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Foreword

Adequate maintenance of school buildings representing a public
investment of billions of dollars is a problem of grave concern to both
taxpayers and school officials. Many large and a few small districts
across the country have resources that permit them to give proper
attention to this important phase of school administration. Many
other districts are not so fortunate, but wish to utilize resources avail-
able to the best advantage: o o

This publication, one of a series dealing with school plant manage-
ment problems, identifies, describes, shows the function of, and outlines
maintenance procedures for many components of school buildings. It
is hoped that it will be useful to all who are interested in school plant
maintenance and that it will be of significant value to the thousands of
school districts that do not have large maintenance departments.

Many school plant planning officials in State departments of edu-
cation have contributed valuable suggestions for this publication.
Manufacturers’ associations have been helpful in supplying mainte-
nance information about their products. Reference to these organi-
zations is made in Appendix D. The author wishes to thank all who

contributed in any way to this publication. = B N
Ferp F. Beacm | Eric R. Bager
Director Assistant Commissioner
Administration Branch Division of Elementary and.
o - Secondary. Education
' m
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‘Chapter I

IMPORTANCE OF MAINTENANCE

E:w EVENTS in the life of an American community generate greater
pride and exuberance among its citizens than the dedication of 2 beau-
tifully designed, well-planned public school plant. At some point
during the dedication ceremony, the people are given an opportunity
to tour the plant. They observe and comment on’ many of the plant’s
features, such as the site and its development, the architectural design
of the building, the tastefulness of its furnishings, the decor of its
accessories and equipment, and the smooth precision of its mechanical
systems. The immaculate floors, the clean freshness of new paint, and

the flawless performance of light fixtures and hardware often evoke

the expression : “If we could only keep it like this!” o
Desirable as it would be to keep the schoal building perennially

new, the action of the elements plus the normal wear and tear of usage

inevitably cause some deterioration. 'This starts the moment the

building is completed and continues as long as it stands. To offset and -
reduce the rate of deterioration, it is necessary to make proper repairs - -

and replacements as occasion demands. Good maintenance, the or-
ganized and orderly procedure by which proper repairs and replace-
ments are made, can greatly reduce the rate of deterioration. The
overall purpose of maintenance is to safeguard the public’s investment,
increase the functional life of the building, and provide the best pos-
sible environment for teaching and learning. ' :

Overview
- An estimated 125,000 public elementary and secondary school build-
ings in this country must be kept in good repair if they are to serve
sutisfactorily as centers of learning. Ranging in size from 1 class-

room to more than 250 classrooms (with varying amounts of additional -
-~ facilities for numerous school activities), these buildings constitute

1
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a heterogeneous group in building design, type of construction, con-
dition and safety, age and life expectancy, obsolescence, usefulness,
and occupancy. These are some of the factors which must be con.

* sidered by management officials in planning maintenance programs.

Occpants of the country’s public schod] buildings in the fall of 1963
numbered 40.2 million pupils, approximately $#667,000 full- and part-
time public school teachers,' approximately 200,000 building service’
employees (calculated by the U.S. Office of Education at the ratio of
1 worker for each 200 pupils), and an undetermined number of clerks,
secretaries, lunchroom workers, and oth®r nonclassified employees.
The comfort, safety, efficiency, and well-being of all these people, plus
countless others who use school facilities for one purpose or another,
may well depend upon an effective program of maintenance and opera-
tion, a program which annually consumes about 10 percent of the
school’s current operating funds.

‘During the school year 1959-60, the most recent y’ r for whieh
national data are conclusive, current expenditures for al] public ele-
mentary and secondary schools in 50 States and the Distri¢ of Colum-
bia amounted to $12,461,955,000, of which $422,586,000 (2.T-percent)

- was spent for maintenance, and $1 085,036,000 (6.9 percent) for}ﬂant

operition.! (Budgetary practice customarily separates maintenance
and operation costs in financial accounting, but these costs may not
always be clearly distinguishable. For example, custodians, whose
salaries are budgeted under operation, may make some minor repairs
which should be, but are not usually, charged to maintenance. This
procedure, often fol]owed by school districts, whether there are separate
operating and maintenance divisions or not, complicates the problem
of determining exact amounts spent in each category.)

The per-pupil cost, based on an average daily attendance of 29,722,
000° and a current expenditure of $10,251,843,000 in 1957-58, was
$341.14,* of which $12.72 was for maintenance and $31.10 for operitlon
The combmed per-pupil cost of maintenance and operation ($43.82) is
12.8 percent of the total cost per pupil in average daily attendance.

A recent study ° of 116 city, suburban, and rural school dlstacts,

1 Regional Fteld Letter, No. 563, January 20, 1964. U.8. Department of Health, Ednca-
tion, and Welfare, Office of Fleld Administration. Washington : U.8. Government Printing
Office. p. 4.

2 Digest of Educational Statistics, 1963 Edition (OE-10024-63, Bulletin 1963, No. 43).
U.8. Department of Health, Education, and Welfare. . Washington: U.8. Government
Printing Office, 1963. p. 48-9.

3 Biennial Survey of Education 40 the United States, 1956-68 (OB-2-200-868). U.8.
Department of Health, Education, and Welfare, Office of Education." Washington: U.8.
Government Printing Office, 1961. p. 42, table 20. : .

SIbid., p. 72, table 42, ‘

& “Maintenance Procedures and Costa in the Public Behoolu" American School and
University 1%60-41. (324 ed.) New York: Buttenhelm Publisbing Corp. 1960.
p. 165-164.




-9
ERIC

IMPORTANCE OF MAINTENANCE 3

selected at random throughout the country by the editors of American
School and U n‘iveraity in 1958-59, revealed that : .
® The average per-pupll cost of maintenance for all school districts studied
ranged from a low of $4.87 in the New England States to a high of $24.11
in the Middle Atlantic States. ‘ )
©® The range in per-pupil maintenance costs was from $0.75 to $147.88. .
® The average -per-pupil maintenance cost for' city districts was $14.24; for
suburban districts $13.34; for rural districts $15.12. . [
y These data indicate that, while the average maintenance er
pupil among city, suburban, and rural districts seems reasonable, the
range .is‘ such that three conclusions may be drawn: (1) the féw dis-
tricts which report the lowest expenditures per pupil have new school
buildings that require little maintenance or buildings that have very
recently been thoroughly renovated, or else these districts are deferping
necessary maintenance expenses;{2) districts which report the highest
expenditures per-pupil either have/ very old buildings requiring exces-
sive maintenance, or else they have néglected maintenance problems in
recent years, and are trying to elimthate them in one fell swoop; (3)
mést districts with expenditures that fall between the lower and upper
limits probably operate long-range planned maintenance programs in
which maintenance expenditures are spread about equally through the

i

.years.

- The importance of school plant maintenance is recognized by most
school officials, but frequently neither the money nor the staff avail-
able to them is sufficient to conduct g effective maintenance program.
The result is that many school plihts are deteriorating through ne-
glect or inefficient maintenance practices. A casual examination of
many public school buildings across the country shows this to be
true. Districts lacking effective maintenance programs need help.
This bulletin is intended to supply them with technical information
that may help them improve their maintenance practices despite in-
adequate staff and funds.

Maintenance Programs

The importance of a well-developed long-range maintenance pro-

. gram is emphasized by many authorities in school plant management.

Programs vary immensely in the quantity and quality of what they

- accomplish from region to region, from county to county, from dis-

trict to district, and from school to school within the same district.
In practice, most school districts follow one or more phases of the
following types of maintenance programs: (a) all maintenance is
done by the district’s maintenance staff; (b) all maintenance is done
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by contract; (c) staff and contract maintenance are intermingled; (d)
most maintenance is done by the staff but local journeymen are called
in on special jobs; (e) the maintenance staff is augmented by regular |
custodians and other assistance durmg the summer months. It should
e remembered, however, that there is no one best type of program
for all school dlstncts ,Officials of each district should study care-
fully the district's maintenance needs, the finances obtainable, and the
number of" people available who have specialized skills for the jobs.
to be undertaken by the maintenance staff.

Application

A description of all conceivable maintenance procedures for the en-
tire school plant—site, hmldmgs, and equipment—seems neither
feasible nor desirable for the purposes of this bulletin. Of the three
school plant components—site, buildings, and equipment—buildings
usually represent the greatest original cost, are more subject to deter-
ioration caused by wear and tear of usage and action of the elements,
require a wider range of maintenance activities, and consume more
of the maintenance dollar than the.other two components combined.
For these ‘reasons, only those procedures concerned with building
maintenance are treited here. Information about them is derived
from: ~

@ Personal experience and observations of the author
- @ Consultations with superintendents, architects, contractors, and engineers

@ Interviews with local school officials responsible for planning, conducting,
and superviging school plant maintenance programs

® Correspondence with State Department of Education personnel responsible
for school plant services

® Conferences with technicians concerned with the manufacture of materials
for construction

® A review of pertln'ent literature, including pumerous technical manuals,
guides, and reports

@ Visits to, and observation of techniques used by, the tésting laboratories of
two large school systems

©® Analysis of manufacturers’ specifications for maintaining various types of
construction materials particularly those requiring speclal treatment and
attention

©® Published and unpublished notes and suggestlons supplied by trade associ-
atlons, organizations, and Institutes representing the manufacturers of
building materiala, maintenance -nppllea. and equlpmeut used in
maintenance.

The vast amount of information avallable from the foregomg

sources suggests that a valuable service can be rendered tg, many
school dlstncts by compiling selected portions of this information

J
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into & “how-to” manual. Tt seems ohvibi that districts with ample

funds to staff their maintenarice departments do not need such a

. manual, but for each such district there are literally dozens of others

with austere budgets and limited maintenance staffs that will ind the
suggestions in this manual quite helpful. These suggestions, which
cover many of the problems of building maintenance, are organized
dnd presented in four major areas: Detecting Maintenance Needs;

Exterior Maintenance; Interior ‘Maintenance; and Mechanical

Systems. .

v

-
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DETECTING MAINTENANCE
NEEDS

Top MANAGEMENT in our school systems _Jnust have complete infor-
mation about facilities and their upkeep requirements if orderly,
efficient, economical maintenance programs are to be.planned and
conducted These programs depend on adequate budgets; hence per-
tinent data must be received early enough to allow thorough study

“and analysis of prospective programs in relation to money available.

Some responsihle person in each school district should collect and keep
adequate records on each school building. On the basis of informa-
tion thus assembled, officfals %an plan the program, assign priorities,
and schedule the work. Three methods commonly used in keeping

~ track of maintenance needs are (1) maintenance surveys, (2) routine

inspections and periodic checks, and (3) reports submitted by building
personnel.

The Maintenance Su_rvéy

The first step in planning sound, ]ong-ranmainbenance programs
is to collect data on all district-owned school buildings, grounds, and
equipment. This can be accomplished by the maintenance survey,
conducted by the district’s director of buildings and grounds, the
maintenance supervisor, or some other official responsible for the main-
tenance program.

The survey director and perhaps an assistant, both with wide
practical knowledge of school construction, shou]d visit and thor-
oughly inspect every s¢hool building in the dlstnct Other members
of the survey team may. change from school to school, but for each .
school the team should include the principal, head custodlan one or

~ more teachers, and one or more lay citizens representing the com-

munity in which the school is located. Lay citizens who have som«
knowledge of building construction can contribute more significantl

6
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to the team’s efforts than those lacking such knowledge. Board mem-
bers, at their discretion, may wish to join the team from time to time.

Survey techniques may vary from district to district, but experience
has shown that satisfactory results can be achieved only if the team
uses,a carefully planned checklist. This document should list items
to be checked and should provide space for writing in comshents,
observations, and estimated costs of each needed repair. School of-
ficials may wish to develop a checklist of their own. For convenience,
the list may be divided into three parts—one for buildings, one for
grounds, and one for equipment. The building checklist may start
with the roof and end with the footing. Since this bulletin deals
only with maintenance procedures for buildings, a sample survey
checklist for them is presented in Appendix C, page 167. This sample
is not intended to meet the requirements of all school districts, but
merely to illustrate the kind of details that should be included.

Although the building maintenance survey can be conducted at any
time, the summer months, when school is not in session, may be most
practical, both from the standpoint of administration and of un-
hampered working conditions for the survey team.

"When the survey document for a given building is completed, it
should be transmitted to the offical responsible for keeping mainte-
nance records. When all school buildings of the district have been
checked, necessary data on maintenance needs can be tabulated, -
analyzed, and reported to the superintendent and through him to the
board of education.

Routine Inspection and Periodic Checks

Once a complete maintenance survey has been made and the needs
of the district’s school buildings have been tabulated, analyzed, and
evaluated, priorities can be assigned and the work programed over a
period of time aceording tog reasonably well-defined schedule. This
programing, howeyer, does not assure that a record of maintenance
needs will be kepf current. For example, a roof judged sound and in
good condition at the time of the survey may be damaged by extremes
of summer heat and winter cold ; extremes of temperature might also
have cau:,e%gtone and masonry walls to move and joints to open. If
not detected and corrected at the proper time, these failures can result
in heavy damage to building structure, interior walls, ceilings, floors,
finish, furniture, and equipment.

Routine inspections should be made by the school principal and the
building custodians, the principal being particularly alert to condi-

~¥
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tions affecting the health and safety of students, teachers, and other
school employees; custodians, to conditions of roofs, gutters, down-
spouts, walls, doors, hardware, and mechanical systems—points where
defects or failures can cause serious damages if not repaired. Al
needs of an-emergency nature should have immediate attention by
the maintenance department; those that can be deferred should be
reported to the department where they can be given a place in the
maintenance schedule.

Periodic checks, preferably twice annually, should be made by
maintenance personnel who should inspect such items as electric
motors, starter controls, heating and ventilating systems, water heat-
ers, pumps, valves, fuel lines and connections, warning devices, safety
equipment, and fire control apparatus. The services of other tech-
nically trained people may be required when special inspections are

. considered necessary—architects and structural engineers if structural
safety is to be checked; boiler inspectors if boiler problems are in-
volved; and sifety engineers, often assisted by fire chiefs and insurance
officials, if fire safety is to be determined.

Reports by Buildihg Personnel

Close surveillance of the school plant by the principal may require
the help of all school employees in a position to detect maintenance
problems in their earliest stages. Custodians may discover and either
correct or report malfunctioning safety controls for boilers, and thus
prevent possible explosions causing property damage, plant shutdown,
and injury to building occupants. Teachers may discover and report
damaging moisture infiltration during seasons of heavy precipitation.
Lunchroom workers, in daily contact with food preparation and serv-
ice equipment, may report conditions which they consider hazardous.
Similarly, other building personnel (and pupils) can ard should
inform the principal about maintenance problems that appear to need
attention, i

Every reported instance of maintenance need should be investigated
by the principal, or should be referred by him to the head custodian
for checking. Some complaints, reports, and observations by build-
ing personnel may be of little significance; others, of great importance.
In school districts where board policy permits or directs custodians
to perform maintenance functions, they should make simple repairs;
more complicated jobs should be referred to the maintenance depart-
ment, with emergency items assigned first priority. In districts where
board policy prohibits custodians from performing maintenance

-9
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functions, the principal should refer all established needs to the main.
tenance department, assigning a priority to each need. These proce-
dures, if followed, will be helpful in preventing additional or pro-
~ longed property damage, will save money, will spread maintenance
expenditures evenly over the years, and may prevent injury or death.

700-782 0—84——32

FRIC b



L9
ERIC

Chapter EII ,ﬁ

N

[4

EXTERIOR MAINTENANCE

Ex-rr.mon MAINTENANCE is concerned with preservation of the “skin,”
or exposed surfaces, and other exterior appurtenances of buildings.
The function of these building elements—roofs, walls, windows, doors,
and their auxiliary items—is to conserve heat during the cold weather:
to prevent wind, rain, snow, cold, excessive heat, and harmful sunlight
from entering when and where not wanted; to protect interior finishes,
furniture, equipment, and accessories from the ravages of weather;
and to insure comfortable living and working conditions for

_occupants.

Regardless of the kind and quality of materials used in constructing
a building, or the skill and workmanship with which they are com-
bined, weathering procgsses cause deterioration of exposed exterior
surfaces. This deterioration, although often only partial, can be very
rapid if not checked through exterior maintenance. ,

For purposes of this bulletin, exterior maintenance problems are
classified under four major categories: (1) roofs; (2) walls; (3)
stacks and towers; and (4) miscellaneous. Each of these categories
encompasses several thousand individual items, all of which require
attention at one time or another. Procedures for solving some of the
more vexing problems relating to the maintenance of these details and

" items are described here.

Roofs

The components of a roof are the frame, deck, and mat. The frame-
work, found under and at the edges, consists of joists or rafters for
spanning; walls for support; flashings for joining mats to projections,
walle, and other changes in elevation; gutters, scuppers, and down-
spouts for carrying water away from the mat surface; and sometimes
of parapet walls and copings for protecting mat surfaces from wind
and other destructive agents.

10
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The struchml'design of a roof is determined by the arrangement

of the frame, partieularly the rafters or joists, and usually follows

* one of four patterns: flat, gable, hip, or decorative. More often used 1

in school construction in recent years than any other design, the flat
roof hag little or no pitch. (In some instances, the flat roof is intended
to hold water on the mat surface for insulating purposes.) ;

A gable roof is triangular in shape, as viewed from a crosg section,
and has its ridge along the apex and its eaves along the base vertices
of the triangle. The pitch from ridge to eaves may be moderate or
steep, and opposite roof surfaces can have either equal or unequal
slopes. -

The hip (or hipped) roof is usually shaped like a pyramid, the four
faces of which cover the two sides and two ends of a building. The
end faces are joined to the side faces by four rafters, each of which
rests on top of a corner of the outside wall and extends to the ridge of
the roof. These rafters are called hip rafters, and the line from
corner to ridge, where roof surfaces change directions, is called a hip.

The decorative roof design, formerly used for school buildings more
extensively than at present, consists of a gable or hip roof with one
or more dormers to brenk the monotony of straight lines.

i The underlayment to which a roof mat is attached is the deck.

Deck material may be wood (boards or plywood); aluminum; steel;
poured or precast concrete: poured or precast lightweight aggregate.
A number of new types of material, such as zonolite, vermiculite,
perlite, and tectum are now being used for roof decking. Whatever
the material, it is fastened to rfters, joists, or beams by nails, cleats, or
specially designed fasteners. Choice of deck material, however,
usually depends upon the design of the roof and upon the type of mat
that is to be applied.

