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3UILDING DESIGN FOR MINIMUM MAINTENANCE 

1.0 INTRODUCTION 

The purpose of this publication is to identify the 
effects of building form, configuration, systems, 
materials and components on building maintenance. It is 
intended for the use of project managers, design staff, 
consultants and site supervisors. 

Where prices are quoted they are intended for comparison 
purposes only. 

This document provides technical support to DRM 10-7/51, 
Building Design. 

2.0 GENERAL CONSIDERATIONS 

2.1 Maintenance Considerations Affected by Design 

Three categories of life cycle costs can be considered 
building maintenance costs and are directly affected by 
design. Although they vary widely, for life cycle cost 
analysis, they may be considered as: 

a. janitorial services, averaging 3% of original 
building costs per year; 

b. repairs and replacements, averaging 2% of building 
costs per year; and 

c. fuel and power consumption, averaging 2% building 
costs per year. 
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Note that these costs do not correspond to departmental 
operation and maintenance budget costs, which average 
3%. The costs in this publication were taken from a 
study on the costs of ownership for commercial buildings 
and are much broader. They include the replacement of 
carpets, roofs and heating systems and other items 
regarded as capital costs in the departmental system. 
In addition fuel and power consumption in commercial 
buildings is approximately double that for schools. 

These proportions may also vary widely with the type of 
building. In remote areas, repairs and maintenance, and 
fuel and power consumption may run 5 times these 
percentages; hence becoming critical areas to study. 

Average costs of specific types of repairs and 
replacements may be apportioned as follows: 

- structural and cladding repairs 15% 

- external redecoration 20% 

- internal repairs and redecoration 25% 

- mechanical and electrical 
installation repairs 40% 

100% 

2.2 Life Cycle Costs 

Federal buildings now are designed not for the lowest 
initial cost, but for the lowest life-cycle cost. There 
is a consequent effect on design decisions. 

Life cycle costs are the sum of capital acquisition 
costs plus all ongoing operating, energy and maintenance 
costs which are incurred over the period the facility is 
in use. Life cycle cost analysis uses the present value 
concept to transform all future costs into present-day 
values to enable two or more alternatives to be compared 
on an equal basis, and the least costly alternative to 
be identified. 

A crude but useful method of applying life cycle cost 
analysis is to assume that the real interest rate (the 
difference between the rate of interest for borrowing 
and the rate of escalation) is 3%, and use the present 
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worth factor for the life cycle selected. For 25 years 
at 3% this factor is about 17, so if operating and 
maintenance costs are 7% of original building costs, 
over 25 years they will come to about 120% of the 
original building costs; thus the total present worth is 
220% of the capital cost of the building. If by clever 
design we can reduce this 7% to 5%, we shall have 
reduced the life cycle costs from a total of 220% to 
185% of the initial costs, or about 20% of the total. 
However, if we reduce initial costs by one-quarter as 
well as maintenance costs by one-third, as above, we 
would be approaching total life cycle cost savings of 
one-half. In other words, initial cost savings usually 
have the greatest impact on total life cycle costs. 

For example, one aluminum siding company advertises that 
although its material costs twice as much as wood 
siding, its finish is good for 25 years. Wood, they 
claim, must be repainted every 3 years, and when one 
adds in the cost of repainting 8 times, wood will cost 
30% more than aluminum. This sounds reasonable. 
However, discounting those future painting costs back to 
present-day dollars reveals that the aluminum siding 
still costs significantly more than wood. 

As an example of maintenance costs overriding initial 
costs, compare nylon carpet costing 3ll.50/m , which 
has an estimated 10-year life but fairly low maintenance 
costs of 33.50/m2/year, and vinyl-asbestos tile at 
39.50/m2 which has a 20-year life but much higher 
maintenance costs—35.30/m^/year. It works out in 
favour of the carpet, whatever interest rates and 
escalation rates are used. The more luxurious finish 
happens to yield the lower life-costs. 

For more information on life cycle cost analysis, see 
T3D-4-6, Life Cycle Costing. 

