
0,09500 3,97069 6,61915
9,10000 3,95061 6,58601
6,15000 3,78195 6,30452
0,20000 3,65264 6,08895
2,25000 3,54017 5,91646
0, 30000 3,46430 5,77499
0,35000 3,39661 5,65215
0,40000 3,32446 5,54187
0,45000 3,26308 5,43956
0,50000 3,20617 5,34468
9,55000 3,15293 5,25593
0,60000 3,10100 5,16937
0,65000 3,05083 5,08573
9,70000 3,00505 5,00942
©, 75000 2,96246 4,93842
0,80000 2,92015 4,86790
0,85000 2,87873 4,79885
0,50000 2,83879 4,73227
0,95000 2,80210 4,67121
1,00000 2,76557 4,61020
1,50000 2.43036 4,05140
2,00000 2,734.4 3.69097
2,50000 2,658 3,41244
3,00000 1,89321 3,15598
3,50000 1,76388 2,94039
4,00000 1,64850 2,74805
4,50000 1,53337 2,55612
5,00000 1,43721 2,39583
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APPERDIX 21

DATA ¥ILE: UNDEPGROUND RAILWAY TUNNELS

Total Sums Iasured = 0,2938B10 (Currency Usit {(CU))
PML Loss Share = 0,000000 (%o}

Total Conmtract Periods (years} = 12,5

Average Sum Insured (SI) = 0,1469810 (CU)

Total Loss Amount (A1l Risks) = 0,926587 (CU)

Average Claim Amount {Per Risk) = 0,178286 (CU)

Average SI Per Contract Peried = 0,1826E10 (CU)
Gross Rate Loading Factor = 1,667
83
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APPENDIX E2 <

DEDUCTIBLE (%,) NET RATE %, GROSS RATE %,

8, 00000 3,15344 5,25679

0,01000 2,89344 4,82337

0,01500 2,76344 4,60666

0,02000 2,63344 4,38995

0,02500 2,50552 4,17670

2,03000 2,37847 3,96491

0,03500 2,25725 3,76284

0,04000 2,14542 3,57641

. 4,04500 2,05605 3,42743
©,05000 1,98863 3,31504

0,05500 1,93022 3,21768

0,06000 1,87723 3,12935

0,06500 1,82574 3,04351

2,07000 1,78014 2,96749

0,07500 1,73938 2,89955

0,08000 3.,70046 2,83467

0,08500 ,66546 2,77633

0,09000 1,633%0 2,72370

0,095¢0 1,60770 2,68004

@, 10000 1,58270 2,63837

0,15000 1,33270 2,22162

0,20000 1,09591 1,82689

¢,25000 0,91331 1,52249

0, 30000 D,73831 1,23077

0,35000 c,57919 0,56552

0,40000 0,44258 0,73777

©,45000 0,36744 0,61253

0,50000 0,29244 0,48750

0,55000 0,22296 0,37167

0,60000 0,17296 0,28832

0,65000 0,12512 0,20858

9, 70000 0,10012 Q,16691

0,75000 0,07512 0,12523

0,80000 0,05012 0,08356

0,85000 0,02512 0,04188

o 0, 90000 0,00012 0,0002L
' 0,95000 0,00000 ,00000
1,00000 4,00060 ©,00000
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APPENDIX F1 B
DAT4 FILE: UNDERGHOUND TUNNELS, MINES AND SHAFT SINKING
‘Total Sums Insuved = 0,3623810 {Currency Uniz (CU})
PML Loss Share = 0,000000 (Zo) '
Total Contract Periods (years) = 38,2
Average Sum Insured (SI) = 0,452889 (CU)
Total Loss Amount (A1l Risks) = 0,152888 (cU) R
Average Claim Amount (Per Risk) = 0,2248Eé (CU) . o)

Average S1 Per Contract Period = 0,6628K7 (CU}

Gross Rate Loading Factor = 1,667




APPENDT | B2
DEDUCTIBLE (%) NET RATE %, GROSS RATE %, H
9,00000 4,21922 7,03344 :
0,01000 4,13422 6,89175
0,01500 4,09172 §,82090
0,32000 4,04922 6,75005
0,u2500 4 00672 §,67920
0,03000 3,96438 $,60863
0,03500 3,92323 6,54002
0,04000 3,88345 §,473%:
0,04500 3,84470 6,40912
,05000 3,80655 6,34551
0,05500 3,76842 6,28196
0,06000 3,73030 6,21840
006500 3,69217 6,15485
0,07000 3,65434 £,09179
0,07500 3,61684 6,02927
0,08000 3,57934 5,96676
©0,08500 3,54284 5,90425
0,09000 3,50434 5,84173
0,09500 3,46691 5,77934
,10000 3,43004 5,7L787
0,15000 3,12856 5,21532
,20000 2,94791 4,91416
,25000 2,8107% 4,68559 |
9,30000 2,70261 4,50526 O
0,35000 2,61511 4,35939
6,40000 2,52761 4,21353
0,45000 2,44011 4,06767
€,50000 2,35261 3,92181
,55000 2,26511 3,775%4
0,60000 2,17918 3,63269
0,65000 2,10112 3,50257 7
©,70000 2,02635 3,37793 )
0,75000 1,96380 3,27365
€, 80000 1,90130 3,16946
0,65000 1,83880 3,06527
0,90002 1.77630 2,96108 .
9,95000 1,71580 2,856%0 !
1,00000 1,65130 2,75271 i
1,50000 1,23340 2,05608 ;
2,00000 0,95234 1,58755 ;
2,500.9 0,75300 1,25526 {
3,00000 0,57543 0,95925 |
3,50000 0,45043 0,75087 g
4,00000 ©,37500 0,62526 .