The roof mat is the covering that is applied and fastened to the
deck to keep a building watertight on top. Types of roofing material
designed to meet all conceivable needs are available. If care is exer-
cised in selecting the type of material for a particular roofing job, and
if the manufacturer’s specifications and instructions are followed in
installing it, the material should give satisfactory service. Among the

~more common types of materials used for school roofs are asphalt
roll; combination asphalt-felt, and asbestos-felt roll; metal, such as
copper, aluminum, and ferrous-base meta] (terne or galvanized);
shingles, such as asphalt, slate, tile, asbestos-plastic, cement-asbestos;
and wood; and bitumen or coal tar pitch, which are necessary in
certain types of applications.

A roof mat that is built up on the job by using alternate layers
of felt and coal tar pitch (or bitumen) so as to form a continuous -

-
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membrane is called a built-up roof. If this type of roof is left with
the top layer of coal tar pitch (or bitumen) exposed to the weather,
it is wnsurfaced; if slag or gravel Is embedded in the top bituminous
coating, it is surfaced. 1If the roof deck is pract ica"{ level, that i ¢
having a slope.of less than 1 inch per foot, the mat may consist of coal
tar pitch, surfaced with 300 pounds of slag or 400 pounds of gravel
per 100 square feet to prevent dmmuge to the bituminous or asphaltie
compounds by extremes in temperature. Because of the low melting
point of coal tar and bituminous materials, the built-up roof is satis.
fuctory only on a relatively flat deck.” If the slope of the deck is too
steep, the melting tar flows to the lowest paint, cnusing damage to
gutters and downspouts or to fascin and exterior walls, and at the
same time, leaving the roof membrage in a deteriorated condition,
Regardless of roof design or the type of materials used in the mat,
some roof failures are inevitable. In general these failures may be
attributed to: )

i 4
& @ Insufficient or Improper specifications
@ Inferior materials : '
@ Faulty installation 0
@ Ionadequate inspection’'and lack of preventive maintenance
@ Insufficlent materials (particularly in built-up roofs)
® Use of unsearoned lumber for framing and substructure
® Application of improper materials
@® Weather (wind, hall, snow, etc.)
@ Structural failure
® Related failures affecting roof service

T

“ When roof failures occur, they take one or more of several distinct
foris, depending on the roof design, deck materials, and type of
roofing materials. For convenience in relating these failures to a
description of maintenance procedures required for them, school roofs
are classified here according to roofing material and method of appli-
cation : (1) built-up; (2) oll; (3) flexible shingles (asphalt and com-
position) ; (4) rigid shingles (slate, tile, and ¢cement-asbestos) ; metal
(copper, galvanized iron, tin, and aluminum) ; and (6) wood shingles.

— .

Failures of Built-Up Roofs

In general, failures of built-up roofs take one or more of the follow-
%' ing forms: (a) blisters, bulges, or wrinkles; (b) loose felts; (¢) torn
felts; (d) cracks; (e) damaged, weathered, or deteriorated bituminous
coating or gravel surfaces; (f) flashing leaks; and (g) condensation
problems. Although the last two are not really failures of the roof
itself, they need to be considered in relation to the roof and its
maintenance. : » R ‘
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. .. Blisters, Bulges, Wrinkles l
Blisters, bulges, and.wrinkles are caused by the presence of mois- o
ture and/or entrapped, air in and between felts at the time of
application; by moisture ‘entering the ‘roofing from above, after
application, through punctures, ruptures, or openings in the felts
caused by vibration of fans, pumps, or other machinery housed on the
roof surface; or by moisture entering the roofing from below, after .
application, by the passage of vapor from within the building through
the deck and insulation to the underside of the roofing material.
‘The danger of entrapped moisture and air in built-up roofs lies in the
expansion and contraction of these elements from heat and cold, which
cause & Joosening and separation of plies of roofing felt; this process
- results in pockets in which pressure from the expanded air and mojs-’
ture often becomes so great that holes are blown through the roofing
surface. These pockets may range from only a few inches in length
or diameter, with only slight swelling, to severaMeet in length and dia-
meter, with a swelling of a foot.or more in height.

Where large portions of a roof become blistered, the problem is
so serious that the only solution is to remove the existing roof com-
pletely and install a new roof from the deck or deck insulation up. If
the damage is severe only in certain areas of the roof, damaged
material may be removed and a complete new roof installed over the
affected area.

Occasional, widely separated blisters, bulges, and wrinkles can be
effectively. and economically repaired. The procedure is to use a
roofer’s knife to cut or slit the blister from end to end in one direction
and from side to side in the other, taking care to see that the slits are
at right angles to each other and that they intersect at or near the cen-
ter of the blister. "The four points of felt created by the intersecting
cuts should then be folded back as far as the cuts will permit, allowing
the sun to warm the asphalt (or pitch) and evaporate the moisture.
(This procedure produces good results only if done on a hot, dry day.)
When the interior of the blister is thoroughly dry, it should be filled
with a good-grade roofing cement, and the four points should be
pressed back into place by standing on them. After they have been
cemented in place, an airtight, moisture-proof seal -can be secured

-by troweling some of the roofing cement over the cuts and about
2 inches beyond their edges. When completed, this portion of the roof
should serve many years without further trouble.
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Loose Felts

Loose felt in a built-up roof is essentially a problem originating in
improper application. The difficulty may be caused by dampness at
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the time of application, which prevents proper adhesion of asphalt -

or pitch; by spotty, thin, or uneven mopping of asphalt or pitch, caus-
ing adhesive weakness; by improper heating of the adhesive -com-
pound (at either too high or too low tempera.tures) before applying;
or by the use of felts with creases or wrinkles in them. A roof with

this problem may withstand weathering and may prevent moisture-

penetration for a while, but will eventually break down, probably at
an inopportuné time.

~ Layers of felt with loose edges may catch winds, causing tears in
fabric, separation of layers, and often complete loss of felt from

~ affected areas. If there are adhesive weaknesses elsewhere, then blis-

ters, bulges, and wrinkles may develop, creating points for possible
moisture penetration.

‘Maintenance procedures for a roof with loose felt depend upon the

extent and nature of the failure. If an entire roof surface is affected,
the obvians remedy is to rémove the mat down to the roof deck (or to
the vapor barrier and the insulation over the deck if they are sound)

and apply a new mat. Qccasional bulges,.blisters,-or wrinkles caused -

by loose felts may be repaired as previously described. Where the
problem is confined to poorly- pemented edges, affected layers may be
cut with a sharp knife; a slit should be made perpendicular to the

* edges of the layers, and it should extend as far across each layer as the

area of poor adhesxon seems tg extend. The layers should then be
turned back as far as the slit wnﬁ‘permnt If moisture is present, the
felt should be allowed to dry. A good grade of roofing asphalt or
pitch should be brushed or mopped on each layer of dry felt, beginning
with the top surface of the bottom undisturbed ]ayer, each layer being
preswd into place during the process.

If there is an apparent surplus of felt in any layer, this surplus
should be cut away to insure a smooth, close joint along the edges of

the slit. Measurement, experience, and judgment, will be useful in

determining the amount of material to be removed. If more than one

layer needs to be trimmed in this manner, cuts should be made so that
one will not lie directly over another when the layers are pressed back
into position. When all layers have been pressed firmly into position,
a roofing cement of good quality should be troweled over the exposed

‘surface of the top layer, covering the slit and extending 6 to 8 inches

beyond it, » ¢
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In places where loose felt has disintegrated, it is necessary to re-
move the distintegrated layers and replace them with new felt mSpped
in place. When all layers ‘lihat have been removed have been replaced,

an additional layer extending at least 6 inches beyond all joints and
forming an “overlap” for | hem should be mopped in place.
N

| . ,
<4 _ - Cracks

Cracks and tears can develop in most types of built-up roofs, and
may be due to one or more causes, common among which is failure
to provide adequate expansion joints while the building is being con-

‘structed. ‘This construction detail prevents strain and stress on the
mat when temperature changes cause roof and deck materials to con-
tract. If this is the cause, the most satisfactory solution is to install
expansion joints at intervals to be determined by construction en-
gineers. This is a complicated job that usually requires the atten-
tion of a building contractor working under the supervision of an
architect. _ ’ -

In some instances, cracks and tears may be due to the evaporation
and drying out of oils from the roofing felts, which then turn into a . .
soft, porous, pulpy mass that. readily cracks under intense solar heat
or freezing temperatures. In this case, preventive maintenance is
cheaper than neglect. A good asphalt and oil roof primer like the
mixtures used by the manufacturer of the roofing felt should be mopped
or brushed onto the roof surface once every 3 to 5 Yyears, more often
in regions where there are great variations in temperature. This
procedure replaces oils taken from the felt by the heat of the sun’s
rays, puts new life into the paper, fills up the holes, and minimizes the _
possibility of cracking. A

- If roof cracks are too extensive and too deep to be corrected by
applying two or more coats of roof primer, it.is necessary to remove
those roof sections that are extensively damaged and to replace them
with new felt. Where this procedure is followed, it is usually desir-
able to use felt of the same type, weight, and quality, and asphalt
compounds and pitches of the same quality and composition as were
used in the original installation. Standard procedures for heating the
asphalt or pitch, mopping the felt, and rolling it down should be
followed, and if these sections, as parts of larger roof areas, necessitate
the joining of old and new, care should be exercised to see that all -

joints are properly overlapped. i

1
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Damaged Surfaces

Surface finish for built-up roofs is either smooth or gravel. The
smooth surface is produced by applying a coat of hot asphalt or coal
tar pitch on top of the final ply of felt; the gravel surface, by embed-
ding into this coating, while hot, a specified amount of roofing slag or
roofing gravel. Either finish, applied according to manufacturers’
specifications, will give satisfactory service under normal conditions,
but some advantages, from the standpoint of maintenance, are claimed
for each. The smooth surface is easier to inspect, allows defects to be
detected more readily, and usually presents fewer complications when
repairs are needed than the gravel surface. Some advantages claimed
for the gravel-surface roof are that the gravel protects the asphalt
and coal tar products from the damaging effects of weather; that the
added weight holds the roof down and is particularly advantageous
in areas of high wind velocity; and that the felt and its bituminous
coating are protected when foot traffic over the roof is necessary.

Ordinarily, a smooth-surface roof requires resurfacing every 3 to
5 years, depending upon its original quality and on climatic conditions.
When resurfacing is necessary, the first step is to clean the old surface
thoroughly, removing any weathered bitumen. If the surface is wet,
it should be permitted to dry. Then one of two general methods may
be used: one is to apply a coating of hot asphalt or coal tar pitch; the
other is to apply first a coating of asphalt roofing primer and then
a codting of cold asphalt. There are differences of opinion as to the
relative merits of the hot v. the cold application, but both have been
used successfully, and satisfactory results may be obtained from
either. : ‘ |

Pronerly installed, a gravel roof does not normally require resurfac-
ing within its service expectancy, but it should be inspected regularly
for any signs of deterioration. If resurfacing is indicated, all old
gravel should be carefully scraped off. The surface should then be

.swept clean and allowed to dry before a coating of hot asphalt or

coal tar pitch and a fresh supply of gravel or slag are applied. Stand-
ard practice is to heat coal tar pitch to not more than 375° F. and to
apply it at the rate of 55 pounds per 100 square feet of roofing surface.
While the pitch is hot, 300 pounds of roofing slag or 400 pounds of
roofing gravel per 100 square feet of roofing surface should be embed-
ded in it. =

If a limited area of roofing, whether smooth-| or gravel-surface,
needs repairing, the defec¢tive roofing and the adjacent felt, for several
feet around it should be removed. The entire area should then be
cleaned and dried before new plies of felt are mopped into place.
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The final or top ply should extend at least 6 inches beyond the other
plies. Finally, if the surface is to be finished smooth, one of the two
suggested methods of refinishing should be eraployed to complete the
job; or if the surface is to be gravel, the procedure described in the

- preceding paragraph should be followed. -

Flashing is the material (usually lead, tin, copper, aluminum, or
sheet metal) used to seal roof joints at openings, edges, intersections
of horizontal and vertical surfaces, and minor differences in elevation.

Specific problems involving moisture penetration usually develop at
four flashing locations: edge, base, through-wall, and cap.

EDGE

Edge flashings usually develop leaks because of a poor bond or a
bréak in the bond (caused by differences in the rate of expansion and
contraction of two different materials) between the roofing felt and
the horizontal leg of flashing. Many types of mastic are available,
but few are guaranteed to bond roofing felts to metal flashing securely
and permanently. Asphalt or coal tar pitch of the same quality used
on the rest of the roof is specified by some architects, but others
prefer the extended leg of flashing to be bedded in plastic roofing
cement, with the top layer of roofing felt lapped over and also bedded
in the plastic cement, Another, and perhaps more common method,
is to place the flashing leg on top of all roofing felts, bedding it in
plastic cement and backstripping it with two layers of felt which are
 also bedded in the plastic cement. This method prevents water from
getting under any of the basi¢ roofing felts if there is a break in the
bond. When sheet metal flashing is used, it is not advisable to solder
joints, because the expansion and contraction of the metal with tem-
- perature changes will cause the joints to break, permitting entrance
- of water. A better method is to lap the sheet metal joints 4 to 8 inches,
- with or without mastic, and to allow the metal to slide when it expands
 or contracts. If heavier, extruded metal is used for flashing, the ad-
~ joining sections should be separated by about 14 inch, and the open
~ joint should be covered with a 4- to 8-inch extruded joint cover.

liAﬂE , :
- Base flashing is used to seal construction joints at intersections of
horizontal and vertical surfaces, such as the junction of the roof with .
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parapet. wa.lls, vents, skylights, chlmneys, towers, ﬂagpo]es, tenna
masts, and other vertical projections. ; 1 .

A common but usually unsatisfactory’ practice is to mstal) heet
metal as thebase flashing, a practice which is being abandoned
of difficulties in securing a bond between the metal and the felts.
other method is to lap the horizontal leg on top of the felt and then
back-strip on top of the leg, but this procedure often leaves open
vertical joints where adjoining metal flashing strips meet, thus per-
mitting water to enter behind the flashing. A more successful method
is to turn the roofing felts up the vertical surfaces to a hejght of 8 |
to 10 inches to prevent wind-blown rain, standing water from clogged
drains, or melting snow from-going over the top of the fejts and into
the construction. This procedure requires capping thé turned-up
felts with sheet metal counterflashing from above, making no bond
between the metal and the felt. When this procedure is employed,
care must be taken to see that the turned-up felts are mopped the.full
8- to 10-inch height, because dry felts under the counterﬂashmg will
not prevent water from coming under the ﬂashmg

THROUGH-WALL -

Through-wall flashing is used to seal out water from the sides of
masonry walls that rise above roof decks. Practically all masonry
walls (brick, concrete block, pumice block, cinder block, etc.) are
vulnerable to penetration by water. Portions of such walls that
extend above roof decks, such as parapets, fire walls, and chimneys,
are often especially troublesome. Once water gets inside these walls,
it filters down to reappear on the face of the wall, both inside and
outside. Evidence of inside -penetration is found in loose, broken,
bulging, discolored, or disintegrated plaster; in peeling, blistered, or
alligatored paint; in warped, unglued paneling; and in other types of
damage. Outside damage usually takes the form of spalling, efflo-
‘rescence, saponification, or other types of hydrolysis.

This type of water penetration and subsequent damage can be pre-
vented by installing horizontal through-wall metal counterflashing
above the turned-up base flashing felts, and by letting the metal
counterflashing cover, anid drop down over, these cemented base felts.
This installation provides a continuous waterproof seal across the roof
deck, up the wa]l above the roof, and through the wall to the outmde. .

.
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CAP

Cap flashing is usually applied at the top of a masonry wall or .
chimney to provide protection against water penetration from that
point. Material used for top flashing is usually metal, fiber glass (or
other type of glass fabric), or some other type of synthetic cap
flashing. The material is laid directly on the masonry, and wherever
possible is cemented to it; or the material is laid on a sloped grout
bed or a sloped wood block bolted to the masonry for drainage. The
edges of the cap sheet are usually carried 4 to 6 inches down the face
of the masonry wall. If exposed metal is used for cap flashing, a
standing seam joint,is recommended to accommodate expansion and

" contraction of the metal. If parapet walls are copad with concrete,

* cut stone, terracotta, or tile, the flashing material may need to be laid
directly underneath the coping to prevent moisture penetration
through broken joints or from underlip dripping.

Condensation
. When interior humidity condenses on roof decks, within roof
structures, and on walls, there is often a tendency to blame the con- -
dition on roof failure, but it is more accurate to ascribe it to faulty
planning and design or to improper insulation and ventilation.
(aused by moist, warm, inside air that ¢omes into contact with the
undersurface of roof decks, skylights, or inside surfaces of exterior
- walls (where there is insufficient insulation to prevent outside cold
from being conducted inward), condensation leaves a deposit of water
on these surfaces. This water often drips from the deck to the ceil-
ing, leaving visible spots and sometimes causing extensive damage to
ceilings, floors, and equipment. Wall finishes subjected to condensa-
tion are also severely damaged. If a vapor barrier was not applied
to the roof deck before the installation of insulation and felt, the
moisture may soak into the insulation, causing it to lose its insulating
value, and if it is of organic material, to rot. , '

In instances of high humidity inside a building and low tempera-
ture outside, an excessive amount of above-deck insulation may be re-
quired to keep the vapor seal warm enough to prevent condensation.
If this is true, a structural design that will permit the installation of
the required amount of insulation between the deck and ceiling should
be used. Also, adequate ventilation below the structural roof deck,
either by means of exhaust ducts or louvers, is-helpful in preventing

~ unusual problems of condensation. The best time to solve the prob-
lem, however, is during the planning and construction of the building.

ERIC oo ST CI SLR
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Roll Roofing

For purposes of this discussion, roll roofing i is dlstmgulshed from
roll fabric used in built- -up roofs hy the manner in which it is applied
and the roof structure to which it is adapted. Manufactured with
either smooth or mineral surfaces from asphaltic compounds and felt,
it is usually fabricated in strips 3 feet in width by 36 feet in length.
For ease in handling (both marketing and on-the-job), it is put up in
compact rolls. The smooth-surface type is usually employed as an
underlayment, but may be installed as a temporary covering. Mineral-
surfaced roll roofing, manufactured with a straight selvage or with a
patterned edge, is generally installed as a 1-ply roof on shops, sheds,
temporary buildings, or other structures having a roof pitch of 4
inches to 12 inches. Fastened to the roof deck with nails and roofing
cement (or with special fastening devices, if the deck is gypsum or
other fibrous material), this type of roofing material should have
overlappmg seams, according to manufacturers’ specifications, with
horizontal edges parallel with, and vertical joints perpendlcular to,
the eaves.

