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I keep six honest serving-men
(They taught me all I knew),

Their names are What and Why and When
And How and Where and Who.

I send them over land and sea,
I send them east and west;

But after they have worked for me,
I give them all a rest.

I let them rest from nine till five,
For I am busy then,

As well as breakfast, lunch, and tea,
For they are hungry men.

But different folk have different views;
I know a person small -

She keeps ten million serving-men,
Who get no rest at all!

She sends 'em abroad on her own affairs,
From the second she opens her eyes -

One million Hows, two million Wheres,
And seven million Whys!

The Elephant’s Child

Rudyard Kipling
from the Just So Stories
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ABSTRACT

Over the past decade the traditional role of local government has been challenged
and systematically dismantled by waves of legislation. The main thrust of the
legislation being aimed at changing the traditional range of functions undertaken By
local authorities, enforcing new working practices and methods of raising revenue.

The changes have created a revolution which is currently shaking the foundations of
local authorities and may continue well into this decade. An express intention of the

legislation is to create and polarise. distinct Client (enabler) and Contractor

(provider) functions and force both of these organisations outwith the protective
umbrella of authorites into a fully competitive, commercial environment.

The aim of this investigation is to expose the nature of response building
maintenance problems within the current legislative framework and produce
quantitative computer aided techniques and simulations which may assist client and
contractor departments to more effectively manage the delivery of the repairs
services in the future.

We believe that it is necessary to clarify and quantify the contents of response
maintenance and to attempt to ring fence this problematic element of building

maintenance. Until this is achieved the disorder inherent within this repair category
will drive the system, obscuring the potential for flexible packaging of functional
works contracts.

The techniques developed enable the scale of a variety of contracts to be estimated
in terms of cost and manpower requirements. The fluctuating nature of response
maintenance is identified and combined with variable target response times to

highlight management problems created for contractors.
Flexible working among trades is the subject of an analysis and the capacity to

create flexible contracts in terms of size, based on individual trades or combination
of trades is demonstrated.

- Finally the potential to introduce an inspection system is analysed. An inspection
model is developed and tested within the response maintenance envelope.
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1.1 INTRODUCTION

The aim of this chapter is to identify key factors which interface, interact and
integrate to comprise the whole building maintenance system in an attempt to
expose the scale and nature of system components, together with the complexity of
the interactions of the criteria which influence maintenance policy formulation.
Quantified solutions need to be attempted if credible outcomes are to be achieved in

view of the need to control money, manpower, materials, mechanisation and of
course, time, all within a complex framework of subjective and objective variables.

Over the past decade the introduction of numerous Acts of Parliament has sought to
change the structure of Local Government in many fundamental ways. Over fifty
pieces of legislation have been imposed which impinge to a greater or lesser extent
on local govemment procedures and practices and these legislative changes have
impacted on the delivery of a wide range of local authority services.

The extent to which the more significant Acts and regulations therein have changed

or attempted to change the form and size of public sector housing and the associated

management/delivery of an acceptable repairs service is aired more fully in Chapter
Two.

Essentially the successive legislative demands have sought to:
(a)  Deregulate private sector maintenance contractors
(b) Privatise council housing

(c)  Dismantle local authority and any associated direct labour organisation
relationships (DLO)

(d)  Prevent restrictive practices and dissolve monopolies
(¢)  Introduce full compulsory competitive tendering (CCT)

() Enforce quality management.



Worthy of note is that, during and after the implementation of these changes DLO’s
or DSO’s as they are now known, have been forced to seek contracts for work
within a confined commercial market place, well defined by legislation.

Within local authorities a division between the DLO (the Contractor) and the
Housing maintenance department (the Client), which represents the Tenant (the
Customer), is demanded with clear identification and separation of Client and
Contractor functions. It is therefore important that we investigate the impact of the
legislative changes on the modus operandi of Client and Contractor departments
regardless of the contractor having a public or a private sector origin. The
consequential effects on the entire repair service ensuing as a result of the

implementation of legislation must be exposed and the scale and complexity of any
problems generated must be acknowledged.

It is therefore not an intention of this investigation to debate whether the Public
Sector or the Private Sector is the more effective deliverer of a building
maintenance service either in the capacity of enablers or providers of the repairs
service. The main thrust of this investigation is targeted at selected aspects of the
service with particular emphasis being placed on the vexing problem of managing
the RESPONSE repairs element of the maintenance system. This is considered of
great importance since it is the intractable nature of this component of the
maintenance service which is the hub of the building maintenance manager’s
problems. Whichever maintenance contractor, public or private, tenders for and
wins a Response maintenance contract, the conundra of how to cope with widely
fluctuating and variable repair demands will exist to confound either.

In this highly charged, fully competitive commercial market place, it is increasingly
more essential that the true nature and scale of a functional works (maintenance)

contract(s) is exposed and understood otherwise the wrong people will find
themselves doing the wrong thing.



1.1.1 The Research Objectives

In view of the nature and timescale of this investigation the research objectives
largely evolved as distinct from being planned. However the initial objective was to
attempt to ascertain the feasibility of superimposing a cost effective inspection
system onto an already existing purely reactive repairs services. This was originally

proposed by Christer and is developed in Chapter 5. The main considerations are

the cost of providing an inspection system and any potential to reduce the cost of
repairs thereby identified and clustered for future repair.

The initial intention was to tackle the problem-within two or more Authorities.
However this proved to be too daunting and overambitious proving too time
consunﬁng for hard pressed maintenance personnel. It was therefore within only
one Local Authority (Strathkelvin District Council) that the investigation
proceeded. The problems encountered in this phase of the research are discussed in
Chapter 5. The outcome of this initial study was reasonably meaningful. However
securing robust data proved difficult and results were not as convincing as hoped for.

Attention was tumed to the housing maintenance system in general and was directed
at both enabler and provider aspects of the service.

Progress was slow and hindered by many changes in the various departments

comprising the repairs services. The changes included, accommodation,
reorganisation and restructuring, new system routines, computerisation and so on.

During this phase of the investigation several Audit Commission Reports aimed at
improved performance in Local Authority building maintenance were published.
The impact of changes in Legislation being introduced or being proposed by Central
Governinent were already beginning to cause tremours under the foundations of
many Local Authorities. Existing working practices across a wide range of services
were to be challenged and changed. It became clear that not only would changes
occur in the style of management within the housing maintenance sector but also

that logistics problems involving manpower deployment and packaging of
functional work contracts could ensue.



It was therefore with a firm focus on proposed changes in Legislation, especially

changes to the Local Government Act and The Local Government Planning and
Land Act that the rest of the research objectives transpired.

The objectives were expanded to include modelling response maintenance
manpower problems occasioned by fluctuating work loads, the creation of flexible
functional works contracts and to create computer aided support for effective

organisation and management of problems generated in changing housing
maintenance environments. These are more fully explained in Chapters 3 and 4.

The ideas and analytical techniques developed were of course framed within the

envisaged new autonomous regimes enforced by the Legislation aimed at creating

distinct Client and Contractor departments servicing Local Authority housing
maintenance.

Chapter I sets the scene, Section 1.3 to 1.7 being a broad discussion of building
maintenance in general with reference to specific housing maintenance

characteristics, while Section 1.8 reviews the literature including OR literature in
the area.

1.1.2 The Context

The sheer number of council houses managed by some authorities is awesome

enough; the largest in Scotland having over 155,000 houses under its control with an
annual revenue repairs budget of approximately 47.5 million pounds. Even with
very much smaller authorities many variables compound to produce complex
management problems, fraught with uncertainty and ambiguity.

During these transitional legislative times the locus for this investigation was within
a medium sized District Council. Many fundamental structural and organisational
changes took place since the inception of this study and their significance is
discussed in Chapter Two. Exhibit 1.1 shows the trends in spending by the Council

since 1982, the year of the implementation of the Planning and Land Act which for
the purposes of this investigation is considered to be the most significant piece of
legislation affecting the delivery of the repairs service. Annual spending on
Revenue repairs, Capital programmed maintenance and new building works is
shown together with the changing profile of the number of council houses managed



by Strathkelvin District Council, which houses constitute the system to be
maintained in this investigation. Exhibit 1.1 will be referred to as and when

appropriate. General statistics for local authorities are published by the convention
of Scottish local authorities via Glasgow District Council Housing Department.

No attempt has been made to reduce costs to a base year and values shown represent
actual amounts commuitted.

1.2 THE INCIDENCE OF DEFECTS IN BUILDINGS

Very many facets of building maintenance problems have been researched, notably
causes and effects. Consequently it will not be an aim of this investigation to till
over the design, detailing and workmanship relationships, vexing as they are, for in
spite of current awareness of such problems, "the masterpiece leaks” ; Building
Research Digest No 176.

Therefore the loci from which this study stems are the assumptions that;
(a)  Defects exist, many of which will worsen with age.

(b) New defects will arise with the passing of time.

(c) . Defects will occur at random in time, type and location.

(d) The demand for the repair of defects will be randomly generated in time,
type and location.

(¢) Randomness forces reactive management solutions which influences the
logistics of providing a maintenance service.
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Exhibit 1.2 shows some of the variables which interact to influence the incidence of

defect occurrence and illustrates how the phenomenon of randomness associated

with building defects originates.
'
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Exhibit 1.2
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Agencies Influencing the Incidence
of Building Defects

This inherent randomness, sufficient in itself to create logistics problems during the

defect repair process, is exacerbated by the manner by which defects are identified,
reported and classified into a priority order as discussed later.

During an investigation of a Council Housing repairs service, Christer!!
acknowledges the randomness of defect occurrence and reporting by the building
user, each reported event being considered as an independent random variable.
Obviously this is not likely to be true for all defects since some degree of
dependency must exist. However, approximately 85% of jobs were reported to be
single trade repairs. Skinner!? likewise acknowledges the randomness of job
occurrence in terms of time, type and location, with so called day to day repairs

accounting for approximately 90% of jobs which were mainly of a small scale
nature.
8



The classification of defects in terms of which to repair and when is a perplexing
issue. The aim of both Client and Contractor departments should be to preserve the

functional utility of public sector dwellings to a level that satisfies the needs of the
Tenants (customers).