> APPENDIX G1

DATA FILE: BAWK AND OFFICE BUILDINGS

Total Sums Insured = 0,8425E10 (Gurrency Dnit (c0))
PML Loss Share = 0,000000 (Zo)

Total Contract Periods (years) = 103,5

Average Sum Iusured (SI) = 0,2553E9 (CU)

Total Loss Awount (ALL Risks) = 0,2269E8 (CU)

Average Claim Amount (Per Risk) = 0,1017E6 (CU)

Average SI Per Contract Period = 0,3229E9 (CU)

Gross Rate Loading Factor = 1,667
-~
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APPENDIX G2

DEDUCTIBLE {%,) NET RATE %, GROSS RATE %,
0,00000 2,69284 4,48896
0,01000 2,62528 4,37634
0,01500 2,59487 4,32565
0,02000 2,56845 4,28161
,02500 2,54483 4,24223
0,0300) 2,52282 4,20553
0,03500 2,50237 4,17146
0,04000 2,48336 4,13976
0,04500 2,46508 4,10929
0,05000 2,44720 4,07948
0,05500 2,42084 4,05054
0,06000 2,41350 4,02331
0,06500 2,39767 3,99601
9,07000 2,38243 3,97151
0,07500 2,36763 3,94683
0,08000 2,35340 3,52312
0,08500 2,33998 3,50074
0,09000 2,32699 3,87909
0,09500 2,31522 3,85947
0,10000 2,30372 3,84030
0,15000 2,20956 3,68333
,20000 2,14274 3,57295
,25000 2,48518 3,47600
,30000 2,03811 3,35753
©0,35000 1,99721 3,32935
©0,40000 1,96051 3,26817
0, 45000 1,92824 3,21437
9,50000 1,89724 3,16270
0,55000 1,86953 3,11650
0,60000 1,84567 3,07673
0,65000 1,82439 3,04126
0, 70000 1,80318 3,00590
,75000 1,78197 2,97054
0,80000 1,76076 2,93518
0,85000 1,73955 2,89982
0,50000 1,71920 2,86591
0,95000 1,70023 2,63428
1,00000 1,68205 2,80397
1,50000 1,51311 2,52236
2,00000 1,38661 2,31148
2,50000 1,28055 2,13468
3,00000 1,19214 1,98730
3,50000 1,11639 1,86102
4,00000 1,04063 1,73473
4,50000 0,97346 1,62275
5,00000 0,92057 1,53460
6,00000 0,84523 1,40900
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DATA FILE: MULTI-STOREY BUILDINGS

Total Sums Insured
PiL Loss Share

Total Contract Periuds (years)
Aversga Sum Insured {SI)

Total Loss Amount (All Risks)
Average Claim Amount (Per Risk)
Average SI Per Contract Period

Gross Rate Loading Factor

APPENDIX H1

= 0,2704811 {Curreacy Unit (CU))
= 0,000000 {Zo)

= 218,8

= 0,2303E9 (CU)

= 0,434788 (GB)

= 0,1011E6 (CV)

= 0,299789 (cU)

= 1,667

89

psxi0




APPENDIX H2

DEDUCTIBLE {%,) | NET RATE %, | GROSS RATE %,
9,00000 2,55130 4,25302
0,01000 2,49403 4,25302
0,01500 2,46775 4,11374
0,02000 2,44515 4,07606
0,02500 2,82479 4,08213
0,03000 2,40614 4,01104
0,03560 4,38898 3,98242
0,04000 2,37223 3,95618
0,04500 2,35843 3,93150
0,05000 2,34452 3,90832
0,05500 2,33112 3,88598
0,06000 2,31809 3,86425
0,06500 2,30594 3,54400
q,07000 2,29426 3,82453
0,07500 2,28302 3,80579
0,08000 2,27216 3,78769
0,08500 2,26151 3,76994
0,09000 2,25136 3,75302
0,09500 2,24154 3,73664
9,10000 2,23202 3,72077
0,15000 2,15363 3,59010
20000 2,09248 3,48817
0,25000 2,04135 3,40203
0,30000 1,59857 3,33162
0,35600 1,96135 3,26957
0,40000 1,92809 3,21412
0,45000 1,89824 3,16436
0,50000 1,87107 3,11908
0,55000 1,84523 3,07600
0,60000 1,82262 3,03831
0,55000 1,80263 3,00498
0, 70000 1,78554 2,97645
0, 75600 1,76940 2,94950
0, E0090 1,75386 2,92369
0, 8100 1,73832 2,80778
©,90000 1,72324 2,87264
0,900 1,70837 2,84786
1,00000 1,69407 2,82401
1,50000 1,57299 2,62217
2, 00000 1,46800 2,44715
2,50000 1,38592 2,31032
3,01000 1,30689 2,17858
3,50000 1,23718 2,06238
4,01000 1,17631 1,96091
4,50000 1,12226 1,87080
5, 00000 1,07259 1,78801
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