Some common maintenance problems associated with mineral-sur-
faced roll roofing are those attributed to improper application of
materials, to wind damage, or to loose nails and fasteners. More speci-
fically, leaks are more apt to occur if seams do not have proper overlap,
or if lap cement has not been applied in sufficient amounts properly -
spread over the lapped edges; if seams are face-nailed ; and if nails are -
improperly spaced or are too close to the edge of the roofing material.

Exposed nails work out, leaving nail holes; roofing material pulls
away from nails, leaving tears, breaks, and open seams; insufficient
lap cement, or improperly applied cement permits separation of laps,
often creating buckles or “fish mouths;” and inadequate overlap
causes seams to pull apart, leaving exposed roof deck.

If defects are not serious hut need attention, simple repairs may
~ be made by renailing farther from the edges of seams, pulling out all

- loose nails, filling all nail holes and small breaks with asphalt plastic
roofing cement and by applying adequate amounts of cement on laps
where needed.

Large breaks and tears are more serious, and require somewhat m .re
complicated treatment than minor defects do. Where breaks extend.
across the felt beyond the edges of seams, it is necessary to open the
horizontal seams below the breaks and to insert strips of roofing of
the same type of materialgs was originally used (with lap cement
liberally applied before insertion) through these openings. The

Q o
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strips should be cut to extend at least 6 inches beyond the edges of
breaks, with'their lower edges flush with the lower horizontal edges
of broken materials. When the repair strip has been inserted, the
edges of the roofing around the break should be pressed down firmly,
nailed securely with appropriate roofing nails at about 2-inch intervals
and approximately 34 inch from the edges of breaks. Lap cement

should then be applied to the horizontal seam before it is pressed -

into place and renailed.

"If leaks are due to open seams (either because they have pulled apart
or because there has been an inadequate overlap), they can be stopped
by applying 4-inch strips of woven cotton fabric that has been saturated
with asphalt (Federal Specifications HH-C-58)g) and asphalt roof
coating (Federal Specifications .SS-R-451) over the open seams.
This procedure requires several steps: any accumulation of dirt or
dust along damaged seams must be removed; any buckles (fishmouths)
which terminate at damaged seams must be cut and repair strips in-

* serted under them in the same manner as described in the preceding

paragraph; all loose or missing nails must be replaced; roof coating
must be applied aJong damaged seams and must be extended 3 to 4
inches beyond each side of such seams; a 4-inch strip of asphalt-
saturated fabric (with its center directl Yy over the exposed edge of the
roofing) must be embedded in the roof coating; this fabric must be
pressed down firmly so that it lies flat without wrinkling or buckling;
finally, the saturated strip must be completely covered with roof coat-
ing so that it extends beyond the edges of strip to the same extent as
the coating which was applied underneath the strip. If both vertical
and horizontal seams are damaged and need repair, the vertical seams

pairing vertical and then horizonta] seams on each roofing strip from
eaves to ridge. v
Where the seams of roll roofing are blind-nailed and are leaking,

intervals along a line approximately 1 inch from the edges of the
sheets. When this operation is finished, the damaged, seams should

be treated in the same manner as was described in the preceding
paragraph. |

dure is to remove the coveting from the damaged areas and replace

for the particular material.

should be treated first, starting nearest the eaves and alternately re- -

they can be repaired by face-nailing them with 1-inch nails at 2-inch.

If large areas of roof have been damaged, the recommended proce-

it with roofing of the same type, using full-width sheets, lapped,
cemented, and nailed according to manufacturers’ recommendations

T e
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FKlexible Shingles
| 5 | |
'Flexible roofing shingles are made from asphalt-saturated rag or |

asbestos felt and are called asphalt shingles. Tale of mica is applied

to the underside to prevent sticking and to facilitate handling = na-

turnl mineral granules (from <late, marble, granite, or other natural
" stone) are embedded in the asphalt coatihg on the exposed side to im-
prove durahility and to increase resistance to fire. Two types of
flexible shingles are manufactured—individual and strip. The in-
dividual consists of only one tah, while the strip has from two to four
or more tabs. Usually, either tvpe will provide a satisfactory roof
if installed according to manufacturers' specifieations. In. general,
the roof pitch should be from 1 to 8 inches per foot, but if the butt
ends are cemented down, flexible shingles give satisfactory service
when roof pitch is much less. In roofs with slopes of less than 4
inches to each 12 inches, the danger is that winds may be caught under
the exposed edges or that blowing rains may penetrate the layers of
shingles. .

Other than normal exposure and wear, there are three principal
causes of damage to flexible <hingle installations: hail, wind, and
faulty application. TTailstones of sufficient size, falling with great
velocity, can damage most any tvpe of roof, but asphalt shingles are
especinlly vulnerable to punctures, pitting, or the loosening and separa-
tion of mineral granules from their exposed surface by severe hail-
storms. Wind damage is usually associnted with faulty installation,
but it is sometimes difficult to prove this. If shingles have been nailed
too high or are applied on decks having little slope (pitch), and are
not. securely cementéd along Imtt edges, particularly in areas of con-
siderable wind velocity, there i« danger that wind may be caught be-
tween lavers of qlnng]eq. bending, breaking, tearing, or displacing
them. Where there is wind damage of this type, the three or four
courses of shingles nearest the roof ridge, or the courses within 5 or 6
feet of the edge of the roof, suffer the greatest damage.

Wind and hail damage to individual shingles, to strips, or to small
segments of a shingle roof can be repaired. In some instances it is
necessary to replace damaged shingles: in others, where damage to
shingles is only slight, repairs may be made by cementing them back
into place. If there is evidence that shingles have been nailed too
high, a small quantity of plastic cement can be placed under the center
and about 1 inch ahove the lower edge of each tab, using a trowel, a
putty knife, a calking gun, or other convenient tool. The quantity of
¢ement for each tab should be no more than is required to make a spot
approximately 135 inches in diameter when pressed down. If too

. L S _
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much cement is applied, the tabs will not lie flat when in ‘position.

Replacement of individual shingles or st rips is accomplished by break-

ing any remaining seal (if cemented) between damaged and sound

shingles, gently lifting the top course from the damaged members to

. permit removal of nails and of the damaged shingle, and inserting a

new shingle or strip of the same kind in the exact position the old
shingle occupied. The new shingle should then be nailed. Before
the top course is pressed down, any old cement remaining on its under-
side should be scraped off and a small amount of new cement applied
both to it and to the underside of the new tabs; both the old and the
new should then be firmly pressed into place.

Rigid Sl'ﬁ{:aglea

Slate, tile, and asbestos-cement are the materials from which rigid
shingles are made. Generally used on -permanent. buildings with
pitched roofs, these shingles normally render satisfactory service for

~many years withbut substantial outlays for maintenance. Usually, .

repairs are necessary only when fasteners or nails work loose, rust out,
or break, or when individual shingles have to be replaced because of
breaks. -When repairs are made, precautions should be taken to pre-
vent damage to surrounding roof areas while the work is in progress.
Being inflexible, this type of roofing material is easily broken if traffic
is permitted over its unprotected surfaces. A practice that affords
this protection is to attach wide boards to ladders, scaffolds, or work
platforms at.points where they rest on the roof to equalize the weight
load of workmen and materials. _

The most common type of maintenance required for a slate roof is
the replacement of a broken shingle. Broken shingles are frequently
caused by hailstones, carelessly thrown rocks or other falling objects
or by répairmen who are unfamiliar with the characteristics of slate.
The repair is made by removing the broken shingle, cutting the nail or
nails -which held it with a nipper or pincer, inserting a new slate of

e same size and color as the broken one, and nailing it-through the

vertical joint of the next course above. The nail should be placed
about 2 inches below the butt of the slate in the second course above.
In order to prevent a leak aroundthe nail a 3-by-6 inch strip of copper,
galvanized iron, or painted tin (bent slightly concave to hold the
metal. in_place) should be inserted under the course above for about

2 inches, should cover the nail head, and should extend about 2 inches

below it. Another procedure for preventing leaks through exposed
nail holes is to cover the heads of nails in these holes with roofing

B o |
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cement. Nail holes should be pmdrilled and nails should never be
driven tight enough to put a strain on the slate.

Where ridges or hips require replacement of slate, the treatinent
given to them under the original specifications for installation should
be observed. This teeatment usually follows one of three patterns—
“Saddle,” “Mitred,” or “Boston.” Regardless of the treatment, both
nailg and plastic roofing cement are usually required when ridge or
hip slate is being replaced. Nails for the combing slate should pass
through the vertical joints of the slates below. Replacement pieces
should be pointed and embedded in plastic roofing cement and any
exposed nails should be capped with it.

Broken clay or cement roofing tile can be replaced in the same
manner as broken slate shingles (see p. 23). Spanish tiles are replaced
by troweling portland cement mortar on the new tile surface that will
be lapped by the course above and on the surface that will lap the
course below before pressing the new tiles firmly into position, fusten-
ing them into place with copper wire. Interlocking tiles can be cor
rectly laid in only one position, that is, interlocking with other tiles,
and they require special fastenings.

Cement-asbestos shingles that were originally laid by the American
method can also be replaced in the same manner as broken slate
shingles. If the original installation was by the Dutch-lap (or hex-
agonal) method, old metal fusteners, anchors, or nails must first be
removed beforé the broken picces of shingles are taken out. If the
original nails cannot be withdrawn, the new shingle can be notched to
avoid the nails before it is inserted in the same position as the old
shingle.

Metal Roofing

Many metals are used for roofing, but those most commonly in-
stalled on school buildings are copper. aluminum, terne, and gal-
vanized iron or steel. Metal roofing is usually manufactured in sheets
from 2 to 4 feet in width and from 2 to 8 feet in length, or in rolls
of about the same width but up to 90 feet in length. Of the four
metals mentioned here, perhaps copper and aluminum are more main-
tenance-free than the other two, since terne and galvanized steel or
iron have to be painted periodically. When properly applied, all of
these metals give satisfactory service as roofs for many years. Im-
proper installation seems to be the chief cause of metal roof failure:
a common example of improper installation is failure to provide
adequately for contraction and expansion of the roof due to tempera-
ture changes. This failure is indicated by breaks in seams or in the
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metal at points other than the seams. In batten-seam or standing-
seam metal roofs, the horizontal seam, which is usually a locked, flat
seam, should never be soldered. All fasteners for any type of metal
roof should be checked for allpys that might cause galvanic action
when in contact with the particular type of metal roof. Occasional
damage by external forces makes some repairs necessary.

In copper roofing, small holes (often caused by falling objects, such
as sharp-edged stones thrown on the roof) can be repaired with a
drop of solder; larger holes, by soldering a piece of copper over them.
A satisfactory soldering job can be done only if the surfaces to be
joined are thoroughly clean and are buffed until the metal is bright.
Zinc chloride or rosin should be used as a flux before the surfaces are
tinned with a thin coating of solder containing equal parts of tin
and lead. Where leaks occur in standing or in batten seams, these
seams may be opened and re-formed ; the copper should be bent only
to round&d angles, never to sharp ones.

Aluminum roofing, like copper, requires expansion joints in all roof
installations with flat seams. Batten.- and standing-seam installations
normally provide for the expansion and contraction of the metal.
When soldering, brazing, or welding is necessary to repair holes,
the methods employed and the materials used should be suitable for
the aluminum alloy of the roof, since the alloy should not be allowed
to come in direct contact with metals not compatible with it. Also,
in the installation of a new aluminum roof or in the repair of an exist-
ing roof, the aluminum should always be protected from direct con-
tact with wet or intermittently wet cement, concrete, or mortar. This
can be accomplished by coating the metal with bituminous or other
suitable compounds. If it becomes necessary to open seams and install
new fastening devices, these should be of aluminum or a compatible
metal such as nonmagnetic stainless steel, nickel, bronze, or a metal
plated with zinc or cadmium, and when seams are re-formed, they
should be bent to rounded angles.

Terne, a material consisting of sheet iron or steel (coated with an
alloy of approximately 4 parts of lead and 1 part of tin) is usually
called “short terne” when manufactured for roofing. It is produced
in sheets and in rolls. Terne roofing is normally supplied with a’shop
coat of paint on both sides, but painting of exposed surfaces after
installation and periodically thereafter is also necessary. If rust is
present, the surface must be thoroughly cleaned with a wire brush,
a steel wool pad, a scraper, or other convenient instrument, before
any paint is applied. This cleaning process nsually removes the orig-
inal primer coat, making it necessary to apply another primer coat
over affected areas as soon as practical after the surface is cleaned.

709-782 0—64——3
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-

This coat should be a corrosion-inhibitive primer that is applied gen-

- erously and is brushed out to a uniform film thickness.. A good coat- |
ing should be applied on all corners and edges because they are more |
apt to corrode than flat surfaces. Normal drying time for the primer
coat is 48 hours. It is always good pmctlce to allow ample drying
time before applying finish coats.

Usually two finish coats (consisting of an oil-base paint, an enamel,
or a special-purpose paint) should be brushed on well, and' the first
coat should be allowed to dry and harden before the second coat is
applied. The entire operation should be undertaken only in fair, dry
weather, and no paint should be applied during the early morning
hours, when the metal is damp from dew.

Leaks in terne roofing, like those in other metals, are often caused
by faulty seams. If the seams were originally soldered and have

- ‘hroken; they can be resoldered. They should first be thoroughly
.cleaned of any paint, grease, weather film, or other deposlta, after
which a rosin flux (no acid) should be apphed followed in turn by
a solder of 50 percent lead and 50 percent tin. If the roofing was -
originally installed with formed seams (locked flat, standing, or bat-
- ten), repairs can be made by opening and re-forming these seams,
4 or if this procedure is not practical, the seams can be calked with a
good-quality plastic calking material. This material can be applied
with a calklng gun, putty knife, or trowel, depending on the extent of
repair necessary. If cracks or holes are present, they should be filled
--and coated over with the calking compound. Another method of
makéng repairs of this riature is available through a recently developed
~ material which, when used in combination with a glass fabric, is
- reported to be permanent. This material i3 said to be pliable at high
or low temperatures; to have long life despite extreme weathering
conditions;. to waterproof any surface; to have a high tensile strength
~ in & very thin application ; and to be easily hidden with a coat of paint.
Another great advantage claimed for this material is that it can be
Weed on any type of metal, on any type of coping material, on con-
crete, or on any type of masonry.

Galvanized iron or galvanized steel roofing, like terne, is main-
tained prmclpally by keeping it painted. Frequency of required
painting varies with climatic conditions, but the job should never
be deferred until rust appears on the roof surface. If rust is per-
mitted to appgar, it must be thoroughly cleaned from the metal with a
wire brush. Turpentine or mineral spirits should then be used to
clean the surface of grease, dirt, or any foreign material. After the
surface is clean, a priming coat can be applied with a brush, spot-
priming areas affected by rust and allowing ample time for the entire
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coat to dry before applying a finish coat of zing, dust-zinc oxide paint.
‘This finish paint is produced only in gray, but may be tinted to provide
desired shades. If an existing coat of paint has deteriorated by
blisters, peeling, or scaling, it must be removed, usually by wire brush-
ing. Cloths soaked in turpentine or mineral spirits can then be used
to remove dust and grease. When the surface is completeiy clean
and dry, it can be refinished as new work. Layers of paint should not
be built up on surfaces that are in good condition.

Locked, flat horizontal seams that leak can be repaired by soldering;
standing and batten seams, by applying the same treatment as de-
scribed for similar seams in other types of metal roofing (see p. 25).
Other types of seams employed in galvanized iron or steel roofing
installations, usually built-in for corrugated or V-crimp sheets, are
the side- and end-overlap for the corrugated and the V-crimp overlap
for the V-crimp sheets. These seams are not soldered. The pitch
of the roof and the width of overlap are expected to keep out water.

~ Such seams may leak as the result of improper application of the
roofing, corrosion between the overlaps, or a failure of the exposed
nailing.  Repairs can be made by one of three procedures or by a com-
bination of them: renailing, calking, or replacing all or part of the
sheet or sheets in question.

Wood ghingles

Building codes of local, municipal, and State regulatory agencies,
as well as standards promulgated by the Fire Underwriters Labora-
tory and the insurance rating factors used by insurance companies,
often restrict the use of wood shingles for roofs on school buildings,
but in localities where codes are less restrictive, roofing of this type is
mstalled on some school structures. Generally, these are small, 1-
Story structures, usually with 2 or 3 classrodms. Sometimes they are
cottages used for.home economics instruction or other small auxiliary
buildings. o

Some factors that influence the length of service given by wood
shingles are’ pitch and exposure of roof, character of the wood, kind
of nails used, and the preservative treatment given the shingles, both
before and after installation. .

Wood shingles that have been treatad with creosote oil by the full-
cell process before installation have longer life than untreated shingles.
A more common practice, however, is (o stain them, after installation,
with creosote and coal tar preservative, applying it by either the brush
or the spray method. Pigmented stains containing creosote oil or its
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derivatiyes can be used if colored stains are desnrad Heavy oil paints
‘cause wood. shingles to warp and curl, and are not normally recom-
mended.

Cracked or broken shingles should be replaced even if they do not
leak, since they may allow water to reach nails.i In the next course be.
low, contnbutmg to their early failure. These shingles can ‘be re-
moved in the same manner as was described for slate shingles, except
that at least four nails must be cut. When the broken shingle has
been removed, it should be replaced with a new one of the same size.
Both the new shingle and the one immediately above it should be nailed
through the exposed butts, preferably with thin-copper nails. - Face %
nailing should never be done, however, except in the replacement of
broken shingles. Furthermore, butts of warped or curled shingles
should not be nailed down, since the nails mvarmh]y work loose, leav-

) mg naﬁ holes as a source of potential leaks.

Roof Projections : D \[

Roof projections are those components of a building that extend
above roof levels, and include such items as skylights, chimneys, vent
pipes, ventilators, flagpoles, antenna masts, water towers, fire walls,
parapet walls, and any mechanical equipment that may be mounted
on roof surfaces. These projections originate at different points—
some on, some under, and some at the edge of roofs, depending on
their weight and the purpose they serve—but most necessitate struc-
tural holes or breaks in the roof deck and' mat. A cardinal principle

* among roofing men is that the point where-anything comes through
a roof is a prospective fail point. Conversely, a roof with no such
breaks usually has less failure. Special treatment is required at all
breaks, or changes in elevation of roof surfaces. Flashings, one type
of special treatment, have been discussed in relation to built-up roofs
(see p. 17). Other prob]ems requiring special treatment will be

s discussed here.

