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Training toolkit on Community Asset Management for Engineers                      Overview of Maintenance


MODULE 4 : UNDERSTANDING MAINTENANCE


	Notes for the trainer:

	· This module has to be conducted by a technical expert, preferably an engineer/ architect with experience in repair of buildings.

· Referring back to the conceptual framework for this training described in detail in the introductory handout (three-circle diagram), this module is concerned with the circle denoting “technical service providers” and their skill building in the area of repair and maintenance (highlighted in yellow in the figure reproduced on pg. (ii) for ready reference) 

· For this module, the focus is on technical skills only, having introduced in earlier modules the concept, examples and the roles of others.

· This module is conceived as being of 6-hour duration (4 sessions of 1 ½ hours each. However, the individual session time can be redistributed depending on the specific trainee group profile and requests by the participants. The sessions would also have to be adjusted according to the local site visit for the group exercise and the time needed for travel.  


The suggested time duration for the sessions is:


Session 7



:
65 minutes


Group Exercise (inclusive of travel to site):
135 minutes


Session 9



:
65 minutes


Interaction & module wrap up


at the end of the module

:
30 minutes


Total duration


:
360 minutes

· The sequence envisaged in the module is initially to talk about maintenance management, then carry out a field exercise, followed by detailed technical sessions, and finally a wrap up question and answer session. 

· It is essential to allow significant time at the end of the module for participants to interact, not only with questions and answers about the technical issues themselves, but with feedback on the group exercise carried out prior to the sessions.




	

	SESSION DETAILS

	Sessions 7: Maintenance management

	Objectives
	Methodology

	At the end of the session, participant should 

· Be able to appreciate the need for `management of maintenance'

· Be able to understand the systematic procedure to be followed in the preparation of a maintenance action plan from inspection through to maintenance audit and feedback


	Participatory lecture session

	
	Trainer’s profile

	
	Technical expert

	
	Session Duration

	
	Presentation 

45 minutes

Interaction

20 minutes




	Session 8:  Exercise on deficiency analysis and formulation of repair strategy

	Objectives
	Methodology

	At the end of the session, participant should
· Gain some practical exposure to the complex issue of repair and maintenance of public buildings meant for community use


	Group exercise

	
	Trainer’s profile

	
	Training coordinator cum technical expert

	
	Session Duration

	
	Travel to site & back
Variable (total travel time 60 minutes approximately)

Time at site :

   30 minutes

Group Work

   30 minutes

Group presentation
   20 minutes

	Session 9:  Cracks and repairs in masonry structures

	Objectives
	Methodology

	At the end of the session, the participants should 

· Gain in-depth knowledge of the most common causes of cracks in masonry structures and how to repair 


	Participatory lecture session

	
	Trainer’s profile

	
	Technical expert

	
	Session Duration

	
	Presentation 

45 minutes

Interaction

20 minutes


	Session 10:  Cracks and repairs in Reinforced concrete structures:  

	Objectives
	Methodology

	At the end of the session, the participants should 

· Gain in-depth knowledge of the most common causes of cracks and defects in, particularly beams, columns and slabs, and how to repair them


	Participatory lecture session

	
	Trainer’s profile

	
	Technical expert

	
	Session Duration

	
	Presentation 

45 minutes

Interaction

20 minutes

	Interaction and wrap-up at the end of the module:                            30 minutes

	Credits: (Major references are listed at the end of each individual handout)

	Handout 4.0

Supplementary Handout 4.7

Handout 4.8

Supplementary Handout 4.9

Supplementary Handout 4.10
	Introduction to Maintenance

Maintenance Management

Group Exercise 

Masonry Cracks and their repairs

RCC cracks and their repair
	Section 2, pp 4 to 8 of Maintenance of Institutional Buildings, A management Perspective by Bjorn Carlqvist, Building Issues 1997 Volume 9, 1, Lund University, Sweden
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OVERVIEW OF MAINTENANCE( 

1. Why Maintain Buildings? 

Buildings not maintained will cease to fulfill their intended functions. Wear and tear set in immediately after buildings are constructed. Individual components eventually fail, in turn causing damage to other components; for example, internal water damage due to a leak in a roof. Failing components have to be repaired or a building's ability to protect against foul weather, to keep safe equipment and furniture, etc. will eventually be lost. 