2.3 Aspects of Design Affecting Maintenance 

The most important effect of design on maintenance is in 
the form and configuration of the building, generally 
from the standpoint of compactness. Obviously the less 
surface that is presented to the weather the lower will 
be the original cost, and the cost of maintaining these 
surfaces will vary directly. The savings possible 

16/10/84 



4 

between an inefficient and an efficient design may run 
to 25%. However the effect on heat-loss is more 
striking, sometimes running to 50%. Of course reducing 
the number of changes in plane, that is the number of 
joints, has an important bearing on both original costs 
and maintenance. 

The choice and use of building elements, materials, and 
finishes, influences all three categories of 
maintenance—janitorial services, repairs, and 
power-consumption—and should be subject to life-cycle 
cost calculations. TSD-51-8, Building Finishes 
Selection Guide will be helpful in this regard. 

The third aspect is design of planning features. The 
convenience and practicality of the building plan can 
affect janitorial costs a great deal, and to some degree 
the costs of maintenance and repairs. These three 
aspects will be discussed separately. 

3.0 FORM AND CONFIGURATION 

3.1 Vertical Configuration 

Since combustible construction is permitted up to two 
storeys in schools and three storeys in other building 
classes, two- and three-storey buildings are the most 
practical as shown in the following comparison. For 
non-combustible construction, costs per unit area are 
about the same for buildings from two storeys to six 
storeys, then start to rise again for higher buildings. 
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Assume that the one-storey building A costs 4666/m2 or 
à 1,200,000 total. Savings in foundations, outside walls 
and roof would reduce this to about 1,010,000 or 84% in 
the case of a two-storey building B; and to 3980,000, or 
82% in the case of three-storey building C. As a rule 
of thumb, the outside envelope accounts for about 40% of 
the total costs. 

Also assume that janitorial costs are fixed at 3% of 
about 41,000,000 for all three or 4 30, 000/year ; whereas 
half the repairs or 1% are proportional to outside 
surfaces; and 1/2 the energy costs or 1% are 
proportional to outside surfaces. Thus if building A's 
total maintenance is equal to 3% + 2% + 2% = 4 70,000, 
building B's will be 3% + 1.6% + 1.6% = 462,000 and 
building C's will be 3% + 1.5% + 1.5% = 460,000. 

Floor 
Area 
in2 

Total Costs 
4000's (%) 

uutsiae 
3 urface 

m (%) 

iOtdl ftnnudi 

area Maintenance Cost 
4000's 

A. 1800 
3. 1800 
C. 1800 

1200 (100) 
1010 (84) 
980 (82) 

4700 (100) 
2840 (60) 
2300 (49) 

70 
62 
60 

In remote locations original costs may be double; 
janitorial costs stay the same but other maintenance may 
be five times as high. The effect on the life cycle 
costs would thus be more marked. 
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3.2 Plan Shape Compactness 

Substantial savings can be made by minimizing the 
building's perimeter. In the calculation below, a 
corner has been considered equal to a unit of perimeter 
length. 

A 3 C 

Area = 

Perim. - 
Sc 4 
corners = 

(100%) 

400 m^ Area = 400 m^ Area = 400 m^ 

80 m Perim. = 100 m Perim. = 116 m 
& 4 Sc 20 

84 m^ corners = 104 m^ corners = 136 m^ 
(124%) (162%) 

Assume perimeter costs of building A account for 12% of 
total, (the buildings are otherwise identical), then 3 
will be 3% more expensive (24% x 12%); and C, 7.4% more 
expensive (62% x 12%). Again assume maintenance costs 
of fixed 3% plus 4% varying in proportion to the outside 
surfaces. 

Floor 
m^ 

A. 400 
3 . 400 
C. 400 

Area Total 
3000* s 

Costs 
T%7 

400 x 600 = 
247 (103) 
258 (107.4) 

240 (100) 

Outside 
3 urfaces 

r2~ nr T%T 

1200 (100) 
1300 (108) 
1480 (121) 

Total Annual 
Maintenance Cost 

U100's) 

16,800 
17,600 
19,000 
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3.3 Maximum Efficiency in Section 

Analysis of a building's section often reveals 
substantial waste of material and space. A house 
conceived as "a basement with a roof" is much cheaper 
than one with unused basement, crawl space and roof 
space. Consider this example: 

40% of the building costs may be considered to vary 
directly in proportion to the area of the section and 
half the energy costs and repairs varies in proportion 
to the outside. 