N - Coping for parapet and fire wa]]s for example, is often susceptible
to moisture penetration because of materml that is too porous, that is
cracked or broken, that is poorly cemented to the wall, or that has
joints in which mortar or calking material ‘has detenorate(i If the
coping is of stone, masonry, or concrete, and if porosity is the problem,
correction can often be made by thoroughly cleaning the top surface
and then applying a,dampproofing compound, a masonry sealant or
coating, or a silicone water repellent. Dirt and dust can be removed by

E au-blowmg, brushing, hosing, or scrubbmg, dependlng upon the
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character and amount of contamination. For extremely dirty sur-
faces, blast cleaning may be practical. "If the surface is affected by :
 efflorescence, this deposit can be removed by wetting and then washing ]
the surface with a 20 to 30 percent solution of muriatic acid (or
builder’s acid), allowing the solution to remain on the surface for
about 5 minutes before scouring, it with a stiff-bristled brush. A fter
being scrubbed, the surface should be flushed with water. :
If concrete, stone, or masonry coping is cracked, broken, or spalled,
repairs can be made by thoroughly cleaning the affected areas and. .

" by then filling cracks and openings with mortar. The mortar can be
made by mixing 1 part of sand that passes a No. 3 sieve, 3; part of
portland cement, and 14 part of limestone flour, powdered flint, or
hydrated lime with enough water to make a mixture having a putty-

¥ like consistency. Wet the joints (or cracks to be filled) thoroughly,
but permit them to absorb all surface water, before applying the
mortar, or grout. After the mortar has set, it should be damp-cured,
by wetting at intervals, for 48 heurs. If cracks are large, a better job
can be done if they are cut out in the shape of an inverted “V” and

_ then cleaned before being grouted. v ‘

If mortar joints of masonry coping are soft, disintegrated, or
cracked, tuck-pointing is usually necessary to prevent water infiltra-
tion. This is accomplished by cutting away defective mortar to a
depth of at least 15 inch with hand or power tools and removing all.
loose material with a brush, or preferably, with a hose stream. Be-
cause high-cement mortars faay shrink excessively whilé hardening,

~ & process that lowers their effectiveness against water ‘penetration by
causing a reduction in the mortar bond, precautions should be taken
against’using mortar with higher portland cement content than the

1

origin .

If chngs are loose or are not properly cemented to the tops of
walls, they constitute g safety hazard and often permit leakage. They
are dangerous because| they might fall; and they may permit leakage
when water flows froni the-top, down the edges, and to the underside,

‘where it can enter tops\of walls. All loose or improperly cemented -
sections that are in fondition should be removed, cleaned (as is
the wall top), and replaced, using a full mortar bed or a heavy coating
of plastic cement, depending on the nature of the copilw- material.
The mortar joint should then be troweled so that there are no pinholes,
hairline cracks, or voids through which moisture can enter. Broken
and badly damaged sections of coping should be replaced with new ..
material of like kind. Coping that is flush with the sides of a wall
does not provide adequate drip, and in order to prevent moisture
seepage into the wall, it is necessary to install thi’qugh-wall flashing .
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in the mortar bed, extending the flashing about 1 inch on both sides
and turning it down to provide a drip. The same procedure should
be followed when topping out masonry chimneys, piers, and pilasters.

In addition to the foregoing methods of repairing coping joints,
some new procedures have been developed that rely on materials said
to be highly satisfactory. A few manufacturers produce and market
a type of glass fabric, recognized under various trade names, which
can effectively seal joints aguinst meisture penetration when used with

" a heavy-bodied paint-like product. A thin coat of the liquid is first

applied over the joints and then spread to each side with a brush or
special applicator. The glass fabric is then cut to size and applied
over the joint or crack, extending over the surface to which the ad-
hesive has been applied. This fabric is rolled or smoothed out to re-
move any wrinkles, following which another coat of the special liquid
is applied and smoothed with an applicator. This material is said
to be effective when applied to brick, metal, tile, stone, precast con-
crete, and other materials.

Scuppers, Gutters, and Downspouts

Another point of roof failure is at or around scuppers, a point often
overlooked by those seaking to locate and correct roof leaks. Many
buildings have flat roofs enclosed by parapet walls and inside drainage
systems; other similarly constructed buildings have outside down-

- spouts. In either case, scuppers must be installed to provide for the

escape of water. For buildings with inside drainage systems, scup-
pers through the walls serve as a safety feature. If outlets"become
clogged, water can escape through them rather than collect on the roof
and perhaps work its way over flashings and down into the building.
Buildings with flat roofs, parapet walls, and outside downspouts must
have scuppers to carry the water from the roof surface through the
wall to the downspouts. Scuppers should be large enough to pre-
clude clogging and should be unobstructed in any way by screens or
other devices. But in some instances, precipitation in unusual
amounts, slight settlement of roof structure, or the deposit of substan-
tial quantities of wind-blown debris may prevent scuppers from per-
forming their assigned function.

Where the volume of precipitation is greater than can be accommo-
dated, it is necessary to install larger scuppers or to enlarge the throats
of those in use. If settlement of roof structure (or some other condi-
tion) has caused the heads of*downspouts to be higher than the roof
surface, correction can usually be made by ]owenng the heads of the
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downspouts. All trash, debris, gravel, soil, or other deposit that may
clog the throats of scuppers and cause a heavy collection of water on a
roof should be removed periodically, frequency and removal depend-
ing on need. When copper flashings are used, the scuppers are usu-
ally completely lined with copper and this lining is soldered to the base
flashing, with counterflashing being worked around the hole. A
common though not frequent failure is the breakage of solder at these
connecting joints by movement caused by temperature changes. This
failure can be corrected by removing old solder around the break,
- cleaning the surfaces of metal to be joined (using rosin rather than:
acid as a flux), heating the seam thoroughly, and then applying plenty
of half-and-half solder, which should be allowed to flow adequately
over the joint. . ‘
Gutters are installed to conduct water running off a roof to outlets
or downspouts. The kind of metal used for guttering largely deter-
mines the extent of maintenance required. Copper or aluminum, for
example, require very little attention beyond being kept clean of
sediment, leaves, or other trash. Galvanized iron gutters are more
durable if they are kept painted both inside and outside with a good-
quality outside paint. Adequate priming is required before paint is
applied, however. In some instances, gutters may pull loose from
fascia boards, and unless prompt measures are taken to refasten them,
serious damage can be done to them during a heavy downpour of
rain. In replacing supporting brackets, it is well to remember that
gutters should have a slope of 1 inch to every 16 feet in length. ,
Downspouts are attached to gutter leaders to carry water down and
away from building walls. ' They may empty into underground drain-
age tile or onto splash blocks. - One of the chief maintenance problems
of downspouts is their tendency to slip from the gutter leaders, to
become loose at their joints, to develop loose supporting brackets, and
to become filled with ice during cold weather or with leaves and trash
at other times. .
When downspouts have slipped from gutter leaders, they can be
Placed back in position by loosening all supporting brackets so that
the downspouts can be moved without difficulty. When securely in
place, all brackets should be remounted and securely fastened. If
this difficulty is a recurring one, it may be necessary to solder the -
leader to the downspout. Loose joints of downspouts are usually re-
paired by soldering. - Supporting brackets that are loose should be
remounted with new nails or screws. Ice in downspouts can be dis-
lodged: by applying hot water copiously. If leaves and trash have
been allowed to accumulate in downspouts, it may be necessary to
~ remove the tubing so that a stiff wire or flexible rod can be inserted =
o dislodge the trash. - 1
: : o \
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Walls

Walls of buildings are classified according to locatlon and functlon,
with some subclassifications based on materials used in their con-
struction and on their elevation. From the standpoint -of location,
those serving as vertical enclosures are called “extetior walls;” those
serving as partitions to divide and compartmentalize internal space
are referred to as “interior walls.”, Either of these may be further
classified as “below-grade” or “above-grade,” depending on whether
they are below or above the,ﬁa.ce of the ground. From the stand-
point of function, walls supportmg vertical loads (their own weight
and the weight of the structure above them) are classified as “bearing
walls;” whether exterior or interior; those that sustain no weight
other than their own and that of doors, windows, and other attach-
m‘ are calfhd “nonbearing walls,” and may be either exterior or

_ interior. Nonbearmg walls that are built and supported between

columns or piers and on girders or other support are classified as

“curtain walls,” and are ususlly of light construction. Curtain walls
are also sometimes ca]led “thin walls.”

Below-Grnde Walls

Exposure and other factors cause distinct maintenance problems for
below-grade walls. Some specific elements and details of below-grade
walls that often require attention are footings, foundations, area-
ways, window wells, outside stairwells, and drainage design. -

%, 'The lower portions of walls, piers, or columns which are spread to
-+ provide a safe base are called footing courses. Although many
- materials can be used for footings, concrete, sometimes reinforced
with steel, is usually preferred unless unusual geological conditions
- are encountered. The concrete mixture is poured into a trench dug
in the foundation bed or earth material on which a structure is to
rest. Poured as a wide base, concrete footings serve to distribute,
equalize, and transmit the weight of the superimposed strucbure to
the foundation bed. Resting on top of footmgs is the foundatlon, '
. which consists of below-grade walls, piers, and columns.
 Footings may fail in several ways: by shearing, by direct crushmg,
'~ by spreading, or by bendmg or rupture. F allura by shearing oecurs
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most often when the weight of the superstructure is transmitted to the
. footing by piers or columns. If the foundation bed does not h d, .

or if the footing is not strong enough to withstand the pressurd it ¢

breaks around the base of the column, allowing settlement of the

building at this point. = - .

This type of failure can be repaired if corrective steps are taken
during its early stages. Pressure on the footing can be relieved by
lifting the building with heavy building jacks. The broken section .
or sections of footing can then be removed. A deeper, wider trench '
may be required for a new slab, which should be reinforced with
steel for added strength. If there is evidence of soil movement, °
then the repair should include, before replacing the concrete footing,
either digging to a firm foundation bed or driving a pile to solid
earth or rock. When the new footing has been allowed to cure
properly, the building jacks can be removed, allowing the pier or
column to settle back to its original position,

Failure of footings by direct crushing is rare; ordinarily, it occurs
only if the concentrated load of a pier or column is distributed by
beams or girders whose webs are so thin that they fail by buckling.
The solution to this problem is to remove the existing, damaged con- .
crete footing and to replace it with new footing, using building jacks
to hold the building’s weight. ‘At the same time, the webs of the beams
or girders should be reinforced by vertical stiffeners or by additiona]

. web plates, and the spaces between the beams or girders should be

filled with concrete or grout.

Failure of footings by spreading may occur under walls or piers,

and usually occurs only when the foundation bed is of clay or some
| other yielding material, which tends to flow in a horizontal direction
under the load of the footing. The problem is compounded if there are
vertical joints in the footing, and if the footing is wide.in relation to
the superimposed wall or other construction. As in repairing other
failures in footings, the weight of the superimposed structure must
be carried by building jacks or other means while repair is in progress. -
The damaged footing should be removed and new material poured
in place; the bottom layer should then be continuous and should be
adequate in strength, width, and thickness to resist the tension.

Failure by bending or rupture is usually the result of a concentra-
tion of the load on the lower edges of the wall, particularly if the
footing is much wider than the foundation wall it supports. A bend
in the footing is a turning up of the edges, which permits all pressure
to be concentrated on a smaller area of the footing immediately under
the wall or pier it §upports. Where a rupture occurs, the footing
breaks rather than bends, and it Permits concentrated pressure, just
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as bent footing does. Breaks, however, may occur either in the foot-.
ing under the centér line of the wall or at points close to the outer
1 edge of the wall. Whether the footing is bent or ruptured, repairs
can be made only by relieving it of the weight of the building, so that
the damaged sections can be removed and replaced with fresh ma-
terials, Concrete for the new footing should have grillages of steel
embedded in it for added strength against bending or rupture.

Foundations

Foundations are walls, columns, or piers that are below grade and
that usually rest on footings. The purpose of a foundation is to pro-
vide a safe, permanent base for the superstructure so that structural
movement will be minimized to prevent damage to the building. In
general, foundation walls, columns, and piers are composed of poured
concrete or of concrete blocks. o

Some of the maintenance problems associated with foundations are *

“cracks, water build-up and seepage, spalling, wall movement, and
mortar joint damage if the foundation is made of concrete block.

Cracks in foundation wallg, columns, and piers usually can be
attributed to one of four causes: soil movement, weakness of the wall
itself, footing failure, or earth tremors (in geographic dreas subject
to earthquakes). Hairline cracks may be of no serious consequence,
and probably require no immediate remedial maintenance, unless there
is evidence that the separation is growing. Larger cracks may be of °
such a serious nature as to require immediate attention. What kind
of attention depends upon the underlying cause of the trouble.

If soil or earth movement is exerting pressure against the wall, as
from a hillside, corrective steps include the following: (1) removal
of offending soil by excavation to a distance of 4 to 6 feet from the
damaged wall; (2) installation of a retaining wall, firmly set in rock .
or other substratum and securely braced with triangular pilasters,
along the face of, the excavation; (3) repairing the crack or cracks
by grouting with cement if structure damage is not serious; (4) apply-

. ing two or more coats of coal tar weatherproofing compound to the
affected areas; (5) backfilling the dirt removed in step No. 1.

Water build-up against moistureproof foundation walls may even-
tually lead to their deterioration as moisture enters into tiny cracks
and pores by hydrostatic pressure. If the water build-up is below
frost level, the damage it causes may not be severe enough to be dis-
cernible in its early stages. 1f freezing is a factor, damage from the
water can be serious, both by exerting pressure on the wall itself,
thereby causing some displacement, and by enlarging cracks, pores,

FRIC T



EXTERIOR MAINTENANCE NEEDS 35

and opening mortar joints through molecular expansion. Failure

to moistureproof foundation walls at the time of their construction

can lead to serious water damage to them because of the porous pature

of most materials used in their construction. : |
The problem of water build-up around and along the outside of '

foundation walls can be solved by performing the following opera-

tions:(1) removing the soil from the outside of the affected wall to a

depth somewhat lower than the lowest layer of footing and a width

from the wall of 3 or 4 feet; (2) installing regular drainage tile at

the bottom of this excavation so that the tile line has a pitch (drop)

of at least 1 in(@mch 15 lineal feet, and then tying the lower end

of the tile line 'the surface drainage system, if any; or if there
is no surface drihagh system, running the tile line away from the
building to a point where a dry well can be constructed so that the
water draining into it can be absorbed by the surrounding soil; or if
neither of the foregoing solutions is feasible, constructing an under-
ground pit or catch basin, which should be lined with impervious
material and covered with a standard grating (a sump pump of ade-
.quate capacity can be used to pump the water from the catch basin
to the storm sewer) ; (3) covering the drainage tile in the bottonf of
the excavation to a depth of 12 inches and a width of 24 inches with
crushed stone; (4) backfilling the entire trench with the soil originally
taken from it; (5) replacing the sod and watering it down, or giving
whatever treatment may be required to the leveled soil.

When foundation walls also serve as basement enclosures, moisture
seepage through them into basement areas can damage material or
equipment stored there, and may cause excess humidity throughout
the building. The cause of seepage of this nature can be corrected in
the same manner as described for water build-up (see above), but if
there is only a slight leakage or dampness on the inside surface of
concrete masonry or concrete walls, two or.three heavy coats of port-
land cement paint applied to-the inside surface are sometimes success-
ful in stopping the leakage. The surface should be thoroughly cleaned
and then wetted before applying the paint. Proper application of this
paint to coarse-textured concrete requires a brush with relatively short,
stiff fiber bristles such as an ordinary scrub brush. If the concrete is
of a smooth or sandy finish, a whitewash or a Dutch-type calcimine
brush is suitable. The paint should be vigorously scrubbed on in such
& manner as to work the paint back into the voids and provide a
continuous film of paint, free from pinholes or other openings through
which water might penetrate.! ' '

1ACI Btendard Recommended Practice for the Application of Portland Cement Paint
to Conprete Burfaces (ACI 616—49). Detroit, Mich.: American Concrete Institute, 1949.
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. Concrete foundation walls (either poured concrete or blocks) that
- have not been dampproofed * and that are exposed to frost are often
damaged by a process known as “spalling,” a process by ‘which
particles and fragments of concrete or masonry are chipped away
by the force of freezing moisture in the pores and voids of the
concrete, ~
This problem can be solved by following these procedures: (1) dig
a trench along the foundation walls to a depth of the footing and
wide enough to accommodate workmen; (2)- shore up the face of
the trench if there is danger of a cave-in; (3) thoroughly clean the
face of foundation walls of dirt, grease, oil, and loose mortar particles;
(4) dampen the walls by spraying with water; (5) parget the walls
from a point several inches above finished grade to the footing with
8 34-inch coating of mortar, using a mixture of 1 part portland cement
to 215 parts of sand, proportioned by volume and mixed with water
‘to a workable consistency; (6) if two parget coats are required, the
first should be scratched with a coarse brush before it hardens so that
the second coat can form a good bond to this roughened, scratched
surface; the second coat should not be applied earlier than 24 hours
after the first and then only after the first has been thoroughly damp-
ened; (7) for proper curing, keep the second coat damp for at least
48 hours after hardening;* (8) when parget coats have been allowed
to cure properly, remove shoring from trench wall and back-fill.
Another cause of foundation failure is wall movement resulting
from contraction and expansion from temperature changes. This can
‘be a serious problem in sections of the country where there are rapid
and frequent changes in temperature, particularly if walls have not
been designed with adequate expansion joints. The principal types of
failure from this cause are cracks in solid walls, opened mortar joints
in block or masonry walls, and in severe cases, wall displacement.
If the problem is serious enough to cause wall displacement
(buckling, bulging, out-of-plumb-alignment, or fragmentation at cor-
ners and on surfaces), the only satisfactory and lasting solution is
to tear out and rebuild the entire wall from footing to eaves, making
 sure that adequate expansion joints are provided in the rebuilt wall.
If the problem is less severe and there is no question about the struc-
tural safety of the walls, damage from wall movement may be con-
fined to a few cracks or to opened mortar joints. Failures of this ™
" nature can usually be repaired satisfactorily, though not always per-

$ “Dampproofing” and “waterproofing” are terms that are often misnsed. “Damp-

proofing™ refers to treatments intended to reduce molisture penetration by capillary action;
‘“‘waterproofing,” to treatments intended to stop the flow of water through a wall,

8 Teohnioal Notes on Brick and Tile Comatruotion. Washington : Structural Clay Prod-

_ Ucts Institute. July 1961, No. 7. i
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manently, by using a special tool to cut out the cracks in the shape
of an inverted “V” and by cutting away damaged mortar from broken
joints toa depth of 3 inch, and by then tuck-pointing both the cracks
and the defective mortar join{s'with fresh mortar. In some instances,
an application of two coats of asphalt or bituminous material over
the repaired surfaces affords sufficient elasticity to prevent future
cracks or damaged joints.