Some defects may simply be cosmetically unacceptable whilst others seriously
impair the function of an element of the building and the building as a unit, possibly
even endangering "life and limb". The procedures for identifying defects and
classifying them into priority order for repair are the keys to the managers problem.
The subjective nature of decision making as to when a defect has entered into a

LIMIT STATE of unacceptability is a major contributor to maintenance
management problems.

Accepting that the "Gasman Cometh"®® syndrome survives to an extent; that is,
the occurrence of a defect is a consequence of a preceding one, we proceed to

investigate the variety of maintenance management problems caused by building

defects which arise independently of each other and are repaired on a day to day
basis.

1.3  MAINTENANCE STRATEGIES

The scale and complexity of the repairs required to keep a housing stock up to a
suitably maintained standard will require that repairs are classified to permit
effective management of the repairs service.

General definitions for the various forms of maintenance strategies are given in BS
3811. The strategies are illustrated in Exhibit 1.3 and are developed to embrace
building maintenance strategies for council house repairs. Two broad classifications
exist, namely Planned Maintenance and Unplanned Maintenance. Although we are

focussing on so called day to day maintenance it would be imprudent not to consider
problems generated within the complete maintenance framework.



(1)

(a)

(b)

Planned Maintenance
Planned Preventive Maintenance
(i) Preventive Running Maintenance

Work in this category includes contract maintenance eg. by gas
boards where certain elements of equipment are replaced or serviced
at specific time intervals as agreed at the outset of the contract to
install say central heating. Cyclic Maintenance is also in this
category and this refers to pre paint maintenance and painting
contracts on a cyclical basis say every five years.

(i1) Preventive Shutdown Maintenance

This does not apply to the maintenance of council housing stock to
' any great extent and is more applicable for large industrial
mechanical processing plants.

Planned Corrective Maintenance
(1) Planned Corrective Shutdown Maintenance

This may be considered as applying to rehabilitation and refurbishment of
butldings. The extent of any shutdown or DOWNTIME of premises varies
with the scale of the proposed programs. Some forms of construction
require major improvements to the external envelope with roof replacement
and structural strengthening of walls with enhanced thermal and sound

insulation provided. Other programs may require modest refurbishments
(modernisation), eg central heating, sinks, wc’s, baths and washbasins, or

possibly combinations of rehabilitation and refurbishment programs

including environmental improvements. During such programs Tenants are
decanted into temporary accommodation.

10



(1) Planned Corrective Breakdown Maintenance

We group this area of so called planned maintenance with unplanned

maintenance to form a combined category as shown in Exhibit 1.3
and discussed below.

(2) Unplanned Maintenance

Exhibit 1.3 1identifies a hybrid classification referred to as RESPONSE
maintenance. This 1s necessary since not all unplanned maintenance is in the
EMERGENCY category. The situation is further confused by the welter of
terminology used to define the same category of work. Unplanned maintenance is
variously described as demand, day to day, reactive, routine, jobbing, contingency
and responsive maintenance.

Hence a Response Maintenance strategy is identified which is subdivided in the
following classes

(1) Unplanned Response Maintenance. Into this definition are grouped all
repairs which have little or no potential to be organised into packages of
work which could be executed on a "planned” response basis.

(ii) Zonal Response Maintenance. Potential exists to plan a proportion of the

daily demands for the repair of defects. Many repairs could be delayed for
as long as a six weeks, say, from the receipt of the repair request by the
maintenance organisation or the contractor responsible for effecting the
repair. Both of these sections of the maintenance system could benefit from
such a planned approach in terms of budget control or improved logistics.

(ili)  Void Maintenance. This refers to the repairs deemed necessary when a
council house becomes vacant during a change in Tenancy. Such repairs do,
usually, require to be executed quickly to avoid downtime, causing
inconvenience to Tenants and loss of revenue through rents. Voids are

therefore usually, as was the case in this investigation, repairs within the
definition of Response Maintenance.

11



(iv) Minor Works. These may be larger scale jobs identified under response
maintenance system and requiring that tenders be invited for a minor works
contract with the repairs being delayed for an extended period.

All of the work within the Response Maintenance mode is referred to as Functional

Work and is funded out of a Revenue Budget which may be exclusively generated
out of housing rent.

14  MAINTENANCE STRATEGIES AND PRINCIPAL VARIABLES

A main objective of both the Client and Contractor divisions of the Maintenance
System should be to attempt to manage repair demands in terms of time, type and
location.

The Client Department may wish to devise a program of work based on planned
maintenance strategies which have developed from a knowledge of the state of the
housing stock. The Contractor Department may attempt to optimise resources by

adopting a Zonal approach to as many response repairs as possible, consistent with
meeting service level demands.

To attempt to clarify the nature of the previously defined strategies each variable
may be considered as either controllable or uncontrollable and combinations of the
three variables grouped to correspond with these maintenance strategies.

Table 1.4 shows how the strategies discussed in Section 1.3 may be represented by
applying restraint or otherwise on each variable. It is worth noting that the variable

"type” of repair refers not only to the variable nature of each repair but also the
variable trade specialism from which it emerges.

12
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GROUPING I GROUPING 11 GROUPING III
DEGREE OF DEGREE OF |VARIABLE | DEGREE OF
VARIABLE | RESTRAINT|VARIABLE | RESTRAINT RESTRAINT
TIME UNCONTROLL | TIME CONTROLL |TIME CONTROLL
ABLE ABLE ABLE
TYPE UNCONTROLL | TYPE UNCONTROLL|TYPE CONTROLL
ABLE ABLE ABLE
LOCATION [UNCONTROLL|LOCATION | CONTROLL |LOCATION | CONTROLL
ABLE ABLE ABLE

UNPLANNED ZONAL/VOID/CYCLIC
RESPONSE MAINTENANCE MAINTENANCE

PLANNED MAINTENANCE
REHAB/REFURBISH/
MINOR KWORKS

Degrees of restramt on the variables:
time, type and location and maintenance strategies

Table 1.4

Grouping 1

This corresponds to unplanned response maintenance where breakdown of function
has occurred in opinion of the Tenant who reports the defect to Client Department
which in tumn transfers the repair demand to the Contractor Department, both
operating in a pure reactive mode. The extent of repair demands will vary from

Authority to Authority. In the case of the investigation by Skinner{?) they amounted
to 90% of jobs and accounted for 50% of maintenance costs.

Grouping 2

This represents a Zonal system where repairs are clustered after repair requests have
been generated within a Response maintenance system. The repairs are grouped in

say geographical areas as a result of a delay tactic initiated by the Contractor for
logistical reasons or by the Client Department based on some economic rationale.

14



Repairs are then tackled systematically area by area (zone) by mixed trade gangs or
autonomous groups of trades, depending on frequency of repair type.

This strategy applies to cyclic maintenance programs also, in that repairs are

generated as a result of an inspection system. Although only fabric repairs may be
identified they will still be sensibly random in type.

The maintenance of Voids is similarly described, albeit that individual voids may
occur randomly in location the likelihood is that each void will yield several
independent random repairs.

Groupmng 3

This corresponds to a totally planned maintenance strategy likely to be adopted for:
(1) modernisation programs

(i)  rehabilitation projects

(iii) the planned maintenance of specific elements of a building either on a repair
and or replacement basis

Other programs may be recognisable, however the examples listed thus far suffice
to home in on any scope for derandomisation. For large scale housing complexes
the randomness thus far identified will exist and how it influences the management

of the maintenance system needs to be addressed together with ways of tackling any
problems generated.

15



1.5 MAINTENANCE POLICY FORMULATION

The Maintenance Policy formulated will vary with the size and complexity of the
system to be maintained, available cash and other resources and the consequences of
lack of maintenance. The policy thus established may range from a basic unplanned

response system, ie. the tenants report defects and the maintenance organisation
respond by initiating means of repair; to a complex mixture of elements of both

planned and unplanned strategies. The question now is which policy and what is the
rationale for selection?

A planned preventive or planned corrective maintenance strategy may be formulated
by considering the elements of the system to be maintained, based on either the age
or the condition of a property and the individual elements which comprise it.

(a) Age-based policies

Here the idea of replacing or repairing trade element components based on service
age 1s considered. This maintenance technique or strategy is complicated by age not
necessarily being a function of real time and a requirement that data relating to
'time to failure’ or the ’reliability function’ for the components is available. Such a
policy may well yield benefits with certain types or groups of buildings, eg.
hospitals, high rise office blocks, or dwellings, hotel, factories where mechanical,
electrical or plumbing services and sophisticated and controlled environments are

essential. Much work has been done in this area including that by Christer’® and
Jardine(®.

(b) Condition-based Policies

The decision to repair or replace components of a property is here based on the
condition or state of repair. Obviously the ’condition’ of the property needs to be
observed, therefore some form of inspection is implied. Given that an inspection

takes place, the deciston of what to repair or replace and when could be influenced
by:

16



(1)

previous maintenance and/or any programmed planned maintenance

(ii)  current budgets and budget boundaries
(1i1) 1implications for the Tenants

(iv) implications for the rest of the property
Inspection Systems

The possible need for an ’Inspection System’ in some form is thus recognised and
this requires the following problems associated with inspection systems to be

addressed:

(1) Are inspections feasible; if so, how many?

(i) At what intervalé should inspections take place?

(iii) Which components or properties or groups of properties are to be inspected?

(iv) What information is collected at inspections and what use is made of the
data collected?

(v)  Are inspections pre-repairs, post-repairs, or both?

(vi) Who maﬁes the inspections and how well qualified and versatile are the
inspectors?

(vi) Is access feasible and are inspections perfect?

(viil) What is the cost of inspections and are resources available for their
execution?

(ix)  Are there cost or other benefits accruing from inspection?

Once again, randomness and geographical spread of properties compound the
complexity of potential inspection routines.
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1.6 THE MAINTENANCE SYSTEM: DEFINING KEY FACTORS

With large scale building complexes the randomness thus far assumed will exist and
needs to be considered conjointly with other key factors which influence the
organisational routines leading to the effective remedy of building defects.

Christer!) identified the elements which interact with each other to constitute the
maintenance system which controls the repair of building defects to varying degrees
of complexity. These are gathered into three main groups as - Tenant, Property and

Maintenance organisations and are considered to interact as shown in Exhibit 1.6 in
the current context.

The requirement for a distinct Client/Contractor department split is again recognised
here and considered in more detail in subsequent chapters.