Area 
m' 

>f Section 1—m— 
Cost/400 m^ 

'(%) 

Outside Total Annual 
Surface Area Maintenance Cost 

m* (%)   

A 136 (100) 
B 68 (50) 

3 240,000 (100) 1344 (100) dl6,800 
d 192,000 (80) 1080 (80) dl5,800 

3.4 Efficient Use of Space 

The ratio of net to gross space is a quick and 
unarguable measure of efficiency in planning. This 
comparison comes from a 1973 study of two laboratory 
buildings by the Ontario Ministry of Colleges and 
Universities, Architectural Services Branch. 
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Laboratory A Laboratory B 

Total Cost 
Laboratories 
Classrooms 
Offices 
Net floor area (NFA) 
Non-usable space 
Gross floor area (GFA) 
Net/Gross floor 

32,834,640 32,462,494 
1816 m2 

3783 m2 

1451 m2 

7050 m2 

2413 m2 

9463 m2 

3256 m2 

760 m2 

1497 m2 

5513 m2 

3892 m2 

9405 m2 

area ratio 
Unit cost 3/m2 GFA 
Unit cost 3/m2 NFA 

3301.40 
3514.10 

58. 6% 74. 5% 
3 260.28 

3 349.30 

In other words building B is about 50% better value in 
terms of net area per dollar. Maintenance costs and 
life costs, presumably, are in the same ratio. 
Departmental guidelines require a design effectiveness 
ratio (net/gross) of not less than 70%. 

4.0 CHOICE AND APPLICATION OF BUILDING ELEMENTS 

Refer to T3D-51-8, Building Finishes Selection Guide. 
Given percentages of building costs are very rough, but 
are intended to give a sense of proportion. 

Foundations average 10% of the total building costs for 
a one-storey building, 4% for a two-storey, 3% for a 
higher one. 

Where the sub-grade is well-drained and permeable, and 
there is good aggregate available, consider 
slab-on-grade foundations, or building on a raft of 
preservative pressure-treated wood. It is fairly easy 
to ensure that drains, water-pipes and, if applicable, 
electrical services are accurately placed in gravel 
pads. This saves a good deal of time and money and 
avoids some of the problems of waterproofing and 
different rates of settlement. 

4.1 General Remarks 

4.2 Foundations 
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4.3 Exterior Wall Surfaces 

Wall and window costs make up about 20% of the total 
costs for a one-storey building and 13% for one which is 
two-storey or higher. 

The best surfaces to resist graffiti are polished 
granite, stainless steel, glass, and anodized aluminum 
in a band 2 m high around the base of the building. 
However, departmental buildings usually do not run to 
such monumental features. Acrylic sealing on masonry 
surfaces makes them easier to clean. Graffiti on porous 
stone are the hardest to deal with. (See TSD-53-6, 
Vandalism Prevention in Buildings.) 

Aside from the graffiti problem, preservative 
pressure-treated wood, stained wood (especially with 
"Madison" formula stain), and prefinished hardboard 
probably offer the best value for money. Alternatively, 
for non-combustible construction, concrete block with 
split-face, ledge or fluted profiles can achieve 
interesting effects economically. Brick is borderline, 
because although most designers like it, it costs twice 
as much as block. Stone and precast, costing two or 
three times as much as brick, are usually too 
expensive. All walls, masonry and frame should be 
designed on the "rain-screen" principle so that the 
outside skin is vented to the outside. This obviates 
many serious, sometimes insoluble, maintenance problems 
where moisture is trapped by the outside skin. 