Regular maintenance, attending to defects while they are still minor, is the most cost-effective strategy for providing well functioning buildings and will reduce operating costs.

Buildings not maintained have a limited life span. Maintenance can prolong their useful life almost indefinitely. Replacement will be required less often, resources will be conserved and the environment protected. Still, buildings might need to be replaced for reasons such as obsoleteness, changes in space requirements, etc. Moderate inputs - in relation to replacement costs -into maintenance enable operators to extend the life of an existing building until a replacement is wanted. 

A poorly maintained building is usually a poor working environment likely to reduce the staffs job motivation. Poor maintenance often also leads the public to question the quality of services delivered by an institution. Maintenance does not automatically provide a good working environment. Yet, maintenance helps to create conditions that are not uncomfortable or directly harmful to staff, other users and equipment- essential for an efficient and satisfying working environment. And, it will boost an institution's public image. 

2. Awareness, Attitudes and Regulations 

2.1 Awareness and Attitudes 

Poor maintenance is usually a result of lack of conscious- ness and knowledge among one or more of the parties operating institutional buildings. 

Decision makers and planners often do not pay much attention to building management. This may be because they are not fully aware of the financial implications of taking poor care of the institutional buildings they have been appointed to manage, among many other tasks. 

For example, national managers of educational or health services are often also the custodians of their nation's largest and most valuable real estate assets. In spite of this, there is often no or only rudimentary competence in building management in their decision making structures. Building stocks are therefore not managed professionally and, maintenance in particular is not given high enough priority -resulting in unnecessarily high operating costs and low building standards. Improvements in the management of such large building stocks can save huge amounts of money. 

Elected officials and politicians sometimes are "short- sighted" and fail to give priority to activities not producing, tangible benefits before the next election day. 

Engineers and other technical staff, if available, are by training mainly oriented towards new construction. Maintenance is often perceived as an extension of the original construction that should be carried out by professional building staff. Therefore maintenance organizations are often centralized units with good competence and equipment but far away from the objects they should service. 

Maintenance deals with existing, completed buildings, and many routine activities do not require technical skills, such as: general cleaning, clearing of storm water drains and gutters, pruning of bushes and trees. 

Other maintenance tasks can be executed by semiskilled staff or local artisans using basic professional tools, such as: sealing of leaking roofs, adjusting and tightening locks and hinges, replacing water-tap gaskets, replacing broken window panes. 

Maintenance can be made more cost-effective with decentralised organizations. Non-maintenance staff and other users can help with the simpler tasks and allow skilled staff to concentrate on duties requiring their skills. 

Institutional staff, and members of the public using the institution, often think that maintenance is none of their business and that they cannot do anything even if it were a concern of theirs. This attitude often originates from the fact that institutions are owned by the government or another distant and diffuse body to whom they have no personal relation. Such attitudes make it easy not to exercise the kind of care people take of their own homes and possessions, and sometimes lead to direct abuse of and vandalism to institutional buildings and property. 

If users can be made to perceive themselves as co-owners of their institutions, the user-induced deterioration can be substantially reduced. Further gains can be had from users actively participating in the upkeep of their institutions. 

2.2 Legislation and Regulations 

National legislation or institutional regulations at times direct that a particular technical ministry or department should manage all construction-related work. Appointed organizations are not always organized and equipped to fulfil all the maintenance needs of their clients. 

3. What is Maintenance? 

Building maintenance can be defined as: work done to keep an existing building in, or restore it to, a condition where it can perform its intended functions. It can be divided into: 

· Preventive maintenance -carried out to a predetermined plan to reduce the risk of failure. It can be done as: 

· Scheduled maintenance, preventive maintenance done at regular intervals. 

· Condition-based maintenance, preventive maintenance done when deemed necessary through regular inspections of the building. 

· Corrective maintenance, carried out after failure has occurred. 

· Emergency maintenance, necessary immediately to avoid serious consequences. 

4. Causes of Deterioration 

Buildings deteriorate from the moment they are constructed because of exposure to a variety of natural forces and wear and tear by the users. 

The influence of natural forces varies with climate, design, building materials and standards of workmanship. 