The individual components of each are listed here, being expanded and modified

where necessary, so that the complexity of organisational decision-making can be
appreciated.

F TRADES
MIX OAND
BUEINESS
LAN

PROPERTY
|I|Iiiiiii|||||

DEFECT LEVELS OF 10
Bt | [THE | oo o | [ 2
IDENTIFIER CARE EXPECTATION GROUPIN

CONTRACTOR

FShé%IONS

Exhibit 1.6
The Maintenance System
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1.6.1 The Property

Most of the property variables have been highlighted under origin of defects in
Exhibit 1.2. However, additionally and relating specifically to organisation logistics
there are:

(a)  the number of properties and their geographical distributions;

(b)  Types of properties, for example - four in a block, high rise, tenements and
SO On.

(c)  Previous and future maintenance programmes, for example, modernisation
and rehabilitation or specialised elemental programmes, eg. window or
external plumbing replacement or repair,

1.6.2 The Mamtenance Organisation
The key factors identified in this group include
(a)  The size of the Client Department

This may be classified as:

(1) Small ie < 7500 houses
(ii) Medium ie 2 7500 < 15000 houses

(iii) Large ie 2 15000 houses

The staffing complement and duties undertaken could be directly related to
departmental size!”), although current findings suggests that medium size authorities

cope on average with a higher ratio of properties per staff member than either small
or large authorities.
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(b)  The Client Department Management Structure

(1) The variety of functions within a Housing Department, including
Letting, voids and maintenance, unplanned and planned maintenance

including contract maintenance programmes, demands an intricate
and efficient communications system.

(i) The degree of decentralisation of autonomous groups within the
department and attendant extension of lines of communications.

(iit) The existence or otherwise of a DLO group.

(c) The Mix of Trades

It is necessary to consider the structure and resourcing potential of the DLO, eg. the
mix of difference trades available and the number of tradesmen and labourers per
trade, and the variety of private contractors available to service the Local Authority.

(d)  Location of Depots
Consideration needs to be given to centralisation or decentralisation of depots and

the effects on travelling time, mode of transport, and maintenance strategy.

()  Information Recording, Retrieval and Analysis System

Contemporary systems should be almost entirely computer based, mainframe and

micros, with the extensive use of applications packages, a system which should have
far reaching benefits for system control.
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(£) Cash Constraints

One of the principal factors is that the maintenance system is able to provide an
acceptable repair service within a fixed budget. Constraints on rates of spending
and rigid budgetary boundary conditions can influence not only the overall
maintenance policy but also the maintenance standards and strategies which could

vary from a modified emergency service to a minimum letting standard internally
plus pre-paint maintenance standard externally and upwards.

(g)  Target Service Level

Arguably, one estimate of the efficiency of the maintenance process is the time
interval between the receipt of the repair request and completion of repair. Target
times are set arbitarily and variably by different’ authorities for a range of repair

types. It is likely also that political influence could set maximum target times which
would prove counter-productive to cost effective management.

(h)  Access to Property

Obtaining access to a property is a critical aspect of the repair service. Access may
be necessary to carry out repairs or to perform pre-repair and post-repair
inspections. This calls for clear lines of communication between Client, Contractor
and Tenant.

(1) Job Satisfaction, Level of Payment and Bonus Systems

Improving efficiency by the maintenance contractor leading to an increase in the

number of man jobs/day will most likely affect the bonus system of payment and
could lead to a contentious and delicate management problem. This can produce
knock-on effects and influence scope for changes in the maintenance planning.
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4),

Methods of Calculating Job Costs

There are two methods used to determine the cost of repairs

(1)

(11)

A Schedule of Rates. This is employed by most local authorities and

DLO’s. The schedule may be Priced or Unpriced and may vary in content
from Authority to Authority.

Most maintenance tasks will be covered by the schedule which specifies the
nature and the scale of each repair type and usually the associated cost.

Dayworks. Work done is charged for by the hour plus materials costs and is
referred to in the trade as ’time and lime’. Private contractors and
Development Bodies eg housing associations largely used this method of
charging.

Response maintenance contracts within local authorities will most likely be costed

based on a Schedule of Rates with some work being separately charged for on a
Dayworks basis depending on the scale and detail of the schedule.,

An Audit Report ® acknowledges the difficulty of comparing these two methods of
pricing work in terms of value for money.

(k)

The Contractors Business Plan

Careful consideration must be given to the range and scale of contracts that the
contractor, DLO or private, is providing services for, or is able to offer. In the

maintenance context commercial survival may depend on choosing the right balance
of work.
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1.63 The Tenant

(a)  Defect Reporting and Maintenance Department’s Expectations

The method of identifying and reporting defects and the extent of the tenant’s
involvement are important elements of the maintenance policy. It is quite possible

that repair requests will be almost completely tenant-generated. The pivotal role
conferred upon the tenant has serious control ramifications on overall maintenance

department performance, since rates and types and descriptions of defects produced
rests with this (the Tenant) untrained, unskilled, unpaid building inspector.

(b) Tenants’ Demands or Expectations

There is likely to be a large variance in the levels of need among tenants in view of
age, health, infirmities, general abilities and so on, and unless clustered into

definable groups, the haphazard demand for repairs will certainly add to the inherent
randomness of defect occurrence.

(c)  Socio-economic Grouping

Unless clustering of tenants into socio-economic groups is introduced, there is likely
to be a wide variation in the level of tenant awareness of how defects are initiated
and develop together with varying degrees of care as exercised by the Tenant, while

the property is in service. Likewise, it is possible that a wide difference in the
financial resources available exists from Tenant to Tenant, ranging from the

unemployed; pensioners, to several wage eamers per household; and it is
conceivable that this too could create a variety of demands on the repair service.

(

(d) Level of Rent and Rates

A meaningful correlation may exist between the level of rent/poll tax or alternative

and repair demand, or possibly a relationship with acceptable total repair completion
times. However, no attempt is made to establish such relationships which are
mentioned here simply to point out possible variable Tenant responses.
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1.7

The Maintenance System Control and Performance Measures

Christer!® suggests the need to select control variables in terms of level, type and
value; and also to select system performance measures which are available directly,
or after data analysis and which can subsequently be deployed to detenmine changes
in the control variables. This process is shown in simplistic form in Fig 1.7.

INPUTS OUTPUTS

—— | L.A. HOUSING COMPLEX |—0ks
CONTROL — | TO BE MAINTAINED ———— PERFORMANCE
VARIABLES —_— MEASURES

(INDICATORS)
{ System Performance improved ‘
by modifying system control
variables

Fig 1.7

Obviously the interaction of the system variables is more complex than Fig 1.7
conveys, with changes in one or more of the decision variables producing a variety

of responses within the system and subsequent influences on performance, all of
which can be affected by chance events.

As a consequence of the Client and Contractor department split enforced by
Legislative demands, each department requires to be modelled separately to
establish a Quality Management based system, with clearly defined functions and

duties set within the framework of system control variables and performance
indicators. This idea will be further developed in Chapter Two.
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Randomness in varying forms, the complex interaction of decision variables and the
system maintained, together with the requirement to optimise resources within
unavoidable cash limits and a commitment to monitor and modify system
performance, clearly present major organisational problems. It would therefore
seem that reasonable, primary maintenance management objectives ought to be to:

(a) Manage the randomness of the variables, time, type and location as
discussed earlier.

(b) Develop reactive management responses in both Client and Contractor
Departments.

(c) Control costs or downtime.

(d) Limit tenant hardship and inconvenience.

(e) Improve repair quality and maintenance system control and performance.

An aim of the investigation will be to attempt to establish feasible means of

achieving these stated objectives, within the context of a District Council Housing
Maintenance System.
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1.8 Literature Review

It must be made quite clear from the outset that this investigation specifically
focuses on the delivery of a Response housing repairs service and does so within
legal constraints that dichotomise traditional Local Authority organisational and
management structures. Substantially this study hinges on the implementation of
the Local Government Act 1988(9 and amendments to the Local Government
Planning and Land Act up to April 199119 which specifically target the packaging
of Functional Works Contracts (Response Repairs Contracts) in a competitive
commercial environment. Consequently the ideas subsequently evolved are

relatively new, and are dedicated to solving current and future response maintenance
problems.

Problem analysis is by the application of management science (Operational

Research) methodology. Section 1.8.6 discusses the specifically OR contributions
to the study of maintenance problems.

In the field of Local Authority Housing maintenance management much of the
previous work published has been overtaken by changing events over the past ten
years and especially by impact of the relevant legislation over the past three years.
This literature review is curtailed to maintain a sharp focus on the problems tackled
by this research. This study seeks to keep pace with the rapid, legislation led
changes required within Local Authority housing maintenance organisations. It is
this legislation, together with Audit Reports, selected housing maintenance
publications and relevant research projects which form the hub of the knowledge,
necessary to underpin an understanding of the contents of this research. It is
anticipated that the reader will be familiar with Local Authority, or other similar
organisations’ housing maintenance practices and will realise the obvious
distinction between managing and delivering a response service and programmable
maintenance as an element of a planned maintenance scheme. It is quite reasonable
to analyse response maintenance as identified in this study in isolation from any
concurrent planned maintenance system or indeed from any research in that field,
whether it is preventative maintenance as part of say a five year cyclical program, or
rehabilitation or refurbishment work. Planned maintenance is the result of
systematic surveying of the housing stock, identifying defects, large or small,
itemising, prioritising and scheduling these for subsequent repair.
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In ideal circumstances a planned maintenance program, hybridised with the
ubiquitous response repair service is more effective in preserving the condition of
the housing stock. Every manager knows that it makes sense to inspect and monitor
the condition of the housing stock in an attempt to preserve the capital value of this
asset. However many of these managers may not have the resources to do so and
some may even be reluctant to open up some kind of Pandora’s box. To direct the
unfamiliar reader to the wider; though not for this study appropriate; aspects of
housing maintenance we include some references to planned maintenance systems.
Until such times when concrete evidence is available which proves a correlation

between response and planned systems in terms of reduced demands and lower costs
the arguments for and against will rage on.