4.4 Insulation 

It is almost always economical to increase building 
insulation, and we must at least meet energy 
conservation standards. However, bear in mind the 
relative costs for equivalent insulation: 

200 mm mineral wool = 47.50/m^ 
175 mm moulded polystyrene = ^14.00/m^ 
150 mm expanded polystyrene = ^43.00/m^ 

In each case, the saving is about ^4/m^/year in fuel 
costs. In the last case, the savings are marginal. 
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4.5 Windows 

Windows for schools average about 3% of the total 
building costs. If breakage by vandals is a problem, 
maintenance costs can be extremely high, especially in 
remote locations. The best answer is to eliminate as 
many windows as possible. Make the necessary ones as 
small as possible and fixed, where feasible. Fibreglass 
reinforced plastic (FRP) panels make good and 
inexpensive light-sources in roofs and sidewalls. For 
those that must open, the horizontal-pivoted or awning 
type are the most satisfactory for ventilation and 
cleaning from the inside. In the past metal windows 
have been favoured for low maintenance, but wood windows 
clad with vinyl, metal, or other plastic material, are 
good and offer fewer problems with heat transfer. 

Aside from eliminating windows, the best answer to 
breakage by vandals is to use polycarbonate ("Lexan") 
for the outside surface. It scratches too easily on the 
inside. Sealed double or triple glazing can be made up 
this way. 

4.6 Doors 

Exterior and interior doors, frames and hardware seem to 
average about 2% of total building costs. 

Hollow metal exterior doors and frames are the sturdiest 
and easiest to insulate. For lighter duty, the 
insulated steel door package (CGS3 82-GP-5), including 
prehung door frame and threshold, is probably the best 
buy, and offers a wide choice of designs. Glazed 
aluminum entrance doors are more fragile and have big 
heat losses, and the "narrow-line" type should be 
avoided altogether. Wood doors should be used only in 
sheltered locations. All exterior doors should be 
protected by canopies, or be recessed, and have 
vestibules inside. For interior doors, solid-core wood 
will serve for all but situations with higher 
fire-ratings, and are about 10% cheaper than hollow 
metal. Solid-core doors are necessary for a reasonable 
degree of sound-separation. Plastic-laminate faces 
offer the most sturdy and decorative finish, but cost 
about l/3 more than painted wood. 
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As for hardware, it is a good investment to use 
heavy-duty locksets, especially on heavy-traffic doors. 
The best finishes are aluminum, chrome and stainless 
steel. Closers are out of the way if mounted on the door 
itself, rather than on the frame. Do not use 
floor-closers, as they tend to break down because of 
dirt infiltration. 

4.7 Roofs 

Roof costs account for about 7% of the total building 
cost for a one-storey, 3% for a two-storey, and 1% for a 
high-rise. 

For good performance, all roofs must slope. A dead-flat 
roof may last a season or so, but standing water attacks 
the weak points and quickly causes failure. The best 
way to achieve slope is in the structural frame, 
creating low spots by lowering the bearing points. 

Sometimes with steel joists it is fairly easy to create 
a slope by putting a camber in the top chord. This is 
an issue that the structural designer should attend to. 
Trying to build up a slope with tapered insulation or 
mastic fill is a difficult and expensive business. 

Sometimes increasing the number of roof-drams and 
putting them at mid-spans (rather than at columns) may 
be enough to keep the roof dry. 

The protected membrane, or "inverted" roof, appears to 
be a good way to get long life. However to keep inside 
moisture from condensing at the membrane, at least half 
the insulation must be outside the membrane. 50 to 
75 mm of styrofoam is about the practical limit which 
can be weighed down by the stone ballast. Thus adding 
an equal amount inside the membrane may not be enough to 
meet conservation standards, unless there is a 
fool-proof vapour-barrier inside the roof-assembly, in 
which case the interior insulation could be increased. 
Note also that extruded polystyrene costs six or eight 
times as much as mineral wool, and this can be a 
decisive factor in the choice of roof system. 

In general, internally-drained roofs cost about one 
third more than externally-drained ones of the same 
type. Maintenance costs, however, are about double the 
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percentage of the original cost—much more in remote 
areas. Approximate costs are shown in Table 1. 