Water from leaks and floods is a major cause of deterioration and rapid wear and tear. Many items can be badly damaged immediately on contact with water, such as soft- boards, polished wooden surfaces, electrical apparatus. Other components absorb water and form ideal breeding grounds for micro-organisms - mould and rot - which will damage the host as they thrive. Some materials, such as low-quality concrete and mortar, get soft on contact with water and deteriorate rapidly. 

Temperatures below 0C cause water in pipes to freeze and pipes to burst. Water-saturated porous materials expand and crack if frozen. Ground frost may cause severe structural damage by uneven lifting and lowering of buildings. 

Solar radiation and wind, particularly in a tropical climate, rapidly break down paint, bitumen and plastic components and cause unprotected timber to dry out and crack. 

Insects such as termites and wood-borers feed on dead plant material and can cause severe damage to items such as wooden structures, doors, ceiling boards and furniture. 

In some areas pests such as rats and bats cause damage. Rats can damage insulation on electrical cables and cause fire hazards. Bats invade buildings in large numbers and their urine and droppings eventually make the buildings totally uninhabitable. 

Institutional buildings often serve large numbers of users who generate wear and tear that contribute to the deterioration of the building. Normal activities such as foot traffic, opening and closing of doors and windows, use of electric and sanitary installations will gradually wear out surfaces, locks, switches, water-taps, flushing mechanisms, etc. 

Cleaning procedures deserve a special mention. Excessive scrubbing, use of large quantities of water or inappropriate abrasives or solvents can cause serious deterioration in a short time. Still, if carried out regularly and systematically with appropriate methods, basic cleaning of the building and its surroundings will substantially reduce wear and tear, and at a very low cost. 

Improper use or direct vandalism by staff or the public may cause instant destruction of just about any part of a building, but windows, locks and technical installations are particularly vulnerable. 

5. Assessment of Deterioration 

The condition of any building is thus in constant change. The ravages of rain, wind and sun; the wear and tear caused by users, all have their impacts. Operators with large stocks of uniform buildings in one climatic zone and with an equal user load could probably predict actual deterioration by statistical methods, if historical maintenance records are avail- able. In practice few operators can develop satisfactory formulas for predicting the deterioration, and appraisals of conditions have to be made through on-site inspections. 

6. Financial Aspects 

6.1 Annual Amounts Required 

The annual amount required for maintenance and repair work is determined by many factors, such as: 

· basic design of the building, materials used and standards of workmanship, 

· type and complexity of technical installations, such as plumbing, electrical, ventilation, heating and cooling, lifts, etc., 

· climatic load, .

· user load, 

· desired maintenance standards, 

· organization of maintenance work. 


In practice, most maintenance organizations achieve acceptable results with annual budgets equivalent to 0.5-3% of the replacement value for their building stock. 

Local conditions might necessitate additional funds. If the building stock is widely spread geographically, substantial funds might be required for transport of staff and materials. 

6.2 Availability of Funds 

Deterioration of buildings is a continuous process and so must maintenance be to succeed. It is important, particularly when starting such activities, that involved staff and other participants also perceive their work as a permanent activity. A forceful motivating factor is to know that funds are available and will be available in the future! This can be achieved by making maintenance an individual item in annual and long-term budgets for recurrent expenditure and making sure that the funds are spent on maintenance. It is all to common to look to the maintenance funds when facing a budgetary pinch. 

6.3 Distribution of Funds 

Operators with long series of maintenance records know what proportions of their budgets to spend on individual objects. The rest face the problem of making a distribution of available funds that best caters for the whole stock of buildings. 

Experience has shown that building stocks small enough to be inspected by one or a few inspectors, with uniform assessment standards, can efficiently use funds that are distributed on the basis of costed current inspection reports. 

The distribution of funds for larger stocks, or stocks where uniform assessment cannot be assured, are better decided on the basis of other criteria. Funds in proportion to the size of a building is a good starting point, and size can very well be used as the only distribution key if no other data are available. Analysis of maintenance records over a longer period will give pointers towards appropriate adjustment factors, to weigh in effects of differences in climate, design, construction materials, user load, etc. 

6.4 Disbursement Methods 

In larger organizations, the performance of maintenance activities in different localities can normally not be very closely monitored individually. Such organizations might find it productive not to disburse all annual funds at once, but to have a staggered disbursement where the issuing of additional funds is conditional on having achieved pre-set sub-targets. 