1.8.1 Tbe Legislation

At this point no attempt is made to discuss the contents, implications and timing of
relevant pieces of legislation. Instead the reader is referred to Chapter 2 for a
legislative review and a discussion of knock-on effects created for Client and
Contractor Departments. A brief reference worth making here is the Tenants Right
of Repair by Jan Luba®”), This is a very extensive, indepth explanation of Tenants
Rights and in general does not have much impact on this study. However the
implications of Right to Repair for response maintenance profiles need to be aired
since in the event of a Landlord being in breach of obligation to effect repairs within
a reasonable time scale a Tenant may withhold rent and use it to pay for repairs the
value of which may be between £20 - £200. However as explained in Chapter 4 part

2(a) of Right to Repair, before taking such action the Tenant should follow the
following preliminary steps carefully:

(a) inform the Landlord of the intention to take this form of action if repairs are
not carried out;

(b) allow a further reasonable period for the Landlord to comply with repair
obligations;

(c) obtain three estimates for the cost of carrying out the remedial work and
submit copies of these to the Landlord with a "final waming";
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(d) engage the contractor at the lowest tender and have the work carried out;

(e) submit a copy of the contractor’s invoice to the Landlord and request
reimbursement;
(f) if no money is forthcoming, recoup the cost by deducting from future rent.

As reported later in Chapter 2 this is not an option which Tenants in Local Authority
care have taken up: possibly because the process 1s complicated and cumbersome
for Tenants to handle, or possibly because it is unnecessary and authorities were
delivering an acceptable repairs service.

1.82 Defect Identification and Repair: Traditional and Non Traditional
Construction |

Details of management functions including planning, specifications, costing and
corrective design/repair feedback data which interact to create the Scottish Local
Authority Maintenance Management system are well documented in the Scottish
Local Authorities Special Housing Group (SLASH)“® publications numbered 1 to
10. Every aspect of planning, specification, costs and feedback are covered by these
detailed and extensive, yet succint documents. The contents cover all aspects of
external and internal maintenance work on traditionally constructed dwellings and a

range of non-traditional constructions. Each booklet contains details of repair types
and remedial treatments which are derived by combining knowledge based on

research, largely by the Building Research Establishment®?), and feedback from
practical experiences in the maintenance field. These publications make a
significant contribution to education and training across the spectrum of managers
and operatives in Local Authority Housing maintenance and elsewhere.

A more exhaustive study of defects and repair techniques for non-traditional
housing has been undertaken by the Birmingham TERN project on Non Traditional
housing Defects and Repairs!®), TERN stands for Training for the Evaluation and
Repair of Non-Traditional buildings. This category of construction includes
structures built using concrete, timber, steel-frame, insitu-reinforced framed
structures with a variety of cladding panels and covers low, medium and high rise
buildings. Information on the maintenance of such building is reported to be
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sparse. Although a great deal of excellent work has been produced by
Establishments such as the Building Research Establishment, the Housing Defects
Division of the DOE, the Construction Industry Research and Information
Association as well as the former Cement and Concrete Association, which all
address the problem of defects in non-traditional buildings in terms of cause and
effect, the TERN Project reports too little advice on the following areas:

(i) Evaluation of a suitable repair type;

(i1) Selection of effective repair techniques and materials;
(iii)  Effective methods of executing repairs and ensuring quality assurance.

The project plugs this knowledge gap with a series of videos and handbooks based
on a synthesis of research and knowledge pooled from a spectrum of specialists in
this field of work.

What yet remains to be established is a definitive framework for assessing the
performance of the variety of repair techniques which may be employed in attempts
to solve more vexing maintenance problems, eg highrise blocks. Rates of
deterioration need arresting and less palliative and more long term solutions must be
found. Computer aided databased condition surveys have been undertaken and a

system for judging the maintenance problems against a matrix of assessment criteria
is utilised after which a loose hierarchical action plan can be developed. During

decision making it is necessary to take account of any future use and lifespan of the
building and this involves inputs from a large team of integrated specialists

including the Tenant. The use of value engineering and life cycle costing techniques
should be utilised when reaching a repair/reinstatement decision.
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Figs (1) and (2) show the repair/reinstatement cycle and assessment criteria matrix

proposed by TERN.
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1.8.3 National House Condition Surveys

It is not the intention to list and review house surveys or consider the statistics

generated - that 1s outwith the scope of this study. What is more important however
is that any lessons that can be leamed from such surveys are exposed.

Condition surveys of public sector housing stock initiated by Central Government

have been ongoing since 1967. Since 1971 a survey has been conducted every 5
years, the most recent being 1986. The development of the English House
Condition Survey is reported by O’'Dell®!), Initially the purpose of the survey was
to identify houses "unfit for human habitation". Over the years the survey has
grown with several changes in content, policy and presentation.

The first survey used random sampling techniques to select dwellings for inspection
and cataloguing and until recently survey data was analysed using simple statistical
methods. The most recent surveys have been expanded to include interviews which
illuminate several issues including social, economic and financial matters which
influence the changing nature of the state of repair of the housing stock. Local
Authority questionnaires were utilised which establish their contribution to

repair/improvement of Local Authority stock together with a survey of property
values. |

Much more interest is currently being directed towards better presentation of results
including computer modelling for examining strategic issues.

Prior to the 1986 survey previous data collection and reporting procedures were
critically examined and evaluated with a view to enhancing existing physical survey
techniques. This more sophisticated study revealed certain fundamental limitations
in previous surveys which inhibited the measurement of small changes in the
condition of the stock over relatively short periods of time. Significant

modifications to previous survey proformas and strategies were therefore
implemented for the 1986 survey.
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The design of the sample for the 1986 survey was amended and the survey has four
main phases;

(a) A physical inspection of 30,000 dwellings;

(b) Interviews with 8,000 occupants selected following the physical inspection
of the sample;

(c) An enquiry to relevant Local Authorities regarding approximately 12,000 of
the dwellings sampled.

(d) A valuation survey of approximately ‘5,000 houses;

Other improvements implemented were the replacement of random samples by
stratified samples which enable buildings of interest to be targetted. Cross-sectional

samples were replaced by longitudinal samples which allow individual dwellings to
be monitored through time.

The Amended Physical Survey Methodology.

A new survey proforma was devised for the 1986 survey as shown in Fig 3. This
form is highly structured so that the judgements of individual inspectors were less at
variance than in previous surveys therefore producing more precise data, and did not
place too much burden on the memory of inspectors who were all trained building
surveyors. This however did not prevent differences in value judgements occurring
among inspectors during preliminary trial training periods.

Surveyor Variability in Estimating Repair Costs

Careful attention was given to the training of inspectors prior to the survey. This
involved field tests and video film simulations to compare individual responses to
defect reparation and costs. Of interest was the finding that in general surveyors
agreed closely in 1dentifying and describing the observed defect, disagreed more in
the diagnosis of the defect and much more in the remedial treatment. This is to an
extent consistent with the TERN®C? observations and highlights a possible
deficiency in training and education programs. The recommendation therefore is
that interpretation and analysis of the defect is left until a standard ruling can be
applied. However these initial inconsistencies were smoothed out by the inclusion

of a time scale and an urgency classification in the pro-forma for certain types of
repairs, see Fig 3.
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Figs 4 and 5 show the impact of surveyor variability on estimating repair costs. The
results were derived from a large number of surveyors examining the same very
poor condition dwelling. Results show that one third of inspectors estimated cost
which differed from the mean cost by more than 30%. Surveyor variability also has
a distorting effect on the overall distribution of repair costs with too many dwellings
being recorded as having very high or very low repair costs as shown in Fig 5.

Estimating deterioration rates is currently the subject of an investigation since this is

not a simple or straightforward problem and simulation techniques are being
developed to assist better understanding of this topic.

Some important issues have therefore been identified and although these

developments arise from a national condition survey the same or similar lessons

should be considered by any Authority mounting a conditioned based survey of its
stock.
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Summary of Results of The Survey

The results of the English House Condition Survey 1986(%, which applies to all
tenures reveals a grim picture showing almost no improvement in condition being

achieved over results of previous surveys. It is acknowledged that results were
more difficult to compare in view of the changes in survey procedures.

In summary the situation is

(a) 5% of the housing stock is unfit for human habitation;
(b) additionally 2.4 million dwellings are in poor repair;
(c) 15% of the housing stock is in poor condition;

(d) 543000 dwellings lack basic amenities.

Luba®®” further reports that the latest projection (1989) from the Association of

District Councils is that £38 billion is required for repairs to dilapidated buildings
with a total of £50 billion needed to tackle disrepair. Glasgow council housing
alone requires £1.6 billion (1985) to repair defects.

In these circumstances it is unlikely that the response repairs maintenance problem
is likely to diminish.

An inquiry into housing in Glasgow 1986**) examines a wide range of problems and
recommends solutions, financial, organisational and administrative in an attempt to
avert a major crisis by arresting a steady decline in housing standards. The

provision of good quality low cost housing which matches the requirements of the
community is the aim.

The extent of disrepair and backlogs are identified and the levels of funding
necessary to reinstate to tolerable standards is quantified.

A variety of schemes for managing the maintenance problems are proposed and

discussed. Decentralisation of the administration of the repairs service is advocated
and the role of the private sector is considered.
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1.84 Planned Maintenance

The literature on planned maintenance is extensive and although varying in style

and emphasises most of the papers are similar to one another in approach and
content. Here we discuss three references which serve to illustrate the categories of
planned maintenance and the rationale for implementing such strategies.

.Maintenance as a Total Concept

A maintenance philosophy based on a "Total Concept” which embraces, running,
jobbing, planned and long term planned maintenance is described in a Planning
Exchange Occasional Paper, "SSHA Maintenance: Developments and Directions”,
by Colston and Ross®. The strategies developed are aimed at not only preserving

the stock but also adapting the stock to changing user requirements leading to longer

lettable life spans of up to one hundred years.
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The housing stock totalling 90,000 dwellings and valued at £2.25 billion is divided
into 1,500 schemes and supervised by building inspectors each with a responsibility
for between 3,000 and 7,000 dwellings. Each inspector is allocated up to 3
assistants, making each inspector responsible for approximately 1,500 - 2,000

houses. The stock is further banded by age and form of construction which is
classified as either traditional or non-traditional.

The procedure is to examine the age profile of the components comprising each

dwelling or groups of dwellings thereby permitting probable age based replacement
strategies to be developed.