Table 1 

Life Cycle 
Costs, 25 Years 

Original Cost @ 3%, sj/m^ 
Roof Type j /m^  Ordinary Remote 

1. Standard shingles, 
self-seal, with 
gutters 
and downpipes 5.90 7.00 11.30 

2. Four-ply built up 
bituminous, perimeter 
flashing, internal 
drains 

3. Pre-painted galvan- 
ized steel 0.8 mm 
thick, gutters and 
downpipes 

4. Cold-applied liquid 
elastomer perimeter 
flashing, internal 
drains 

5. Hot-applied 
rubberized asphalt 
périméter-flashing 
internal drains 

6. Preformed sheet, PVC 
1.2 mm thick external 
drains, gutters and 
downpipes 16.20 19.50 32.40 
- internal drains 19.60 25.80 50.70 

11.30 18.00 43.50 

8.90 10.00 17.50 

15. 70 22.10 47.90 

12. 70 19.10 44.90 
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This suggests that asphalt shingles are by far the best 
buy, with pre-painted sheet metal as a possible 
alternative; the conventional flat roof, with horizontal 
copings all around, is not very economical. 

Externally-drained roofs, such as those made of shingles 
and sheet-metal, lend themselves to overhangs, which 
decrease the amount of wall exposed to the weather, and 
hence decrease the maintenance. This is especially true 
of low buildings, as most departmental buildings are. 

4.8 Floors 

See T3D-51-8 for a discussion of floor finishes. 
Vinyl-asbestos tile at 3 9/m2 might make up 2% of a 
building's cost; carpet at ^13/m2, about 3%; resilient 
hardwood for a gymnasium at 3 48/m , about 10%. 
However, janitorial maintenance costs are so high—about 
d5/m2/year for vinyl-asbestos, compared with 
33/m2/year for carpet, that the life-cycle cost 
usually works out in favour of carpet. This may not be 
true in remote locations, where janitorial costs tend to 
stay the same while the cost of the original 
installation and replacements may be double. 

Carpet is also good for absorbing noise and providing a 
soil-trap in lobbies. It should have a dense, low pile, 
and be of tweedy, earthy colours. Do not use shags. Do 
not mix surfaces, that is set strips of carpet in 
another material, as this doubles the maintenance. 

Vinyl-asbestos is a good cheap flooring but must be 
smooth, not embossed. Sheet vinyl is expensive but good 
in heavy-wear areas. Asphalt tile and linoleum are 
obsolete. Seamless flooring, ceramic tiles and terrazzo 
are all good for wet areas but should be sealed for easy 
maintenance. Wood, where pre-finished or where local 
standards of finishing are reliable, makes a good floor. 

Brick and stone are good floors but are often too 
expensive. They also need sealing for easy 
maintenance. Marble and travertine are very expensive 
and do not perform well in any case, although travertine 
can be improved with an epoxy filler. Bare concrete is 
probably the best buy. Treated with appropriate 
sealers, or a carborundum finish for non-slip, it will 
out-perform all the others except for considerations 
such as appearance, resilience and noise-control. 
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For elevators, carpet makes the most satisfactory 
flooring. 

For stairs, carpet is probably best for light wear. 
Wood, especially oak, is satisfactory for stairs. For 
heavy wear terrazzo is good. Concrete is fine where 
appearance is not a consideration. Formed rubber treads 
perform well. Porous stone is to be avoided. Carpet is 
best on landings. 

4.9 Interior Wall Finishes 

Wall finishes average about 2.2% of total building costs 
for schools, which are average departmental buildings. 
Maintenance is not high except for repairing physical 
damage, so the emphasis should be on sturdy easily- 
repaired surfaces. 

Masonry is ideal except for its rough surface, which may 
be an advantage in corridors or lobbies. If it is to be 
painted, high gloss enamel makes for easy maintenance; 
or better still, epoxy coating in high wear areas. The 
life-cycle costs are lower than paint. At about one 
quarter of the price, it is an adequate substitute for 
ceramic tile in kitchens, washrooms and gymnasium dados. 
EPOXY also serves as a good finish for drywall. Avoid 
custom colours and feature-strips. Prefinished dry-wall 
(vinyl-coated) is also a good buy. Wallpaper, grass 
cloth and burlap should be avoided. Sheet vinyl 
performs fairly well in the smoother textures but is 
expensive. Wood, especially with an impregnated finish 
is very appropriate. Plastic laminate panels offer a 
colourful, decorative wear-resistant surface at moderate 
cost in limited areas, such as elevators. 