Areaways

Areaways are sunken spaces along outside walls of buildings that
allow air and light to reach basement areas, Having little or no pro-
tectiop from the ravages of the elements, areaway walls, which are
usually constructed of brick, stone, or concrete, are often subjected to
heavy damage by the weather.

Areaways have some maintenance problems that are common to other
below-grade walls, some that are common to above-grade walls, and
others that are peculiar to themselves. Some maintenance problems
peculiar to areaways are growth of thallophytic plants (molds, mil-
dews, rusts, smuts, etc.), drainage, and often a rapid deterioration of
mortar in masonry walls,

Plant growth on the surface of areaway walls and floors, particular-
ly of mildew, mold, and moss, is primarily due to the continuous damp-
ness and warmth and the absence of sunlight. Affected walls can be
treated with & mildewcide to destroy the growth, but under conditions

 favorable to such growth, these treatments have to be repeated periodi- -
cally. Longer-lasting results may be obtained by cleaning affected
surfaces with an alkaline cleaner, such as a solution consisting of 1
pound of trisodium phosphate to a gallon of water. If this chemical
isnot readily available, one of the abrasive cleanerscan be used. After
the surface has been cleaned, it should be sterilized with a hypochlorite

~ (chlorine) solution and then rinsed with clear water. When the sur-
face is dry, a mildew-resistant pdint can be applied. This paint can
be purchased ready to apply, or can be made from any regular paint
mix by adding a mildewcide or fungicide to it and stirring well before
applying. ,

Since areaways are usually unprotected and are below finish grades,
they often become “catch basins” for excessive surface water from
rain or snowfall and for litter that may be thrown or blown into them.
Well-designed areaways are provided with adequate underground
drainage pipe, properly -tied into the storm sewer or other drainage
system, and with floor drains designed to prevent entry of any ma-
terial too large or too heavy to be carried by the piping.

"——
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The principal maintenance problem under these conditions is to
keep areaways free of litter and refuse and to remove and clean floor
drains and sediment buckets periodically. Where the accumulation of
dust or soil is such that underground pipes might become clogged, a
good practice is to flush these pipes with water under pressure each
time the drains and sediment buckets are removed for cleaning. '

If areaways have been constructed without drainage pipe and if the
collection of water in them is a problem, it might be more economical
to construct a pit and install a sump pump at each troublesome loca-
tion than to attempt to install underground drainage.

If, through neglect, underground drainage pipe has become clogged
with soil sediment or other solids, and if no trap or clean-out plug has
been provided, the pipe may usually be opened and the solids dis-
lodged and flushed away by inserting a flexible cable with an auger or
corkscrew attachment on the end, and by turning the cable when the
auger attachment contacts the obstruct:on At the same time a water
hose must be inserted intermittently and water must be released, under
pressure, against the obstruction within the pipe. If this pmcedure
| fails to open the pipe, the only alternatives are to dig out and replace

: the pipeline, or install & sump pump that will automatically pump
excess water from the areaway.

The third type of maintenance problem for areaways—mortar dete-
rioration in masonry walls— is usually caused by moisture penetration
into the wall. This penetration may enter the wall through defective
coping, through loose flashing under the coping, through the wall
from the soil packed against it, gr into the wall from rainfall blowing
agnmst its exposed surface. Procedures for oorrectmg leaks through
coping were discussed in connection with the repair of parapet walls
and flashing (see p. 17) ; moisture penetration from the soil is similar

. to water build-up against foundation walls, and is corrected in the
same way as was described for foundation walls (see p. 35) ; moisture
penetmtlon through exposed wall surfaces can be prevented by apply-
ing one or more coatings of waterproof material, such as silicone prep-
aration, a stearate solution, or a paint manufactured apeclﬁmlly for
application on masonry walls.

A number of products are available for waterproofing exterior sur-
faces of masonry walls; if applied early and often enough, they can
prevent mortar deterioration by removing the cause. Water is carried
into masonry as vapor when vapor pressure within the wall is less

. than that of the air surrounding it, or by capillarity when the water
is in contact with the surface, irrespective of vapor pressure. Also,
water can and does enter through large, visible holes, often present’
because of poor workmanship. Masonry water repellents made from
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the silicones are easily and effectively applied with a low-pressure
spray apparatus or an ordinary paintbrush. They form an invisible
film that works equally well over or under cement-based paints, or
as & primer for oil-based masonry paints. These repellents prevent
water penetration caused by either vapor pressure or capillarity.
However, they not only prevent water from entering walls, they also
prevent it from escaping from walls. Provision must be made, there-
fore, for the walls to “breathe” if these impermeable coatings are to
be used.

'If masonry joints are open because of unsatisfactory workmanship,
or if they have been permitted to deteriorate from alternate freezing
and thawing of water lodged in them, the recommended procedure is
to tuck-point the entire affected surface. This is done by removing
the soft, decayed, or cracked mortar to a depth of 15 to 3; inch with
hand or power tools. When all cutting is completed, all loose material
should be removed with a brush or with a hose stream. The Struc-
tural Clay Products Institute recommends that for best results in re-
placement mortar, duplicate the original mortar proportions, but if
in doubt, use prehydrated type N mortar (1 part portland cement, 1
part type S hydrated lime, and 6 parts sand, proportioned by vol-
ume).* A good bond can be assured by wetting all mortar joints
thoroughly and allowing excess water to soak into the wall before
applying fresh mortar. The fresh mortar should be packed tightly
into joints in thin layers until the joints are filled. The outside sur-
faces of the joints should then be tooled until smooth and concave;

If openings and cracks in joints are small, a grout coating con- -
sisting of 3; part portland cement, 1 part sand that passes a No. 8
sieve, and 1 part limestone flour, powdered flint, or fine hydrated
lime will effectively seal them. These ingredients should be mixed
with water to obtain a fluid consistency before brushing the grout into
joints vigorously with a stiff fiber brush. It is recommended that all
joints be wet thoroughly and excess water be allowed to soak in,
before the grout is applied. A template may be used to keep masonry
units clean while applying the grout. Two coatings are usually
recommended for best results.*

Above-Grade Walls

Above-grade exterior walls may be cbnstmcted of a variety of
materials, depending on applicable codes, functions to be served by

¢ Teohnical Notes om Brick and Tile Construction. Washington : Structural Clay Prod-
ucts Institute. No. 7, July, 1961. :
S Idid.
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the walls, and other considerations. The materials most frequently
used for wall construction in schools are brick, stone, precast block,
concrete, metal, and wood. For purposes of this discussion, walls
consisting of hnck stone, marble, block, structural tile, or a combina.
tion of these materials are called masonry walls; concrete, as a wall
material, is usually reinforced with steel, is often poured monolith-
ically with the spandrel beams reinforced to form upturned spandrels
extending the full height of the wall, or it may be precast to form
the wall which is then tilted into pomtlon (tilt-up walls) ; metal
walls may have diverse treatments, but in recent years they are used
ag curtain or thin walls consisting of decorative panels, usually of
laminated “sandwich construction,” with a wide range of glass, metal-
lic, ceramic, plastic, and other materials playing important parts in
the overall treatment; wood walls for schools are usually restricted
by building codes to buildings ‘of 1-story design, where safety of
occupants from fire can be improved by providing direct exits to the
outside from each pluce of group occupancy.

Masonry Walls

Some common, troublesome maintenance problems ehcountered in
above-grade masonry walls are mortar deterioration, open vertical
and lateral joints, moisture penetration, spalling, efflorescence, failure
of calking material at the perimeter of exterior door and window
frames, and discoloration of surfaces due to atmospheric deposits of
soot, dust, and other foreign matter.

Mortar deterioration may be due to poor workmanship, improper
mixture of the elements contained in mortar, failure to protect it
during the curing process against freezing or against too rapid dehy-
dration, or to a comhjnatids of causes. The suggested maintenance
procedure for detexioggted mortar joints is to cut out affected mortar
to a depth of 14 to 3 inch with specmlly designed masonry chisels
or with power tools and then to repoint the joints, following instruc-
tions previously given for tuck-pointing (see p. 89).

Mortar breaks away from masonry most frequently along lateral
and vertical joints, leavmg a kind of stalr-step pattern. This break-
age is caused by excessive movement along a given length of wall, and

this movement is caused in turn either by temperature changes or by
failure of. footmg The former results in expansxon and contraction
of materials in the wall itself and the latter, in uneven distribution
of the load.- Damage from movement caused by temperature changes
can be prevented only by installing at proper locations in the wall,
adequate expansion jaints that will absorb the extremes of thermal

\-..‘:‘ A 0
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shock. The services of an engineer are required to do this job prop-,
erly. To repair joints opened by expansion and contraction without
first installing expansion joints in the wall compounds the problem :
the additional mortar placed in the joints leaves even less room for
wall expansion. .
- If wall damage is due to failure of footings, the footings must
first be repaired. The material used for this repair should be strong
enough to carry the weight of the wall and also of the superstructure,
if the footing supports a bearing wall. ‘Once the underlying cause
of damage is corrected, the open joints should be chiseled out and
refilled with mortar in the usual manner for repointing joints. ;

If not promptly and effectively stopped, moisture penetration of '
masonry walls causes many problems, Poor workmanship in putting
wall components together, materials of inferior quality, advanced age
of the structure, damage of any type, or a combination of these factors
are the usual causes of moisture penetration. Once a wall is in place,
little can be done to erase the marks of poor workmanship or to
substitute high-quality materiatqzfor inferior ones. Exterior film
waterproofing of leaking walls can be effective, but in most cases it
must be repeated periodically. A satisfactory waterproofing material
must : , i

¢

® penetrate easily into the masonry surfaces and remain there on drying

® harden on the surface sufficiently to resist erosion, but not concentrate to
form a hard crust . i

® prevent entrance of water, and at the same time Allow escape of vapor, i.e.,
create a negative caplllary action

® expand and contract unlforml} with the surrounding surfaces so as not to
cause spalling o

® be noncorrosive and harmless

® retain its preservative effects indefinitely.*

Several companies manufacture various types of weatherproofing
materials for exterior masonry. Some are colorless or nearly so, such
as the silicones, Stearates, oils, varnishes, paraffins, and waxes; others
are organic compounds that stain or color, such as asphalt, vegetable,
and mineral oil. Rubber-base paints are also used for this purpose.
Most of these materials, regardless of type, can be applied by either
brush or spray apparatus. If the leakage is due to defective joints
rather than capillarity, repair of the joints will probably correct the
trouble without the application of weatherproofing coatings.: Regard-
less of the cause of moisture penetration, joints that have a poor bond
or that show mortar deterioration should be repointed before any
weatherproofing substances are applied. '

‘A. D. Brainard. ‘‘Methods of Po‘tin: and Waterproofing Exterfor Masonry.” 195121
ABBO Proceedings. Evanston, IL.: Assoctation of 8chool Business Oficials. p. 327-337.
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Spalling of masonry or concrete surfaces is the falling away of
solid particles, and is usual]y caused by the alternate freezing and |
- thawing ‘of water trapped in the capillary pores of the wall'material.
This problem can be solved effectively by ellmmatmg the cause of
moisture penetration and by making provmlon for wall surfaces to
breathe and dry out through the process of air circulation.

Efflorescence is the deposit by water-soluble salts of a powder or
stain on the surface of masonry walls. qlt is a maintenance problem of

- concern,because it indicates the presence of excess moisture in the wall
itself. The potht or points at which this moisture enters the wall
must be located and corrective steps taken. Experience shows that
these points are usually located in or on parapet walls, ¢ copings, flash-
ings, window ledges, lintels, perimeter openings (for windows, doors,

~ or louvers), and other irregularities of wall surfaces.

Once inside a wall, water trickles downward to reappear on either
the inside -or outside surfaces, where salt deposits are left. These de-
posits and stains can be removed by scrubbing affected areas- with a
mild solution of muriatic acid and water (1 part acid, 9 parts water
by volume), using a stiff fiber brush. The scrubbed area should then
_be thoroughly rinsed with clear water to prevant. acid penetration
into the poresof the wall surfaces.
~ (Those who handle muriatic acui ghould wear goggles and gloves to
- protect their eyes and hands against the accidental injury that can
occur if the acid spills or splashes while being mixed with water or
while the solution is being applied to the wall.)

Another maintenance problem common to all types of outside walls
- with windows, doors, louvers, or other openings is that of keeping
* joints around these openings airtight and watertight. Joints are
formed wherever two types of materials meet (such as wood and

- stone, metal and brick, or metal and concrete). If not sealed, these
joints permit moisture and air infiltration, allow heat loss, or impair
the efficiency of air conditioning systems; in addition, they generally

~ contribute to, or create, other maintenance problems. -

The usual process by which joints are filled is known as calking,

. and regardless of the quality of materials used, calking is a recurring
maintenance ]ob Normally, it is required at about 5-year intervals.
Calking compounds of good quality adhere to both edges of a joint or
_crack, regardless of materials joined; form their own protective skin -
when allowed to cure for a few minutes; remain elastic to resist dam- ‘
age from normal expansion, contraction, or from moisture and tem-
perature change; and effect a long-lasting, watertight and airtight
seal. They are produced in a variety of colors, as well as white:

et
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Calking compounds may be purchased ready-mixed in either bulk
form or in cartridges, or the ingredients may be purchased sepa-
"rately and then combined before use. Whether purchased in bulk
form or mixed on the premises, the compound must be loaded into-
a calking gun for easy application. There are two types of hand
guns designed to speed the application of calking materials: the full-
barrel accommiodates either the bulk or the canned compound, which
is loaded into the barrel with a putty knife or a loading machine de-
- signed for that purpose; the half-barrel accommodates factory-filled
- cartridges manufactured with or without applicator nozzles. Those
with nozzles can be cut to provide any desired size of bead; metal
nozzles with apertures of any desired size are available for use with
cartridges without nozzles. In either case, the calking compound is
. forced out of the barrel by pressure created by a plunger that is acti- .
“Vated by the alternate pulling and releasing of a “trigger” on the
gun. - < , o
- To seal a joint or a crack, the gun’s nozzle is moved along the open-
ing while constant pressnre is simultaneously applied to the sealant in
the cartridge. . Only experience and practice can determine the speed
with whichto move the gun and the pressure to exert in order to dis-
charge the right amount of sealant. Deep cracks or joints should
first be packe\d. with oakum or some other packing material, until only
about, 14 inch is:left to be filled with calking compound. Small cracks
can usually be filled satisfactorily with a putty knife as an applicator.
Excess calking can be wiped off with a moist cloth. If old calking
compound or sealant is present, it must be cleared from the joint’s
surface edges before new sealant is applied. If painting is required
after calking, the compound should be allowed to form a tough outer
skin before the priming for paint is applied. '
- In some localities, the atmospheric deposit of soot, dust, and other
o foreign matter on the outside surface of masonry walls creates a re-
~curring maintenance problem. This deposit is usually heavier but
less noticeable on rough-textured surfaces than on smooth-textured
ones. Removal of this deposit is always difficult, expensive, and time-
consuming, regardless of the type of wall material. “The processes
used in cleaning masonry surfaces depend upon the nature of the spots,
stains, or deposits to be removed. The problem is complicated by the
fact that the surfaces nearly always contain two types of materials:
the chay units and the mortar, each of which has different, character-
istics. -Many cleaning compounds that work satisfactorily on clay
. prodcts have damaging effects on mortar. -

14
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The principal methods of cleaning masonry structures, as recom-
mended by the Structural Clay Products Institute, are as follows:? +

Sand dlasting which consists of blowing hard sand thrdugh a nozzle by com-
pressed air against the surface to be cleaned. This method removes the deposit
from the wall surface, but may destroy the original texture of the unit, leav-
ing a coarser texture which is particularly susceptible to the accumulation
of soot or dirt. Due to the difference in hardness between clay units and
mortar joints, sand blasting may seriously damage.the joints. If so, it will
be necessary to repoint the mortar joints after the surface has been cleaned.
The application of a colorless waterproofing compound to the roughened surface
will tend to make the wall self-cleansing, and will protect the surface against
rapid soiling from smoke and dust particles in the air. - Sand blasting should
never be used on glazed surfaces or other units having smooth textures.

Steam or steam and water jet cleaning consists of washing the wall with a
steam or steam and water jet under pressure. It is effective in removing soot
and dirt, but will not remove stains which have penetrated the pores, nor will
it remove such substances as mortar or paint.e It may be used on both rough
and glazed surfaces, but best results are obtgined when used on glazed units.

In extremely stubborn cases, an alkaline such as sodium carbonate, sodium
bicarbonate, or trisodium phosphate may be added to the water when cleaning
by the jet method. These salt compounds will aid materially in the cleaning
process, but some of the salt may be retained in the clay unit and will reappear
later in the form of efflorescence. The amount of salt retained can be ma-
terially reduced if the surface is thoroughly soaked with clear water before the
cleaning solution is applied. Also, the wall should be washed with an
abundance of clear water after cleaning to remove salt from the surface.

Application of a cleaning compound is a method of cleaning that is particularly
adaptable to small structures, and is probably used to a greater extent than
any other method. It involves the development of a cleaning compound best
suited to removing the particular material and stains found on the structure.
The strength and chemical composition of the solution in each case can be
adjusted by trial, but care should be exercised to prevent absorption of the
solution into the pores of the masonry units in order to forestall efflorescence.

Efflorescence can frequently be removed by applying water with stiff scrubbing
brushes. If this procedure is not effective, clear water should be applied to
affected areas before they are scrubbed with water containing not more than
10 percent muriatic (commercial hydrochloric) acid. Immediately after
scrubbing with this solution, the walls should be rinsed with clean water.

Green stain or efflorescence resulting from vanadium salts in the masonry
should not be treated with an acid solution. If this is a problem, the recom-
mendations of the manufacturer of the masonry used should be secured and
followed. i

Acid cleaning is not required for glazed masonry units, Mortar stains on
glazed units can be removed by washing them with warm water and a soap
powder, applied with a fiber scrubbing brush. After the units have been
scrubbed, they should be rinsed with clean water.