A five year cyclical inspection program is compiled listed under ten inspection
headings which allows 1/5 of the total stock to be painted each year. The inspection
headings numbered 1 to 10 are grouped in pairs and staggered with two inspections
each year in the five year cycle, eg inspection heading, 1-6, 2-7, 3-8, 4-9 and 5-10.
The procedures are obviously elaborate and are illustrated by a series of charts,

tables and diagrams too large to reproduce here and with the exception of two
exemplaries given later the reader is referred to the actual text for details.

Based on inspections a condition profile of the stock is generated which defines
some twenty elements of construction which are grouped as External fabric, Internal
fabric and External (environmental) works which are presented against a time scale
in years 0 - 100, in 5 yearly increments. A line representing the end of life
expectancy is plotted against each element of construction together with the history
of previous completed work. For each scheme of houses examples of performance

profiles are presented in tabular form showing, composition (size), usage (Tenant
statistics) and performance eg. insulation, condensation etc.

An important aspect of long term maintenance planning is that it makes long term

forecasts of funding necessary to ensure the prolonged lettable life of the housing
stock.

In summary the advantages of a profile system are stated to be:
(a) The condition and performance of each scheme is shown;

(b) The condition can be compared with cash invested to arrive at a "value for
money" judgement;
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(©) It provides the basis to predict component life and improve relationships
between first and second costs;

(d) It provides the means to plan work, estimate costs and judge priorities

within and between schemes against an agreed strategy;

(e) By aggregation it is possible to obtain an accurate statement of condition
and cash needs across the whole stock. |

The contents of the above Planning Exchange Occasional Paper was published by
the Scottish Special Housing Association SSHA®). The presentation is broadly
similar and additionally an appendix which presents an expanded inspection check
list is given. Fig 6 shows an extract from the publication which illustrates the
Association’s information systems and how they relate to Whole Life Maintenance
philosophy. Fig 7 shows an example of the staggered inspection cycles discussed
above over a ten year cyclical inspection period.

A housing maintenance kit produced by the Scottish Office: Scottish Homes for
Housing Associations®® provides a step by step guide to the care and maintenance
of housing stock. Since most of the Housing Associations’ stock in Scotland was
either completed or rehabilitated in the 1980’s, the guide provides a maintenance
strategy not dissimilar in philosophy from that of the SSHA, and aims at
maintaining the stock to a high level from the outset thereby preventing out of
control deterioration to occur. Fig 8 is an extract which shows the stages in the step
by step approach.

The benefits of such planned maintenance strategies are defended by Colston®?(38)
against the alternative argument that response maintenance is more cost effective
within the context of Local Authority funding®), It is not the intention of the study
to become emboiled in tis, tisn’t arguments which fail to quantify advantages and
disadvantages in hard cash terms. It suffices to say that long term or short term
condition surveys, programmed repairs and replacement strategies which sustain the
utility and value of the housing stock are highly commendable and worthy of
funding, if funds are available. If not, the manager has the unenviable task of

optimising use of resources within a maintenance system which is likely to be
highly reactive in nature.
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Those wishing to pursue the arguments on the benefits of planned maintenance are
referred to Holmes(®?, the Changing Nature of Building Management. Therein
Holmes asserts that there is little evidence to support an increase in planned
maintenance or programmed maintenance which are seen by many "as the way
forward to an efficient and cost effective strategy” asserting that "planned
maintenance is beneficial and cost effective if the failure of the elements or
components results in high consequential cost, but this is not so for housing".
Scottish Office Report” 1986 reports that apart from extemal painting and
obviously associated prepaint repairs, planned maintenance hardly featured at all in
Scottish Authorities. It therefore makes much sense to examine, analyse and model

response maintenance as achieved by this thesis whether there is a planned system
for effecting repairs or not.
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OBJECTIVE

WHOLE LIFE MAINTENANCE FOR 100 YEAR LIFE HOUSE

WORK METHOD

RUNNING JOBBING CYCLIC
MAINTENANCE MAINTENANCE MAINTENANCE
Rtiidng Emergency House Inspections
Pre tnanned “Alter the Event” Estimate
Servicing Crganisation Programme
Planning
Protiles

Short term  Longierm
Programme Programme

POLICY
DIRECTION

"---------------

CONTROL

PHYSICAL & FINANCIAL
PLANNING/MONITOR/CONTROL
Pre.zontract -- Tendering — Post Contract
Marnal and Computer

<

HOUSING DATA BASE

PROPERTY FINANCE TECHNICAL
INFORMATION ACCOUNTING ARCHIVES
MANAGEMENT SYSTEM

SYSTEM

Fig 6

Source : Scottish Special Housing Association®%
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MODEL CYCLICAL MAINTENANCE PROGRAMME

Step 1

MANAGEMENT DECISION:
TO ESTABLISH

PLANNED MAINTENANCE
PROCEDURE

Step 2

IF INSUFFICIENT

ESTABLISI:S MMNTLEN Ami'_tt Siep 10
OBJECTIY d ALLOCA
STAFF RESOURCES FUNDING MAINTENANCE

EXPENDITURE
DECISION

Step J

ESTABLISH PROPERTY GROUP RECORD SHEET
FOR HOMOGENEQUS GROUPS |

FOR NEW PROPERTY FOR OLD PROPERTY Step
COLLECT INFORMATION CARRY OUT PROPERTY MANAGEMENT CONSIDERATION
RECORD DRAWINGS CONDITION SURVEYS FOR EACH of Recommendannons sgainst
SPECIFICATION and BILLS ELEMENT, ACQUIRE PLANS, BUDGET
BUILDING OWNER'S MANUAL SECTIONS. ELEVATIONS STATUTORY OBLIGATIONS

. COMPILE MATERIALS PROFILE POLICY

. Step 4
SET UP DECORATION AND REPLACEMENT PROGRAMML

Informing stail when sub-clements » il require
DECORATION
REPLACEMENT

Step §

CONDITION REPORT TO MANAGEMENT

Recommended vorks found
RECE3SarY IndiCating

PRIORITY, TIMING and SUDGET COST

Step §
SET UP THE INSPECTION, DECORATION

Step 6 Step 7

CARRY OUT CARRY OLT
AND REPLACEMENT PROGRAMME GENERAL DETAILED
This model imtially contains all the mtormation ’ ELEMENTORSUB-ELEMENT ELEMENTORSUB-ELEMENT
in the Decoration and Repiavement Programme and addionally INSPECTIONS INSPECTIONS
indicates wnen INSPECTIONS are required., At preceiermined Inenals 31 predgetermened
This model shouid be continuaily updated uf rtnu:r:l Intiate m::::.::a';;ﬂ
10 $how the current Condition of the sub-a1ements .
ot v 4 e Condnoon demancy Minor Repa GENERAL INSPECTIONS

imuate Minot Reoain

UPDATE

vOL RCE: BUILDINGS INVESTIGATION CENTRE

Fig 8

Source; Housing Maintenance Kit*$

Scottish Homes/Scottish Office
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Planning Non Urgent Response Repairs

The Planning Exchange occasional Paper by Fogg, 1984“® explains how after
reorganisation in 1974 Renfrew District Council set out to amalgamate the five
former housing authorities into a single unit. A housing stock comprising 40,000
dwellings with a replacement value then of £1 billion was thereby created. The
maintenance standards of the previous constituent authorities had been distinctly
different and a lack of detailed knowledge about existing stock together with an

obvious need for extensive repairs to external timbers and plumber work made it
desirable to develop alternative maintenance strategies.

The maintenance budget during 83/84 had risen to £9.71 million since
reorganisation, and expenditure on planned maintenance had risen to 44% of total
expenditure. The council therefore adopted a policy aimed at increasing the planned
maintenance component of expenditure to 60% of the maintenance budget in the
long term. To achieve this a 5 yearly inspection and prepaint repairs program was
introduced to reinstate external timber and plumber work to a state of "good repair"”.
Additionally a cyclical maintenance system was introduced for "routine" type
repairs which were delayed or queued for up to thirteen weeks, with all such work
up to the first eleven weeks executed by teams of tradesmen either from the DLO or
private contractor or mixture of both over a single or two week period. The strategy
is referred in Chapter 4 of this study as zonal maintenance and the limitations on
using mixed or separate DLO and private contractor workforces imposed by recent
legislation and CCT are highlighted there. Such a cyclical maintenance system
claims several advantages including reduced travelling time, reduced access
problems and using pre-inspections which reduce abortive calls.

By introducing a pre paint repairs system more communication was necessary
between the housing maintenance repairs service section and the Technical Services

Department which controls, organises and commissions planned maintenance
programs, in order to avoid duplication of effort. To improve information storage

and retrieval and improve control and communication a computer aided database
system for property records was introduced.
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Prior to the investment in planned repairs, deterioration .was out-running
rectification, and although unsubstantiated, this trend was being arrested and the
housing stock was at 83/84 in a more stable state of repair and hopefully the council
objectives would, in the future be achieved. There is a need for planning and "the
management of long life high value assets with predictable rates of deterioration

should always have been subject to a systematic approach instead of adopting ad
hoc hand to mouth methods”.

Response repairs are still necessary and account for a substantial proportion of the
maintenance budget.

Capital Maintenance

It should be made clear from the outset that the types of maintenance contracts
devised within the capital programme require organisation and planning techniques
which are analogues to those applied to new build projects. The contract is
definable in nature and work content in advance of the start date and this allows
forward planning. The type of projects funded by the capital budget include say,
rehabilitation, refurbishment, rewiring and so on. Start and finish dates can be
targetted and the works carried out in sequence and or in parallel. A variety of

computer project Planning Packages are available which use network analysis from
which bar charts are prepared to assist managers to keep the projects on scheduled

completion times. Also manpower requirements and cost evaluation predictions can

be forecast. The process is therefore quite distinct from that required to manage a
response repairs service.

However the problems involved in developing a 5 year rolling capital programme
valued at £750 million are discussed in the Planning Exchange occasional paper by

Nichol®), A variety of projects within Glasgow District Council which include,
new build, rehabilitation, refurbishment, planned repairs, rewiring, insulation,

extraordinary repairs and so on are discussed with respect to a restructuring of the
system for managing the Council’s housing stock.
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The management of such a wide range of projects was complicated by a
decentralisation policy which created eight District housing programs, each district
containing between 16,000 and 25,000 dwellings. This created approximately 1,300
individual projects all at different stages of developments. This gives some
indication of the scale of both the capital programme and the response maintenance
system which runs in parallel with it.