4.10 Washrooms 

For floors ceramic tile is the preferred finish, 
especially for heavy traffic. Sear in mind that they 
must be sealed. For moderate traffic areas seamless 
flooring of polyurethane with plastic chips 
(CG83 81-GP- 2) makes a good floor with exceptionally 
easy maintenance. It can be used on plywood or concrete 
and costs about 1/2 as much as the cheapest tile. For 
industrial washrooms concrete with a magnesite or 
polyurethane sealer is a good performer. Do not use 
resilient flooring or terrazzo. 
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For walls, although ceramic tile may be preferred, epoxy 
or other plastic coatings will do the job for about 1/4 
of the price, on either concrete block or gypsum- 
board. Wash fountains cost about half as much as the 
equivalent number of lavatories, and with much less 
maintenance. 

5.0 PLANNING FEATURES 

5.1 General Remarks 

Janitorial services average 3% of the total building 
costs in an accessible location, but should not be 
affected by remoteness, although planning features do 
affect repairs and maintenance costs indirectly. Thus 
in a remote location one might not be justified in 
increasing original costs with a view to reducing 
janitorial costs. 

5.2 Landscaping 

Avoid cutting the area into small plots. Remember to 
leave mowing strips at walls or other obstructions, and 
a gravel splash strip around the building. Provide foot 
paths to accommodate traffic, not to create a geometric 
pattern. If available, asphalt is probably the best 
buy. Trees are easier to maintain than flower beds or 
planting- boxes. Field-stones or ground-cover, like 
periwinkle, are useful for awkward slopes. Where 
possible, provide a covered entrance-way 8 m long to get 
rid of dirt before it gets into the building. A steel 
pre-fab groundkeeper1s closet or shed may be justified 
on larger projects. Provide for trash removal. 
Remember to provide ramped entrances on public 
buildings. Decorative fountains are best used in 
lobbies, not outside. 

5.3 Exterior Surfaces 

Downspouts from the roof and exposed corners in loading 
areas may need steel guards to protect them from 
physical damage. Avoid exterior ledges which provide 
roosting-places for birds. 
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Exterior signs with separate letters and exposed 
fasteners are a source of trouble. The most durable 
signs seem to be the plastic one-piece face type. 

Avoid exterior recesses that might screen the activities 
of vandals. Exterior lighting also inhibits them. 

5.4 Interiors 

Maintenance facilities should be located near their area 
of use. Aside from a storage room for supplies, the 
janitor should have a small housekeeping room, about 
12 m^, and a janitor's closet about 1.2 m x 2 m on 
each floor. Coat closets should be near the points of 
entry to each area. Food vending machines should be 
central. Waste disposal should be near the service 
door. Aisles should be straight and wide. 

It may be advantageous to eliminate certain doors—the 
sort that you never see closed.. This might apply to 
certain public offices, cloak-rooms, public washrooms 
(with a screened entrance), coat closets, etc. Another 
aid to maintenance is to apply numbers to the hinge edge 
of doors which refer to their numbers on the hardware 
list in the maintenance manual. 

If window sill ledges are required, they should be 
sturdy, preferably solid plastic laminate and no less 
than 200 mm above the floor. 

Avoid spray-on ceiling finishes. Use plastic-coated 
ceiling tiles in areas to be washed. Choice of swimming 
pool ceilings needs careful attention: the possibilities 
are aluminum pans, linear metal, "ceramic" acoustic 
tile, or enamelled moisture-resistant gypsum-board. In 
any case a stream of air over the ceiling helps keep 
down the condensation. Smooth finishes on plaster or 
drywall are easier to maintain than textured ones. 