7. Managing Maintenance 

7.1 Inventory of Building Stock 

Maintenance managers need to have good knowledge of the buildings, site installations and land making up their building stock. They need basic data on matters such as location, size, age, construction materials, etc. If not existing, such an inventory should be established as a matter of priority. Routines should also be established continuously to update and supplement these data whenever buildings or site installations are altered because of repair or construction work. 

7.2 Monitoring of Condition 

The monitoring of buildings' condition through on-site inspections is a time-consuming activity, and travel is often necessary. Therefore, the inspections should be carefully planned, to avoid any waste of time and money. Inspection time schedules which show when individual institutions will be inspected should be prepared and distributed to concerned parties, so that the inspector gets full access to all parts of the institution. Institutional staff often know exactly what is wrong in their place of work and should be requested to participate in inspections. 


Inspections have to be carried out early enough to allow time for the analysis and the completion of all other planning work before the beginning of the new maintenance period. (A maintenance period can be a financial year or any other suitable period) 

It is an advantage to have one - or a few, well coordinated - inspectors to do inspections in an area or region, to make sure that the same standards are applied when assessing the seriousness of defects in different buildings. 

When inspecting a building, the condition of components should be classified systematically. A coding system should be devised and used to classify the condition of all components. This is an example of a basic coding system: 

1. Very serious defect which requires immediate repair/ replacement. 

2. Requires repair/replacement during next maintenance period. 

3. No action required during next maintenance period, but should be attended to within the next 24 months. 

4. No defect. 

When assessing the condition of a particular component, not only that component should be considered, but also the other components that could be damaged as a result of the first one not being attended to. 

For example: a leaking roof can result in damaged timber structures, ceiling boards and interior fittings. The roofing material would not itself deteriorate much further within another maintenance period, so it could be classified as code 2, but classifying it as code 1 would be necessary because of the risk of costly damage to other components. 

To guide inspectors and to simplify the taking of notes, checklists and inspection forms can be useful. 

7.3 Specification of Maintenance Work 

When a component is classified during inspection as in need of attention during the next maintenance period, the information required for the planning and execution of remedial work should also be recorded: 

· exact type of component and the required action, 

· dimensions of the component, 

· number of components requiring attention. 

An example of an Inspection Form is shown in Box 2.

Inspectors should make it a rule to make too many notes rather than too few during inspections. Few people can remember details two days, or even one day, after a building inspection. Therefore, they have to rely on the notes they made on the site. A few extra minutes spent taking notes can sometimes save a lot or time wasted on a re- inspection. 

7.4 Prioritization of Work 

In spite of the screening made during inspections there is often a need for further ranking to decide what work should be executed. A list of priorities, adapted to local conditions and reflecting the preferences of involved parties should be drawn up. The preferences may differ among the parties; managers might be interested mainly in long-term ability to operate while institution users are more interested in appearance and comfort. If funds are limited, such interests might conflict, but efforts must be made to establish priori- ties acceptable to all involved. Priorities seen not at all to cater to a particular group's interest can cause them to dissociate themselves from all maintenance work. 

Box 3 shows an example of a priority list for medical institutions in Kenya designed to secure buildings' long- term ability to operate and safe keeping of equipment and furniture.

7.5 Ways of Doing the Work "On-site" 

Normally several "implementing agents" are available to carry out on-site maintenance work. By selecting suitable agents both good quality of work and a timely completion of it can be achieved. Also, the selection will have a bearing on the total cost and on the workload of the maintenance management. 

Review the advantages and disadvantages of the possible agents for different kinds of work. What are the effects on quality, cost, etc. of using: 

Technical departments' skilled staff, 

· Private contractors, 

· Local artisans, 

· Non-maintenance on-site staff, 

· Members of the public using the institution. 

This kind of review is often instructive also in established maintenance organizations. 

7.6 Procurement of External Services 

Purchase of services and goods from external artisans, con- tractors and suppliers should be governed by detailed procurement regulations to ensure fair and sound practices. 

7.7 Financial Control 

Construction and maintenance work involve resources that are valuable and useful to many people. Control routines should be established to assure that maintenance resources are used only for the intended purposes. 