% Reinforced Briok Masonry and Lateral Force Design. Washington : Structural Clay
Products Institute. 19883. p. 224-228.
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Masonry walls of limestone should never be cleaned by the sand
blast method, or with wire brushes, or by the application of acid.
Soap powder, clean water, and fiber brushes, or approved machine
cleaning processes may be used for cleaning llmestone walls, but the
walls should Be rinsed with ¢lean water immediately after the clean-
ing process. :

The finish of exterior walls of marble is either polished or tooled
. (or sand-finished). Cleaning procedures are somewhat different for
' each, particularly if the marble has been neglected. If it has not been
~ allowed to become soiled or stained, it can be kept clean with clean
| water and washing cloths, regardless of finish. The Marble Institute
of America, Inc., suggests various methods and procedures for clean-
ing exterior marble, including the following:® :

Ezterior polished marble can be cleaned with a mildly alkaline soluble cleaner

or soaplesa cleaner of the non-precipitating type that contains no grease, lye, '
or other corrosive fillers. The cleaner should be one that rinses freely, even :
in hard water; leaves no greasy or sllppery film to catch and hold dirt; nnd

doea not scratch.

The marble area to be cleaned should first be wet thoroughly with clean, clear,
hot water and then washed with a sdluble cleaner made In accordance to
manufacturer's directions. The marble should be washed from the bottom
up in small overlapping sections. Each section should be rinsed with clean
water, using soft cloths. Immediate drying of the surface with clean chamois
or soft cloths will prevent streaklng .

If the marble shows deep-aeated stain and discoloration, a poultice should
follow normal cleaning. This will draw out deep-seated stains and secure
more uniform results than is usual by surface scrubbing. A poultice paste is
made by mixing a powdered abrasive cleaner with hot water, stirring thor-
oughly with a stick or paddle until the mixture has the consistency of wet
cement or plaster (usé about 1 pound of abrasive cleaner for each 1% square
feet of surface to be covered).

' The surface of the marble should be wet before applying the poultice with a
plasterer’s trowel or wooden spreader to form a uniform thickness of about
one-half inch, completely shutting off the air from the face of the marble.
Apply the poultice to the entire area to be deaned and let it remain there for
48 hours, or until thoroughly dry. It shouldnpot be pérmitted to dry out too
rapidly or be washed off by rain prematu . To remove the poultice,
dampen 1t sllghtly to avoid dust; use a wooden paddle to avold scratches:
rinse the stone thoroughly wlth clean water, being sure that no paste remains ;
then wipe dry. :

Paste works best when freshly mixed and applied hot. In severe cases several
applications may be necessary to secure best results. .

Many highly colored marbles need special treatment to retain their polish and
color. -Thh'trentment cmm of the application of light colored waxes at

® The Cleaning and Maintenance of Mardle. Mount Vernon. N.Y.: lhrl:le Inltltuto of
Amer!u. Ine. (A.L A. File No. 22-A). 1858. p. 8-11.
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intervals of 1 to 3 months (only paste or water emulsion waxes that will not
water spot should be used). A further treatment is to apply a colorless
waterproof lacquer, especially designed for bonding to smooth marble surfaces
. with no tendenecy to yellow, at least annually. Waxing or lacquering of white

marble is not recommended unless a creamy effect is desired. -

Tool or sand finished extcrior marble can be steam cleaned satisfactorily if no
bharmful acid cleaners. or injurieus alkalies are used. Repointing to make
joints waterproof should be undertaken along with cleaning.

Sandblast cleaning is recommended only when properly supervised and then
only on Group A marbles, and only if iron-free sand or abrasives no coarser
than 120 grit size are used. Pressure should be kept at a maximum of 60
pounds and the nozzle should be kept at least 15 inches from the surface

being cleaned. 1

On carvings, lettering and ornamentation, and on joint cement, pressure should
be reduced and the nozzle kept at least 24 inches away. Windows, metal,
wood, and exposed surfaces of other material should be protected against the
sandblast, and the entire sandblast area should be hosed down upon completion.

Wire brushes, or sand and aggregate containing iron, should never be used
to clean marble, because, despite rinsing, minute particles of steel will remain
on the marble surface and cause rusting.

Concrete Walls

Exterior walls of concrete are generally classified as masonry walls,
cast-in-place (monolithic) walls, or $ilt-up walls. Concrete masonry
walls have won a unique place in modern building construction. The
blocks used to make up these walls can be precast in many different
sizes and shapes, and can be made from a variety of aggregates, such
as sand and gravel, crushed stone, cinders, expanded slag or clay, or
volcanic materials. Masonry blocks of concrete are laid up and
bonded together'as a solid unit in the same way as brick. Cast-in-place
concrete walls, used both below and above grade, require casting forms
of sufficient strength to withstand the great pressure exerted on them
by the raw concrete mixture. This strength is necessary to allow the
concrete to cure true to line and level. No amount of surface treat-
ment, after stripping, can overcome the ill effects of bulging walls,
drooping beams, or irregular arrises resulting from weak or improp-
erly braced forms.

Tilt-up walls also require casting forms, but these lie flat on the
ground at positions where walls are to be placed. They consist of a
frame to mold the shape and size of the slab and to provide openings
for doors, windows, and other attachments. Attached to this frame
is a bottom, onto which the concrete mixture is poured. The top side .
of the form is open to permit the use of floats, trowels. and other tools
required in finishing the exposed surface of the poured concrete.

~Q | _ ) _ o
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When the slab is cured, it is tilted into position and securely anchored i
so that touch-up work can be done to both the inside and outside face !
of the wall if such work is needed. ;

Maintenance procedures for concrete walls, regardless of type, are
zenerally concerned with moisture control, spalling, structural cracks,
cfflorescence, broken or defective mortar joints, and calking failure.

Coarse-textured or highly porous concrete walls absorb moisture
very rapidly, and hence may require special treatment to produce im-
permeability. For above-grade walls, this treatment usually consists
of applying a water-repellent.coating to the exterior surfaces. Many
types of suitable materials are available, the most commonly used of
which are cement-base, resin-emulsion, oil-base, and synthetic rubber-
base paints. If coloring is not desired, a transparent, water-repellent
coating of the silicone type can be used effectively. ‘

No paint or coating, however, can be expected to adhere well to a
concrete surface if interfering substances, such as dirt, dust, grease,
oil, and efflorescent deposits, are on the surface. For any paint or
coating to be effective, these interfering substances must first be re-
moved. Recommendations of the concrete industry regarding the .
preparation of surfaces for painting should be followed. These rec-
ommendations include the removal of dirt and dust by air blowing,
brushing, hosing, or scrubbing, depending upon the.character and
amount of contamination. Extremely dirty surfaces may have to be
sand-blasted ; grease and oil can be washed off with solvents or strongly
alkaline solutions such as lye; efflorescent deposits, by washing with
dilute muriatic acid (1 part acid to 4 parts water by volume), or by
sand-blasting. Thorough rinsing of the surface with water should
follow acid or lye treatment.? .

A cement mixture that is not properly agitated when poured in
place often cures: with surface defects which are revealed when re-
taining forms are removed. These defects have the appearance of
a “honeycomb” and consist of voids, pits, and cracks. Exterior sur-
faces of concrete walls that have these defects are unsightly, but need
not remain so. The difficulty can be corrected by first cleaning the
affected areas of all loose or defective concrete, dirt, grease, or other
deposits. Then, if the pits and cracks are small, the surface should
bé thoroughly wetted down, and a grout of 1 part cement and 1 part
sand should be scrubbed into the openings with a stiff brush. If the
cracks'and holes are large, the affected area should be dampened (not
thoroughly wetted as for the application of grout), and a cement-sand
mortar mixture of 1 part cement and 2 or 3 parts sand should be

®ACI Committee 616. Guide for Painting Concrete (Title No. 58—46). Detroit:
American Concrete Institute. p. 824,
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troweled into the voids. The mortar mixture should be no wetter
than is necessary for packing it firmly into place. When the mortar
has set, it should be cured for 2 or 3 days by frequent spraying with
water, or by covering it with wet burlap. :

- Paint, including clear coatings, will give good results if applied to
concrete that is seasoned and dry. New concrete is damp in the
interior, even though its surface is dry, and if painted in this condi-
tion, the impounded moisture may later cause the paint film to blister
and peel. Also, new concrete has a high degree of alkalinity, which
is particularly harinful to any paint containing drying oils because of
their susceptibility to saponification.’® If concrete must be painted
when new, the recommended treatment is to neutralize its alkalinity
by brushing or spraying on a solution consisting of 3 percent phos-
phoric acid and 2 percent zinc chloride in water and allowing this to
dry on the surface for 24 hours. All residues formed in the reaction
should then be brushed off before painting.'t ' ' .

If there is no urgency about painting, seasoning is considered more
reliable than surface treatment as a means of conditioning concrete
for paint. Seasoning reduces the surface alkalinity of concrete by

- . the process of carbonation, a process which reduces the free moisture
content of concrete. A seasoning period of at least 6 months is rec.
ommended before applying paints containing drying oils; a period
of at least 2 months, before applying alkali-resistant paints.!?

Whatever the purpose in painting concrete walls—moisture control,
decoration, or both—it is important to use paint of good quality.
When paint of poor quality is used, its early failure can be expected,
and since the cost of paint is only 15 to 20 percent of the total cost
‘of material and labor for the job, a few dollars saved on inferior paint
is false economy. A common, practice in ‘procuring quality paint is
to seek bids from suppliers on the basis of a controlling specification.
Purchasers must be sure, however, that the specification is adequate
and that the paint delivered conforms to it. Federal specifications,
often used for bid purposes, give the requirements for various types

- of paint. These documents may be secured at any of the regional
offices of the General Services Administration (Atlanta, Boston, Chi-
cago, Dallas, Denver, Kansas City, New York, San Francisco, and
Seattle), or from the Superintendent of Documents, U.S. Government
Printing Office, Washington, D.C., 20402, Another source of informa-
tion on paints, the Building Materials and Structures Report, BMS 105,
Paint Manual, compiled by the National Bureau of Standards, is

*

_
0 I'bid., p. 828. . )
1 G. E. Burnett and A. L. Fowler. Painting Exterior Concrete Surfaces, with Special
Reference to Pretreatment. AC/I Journal, June 1947 ¢Proceedings V. 43) p. 1077-1086.
-32 Guide for Painting Conorete. op. cit. p. 828.
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also available from the Super; tendent of Documents. If bidding
specifications are not ized, the purchaser should find a product of
a trade brand knowy/ to have performed satisfactorily under con-
ditions similar to those in hig locale.

The repair of spalled concrete walls is 8 waste of material and labor
unless corrective steps have been taken to prevent the cause of spalling.
These steps have been described in relation to moisture control in walls
(see p. 86). ’

The customary method of repairing spalled surfaces of concrete
walls is to remove all loose particles (including dirt, dust, or other
atmospheric deposits) from affected areas by hosing with water, or if
this is ineffective, by scrubbing with a stiff brush. Any unsound con-

of 1:2 or 1:3 will be more satisfactory for large than for small holes
and should be firmly packed into place with a trowel. Affected sur-
faces should be thoroughly dampened not more than 1 hour before
applying the grout, but care should be exercised to prevent surplus
water on the surfaces. After the mortar has set, it should be cured
for 2 or 3 days by covering with wet burlap, or by frequent spraying
with water, using a nozzle adjusted for fine mist.

If a school district has enough buildings requiring surface placement
of grout, a more économical procedure would be to apply the mortar

procedure as “shotcrete,” and has established specific standards for
this type-of application.1» Special equipment is Tequired for the pro-
cessing and placement of shotcrete, and the work should be done by
skilled operators only. The Institute can render valuable advisory
services to school systems contemplating the use of shotcrete for either
maintenance or construction purposes.

2 AC! Btandard Recommended Practice Jor the Application of Mortar by Pmeumatic
Preasure (ACI 805-51). Detroit: American Concrete Institute. 1951. )
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Structural cracks of mortar joints in concrete masonry can be re-
paired in the same manner as was described for stone and brick wallg
(see p. 39). Load-bearing, concrete masonry walls may develop struc-
tural cracks other than those at mortar joints, particularly if they
have been constructed without adequate tie mesh and tie bars, and
without expansion and control joints. (Expansion joints for concrete
block work are the same as those for brick and other types of masonry
work. - Control joints relieve stresses within block walls, allowing
movement without cracking the masonry.) Structural cracks arealso
cansed by building settlement, a condition usually hmught on by weak
or 1mproper]5r designed footmg under the wall.

It is usually not practical to repair structural cracks until the cause

- has been determined and removed. If such cracks are due to improper
construction and design, the affected wall may have to be torn away
and replaced with new material. Tie mesh, tie bars, expansion joints,
and control joints may have to be added in the process. - Concrete
blocks salvaged from the original wall should not be reused in the new ° .
wall. * If structural damage is due to failure of footings, the wall sup-
ported by them may have to be torn down, the footings replaced with
new, stronger material, and a new wall constructed on these footings,
using fresh material throughout. (Procedures for strengthening or -

. replacing footings were described on p. 33.)

‘Minor settlement of a building can cause structural cracks i in its

walls if the walls are made of concrete blocks. These structural

A cracks can be repaired by cutting them out, at right angles to the face
v of the wall, to a depth of 1 inch and a width of 3 inch. This cutting
can be done only in solid blocks or in solid portions of hollow blocks.

An electrically powered cutting tool or a stonecutter's chisel and

hammer can be used for cutting. The surface and sides of any grooves
made by this procedure should be thoroughly cleaned of dust and
loose particles, and then wetted preparatory to filling them with
bonding mortar. Then a bonding mortar composed of 1 part portland
cement and 1 part sand, with just enough water to give the mixture

a plastering consistency and prepared 1 to 3 hours before use, should

be forcibly projected or dashed into the grooves to a depth of 14 inch.

After this layer of mortar has cured in place, the remaining 34 inch

can be filled with mortar composed of the same mixture of materials in
the same proportions as used in the concrete blocks; white portland
cement may be substituted for part of the gray portland cement,

~ however, to lighten the color of the patch. This final layer of mortar
should be kept moist for several days to insure proper curing and
satisfactory bonding to the concrete masonry.**

' 3 Bonding Concrete and Plaster to Comovets (S8T-11). Chicago: Portland Cement As
soclation. (n. d.) . , o
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Concrete masonry walls having extensive structural cracks but in-
sufficiently damaged to require replacement can be repaired by ap-
plying portland cement plaster or stucco to their outside surfaces,
particularly in cases where further wall movement seems unlikely.
The application of portland cement stucco sometimes proves to be the
most economical and satisfactory way of maintaining the exterior of
masonry walls.® This procedure requires roughening the original sur-
face with bush hammers or other special tools and then washing it to
remove all dirt and loose particles. Old concrete blocks can be rough-
ened satisfactorily by washing them with a solution containing 1 part
muriatic acid and 4 to 6 parts water. The surface should be wetted
with clean water, scrubbed with the acid solution, and then washed
with clean water to remove all traces of the acid. o

The bonding coat for the plaster or stucco should then be forcibly-
dashed on and cured. A brown coat should then be applied, and
finally a finish coat. Each successive coat should be cured by light,
frequent sprinkling with water; this prevents.too rapid moisture
evaporation.

Efflorescent deposits may not be as concentrated on concrete

‘masonry as on brick or cast-in-place concrete, but extreme cases may

develop occasionally. It is usually advisable to treat these cases
by washing the affected areas with a muristic acid solution (1 part
acid to 4 to 6 parts water.) Following the washing, the wall should
be dried thoroughly before applying a colorless, commercial
dampproofing material, or boiled linseed oil, to prevent further
eflorescence.¢

Mortar joints may also break or become defective because of a poor
bond between the mortar and masqnry units, or for reasons other than
structural stress. These joints can be repaired by first removing all
broken, loose, or damaged mortar from affected joints with & hammer
and chisel or other suitable tools, and by then cleaning the area thor-
oughly with clear water. If loose particles remain after the washing,
these can be removed by a jet of compresséd air directed into the open
joints. New mortar should then be compacted into these joints in
the manner previously described. It should meet current specifica-
tions for mortar, ASTM C-270, and should have a moisture content.
that will provid® maximum workable consistency and minimum
shrinkage. Vertical joints should be given special attention, as they
are often improperly filled during construction.”

'

¥ Ibid.
“ Notes on Efiorescence (8T-8). Chicago: Portland Cement Association. (n. d.)
u"lu‘ulw Waetertight Masonry Walls (CP-13). Chicago: Portland Cement Associa-
ou. n. d. 5
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‘Fajlure of calking material around frames for doors, windows, and
louvers, or at other points where calking is used, is essentially the
same, regardless of type of wall construction.  Also, treatment and
repair, or replacement of damaged calking is generally the same for
all types of wall construction. This procedure has been described
earlier (see p.42). :

Curtain Walls

The “curtain wall,” in the sense the term is generally used, includes
all elements comprising the “skin” enclosure of a building. Con-
temporary curtain wall systems are composed of panels that have a
finished surface on one side and either a finished or unfinished surface
on the other side, with one finished surface facing outside.

These panels, rigid and self-supporting to a greater or lesser extent,
often have a superior finish that is maintenance-free for the life of a
building; also incorporated in their construction are such valuable

- features as a vapor barrier, insulation, soundproofing, and condensa-
tion control—all of significant value to a school building. Coordi-
nated for use with modular and nonmodular window units, curtain
wall panels are fabricated from a variety of materials, such as alumi-
num, asbestos-cement, bronze, concrete, ceramic-faced tile, galvanized
iron, plastics, porcelain-enameled metal, stainless steel, steel, stone,
and structural clay tile.

From the standpoint of assembly and method of installation, there
are two basic types of curtain walls: the stick system and the unit
system. The former is designed for piece-by-piece field assembly and
installation; the latter, for installation as preassembled wall sections
consisting of at least one window and one or more spandrel panels.
As a general rule, units 4 to 5 feet wide and 12 feet high are most
practical for ease of erection, but some are as wide as 8 feet, cansisting
of two units, each 4 feet wide. The perimeter of most curtain wall
panels is bounded by metal mullions to give stiffness and wind load
resistance and to provide points for anchorage by welding or by
fasteners to the rigid frame of the bu'ilding.

Three types of mullions are commonly used in curtain wall systems,
depending on the structural characteristics of the particular building

- and the manner in which movement must be accommodated. The
“split mullion” allows the whole wall unit to expand and contract
together; the “batten mullion” permits horizental expansion of all

- components toward, or. into, the vertical mullion; the “1-piece mul-
lion” does not provide for expansion or contraction, except as these

ERIC — e
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movements are absorbed by sleeved horizontals, by stress accumulation,
or by structural gaskets.