It was found necessary to identify a core program of priority work which initiated
the 5 year rolling program together with other projects of lower priority which could
be commissioned contingent on available funding. All of the projects in the overall

capital program were monitored within the remit of the Council’s Housing
Programme.

The complexity of the envisaged 83/84 capital programme enforced the need to
change from a manual control system to computer aided programming techniques
and after consultation a system call Artemis which had been currently used by the
then Building and Works Departments was employed. The decision to change to
this system of control was fashioned by consideration of possible further
decentralisation, Council and Committee procedures and Tenant participation
schemes.

The actual operational aspects of the programmes were not developed, however the
above comments serve to highlight issues to consider in possible future application
of computer based analysis.

Athough the funding mechanisms for Local Authorities and Housing Associations
are different, the development of the discussions in "Making The Most of Your
Money, a guide produced by the National Federation of Housing Associations
1991"“2 would be of interest to managers of Local Authority Client Departments.
The guide explains very clearly how Housing Associations generate funding
necessary to complete response repairs and capital works and makes
recommendations on how Associations should make the most effective use of
budgets. Various types of accounts are discussed and the role of the Housing
Corporation under the provisions of the Housing Associations Act of 1985 is clearly
explained. A section on overspending on day-to-day (response) maintenance

considers the implications of seasonality on budget demands. This is an area which
is targeted for modelling in Chapter 4 of this study.
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In general the housing stock controlled by Housing Associations is relatively new
and does not at this time constitute the same major repairs backlog and ageing stock
problems faced by Local Authorities, however the possible effects of ageing of
Housing Association stock is considered in the National Federation of Housing
Associations publication long-term maintenance(4%,

1.85 Audit Commission, Association of Metropolitan Authorities, DOE and
National Federation of Housing Associations Reports.

(a) Audit Reports

Over the past six years several Audit Reports have been published on subject areas
relating to or specifically directed towards housing maintenance management. Such
Reports cover a wide range of issues which are contextually set within sample Local
Authorities in England and Wales. An aim of these Reports is to highlight problem
areas and offer sound advice on ways and means of addressing problematic issues.
In view of the extent of Audit Commission researches and the number of Authorities
studied a wide range of working practices is identified. Consequently the advice

offered is to an extent general in nature and requires to be adapted to each
Authority’s specific requirements.

The following is a resume of relevant Audit Reports in chronological order. Any

issues raised by these reports which are germane and supportive or otherwise to this
investigation are referred to within the text and in the context of response
maintenance management.

The Scale of the Problem

The results of a two year investigation of 400 Authorities in England and Wales are
given in Managing The Crisis in Council Housing 1986“4), which analyses the
Authorities performance as managers of the 4.8 million dwellings under their
.control.

The report covers a wide range of housing management and makes
recommendations to client departments on how more effective use of resources may

be achieved. However the report is not intended to focus on the delivery of the
repairs services.
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Client Department Initiatives

Effective management within Client Departments is targeted by the Audit Report on
Improving Council House Maintenance 1986

This general report, eighty pages long, advises client departments on a range of
issues requiring analysis and which lead to improved management of the
maintenance effort. Substantial savings are possible, amounting to as much as thirty
per cent improvement in maintenance value (ie more repairs completed for the same
cost) is said to be achievable; this being equivalent to approximately £700 million
pounds per year.

The problem of backlogs in repairs is quantified and the need for longer term
planning and funding strategies considered. Condition based surveys are
highlighted with more programmed repairs (ie less response repairs) recommended
together with tighter control over emergency work., More competition is advocated
with work put out to tender in ways that permit small firms to make bids. This is
indeed what current Legislation enforces and what this research tackles in Chapter

4. Wide variations in tender prices received are identified and discussed. Cyclic
maintenance and a window replacement strategy are considered.

Estate based management of the repairs service is recommended with more zonal
maintenance and the establishment and monitoring of realistic service standards.

Five key factors viz systems, strategy, structure, staffing and style, which the client
department must consider are discussed.

The appendices comprise, (1) future expenditure and age profiles of existing stock,
(ii) a five year maintenance plan, (iii) procedures for monitoring repairs and

performance within a local authority and (iv) comparative prices for response
repairs.

Squaring up to a Competitive Environment

The need for Councils to prepare for a competitive tendering environment is
discussed in The Competitive Council 1988(!4), This twelve page reports aims to act
as an initiator of debate which will lead to the introduction of strong management
into local authorities where this is lacking. Eight key points are identified in the
summary which all well managed authorities must respond to. These are:
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(a) understand customers

(b) respond to the electorate

(c) set and pursue consistent achievable objectives
(d) assign clear management responsibilities

(e) train and motivate people

(f) communicate effectively

(2) monitor results

(h) adapt quickly to change

Authorities should analyse management routines and philosophies and measure

these against targets set within the report. An organisation’s style, culture and

competitiveness are the pivotal attributes discussed and around which
recommendations revolve.

The Delivery of the Repairs Service

Operational routines and areas of management affecting the delivery of the repairs

services by Direct Labour Organisations are analysed in A Management Handbook
for Building Maintenance Direct Labour Organisations 19899,

The aim of this report is to advise managers of DLOs on how to improve the
efficiency and the effectiveness of the activities undertaken at the contractor end of

the repair service. Achieving better quality repairs, better value for money and a
requirement to be more competitive are primary aims.

The report is seventy pages long, general in nature and is the complement of a report
written for the client departments. Legislation in effect at the time of publication is

reviewed and possible changes in prospect identified. The general performance of
DLOs is reviewed and the share of the market achieved by DLOs is analysed.

The remainder of the report sets out six main steps towards improving the

performance of DLOs and the following area of management concern are discussed
in detail,

(a) Better materials management
(b) Controlling overheads
(c) Increased working time

47



(d) Improved rate of work
(e) Aggregate management information
(f) Increased effectiveness

A model for a business plan is then discussed. The appendices comprise, a work
model; a cost model and a review of incentive bonus schemes.

Although overtaken by events and publications resulting from recent legislation and
a report published by the former Audit Commission, Direct Labour Organisations
Maintenance 198243 led the field in attempting to identify how DLOs should be

organised to meet the challenges imposed by the Local Government Planning and
Land Act 198049,

The report, one hundred and ninety pages long, examines the full range of
management practices and operational procedures and identifies working practice

which should enable DLOs to face a variety of challenges by being more adaptable
to future demands.

(b) Other Relevant Reports

The Association of Metropolitan Authorities publication, Repairing for the Future,
1988147 advises authorities of good management practices from both the client and

contractor standpoints. Housing standards, repair quality and customer satisfaction
are targeted.

The report straddles the audit reports above and although less precise and

quantitative, it is a comprehensive review of problem areas and identifies how these
should be tackled.

The need for clearer definition of repair types is identified and types of response and
programmed maintenance discussed. The text is, in general, similar in content and

philosophy to that of audit reports. The range of client and contractor functions and
related performance indicators are given detailed consideration.

Section six provides a check list of good management practices against which
authorities’ performance should be measured. This report, which predates audit

reports, forms a basis for quality management and is meaningfully relevant within a
contemporary legislative formwork. |
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In the same mould as Audit Reports and a forerunner to these is the DOE Report by
the Housing Services Advisory Group titled Organising an Effective Repairs and
Maintenance Service System 1981(4%), This report covers very much the same
ground as Audit Reports and is therefore subsumed to a large extend. Nevertheless

the publication is enlightening and is framed around specific case studies of
management practices in several Local Authorities. Of specific interest is the
detailed storage and analysis of job type and frequency undertaken by Peterborough
Development Corporation since as far back as 1973. These records were used to
ascertain the amount of monies required to repair various types of defects on an
estate basis. Likewise these procedures could lead to identifying potential problem
areas which may influence the delivery of the service. Every item of jobbing repair
was recorded and stored on computer enabling a complete maintenance history to be
assembled. This tactic could permit feedback on design problems associated with a
high incidence of the same type of defect leading to a possible preventative
maintenance strategy. Some details of this system are produced in Computer Aids
to Housing Maintenance Management by Pettitt 197949 where a repair coding
system is also identified.

In 1980 a computer aided system of programming, non-urgent day to day repairs
was introduced by the GLC®%, Approximately 15,000 houses were managed by
zoning into geographical areas each containing 2000 dwellings. This is the cyclical
maintenance system operated by some Authorities for non urgent response repairs
with target response times up to as much as say twelve weeks. This is discussed in
Chapter 4 of this study and referred to there as zonal maintenance. The procedure is
that the computer is used to store and retrieve information on outstanding and
completed work moving outstanding work forward in a queuing system. Mobile
gangs of autonomous tradesmen execute work clustered in daily or weekly
workloads.

The National Federation of Housing Associations publication, Standards for
Housing Management 1987(" is primarily intended as a guide for housing
associations, housing co-operatives and similar organisations. The contents are
however relevant to any organisation concerned with maintenance from a Client
perspective. Although unquantitative in nature and wide ranging in topics details,
the document serves as a management control and service delivery reference frame
to ensure customers rights and satisfaction are the main focus for management.
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The following eight topics are discussed in detail:

(1) selection and allocation

(2) transfers, mutual exchanges and reciprocal letting
(3) tenant involvement and access to services

(4) tenancy agreements, licences and tenants rights
(5) rents, rates and licencees’ charges

(6) Services paid for by services charges

(7) Repairs and maintenance

(8) Housing management and development

With respect to this investigation topics seven and eight are of most relevance.