7.8 Quality Control 

Quality standards for materials and workmanship have to be set. Technical specifications, drawings, specimen and references to completed work can be used, sometimes combined, to describe the minimum standards maintenance works must achieve. 

Module Objectives:





To present a comprehensive picture of the management and engineering aspects of maintenance


To provide some practical exposure to the task of planning and budgeting for maintenance and repairs


To give an in-depth orientation on the methodology to deal with the most common structural defects i.e cracks in masonry and cracks in Reinforced Cement Concrete (RCC)








Sketch courtesy:  Building Issues 1997, Volume 9, Lund University  





 ASSET





COMMUNITY





Accept `ownership’ of the asset





Accept housekeeping responsibilities





Contribute to condition 


survey and repair


 


Contribution 


to be duly 


acknowledged





ASSET-OWNERS





Inventory and Condition Surveys of Buildings and other assets





Budgeting and maintenance schedules





Acceptance that users can help in maintenance





	

















TECHNICAL –SERVICE PROVIDERS





Develop maintenance skill and know-how


Market these skills





Partnership, including private participation between each other for maintenance 





Attitude of engineers to community to change





Links between each other to be strengthened





Partnership with each other


Direct reporting system to avoid time delays





MODULE 4 OF TRAINING TOOLKIT





Box 1: An example from Kenya





In Kenya, the Ministry of Health operates a maintenance system for approximately 1,500 rural health institutions with annual on-site budgets equivalent to approximately 0.2% of the building’s replacement value. Most of the buildings are simple structures with few technical installations and part of the maintenance work is done by non-maintenance staff at no extra labour cost besides normal salaries. The system will, with current funding, keep most of the buildings operational almost indefinitely but does not allow any “cosmetic” work such as redecoration. 





Box 2: Ministry of Health, Internal Inspection Form		          Date: 13.1.98





Rural Health Facility Name: ABC Dispensary		      Building: Disensary . block





Room: Examination 


CC�
Component�
Description/ Remarks�
Dimensions


L/ W/ H�
No. �
�
2�
Door�
Replace faulty mortice lock with 3-lever “Union”�
Standard�
1�
�
2�
Windows�
Replace missing brass fasteners�
�
2�
�
2�
Shelf�
Replace loose wall brackets screws (2” plastic plugs)�
�
8�
�
2�
Floor�
Replace Screed cracks�
2300 x 3�
�
�



Room: Inspection  


CC�
Component�
Description/ Remarks�
Dimensions 


L/ W/ H�
No. �
�
2�
Door�
Replace faulty mortice lock with 150 mm tower bolt�
�
1�
�
2�
Windows�
Replace broken lower panes�
400 x 150 x 4�
2�
�
2�
Windows�
Replace broken lower panes�
600 x 150 x 4�
3�
�



Room: Drug Store  


CC�
Component�
Description/ Remarks�
Dimensions


 L/ W/ H�
No. �
�
2�
Fllor�
Replace loose screed�
1400 x 900 x 40�
1�
�



CC=Condition Code











Box 3: Example of a priority list





An example of a priority list for maintenance of medical institutions in Kenya. In a district's annual maintenance plan, budgetary reservations have to be made for the execution of all category A work in all clinics before any category B work can be considered. Thereafter all B before any C and so on. 





A.  Basic Cleaning. 


Inside and out-of-doors cleaning. 


Removal of debris in storm-water drains and gutters. 


Pruning of trees and bushes growing in towards the buildings and threatening damage to surfaces -or simply dropping leaves on the roofs. 


Cutting of grass and hedges. 





B.  Prevention of Water Damage. 


Ensuring the evacuation of rainwater from buildings and the site. 


Keeping roofs and associated components waterproof. 


Keeping plumbing installations waterproof. .


Securing foundations against erosion. 





Bat, Insect and Micro-organism Control. 





D Security. 


Ensuring safe and easy locking of cupboards, doors, windows and burglar-proofing devices. 





E.  Water Supply. 


Providing safe water for both consumption and cleaning. 





Sewage and Waste Disposal. 





Internal Surfaces. 


Providing smooth and easy to clean surfaces. 





H.  External Surfaces. 











( Section 2, pp 4 to 8 of Maintenance of Institutional Buildings A management Perspective by Bjorn Carlqvist, Building Issues 1997 Volume 9, 1, Lund University, Sweden
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