Since most curtain wall panels have weather-resistive finishes, the
.major maintenance problem in this type of construction is leakage. ,
If sealants have not been prepared and applied with care, premature I
failure at joints and around horizontal and vertical mullions is almost 5
certain. An expensive process, resealing should be done with extreme
care. There are three basic types of curtain wall sealants for use in
eight types of installations. Classified according to composition and
method of application, sealants are identified as (1) mastic compounds
of the bulk type for gun application, (2) mastic compounds of the
preformed type for hand application, and (3) preformed, extruded .

gaskets for hand appljcation.
Whatever the ngfure of the resealing job, all surfaces to which

sealants of any type are to be applied should be thoroughly clean
before the resealing.

Joints between masonry walls, concrete slabs, and wood or metal
framing of the curtain wall can be recalked with an oil-base compound
applied with a gun. This compound, which hardens overnight, usually
lag for 5 to 10 years.

Glazing in metal frames or sash, where glass areas are not large

or where glass breakage is expected to be frequent, can be accom-

plished economically with an oil-base glazing compound applied with
either a gun or knife. This compound becomes firm in 1 to 6 weeks,
and remains hard over a period of years.

Seahing and glazing o?;oints where good adhesion is required and
repeateq movement in the joint is expected, can be done with a 2-part
rubber-base compound. This compound requires accurately-controlled
premixing and careful application with a gun. Although high in cost,
this material serves long and well, curing to a rubbery consistency
with excellent adhesion.

Sealing and glazing of joints where maximum adhesion on moving
surfaces is required can be done with a mastic compound consijsting of

a 1-part rubber base, applied by gun. This mastic is self-sealing, has

excellent adhesion, is nonhardening, and cures in about 60 days.

Metal-to-metal joints having maximum movement and mechanical
fastening for continuous compression can be sealed with a preformed,
nonresistant compound of low cohesive strength which is available in
various extruded shapes and sizes. This material, easily shaped and
deformed, will flow under pressure, can be applied by hand, and is
suitable as a bedding for glass if spacers and a protective covering of

‘Some curing material are used. Since this material is permanently
. tacky, it collects dirt and dust and therefore should not be left exposed.

1
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Many types of metal-to-metal and metal-to-glass joints that require
- hand application of sealants before assembly can be treated with a
preformed resilient compound which is available in various extruded
shapes and sizes.- This compound is tough and rubbery, has great
cohesive strength, and cures with less tackiness and dirt attraction
than the nonresilient types. Used primarily in original installationg,
this procedure is suggested here only because, in some instances, units
requiring this treatment have to be replaced. '

Joints between metal framing and glass, or between panels; par-
ticularly where relative motion occurs, can be given a weather seal by
inserting neoprene gaskets. This type of gasket is made of a solid,
rubber-like material having high resistance to sunlight, weathering,
oxidation, and deformation under load, and it can be extruded in any
required shape. A positive pressure seal is provided because of the
material’s elasticity. In multistory buildings, neoprene gaskets are
usually recommended rather than vinyl gaskets because of their
superior performance. o o :

Joints'in curtain wall construction can also be treated with vinyl |
gaskets, which are composed of a solid plastic material and are used

_in the same way as neoprene. These gaskets can be extruded in any
required shape, and have good resistance to sunlight, weathering, and
oxidation. Because they hava plastic rather than elastic character-
istics howyver, they are rated as only fair with respect to deformation
and the degree of pressure under load.

o

Wood Walls

Wood is a versatile material with many ¢haracteristics that com-
mend its use in construction, but for outside walls in public schools
its use is often restricted by building codes, some State and local fire
safety regulations, insurance rates, or other factors, Nevertheless,
theré are many school buildings of wood construction. These build-
ings, when properly maintained, compare favorably in durability and
comfort with those constructed of other materials, ' ~

Exterior walls of wood present three principal types of maintenance
problems: painting, calking, and repair of loose and damaged boards.

Frequency of painting depends upon several factors, chief of which
are weather and atmospheric conditions, quality of paint, and the
skill with which it is applied, and the type of wood. As a general
rule, exposed wood should be repainted every 3 to 5 years, but care

- should be exercised to prevent thick coatings from being built up by
too frequent painting. It is good practice to repaint surfaces with
the same kind of paint previously used unless experience shows it to

ERIC TR S S
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be unsatisfactory. A new kind of paint should be used only if it is
known to be compatible with the old. Incompatible paints may result
in rapid deterioration or abnormal defects. Among such abnormal
defects are “lifting,” “crawling,” “tackiness,” and “alligatoring.”

“Lifting” is a softening of the old paint, caused by strong solvents
in the new. This may occur when synthetic rubber paint, which usn-
ally contains solvents commonly used in paint removers, are spread
over oil paints. :

“Crawling” occurs when a new paint coating fails to wet the surface
of the old paint, and instead of spreading, collects in drops, as water
does on a greasy surface.

- “Tackiness” is failure of new paint to dry, a condition that may
rsult when the residue left by paint removers has not been cleaned
from the surface before the application of new paint.

. “Alligatoring” occurs when newly applied paint slips over the old
coating so that the old coating shows through the fissure, for example,
when house paint is applied over bituminous paint. Paint or enamel
applied over varnish, or white or light-colored house paint applied
over dark-brown, green or other contrasting colors can have the same
effect.

All exterior wood surfaces to be painted or repainted must be
properly prepared.” Any peeling, blistered. curling, or flaking paint
on the surface must be removed by scraping, chipping, wireé brushing,
Msanding, and must be dry and free of dust. Sharp edges of

rm paint should be sanded to a feather edge. Boards that have lost
nearly all their paint should be replaced with wood that has good
paint-retaining characteristics, particularly if the coating on sur-
rounding boards has held reasonably well. When new wood is in-
serted, it should be fully primed. Individual boards that require
extensive preparation should be spot-primed, and if it is necessary
to remove deteriorated paint from an entire area, the affected area
should be fully primed. When the priming coat, whether full or spot,
becomes hard, one full coat of finish paint should be applied at the
rate of 1 gallon to each 600 square feet of wall surface. Cracks and
open joints in wood should be filled with 10 percent white-lead putty,
worked well into cracks and holes after the prime coat has hardened.
A finish coat should be applied over the putty. ILoose boards should
be renailed, the corners and edges being drawn together in the process.

Rosin that exudes from knots in pire wood and stain from asphalt,
creosote, or other wood preservatives often “bleed through” any paint
applied over them unless the knots and stained surfaces are given spe-
cial treatment before they are painted. Many products that perform
with varying degrees of success are available for this purpose. But

|
j
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it is difficult, and frequently impossible, to stop wood preservatives |
from bleeding through if the moisture content of the wood is, or
becomes, sufficiently great to throw the preservative elements into
solution. 3 :
Two types of stain sealers which have been used successfull y are:
Speclally prepared asphalt sealers, obtainable commercially, are usually effec-
tive for a wide variety of stains in addition to asphalt, and except under unusual
conditions, require only one.coat. '{‘heae Bealers are flexible, do not contain
. shellac or other brittle ingredients, require no thinners, and may be used on
either interior or exterior surfaces. These sealers should be applied evenly
by brush, without_ excessive brushing.

A mixture containing 1 gallon of 4-pound cut shellac, 2 pounds of aluminum
powder, 3 gallon of alcohol, and a handful of Spanish whiting, applied evenly
by brush, is an efficfent sealer against pine rosin and other stains, but this
solution may bave unsatisfactory adhesion caused by brittle ilm when .the
mixture dries.™ "

Another cause of paint failure is mildew, a fungus growth prevalent
in warm, humid climates and in warm, damp rooms anywhere. Mildew
must be removed from the surface before repaintingeor it will even-
tually reappear on the surface of new paint, causing discoloration.
Scrubbing infected areas with warm water and soap and then rinsing
with clean water will remove mildew. A solution of 1 pound of tri-
sodium phosphate in 1 gallon of water isalso effective.!®

Mildew on outside surfaces may be prevented by use of a mildew-
resistant paint or of a fungicide, such as bichloride of mercury or pen-
tachlorphenol, added to ready-mixed paint. Among house paints in
white or light colors, those containing zinc oxide, such as Federsl
Specifications TT-P—40, type I, are usually resistant to mildew, but
their resistance is lessened if they are thinned excessively with linseed
oil. Bichloride of mercury is toxic to humans, and if added to paint

- to prevent mildew, should be added in quantities of about 1 part to

- 500 parts‘of paint, or 1 to 900, depending on the severity of the
mildew.” Pentachlorphenol is also effective, and is nontoxic to
humans.

Paint of any quality can be rendered inferior and ‘ineffective by
improper handling. Tho manner in which paint is treated, from the
time it reaches the user until it is applied, is referred to as “handling.”
The longer the time between delivery and application, the greater the
handling required. Paints in storage undergo progressive separa-
tion of components, resulting in settlement of pigments and in the

182 Adapted from : Sydney L. lus:dbn. Specifications Covering Surface Preparation ond
Prime Coats.  Pittsburgh, Pa.: Pittsburgh Plate Glass Co. (mimeographed document,
n. d.) : o ; . . B e

1% Painting, Repairs, -and Utilities (TM 5-618), War Department Technical Manual

Washington: U.8. Government Printing Office, 1846. p. 19.
» Ibid. : ;
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formation of surface “skins.” Some paints are adversely affected more
rapidly in storage than others. Storage places should be dry and
warm. It is wise to use all paint in storage within 6 months after
receiving it, and to use first those materials that have been in storage

" the longest.

If paint has been in storage for 6 months or longer, it should be
thoroughly agitated before being used or returned to stock. Inexpen-
sive mechanical agitators are practical for this purpose, as well as for
the agitation of all paint when it is issued for a job. Unless settled
pigments are thoroughly redispersed, the paint will not have the quali-

ties claimed for it, and may prove ineffective,

When paint is purchased in quantity and is delivered in drums with
capacity of 5 gallons or more, it must be poured into smaller con-
tainers, usually 1-gallon cans, for convenient on-job handling. Since.

~ the solids in paint have a tendency to settle, it is necessary to agitate

and mix the contents of large containers thoroughly before pouring
off smaller quantities of paint. Also, if the small pail already con-
tains some paint of like kind, there should be g thorough mixing, when
it is refilled, to blend the old and the new. When not in actual use,
all buckets, drums, or cans should have airtight covers to reduce evap-
oration and prevent the formation of skin on top of the paint.

If skin is permitted to develop on top of any paint, it should be re-
moved in one piece if possible; otherwise, the entire contents have to
be strained in order to remove smaller Pieces of skin that may be held
in suspension.

Points on wood walls where calking is required should be checked
for broken, deteriorated, or defective calking. All such material
should be replaced with fresh compounds of appropriate types.
These should be allowed to cure' for several hours, or until a tough
outer skin is formed, before paint is applied. '

Another procedure that should precede the application of paint
to exterior wood walls is the renailing of any loose siding or boards
and the repairing of all serious surface defects such -as nail holes,
cracks, knotholes, and large dents. These repairs can usually be made
by filling the holes and cracks with putty of a good grade.

Windows

e L
Windows in exterior walls serve s a means of admitting natural
ventilation and light into buildings, but with an increasing acceptance
of air conditioning and the improvement of\artificial lighting, they
are slowly losing these basic functions; in fact there are some school
buildings of contemporary design that are entirely windowless.
709-782 0—84—35
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Types of windows commonly used in exterior walls of schools are
the double-hung, the casement, and the projected. These are stock
windows that may be obtained in a variety of materials and finishes;
for schools, those made of aluminum, steel, and wood are economical,
safe, and practical. = '

All windows, regardless of type or materials, have some common
maintenance problems. Among these are reglazing, replacement of
putty, resealing outside joints around frames, and the repair or re-
Pplacement of operating hardware. - Painting is. necessary for both
wood and steel but is not essential for aluminum sash,

Reglazing should be dong when window panes have been cracked
or broken. The standard procedure for this operation is to remove al|
glazing materials (putty, glazier's points, or clips) from around the
broken pane. A putty knife, chisel, or scraper can be used to remove
putty: sharp-nosed pliers or a glazier’s tool can be used to remove
glazier’s points and clips. A1l old putty under the broken glass should
be scraped away so that the window backing and stops are perfectly
clean. Any loose material should be wiped or brushed away.

Exact measurements of the width and height of the opening shoula\
be taken; the opening should be carefully checked for true edges.
From these measurements 14 inch should be deducted from both the

~width and'height. Replacement glass should be cut to these reduced
dimensions from stock with a glass cutter.

Prior to inserting the new glass into the opening, a thin layer of
glazing compound should be applied with a putty knife around the
inside of the frame to be filled; the putty knife insures an even distri-
bution of the compound, The piece of glass should then be pressed
firmly into the frame, and any excess putty squeezed out, so that a
layer about 14 inch thick remains between the glass and frame. Gla-
zier’s points should be inserted around the glass in wood windows and
clips in metal windows to hold the glass, .

Glazing compound should then be applied dround all outside edges
of the new glass, and pressed into position with the heel of the hand

-or a putty knife. When the putty is firmly in place, it should be
shaped with a putty knife so that the angle from the frame to the glass
matches the angle of existing work. After a thin skin has formed
on the new putty the glazing should be painted for protection from °

the weather and the sun. :

OM, dried-out putty around window glass probably leaks air,
water, and heat, and’ should be replaced. The procedure for this
operation is the same as for broken glass except that the old glass, if
in good condition, can be reused. ‘
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Joints and cracks around frames must be resealed periodically to
prevent heat loss and reduce moisture infiltration. Procedures for
accomplishing this are described under the topic of “calking” (see
p.42). :

The kind and amount of operating hardware for outside windows
is largely determined by the type of window. For example, double-
hung windows usually require some type of weight balances (spiral,
steel tape, wedge, or in older buildings, cylindrical weights attached
to window sash by cord and suspended over pulleys), a sash lock and
keeper, pull-down handles (or grommet holes). Casement windows
require such operating hardware as hinges, locking handles, and roto-
gear operating devices. Projected windows require one or more of the
following types of hardware: underscreen push bars, spring or cam
latches, chain idlers, locking handle and strike plate, pole ring, fric-
tion hinges. '

Except for accidental breakage or damage caused by vandalism,
window hardware of good quality usually presents few maintenance
problems. Hinges and other moving parts that do not function on

- the principle of friction may require a small amount of lubrication

occasionally. The type of lubricant needed—oil, grease, or graphite—
depends on the particular item to be lubricated. Locks with enclosed
mechanisms, for example, should be lubricated sparingly with graph-
ite. Latches, handles, locks, keepers, strike plates, push bars,
chain idlers, and other items that are fastened meta] to metal by weld-
ing require no special attention, but when attached to wood or to
metal by screws, bolts, or other types of fasteners, periodic tightening
or replacement of screws and nuts may be necessary. Occasionally,
screw holes in wood become so enlarged that they will not hold the
screws. When this is evident, the enlarged holes can be plugged with
dowel pins or other wood of appropriate size, properly cemented in
place. When window hardware items are broken or damaged, it is
usually better and more economical to replace them with new items
of the same kind than to repair them by welding, straightening, or
soldering. Window hardware of steel may require occasional touch-
ing up with paint or enamel to prevent rust.

Weight balances are usually more troublesome than any other type
of window hardware. The normal maintenance procedure for defec-
tive or inoperative balances, except for cylindrical weights, is to re-
place them with new ones. Most window construction of recent years
is such that these items can be reached by removing a panel. Where
cylindrical weights are employed, sash cord is the element that fails.
Sash cords are replaced by removal of the window from.its casing,
and opening of the channel within which the sash weight operates.
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Steps required for this operation are determined in part by the casing
design, but usually it is’ necessary to remove a stop strip, and
depending on which sash is affected, a division strip in order to |
remove a sash its casing. (It is advisable to replace all four |
-cords in & window at one time to prevent a probable repeat operation
in the near future.) When n sash has been lifted from its housing,
- bath cords should be detached from it; the cords should be knotted,
so the weights will not drop. The sash should then be set aside to
prevent glass breakage. The cylindrical weights to which the cords
are attached operate in channels at each side of and between the casing
and its frame. Access to these weights is secured by removing either
the facing trim or a panel in the jamb, depending on design. Old
- cords can then be detached from the weights and removed from their
pulleys. New cords should then be attached to the weights and in-
- serted through and over the tops of their pulleys, being held or
fastened securely until jamb panels are replaced. The sash should
then be reinserted and the cords securely attached to them as they
~are placed between the jambs. The job is completed by remounting
the stop and division' strips and. the facing, if it has been removed.

Doors

Exterior doors may be installed flush, or nearly so, with outside wall
surfaces, or in recessed portions of them. Most outside doors for
schools are of wood, metal, or glass. Wood doors, in addition to meet-
ing appearance and exit requirements, should be able to withstand
the damaging effects of weather, and hence should be made of the
more durable species of wood, cemented with waterproof adhesives,
and should be treated against rot, fungi, and termites. Wood doors
encased in metal are usually preferred in locations that have direct
exposure to the elements. Aluminum doors are perhaps most popular
where metal is desired; they should not be used, however, in locations
where they are likely to be exposed to fire hazards. They are light-
weight, corrosion-resistant, rot-proof, and termite-proof. Glass doors
usually are framed with metal, although tempered glass can be in-
stalled as a sheet without a supporting frame. Since tempered glass
cannot be cut, drilled, or altered, all dimensions, holes, kickplates,
hardware, and decorative treatment must be designed and detailed
before the glass is manufactured. Wired glass is used in doors where
there is particular exposure to fire hazards or & strong possibilty of
impact or abuse. It is also desirable for use in locations where there is
-strong likelihood of flying glass. ' '
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Some maintenance jobs for exterior doors (such as painting, re-
placement of glass panels, weatherstripping, and calking) are per-
formed in the same way as similar jobs for exterior windows. But the ‘
complexity of door hardware makes for certain maintenance problems
peculiar to doors. Since most manufacturers of door hardware pub-
lish detailed descriptions and explanations of recommended mainte-
nance procedures for their products, no attempt is made here to supply
this information. Instead, attention is directed to some common fail-
ures that are both aggravating and damaging if neglected.

Door butts and pivots provide the mechanism by which doors are
allowed to swing. In general, butts (hinges), particularly those
commonly used in schools, are the types known as “mortise,” “half-
mortise,” “half-surface,” and “full-surface.” Mortise butts are
supplied with tight or loose pins. The tight-pin mortise type should
be oiled between knuckles; the pin of the loose-pin mortise type should
be removed before oi] is dropped into the pinhole. Half-mortise, half-
surface, and full-surface butts usually have loose pins, secured with
set screws in their knuckles. In some, these set screws must be backed
out and the pins removed to oil them; in others, where the top of the
pinhole is covered with a screw cap, the screw-cap (but not the pin)
must be removed to drop oil in the pinhole. Unless the manufacturer
recommends another substance, graphite penetrating. oil should al- .
ways be used for this lubrication. .