The installation of maintenance coding systems are pivotal to the successful
monitoring of trends in response maintenance activities, and are essential if any

developments as proposed in this study are to succeed. An example of a
maintenance coding system and how this 1s used to monitor cost trends with time is
presented by Holms and Mellor, 198541, Fig 9 shows an example of cost trends in
contingency (response) maintenance taken from the case studies presented.
Although to an extent unrelated to the techniques dcvclopcd in Chapter 4 of this
study the system shows potential to be adapted to produce the computer generated

data necessary to enable the analysis of altemative situations and to devise system
control techniques as discussed later in Chapter 4,

| oA R AT T A
‘ A ITNAT T N T

1926 Trastoras m-----.---—--
, pa T U T T O I
-'.‘--.-.-.--------
-"\‘.----.----“---
__."l“.......l“-.
. lmm';‘----
19008 T —_———— L A A-.."--M-
W e A O I
--.---...--.----
' -“
0 m-mm.‘-_-
8 N O O I O A A B
S L

Cowt (¢ 'wWiweling)

= --L - |
1981 Easrm m-llm S
8 O O O
: N\~ DT T
1968 Easdorm ‘.M“m ) !

mlllllllll-l
. __\/\_/\/ I T -
o] 1987 Tndtonsl A~ .-.-..-.-......-..-

lmuuuuuuunmnnnunnnnnn 1] 6263 64 S 4 2 B M N NN NN R NK

Cost (U's/woling)
wwsyBS3ELEE 388858338888

fruancsl Year Ending 3171 Y Firancsl Year Endeng 317219~

Contingency maintenance cost by year ending Contingency maintenance costs at Level 1 by year
March 19- House-types A-E Fig 9

50



Similarly a variety of issues including examples of schedules of rates, housing
repair detail codes and maintenance contracts are given in Computer Maintenance
Management in A Housing Authority by Saville, 19902, Response contracts are
discussed and tendered for based on a sum £(x) allocated per property multiplied by
the number of properties to be maintained. A summary of previous years work is
provided for contractors to aid calculations. The main thrust of the paper is directed
at selecting a computer program/package to assist the general management of the
maintenance system including databases, costing and planned maintenance. Clearly
the application of computer aided management has become more sophisticated.
However, Holmes®? reports that a review of various information systems in
Authorities involved with housing maintenance shows that much of the data is
"stored data” rather than "used data”.

Careful thought is required prior to and during the preparation of an effective
database and a structured approach to this is presented by Tong, Wilson and Ellis®¥
in Information Needs of Housing Management 1986. The different levels of
information for line management are discussed in the categories; operational,
management and strategic. It is suggested that "a long term aim, now being
examined by many Authorities is to develop common data bases". This is aimed at
providing greater interchange of data across dedicated banks of information. An
example of the levels of information specific to repairs which is considered
necessary for effective management is reproduced in Table I. It is information
systems of this type coupled with a specific repairs coding system which could be

adapted to produce the data necessary to test the response maintenance modelling
processes developed later in Chapter 4.

Table 1. Dilferent levels of information for line management

REPAIRS
Operational Management Strategic
¢ Number & cost of repasrs in each
o Address neighbourhood for: o Companson between neighbourhood offices
- all repaurs of:
e Type of repair - ¢each type of repair - gverage number of repairs per dwelling (for
—cach type of property each type of repair and property)
e Prionty status of repair — average cost of repair per dwelling
¢ Average completion time for repairs in - compietion himes
e Date reported each neighbourhood for: ~ prionty raungs
~ all repairs
* Progress —each type of repair ¢ Compansons between maintenance
contractors/DLO depots of:
e Date completed o Number of repairs reported for each — average cost of each type of repair
pnonty ratng - compietion umes
| e Costof repair
* The effects of changes in policy and
procedure re{evant to repars

5llablt:: |




The most recent Housing Research Bulletin®? 1990 issued by the Scottish
Development Department does not; with the exception of references(™36): contain
any publications which are of immediate value to this study. However those
involved in or contemplating Condition Surveys may be interested in the Manual of
Guidance on Local Housing Condition Surveys produced by the SDD. None of the
work in progress in the Department’s research programme has any distinct bearing
on the research work of the study.

The Scottish Office Report, The Delivery of the Repair Services in Public Sector
Housing In Scotland 1986(" makes a significant contribution to the understanding of
the nature of Response (contingency) maintenance and its management over the full
range of service delivery requirements. The Report exposes the range of working
practices adopted by Authorities to tackle this problem and analyses how effective
Authorities are in doing so. With respect to the issues raised by this thesis the
Report acknowledges and illustrates seasonal variations in repair demands but
pursues this phenomenon no further. The Report is especially critical of the lack of
proper data based recording systems for monitoring costs and general maintenance
information. This information was generally throughout Authorities either "not
collected at all, or it is not collected in the correct manner, br is stored in the wrong
place, or is not kept up to date”. These “chaotic” recording systems made it
impossible for Authorities to “monitor their own performance". The Report
suggests that there can be little hope of improved standards in such circumstances.
This thesis seeks to highlight the need for establishing and updating efficient data
recording and retrieval systems and to recommend potential ‘ways and means of
improving maintenance system control and performance measurement which are
fashioned to cope with the competitive environment of the nineties. In these highly
politically charged times its is possible that both internal and external assessments
will be made to establish how effectively Authorities are discharging their duties.
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1.8.6 Management Science (OR) Contributions

Prior to reviewing Management Science (OR) contributions to maintenance and
specifically that which is applicable to building maintenance we must make the
point that housing maintenance and its management is a field of study which has
potential for the application of operational research techniques. Analytical
techniques such as statistical analysis, simulation, queuing theory, maintenance
theory, project network analysis and linear programming may be potentially usable
in tackling problems which arise or which perhaps enable a clearer understanding of

problems extant.

Much more OR effort needs to be channelled in this direction however difficult ig 1S

to unearth the roots of a problem and identify a solution.

To appreciate the difficulties in finding OR applications in this field we believe it
necessary to focus on the principal factors which fashion the complex character of
Local Authority Housing Maintenance. This we do by contrasting this maintenance
problem with certain maintenance OR work in other applications. The additional
arcas where OR has been meaningfully apl;licd to building maintenance are
subsequently summarised. '

We recall that Local Authority Housing Maintenance as a whole comprises
Response (day to day) repairs plus Rehabilitation/Refurbishment projects. Large
Rehabilitation projects being analogous to replacement of the building as whole
which is considered as only a rare or remote possibility.

Response repairs are predominantely generated by the Tenants expressing some
degree of dissatisfaction with the state of repair of the property which they pay rent
to occupy. The repair demands made on the repairs services will vary or fluctuate
among groups of tenants and among houses grouped together to form say Estates.
Such repairs will be paid for out of a Revenue Account funded by rent monies and
the management of this aspect of the maintenance service will be the responsibility
of the Housing Maintenance Section within the Client Department.
Rehabilitation/Refurbishment or new build projects are on the other hand funded
separately from a capital budget and managed by Technical Services Section of the
Client Department.
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It is worth noting the points listed below, which in summary focus on the nature of
housing maintenance and factors influencing strategic decision making.

i) The timescale between repair demands per house per year may be months.
McLennan(” and Skinner!® report an average of 2.3 and 2.4 repairs per year
respectively.

ii) The average cost of a response repair is relatively low say £50.00; see
Section 1.2

1ii) Rcbairs are randomly generated in time, type, location and trade and

possibly scattered over a large geographical area. Within Local Authorities
the maintenance systems to be managed are generally large and subdivided

into subsets of say 2000 - 3000 dwellings possibly of a varety of

constructional types.

iv) ~ The time interval between Rehabilitation/Refurbishment programmes may
be decades and the lettable life span of the dwellings may be 80 - 100 years,
during which time the Building Regulations change, housing standards,
health and safety and environmental standards improve.

V) Rehabilitation/Refurbishment costs vary depending on the scale of the-
proposed improvements, but are likely to be tens of thousands of pounds.

vi) Replacement costs are relatively high say £50,000 or higher.

vii)  The system maintained does not require to be in perfect working order.

viii)  The decision as to what to repair or improve and when will be conditioned
based.

The scale of the rehabilitation/refurbishment projects, which group of houses and
when improvements are to be done will be a group decision possibly involving the
Director General, Technical Services personnel, council members, with inputs from

environmental health officers, social workers and so on and will be part of a long

term prioritised improvement program.
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With respect to (vi) above we must consider the influence of response type defects
on the building and its user(s). With the exception of emergency repairs, the
definition of which has been recently changed, other defects are to varying degrees
tolerable and do not constitute failure of the building as a habitable system. The
defects are unlikely to cause downtime in the system (except in the case of
Rehab./Refurb. projects) in that the dwelling will be closed with the tenant decanted
and temporarily relocated. Nor will any consequential costs be incurred by the
landlord since the tenant continues to pay rent even when repairs are outstanding.

It is however worth recalling that the system to be maintained could be subdivided
in a variety of smaller units or perhaps certain clustersof dwellings which generate

excessive maintenance problems and could be targetted for altemative maintenance
strategies.

The bulk of OR literature on maintenance applies modelling techniques to
maintenance systems which differ significantly from the housing response

maintenance system pursued later in Chapters 2 to 5. Frequently the issues of
interest are WHEN to action repairs and WHAT to repair or replace. The types of

maintenance systems generally analysed by OR methodology are more "gaged” in
that the repairs or inspections are performed in a relatively confined environment.
Consequently there is not the same requirement to consider how to organise the
"WHATS" that need doing. It is the organisation of the WHATS that need doing
that is central to this study and the analytical applications which seek to achieve this
are exposed in Chapter 4.

Typical of the maintenance systc'ms studied, are, vehicle fleets, military or
production systems where certain defect occurance cannot be folerated. Failure in
one or more components may disable the system to some extent causing danger to
life and limb on a small or large scale, endangering national security or commercial
survival, creating downtime and consequential loss of trade or profit, excessive
deviation from target quality production standards and so on. Frequently repair and
replacement of the system are considered together. In short the systems are
maintained to a level which reduce the frequency of random failures and do so at the
most economical running costs and minimise downtime.
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An additional difference between most, but not all, building and other maintenance

systems is that most OR methodologies tackle problems using the premise of age
based repair/replacement strategies with age not necessarily being a function of real

time. On the other hand housing :repair/rehabilitation maintenance decisions are
nearly always conditioned based with the subjective assessments of what’s tolerable

being variable. Other areas of building maintenance could be investigated and the
ideas of age, downtime, costs and inspection systems tested. Indeed Christer!® in a

general paper outlines how this may be tackled for hospital complexes and recent
research has been done in this field by Christer the results of which are currently

being prepared. Similarly the sophisticated services and environmental control

systems within specialised buildings could be targetted for reliability type theory
applications.

It was therefore as a result of the problem of finding applications for the available |
OR maintenance theory within housing maintenance that this investigation was
channelled towards how to organise WHAT it is that needs to be put right and doing

so within the acceptable time limits.