Interior planting is often overdone and very expensive 
to maintain. Artificial plants, at least, do not need 
much maintenance. Where applicable use cantilevered or 
recessed furniture, with "scotchguard" or vinyl fabrics 
and plastic laminate for the hard surfaces. Stacking 
tables and chairs are usually preferable to folding 
ones. Furniture should have toespaces, and good glides 
if it is mobile. Carts should have large wheels. If 
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smoking is to be permitted, be sure to provide 
ash-trays. Cabinets should have no exposed pulls or 
hinges. In an area where pictures are to be hung it is 
a good idea to build in a picture-hanging strip, 2 m 
high. Plastic-enclosed pictures are better than 
conventional frames and glass. 

5.5 Washrooms 

Lay out the washrooms for the best traffic-flow 
sequence. Gang-showers and wash-fountains are easier to 
maintain than individual stalls or basins. Floor-drains 
are adequate for occasional spray-cleaning or mopping, 
but trench-drains may be needed in places that are 
continually wet, such as gang-showers. Washroom 
thresholds should be raised to confine flooding. 

Ideally all fixtures (water-closets, urinals, basins) 
should be wall-hung, and stall partitions ceiling-hung; 
and it would appear that the saving in janitorial time 
would justify any extra expense. For public washrooms 
water-closets should be the extended-bowl type, not 
tanks. Seats should be open-front, solid plastic, and 
self-raising, with no lids. Do not use floor valves as 
they are subject to too much damage. Urinals should be 
the open throat type without screens, which eliminates 
an unpleasant bit of cleaning. There should be integral 
side wings rather than separate ones, with flush-valves 
rather than siphon tanks. Install a plastic soap 
dispenser over each wash-basin; do not mount them 
between basins. Single-handle mixing-valve faucets 
waste less water. If bar soap is to be used, provide a 
recess for it on the basin, and a ceramic soap-recess in 
showers. Towel dispensers and disposals should be 
recessed. Toilet-paper holders should be the double 
type. 

Standardize fixtures and fittings as much as possible to 
permit stocking replacements or at least to have them 
available in the district. Provide cleanouts for each 
drain line, and shut-off valves at each fixture. 

5.6 Structural Considerations 

Provide access hatches, trap doors, etc. for services. 
If heavy equipment is to be moved, as in machine shops, 
a built-in crane may be useful and economical. It may 
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be necessary to provide catwalks in high places. Where 
H-columns meet the floor, fill in the flanges at the 
base to avoid a dirt recess. 

5.7 Mechanical Considerations 

As part of the maintenance manual, call for a chart 
identifying all mechanical equipment and giving all data. 

A common finding of maintenance surveys is air ducts 
blocked by clogged filters. On large systems this can 
be obviated by the use of self-cleaning ones. Another 
problem is wrong settings and other misuse of control 
systems; keep them simple and standardized. If air- 
conditioning is to be installed, do not skimp on 
capacity. Check that thermostat locations are out of the 
way, that parts of the system are separated by isolation 
valves, and that intake and exhaust air is coordinated. 
For maintenance, electricity as a heat source is better 
than hot water; hot water, however, is better than steam. 

Note that the latest design guidelines call for the 
heating system to be separate from the ventilating 
system, and that a heat exchanger be used to recover the 
heat from the exhaust air. 

5.8 Electrical Considerations 

As much as possible, provide for future needs by 
building in empty conduits. Provide central switching 
on each floor. Provide for re-lamping. Fixtures open 
at the top and bottom stay clean better than closed 
ones. Provide plastic globes rather than glass. Lights 
on stairs should be at the landings rather than over the 
flights. 

6.0 DESIGN EVALUATION 

Assuming the right decisions have been made regarding 
configuration and the choice of building elements, a 
check-list should be made on the final design, 
covering: the portion below ground; landscaping, 
paving, external features; soil entrapment, surfaces, 
roof; floors, carpet, etc.; walls; ceilings; furniture; 
windows; mechanical; and electrical. 
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During construction, get the input of the contractor and 
tradespeople and, if possible, the future grounds keeper 
and janitor. 
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