A paper entitled "Operational Research can do more for managers than they think!"
by Fortuin, Van Beek and Van Wassenhove!®?, reviews how OR can contribute to
more effective and efficient management. In general terms they describe how OR
can support management problem solving. This is achieved by a systematic and

structured analysis, mainly based on interviews with personnel within the
Companies which need assistance. A three phase step by step problem solving

model is described. The elemental strategies being, a preliminary analysis, working
out the proposed solution and finally implementation. The various characteristics of
OR are explained and areas of application described in simple general terms. The
role of computer software is highlighted and caution is recommended in anticipating

results “as this may lead to too high an expectation and possibly disappointment. It is
noted that it takes time to make things happen.

With respect to Housing, a descriptive paper entitled Housing in the Deamne Valley:
Doing Community OR with the Thumscoe Tenants Housing Cooperative by -
Thurhurst, Ritchie, Friend and Bookert™ explains how OR activities are assisting

the housing cooperative. General areas of interest are discussed and although the
repairs service is discussed there is no attempt in this first paper to identify
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and solve any problems which may arise in this area. The ideas of hard and soft OR
applications are briefly discussed and the point is made that although there is a
lperception that classical OR tools "are only suited to problems set in a mechanical -
unitary” context and are unlikely to be most important from the point of view of

community research; the authors have been able to apply a wide range of OR

techniques during their investigations.

‘The text of the Blackett Memorial Lecture by D.R. Cox“" is entitled "Quality and

Reliability: Some Recent Developments and a Historical Perspective”. | The contents
of the lecture are statistically non technical and present an historical development of

the concepts of Quality and Reliability from the late eighteenth century through to
modern times. Even from the very early days statistical analysis and the careful
study of empirical data are identified. With respect to the development of new
methods, Cox supports the unifying role of "theory” and especially "mathematical
theory” and warns of sterility in OR approaches which are not underpinned by
longer term theory. Cox advises that it takes time to translate academic exercises
into things meaningfully practical or useful and "blessed, for example, by the
ultimate seal of approval: simple software, not too user hostile”. On the role of OR,
Cox, believes that the contribution of OR to quality and reliability has so far not
been as great as would be expected and that quality as a theme is given too little
attention. On the definition of quality and its appropriate level Cox considers the
level at which to aim thus. In some very specific industrial contexts, especially in
the role of subcontractor - quality consists of meeting a specification. In other
contexts the other answer "keep the customer happy” may be quite a useful first

formulation. We believe this study contributes to both these areas of concem. By
analysing the maintenance system we can help contractors to be more reliable (a

slightly different connotation of "reliability" than in most OR maintenance
problems) thereby ensuring greater customer satisfaction.

An example of an age based replacement, repair model is that by Makis and
Jardine(’® entitled "Optimal Replacement Policy for a General Model with

Imperfect Repair”. The paper considers "a general replacement/repair model in
which the system can be replaced at any time at a cost Co and at a nth repair the
system can be replaced at cost Co or can undergo a repair” at a particular cost with
cost being dependent on age. These explicit assumptions for modelling the system
render such a modelling process inappropriate for housing response maintenance
scenarios. As stated earlier, replacement is unusual and at any rate would be at very
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high cost, rehabilitation as an alternative solution would be a separate strategic
decision, repairs are generally low in cost, infrequent on average, have a much more
scattered geographical distribution, are not necessarily age dependent and do not
reinstate the property to an as good as new condition, although the repair itself may

be a small scale replacement eg a door handle etc. Additionally repair and
replacement or rehabilitation time scales are vastly different. Repairs are not
usually counted since a single count of different kinds of repairs would not be very
helpful. Of central interest to this research work is the scheduling of work to effect

response type repairs and this is an issue not tackled by Makis and Jardine which
has as its criterion minimising cost per unit time and replacement as a key option.

A paper by Jack(3 entitled "Costing a Finite Minimal Repair Replacement Policy”
is on a similar topic to that of Makis and Jardine and has cost in use as a criterion.
Replacement is a key option and again organisation of the repairs that need to be
done is not an issue. OR Papers which target maintenance replacement/repair
problems as above have no bearing on the work of this research. Whether such
ideas can be utilised in building components of a relatively large scale eg. flat roofs
or wooden windows replaced by plastic windows remains to be established and is
outwith the scope of this research.

At any rate large scale replacements are likely to be condition based. This is not to
say that age is discounted in maintenance policy formulation. Indeed Life
Expectancies of Building Components and Materials®® are well catalogued. Age
considerations are usually based on empirical data resulting from long term
exposure testing; or otherwise; of materials. However durability is a vexing
problem with a wide range of climatic conditions and exposures possible, together
with accidental damage and wilful vandalism, compounding to confuse the issue.
While age may be an indicator of unfitness, condition based assessment surely is. |

The factors influencing the occurrence of building defects are treated generally in
Section 1.2 and the causes of defects inspected are given in Chapter S.

Some OR work on deterioration rates has been surveyed by Raafat™@in a "Survey of
Literature or Continuously Deteriorating Inventory Models". This is not regarded as

having any significance for this study although managers of DLOs may well need
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to consider the implications of perishable items held in stores. However Christert>®
does use a rate of deterioration function for timber when investigating painting
cycles and the influence of rotting window sills.

A Management Science Paper by Ahmad, Gross and Miller(’? entitled "Control
Variate Models for Estimating Transient Performance Measures in Repairable Item
Systems” presents a queueing model with units either in use, awaiting or under
repair, or waiting for use and the model assumes a fixed number of units. This
model is not regarded as relevant to work of this research. Although houses are
repairable items and we are interested in transient performance measures in that of
central interest to this study is the establishment of the labour requirement to match
fluctuations in repair demands, such repairs are carried out while the houses are

occupied. The response repairs system was originally considered as a queueing
problem but this idea was subsequently abandoned in view of the considerable

amount of subjective, preemptive prioritisation which takes place within both Client
and Contractor departments. This accounts for the style of Chapter 3. Even
considering a series of rehabilitation projects as a queueing model the time scale
between planning and commencing individual projects could be many years. The
reality is that the number of houses in the model would change (right to buy policy)
and even the Authority overseeing the project could change during planning stages.
We should also recall that the rationale for prioritising such projects may be
conditioned by environmental problems tempered with "member” influence.

Jardine and Hassounah(® investigate "An Optimal Vehicle Fleet Inspection
Schedule” for a fleet of 2000 buses which are repaired/inspected by eight garages
each bus being assigned to a particular garage. The inspection policy adopted by the
Transit Commission was to inspect buses at intervals of 5,000, 10,000, 20,000 and
30,000 kilometres , different! levels of inspection being applied at successive
intervals. Bus breakdowns are assumed to occur according to the negative
exponential distribution as are inspection times and repair times. Each garage was
found to be operating different inspection policies. The reason for this variation was
unknown and it was assumed that buses were inspected at random intervals.
Examples of the variations in inspection frequencies are shown in the following

page.
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The modelling process thereafter developed is concerned with the relationship
.between mean arrival rate of breakdowns and inspection frequency and also with
minimising downtime or conversely increasing availability; success is identified by

significant cost savings. The modelling process as suggested by Christer and
Waller®? based on “delay time" as discussed in Chapter 5 of this investigation is

- suggested as a possible alternative approach to modelling such a problem. This may
be applicable if a tight inspection policy is adopted which was not the case as
discussed by Jardine. It is worth noting that the use of a delay time approach
requires an estimate of the probability density function f(h) of delay time h, "which
in practice may be a difficult task”. This was indeed the case as encountered for the
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building application of delay time attempted in Chapter 5. Whether this idea as
presented by Jardine, with the exclusion of downtime (which is not as applicable in
housing response maintenance) can be utilised in building maintenance situations
where inspection systems are in operation and consequential variations in the arrival
rate of repair demands can be identified remains to be tested and, in another forum.

For some specialised building types planned preventive maintenance may be an
important aspect of the overall maintenance strategy. However we believe that it
does not have a significant role to play in housing maintenance in general. One

application for p.p.m would of course be central heating boilers where regular
servicing is carried out as part of a maintenance contract with say, the Gas Board, as

was the case with the Local Authority studied by this investigation. Whether or not
p.p.m is worthwhile as a measure for preventing or reducing random failure of
appliances is the subject of an OR paper by Baker!’? entitled "Testing the Efficiency
of Preventive Maintenance”. The objective of the paper is to "find out from data
whether p.p.m’s are having any effect, and to do so using only objective data likely
to be available”. The idea is to find out something about the existing p.p.m before
changing it. This is distinct from determining the optimal interval between p.p.m’s
as by say Jardine!®, Baker asserts that this approach is rarely taken in reliability
literature and that statistical literature does not provide many "clues” as to how it
may be tackled. Baker suggests two alternative null hypothesis which could be
tested, one being that p.p.m had no effect at all. The requirements of the test are
listed and the idea of partial likelihood explained. Data from various systems are
tested including diesel engines in submarines, and medical equipment including two
types of infusion pumps and ECG machines. The test thus devised proved to be
fairly easy to use and to give results consistent with other conclusions drawn. Such
approaches may be useful in checking the efficiency of p.p.m’s on sophisticated

service systems in complex specialised intelligent buildings. This yet remains to be
tested.

Chapter 4 of this investigation uses a simulation technique to model among other
things manpower requirements when faced with fluctuating demands for service.
Simulation techniques are quite common in OR applications. Although unrelated to
the issues addressed by this research an example of an OR simulation is "A System

Dynamics Model of Submarine Operations and Maintenance Schedules”, by Coyle
~ and Gardiner™. This is of course a different kind of maintenance and scheduling
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from that attempted by this study, nevertheless the ideas and methodology may spark
of other ideas since we believe there is potential for further simulation applications,
ycI; to be developed, in building maintenance systems as a whole and in establishing’
intcrictions in general. There is a need to consider the maintenance and
dependencies within the housing mai’ntcnancé context and this idea is further
developed in Chapter 2 of this study. A schematic ipfluence diagram for the

submarine maintenance and replacement schcdulmg is shown below.
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An inspection model for production plant ie a "Machine Dominant Manufacturing

Process" is given in a paper by Lee and Park®” entitled "Joint Determination of
Production Cycle and Inspection Intervals in a Deteriorating Production System".
The technique involves minimising the expected total cost of producing items for
sale which have been manufactured by a deteriorating production system. The
system at some point ceases to operate effectively and in an "out of control state”
manufactures a number of defective items until this is noticed at an inspection
sometime during the production run. The costs