Doors that are improperly fitted or that have absorbed moisture may
bind within theirframes. The exact point of binding can be located
by sliding a double thickness of paper between the door and its frame,
Where swelling is the cause of binding, correction can be made by
removing the door, planing it down on the butt edge, and refitting
it. Binding, as well as sagging, may be caused by loose screws in
one or more butts or by damaged butts. Tightening the loose screws
(or if butts are damaged, replacing them) will overcome this diffi-
culty. If screw holes are enlarged, they should be plugged with wood,
or longer screws should be used. Sometimes, loose screws are caused
by doors that are too heavy for the number and type of butts used.
In this case, a third butt should be installed at the center of the door
to give added strength and prevent sagging and binding.

Where pivots are used instead of butts, the pivots should have ad-
justing screws that will permit raising or lowering of doors to take
up sag or compensate for settlement. An adjustment like this will -
provide an even distribution of weight on the bottom and center pivots,
and hence give satisfactory service for a longer time.

Fire exit devices are designed to provide security against unlawful
entry and to permit unhampered evacuation -of building occupants.
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Two types of anti-panic exit devices are in general use: rotary-action
and rim-type. Major repairs to this hardware must be performed ina
manner that will assure exit safety. For this reasqn, they should be
made by trained workmen who have the right kind of tools and parts.
There are, however, some minor types of adjustment that can be made
by responsible building custodians.

If the crossbar of a rotary-action exit device cannot be locked in a
depressed position, or if it binds in its active or supporting cases,
the difficulty may be caused by faulty alignment of top, bottom, active,
or supporting cases. If the trouble lies at either top or bottom (or
both), all screws holding the incorrectly aligned case or cases should
be removed. The crossbar should be locked in its depressed position
by using the dogging devices. The top case should be pushed up to

~ retract the latch fully. One should check to see that the top case is
brought in line with the original screw holes. If the alignment is
not made by this procedure, it will be necessary to turn the top rod
out of its slide in order to bring the top case in line with the original
screw holes. Then the top case should be fastened to the door and
the top rod replaced. The bottom latch can be retracted and the bot-
tom case realigned in the same manner as the top case. If the cross-
bar binds in either the active or supporting cases, it can usually be
freed by tapping its ends lightly with a wooden mallet, If this proce-
dure fails to release the crossbar, the supporting case (the one opposite
the vertical rods) is probably out of alignment. If so, the case should
be removed, the old screw holes plugged with wooden pegs, and the
case set in ‘a position which will permit the crossbar to work freely.

If the latch at either the top or bottom case does npt enter freely
into its strike-plate hole, the trouble might be caused by a sagging
door, possibly a result of loose screws in the door butts. If this isthe
case, correction can be made by tightening the screws. If a sagging
door is not responsible, position of the strike should be changed to one
that will allow the latch to enter its opening. The same problem may
be encountered with the bottom latch, but the cause may be different.
Being located in the threshold or floor, the hole in the boftom strike
may become clogged with dirt, sand, or other foreign matter that pre-
vents free and easy action of the latch in the strike. This condition
can be corrected by removing the accumulation with a knife .blade,
screwdriver, or other pointed tool. . ' S

Another minor problem, more often caused by abuse or accident -
than by wear and tear, is failure of the thumbpiece (on doors equipped
with an outside handle) to petmit sufficient vetraction of the lock
latch to rélease the door for opening. This failure usually is the result
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of a bent thumbpiece, and can be corrected, without removing any
parts of the exit device, by bending the thumbpiece slightly upward
from the pull handle.

The rim-type anti-panic exit fixture has neither the same complexity
of design nor the same number of working parts as the rotary type,
and hence is more easily maintained. Two common problems with the
rim-type fixture are binding of the lock latch in the strike hole or |
failure to enter, and failure of the operating lever to release the lock
latch. The first of these two problems is caused by dimensional change
in doors, such as warping, swelling, or shrinking. When the diver-
gence between the strike opening and the lock latch is not excessive,
correction can be made by filing the lip of the strike hole. Realign-
ment of the strike may be necessary in severe cases.

Some types of exit hardware have strike plates that can be adjusted
te compensate for door shrinkage or swelling by loosening screws and
sliding a top plate to right or left, as required, then retightening the
screws,

The second problem—failure of the operating lever to release the
lock latch—is a hazard to safety, but can be easily corrected. /A fre-
quent cause of this fail)re is lodgment or wedging of foreign objects
between the bar stop and the operating lever, preventing the lever
from releasing the lock latch when depressed. The difficulty can be
eliminated by cleaning out the offending matter.

Another problem common to any type of exit fixture having an out-
side pull and thumbpiece is damage to the thumbpiece by excessive
pressure on it. If the back bar of the thumbpiece is bent from this
pressure, it obstructs the free operation of the key, preventing it from
locking and unlocking the door. The procedure in correcting this
difficulty is to remove all screws from the acting and supporting cases;
to remove the bolt from the door so as to expose the hack bar of the
thumbpiece ; then to straighten the back bar by tapping it lightly with
& wooden mallet or by gripping it firmly in the jaws of wire pliers,
gently exerting pressure as may be required; and finally, to replace
the bolt, cases, and screws. - ) :

Door controls consist of push and pull bars, catches, bumpers,
silencers, stops, openers, closers, and holders. Except for openers,
closers, and holders, these controls are fixed items, attached to doors,
jambs, floors, frames, or walls,; and generally require attention only if
bent, broken, or detached, or if screws or fasteners are loose. Openers,
closers, and holders have moving parts, are complicated in design and
furiction, and are subjected to continuous and varied usage, often with

&
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considerable abuse, such as forced and violent openings, wind, and

draft conditions. If door controls are not kept in perfect working

order, maintenance costs for glass, hinges, pivots, jambs and reveals,
. and latch repair and adjustment can be high.-

Automatic- openers, because of their original cost and subsequent
maintenance requirements, are not often installed in school buildings,
but closers, holders, and closer-holder combinations have universal
acceptance and use. They are manufactured as separate items or in
combination, with or without fusible links, by mqre than a dozen
major companies in this country. Among a variety of closer models
are decorative, surface applied, conventional, overhead concealed, con-
cealed in door, and concealed in floor. Maintenance procedures are
different for each brand and type. It is not feasible to describe them
here, but manufacturers provide users with manuals that describe in
detail procedures for adjustment and routine maintenance of their

- products. Maintenance personnel responsible for ‘school building
hardware are urged to secure copies of these manuals. If major or
internal repairs to closers are required, these should be made by trained

~ mechanics in the school system’s repair shop, or the closers should be

' sent either to an authorized closer repair shop or to the manufacturer’

for necessary repairs. Otherwise, the lives of children housed in
buildings with improperly repaired closers might be endangered.
' The door holder (hold-open device), whether it is in the closer or
separate from it, offers many advantages for school buildings, par-
ticularly for exterior doors, at dismissals, fire drills, and other occa-
sions when there is a mass exodus from the building. Besides offering

a convenience, hold-open devices greatly reduce the wear and tear of

constant opening and closing of doors.

A major maintenance problem with hold-open devices is caused by
failure of installers to provide proper anchorage for them, a failure

. which often causes them to pull loose from and damage doors, frames,

. jambs and reveals, and other door elements. Template drawings and
installation instructions supplied by the manufacturer should be used
and carefully followed when hold-open devices are mounted. Over-
size bolts that pass through the door should be used to anchor heavy-

- duty, ruggedly built devices, and in cases where wood doors are
subjected to heavy usage, metal plates mortised in on both sides are
_recommended to prevent closers and hold-open hardware from pulling

loose from them. Normal, routine maintenance of nonfriction hold- .

open hardware is the application of small amounts of graphite grease
- to all rubbing parts at least annually. -

-~
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Locks and Latches

Locks and latches fall into two general categorfes-—exposed and
concealed. The former are face-mounted on, and the latter are mor-
tised into, doors. These categories apply both to panic exit devices
with built-in locks and individual locksets. From the standpoint of
method of operation, locks designed for use on exterior doors are
classified as lever tumbler, pin tumbler, or bit key. The lever tumbler

has one or more flat tumblers, usually pivoted, which must be moved -

in certain positions by the key to permit operation of the bolt; the pin

tumbler has a parsacentric keyway with upper and lower round pins

capabe-of vertical movement in carresponding: holes in the key plug
and shell of the cylinder, a movement activated by the proper key,
which raisés the lower pins to the surface of the plug and the upper
pins into the cylinder shell, allowing the plug to rotate and operate
the lock bolt; bit key locks have a combination of one or more wards
and one or more tumblers operated by a bit or wing key.?" Regardless
of the type of lock, however, if any part becomes inoperative, replace-
ment parts will be needed and may be secured through the local dealer

who supplied the locks, or directly from the manufacturer. In order-

Ing parts, it is necessary to refer to the manufacturer’s catalog, locate
the exact part needed, identify it by number, and provide any other
pertinent information. - This procedure prevents delays in delivery
of parts for repairs. If the school maintenance department does not
employ an individual who is familiar with lock repair, the broken lock
should be sent to a local locksmith or returned to the manufacturer.

Some common minor troubles with door locks are aggravating, as
well as damaging, and should be eliminated promptly. "Among these
troubles are the following: ' -

® Latch boilt binds in strike ‘
® Key or knob turns with difficulty or will not turn at all
® Latch bolt will not enter strike -
® Latch bolt hung on strike
® Auxiliary latch fails to deadlock latch bolt
" ® Lock loose on door ‘ -
® Door cannot be opened with either knob or key
® Door knob off spindle .
® Turn button on inside knob projects abnormally far out of knob

When a latch bolt binds in its strike, the trouble is usually caused
by door warpage, which throws the bolt out of alignment with its

—_—— .
#Glossary of Key and Lock Terms (Bulletin No. 68). Glenn Riddle, Pa.: P. 0. Moore,
Inc. (n. 4.) p. 2-8. ) *
2 Identification of these troubles, together with suggested utions, are adapted by
permission from Care, Adjustment, and Maintenance Manual, ew Britain, Conn.: The
American Hardware Corporation. (. d.) ‘
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strike. If only slight adjustment is required, the strike can be filed

slightly on the b:%e where binding is evident. If binding is severe
and & major adjubtment is necessary, the strike should be relocated
on its jamb so that it is in alignment with the lock bolt. This may
require additional mortise work. If so, the new location should be
determined with care so that the door jamb will not be defaced,

When a door key or a knob is difficult to turn, the trouble is usually
caused by a sagging door or one that is out of plumb. All screws in

- the door butts should be checked for fightness. If this is not the
cause, correction-might be made by filing the lower edge of the hole
in the strike plate. If a major correction is required, the door will
have to be removed from its jambs and remounted in a plumb position.

If a latch bolt will not enter its strike, it may be out of alignment
with the door, or the hole in it may be filled with foreign matter. If
only slight misalignment is the cause, correction can be made by filing
the edge of the strike hole where entrance of the latch bolt is ob-
structed. If a more serious misalignment is evident, correction can
be made by relocating the strike box. If the strike box is filled with ,

- foreign matter, the obvious remedy is to remove the offending material,

When a latch bolt hangs up on its strike, the trouble is usually
caused by an insufficient curve in the lip of the strike. This can be
corrected by making a slight bend away from the door in the lip.
Also, a small amount of graphite applied to the bolt head will improve
its operation.

Some locks are cotistructed with an auxiliary latch which, when de-
pressed, deadlocks the latch bolt. If this auxiliary latch fails to func-
tion, it is probable that the strike is too far away from the door.
Correction can be made by placing a shim of appropriate thickness
under the strike plate, moving it closer to the door.- y '

Sometimies wood doors of poor quality shrink excessively, causing
the thimble of a mortise-type lock to stand out from the facing of the
door and leaving the. lock loose in the door. This difficulty can be
corrected by completely disengaging the thimble from the threads of
the-shank, applying a small amount of automotive weather-stripping
‘cement to the threads of the thimble and then turning the thimble on
the threads of the shank until it is tight.

If a door cannot be opened with either the knob or the key, the latch
bolt tail is not properly centered in the latch retractor. Correcting
this difficulty requires loosening the inside thimble sufficiently so that
the outside rose can be adjusted to the proper ring in the shank for

- door thickness, permitting the latch bolt tail to center in the latch
retractor. Using the door key, check to see that the latch bolt is
new functioning properly and if so, retighten the inside thimble.

-
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. If & key knob pulls off its spindle, its retainer or waldes ring on the
spindle has been installed backward or is not properly seated. This
problem can be solved by replacing the key knob on the spindle, en-
gaging the ears of the spindle in the key knob. Then the large waldes
ring should be replaced; the beveled edge of the ring should be away
from the knob; the ring should be properly seated in its groove,
Special pliers with pointed nose tips that fit into holes of the waldes
ring are necessary for this job. ’

When the turn button on the inside knob of locks so equipped proj-
ects abnormally far out of its knob, the turn button spindle is not
seated properly. Usually, this is easily corrected by inserting the key
in the key knob, and while gently turning the key, rotating the turn
button slightly in both directions until it snaps into place.

-~

Stacks and Towers

A stack (or chimney, as used here) is defined as any structure or
part thereof which contains a flue or flues for the discharge of gases:
For satisfactory operation, stacks and chimneys must be designed and
sized, by engineering formulas, to accommodate the volume of gas to
be discharged and to meet draft requirements of furnaces, boilers,
stoves, or water heaters served by them. When chimneys are designed
with fans for forced draft, their height can be reduced considerably.

Towers are used primarily for elevator shafts or stairwells in multi-
story school buildings. These towers should be of fire-resistive con-
struction, located outside the perimeter of buildings, as are stacks.
Access to stairwells should be by standard fire doors, opening into a
vestibule at each floor level. :

Stacks and towers are usually constructed of brick, concrete, or
protected steel, with some stack installations of exposed steel. Towers
for elevator and stair shafts normally extend about 3 feet above the
roof; they should be covered with glass skylights in metal frames
protected underneath by wire netting. Stack and chimney height is
determined by draft requirements. >

Exterior maintenance of stacks and towers is essentially the same as
that required for like materials in exterior wall except that stacks
of brick construction which extend several feet above roof levels seem
.o crack at mortar joints more frequently than brick=wall surfaces.
. This may be due to wind velocity, improper mortar mixture, inade-

quate coping, or a combination of these and other factors. If the
. Structure is “in plumb,” damagéd joints can be repaired by repointing
in exactly the same way as damaged joints in masonry wa]]_s7 If the

FRIC




-9
ERIC

t

68 - 8CHOOL BUILDING MAINTENANCE PROCEDURES

- chimney or stack is “out of plumb,” it should be torn down and rebuilt -
~to insure maximum safety. Concrete stacks may require no more

maintenance than weatherproof painting every 3 to 5 years to prevent
spalling and to improve appearances. Metal stacks, although not
normally used in school construction because of their factory-like '
appearance, may be found at large campus-type centers where the
heating plant for the entire center is housed in & separate building.
Essential maintenance for metal stacks is to keep them as free as
possible of soot or other deposits resulting from-combustion to prevent
damaging chemical action on the metal by the combination of deposits
with moisture, and to keep them painted to prevent the formation
of rust by oxidation. Rust on metal stacks can be removed by manual
methods—blast cleaning, flame cleaning, wire brushing, sanding, or
scraping—or by chemical procedures. A number of chemical rust-

‘removers are available that can be brushed onto affected metal and

then flushed off with clear water. Rust should always be removed,
never painted over.

? [ ] L ] L ]
" Miscellaneous Exterior Maintenance

Although not technically a part of buildings, some exterior items
whose maintenance is essential to building performance are included
here. Among these are catch basins, storm sewers, debris removal,
vegetation, and surface drainages. :

Catch Basins

Catch basins usually require very little maintenance. They should
be inspected regularly, however, because occasionally they become
clogged with deposits of soil, leaves, grass, or gravel. Instead of per-
forming their normal function, they then permit. pools of surface
water to form during periods of heavy rainfall or of melting snow.
Where there is an accumulation of trash in catch basins, the grated

* covers should be removed, and a fork or small shovel inserted to dig

out the litter. When the basins are clean and all openings leading
from them free of blockage, cover grates should be carefully and cor-

rectly seated over the opening to prevent accidents to those who may

walk across them.

Storm Sewéra

Storm sewers, like catch basins, must be kept operr if they are to
perform properly. Sometimes these sewer lines become gradually
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clogged with root growth from trees and shrubs; occasionally, during
periods of heavy run-off of surface water, they become quickly clogged
with heavy deposits of silt. - This condition can lead to flooded base-
ments, damaged lawns, and other types of damage.

Where storm sewers are located on school premises and serve only
school property, their mainfenance is the responsibilify of the school,
but if they serve school property and are a part of the community
storm sewer system, their maintenance is usually the responsibility
of the local government. In either event, if there is an obstruction in
a line, the obst ructing material must be removed. 4

To do this it is necessary first to locate the point of trouble. The
local water supply company probably will have instruments (and
personnel who carf use them) to locate the obstruction. If the block-
age i3 not wedged into the sewer line too tightly, a firefose attached
to the city water main or one connected to the pump on a fire truck
will provide a stream of water at extraordinary pressure, which can
be directed at the obstacle. This pressure, together with erosive action
of water, might flush the obstruction through the sewage line. Access
to the storm sewer can be secured through the nearest manhole upgrade
from the obstacle, but of course any water in the storm sewer must
first be removed by pumping.

Another procedure which is often successful in opening storm sewer
lines is to use n long, flexible cable With an augur-like attachment on
its end. Cables such as this are manufactured with cranking devices
which, in operation, give a rotary action to the cutting instrument on
the cable’s end. Tree roots, impacted soil, or other fairly soft mate-
rial can be cut away with this device and then flushed out.

If these procedures fail and if the storm sewer is large enough to
admit a person, it may be necessary for n workman to crawl into the
line and to remove obstructions manually with tongs, chisels, ham-
mers, and other hand tools. T

/

Removal of Debris

Leaves, twigs, broken limbs from trees, and other types of debris
are blown onto roofs and into gutters, scuppers, and downspouts, If
not removed, this debris can cause water damage, particularly .in
buildings with parapet walls, where the.water may accumulate suffi-
ciently to get behind or under flashings. Usually, wor¥men must
remove this offending matter manually by climbing to the roof.
Access to the roof is usnally gained through a manhole locpted some-
where in the attic, or, if the buildjng has a flat roof without an attic,
through a manhole in the ceiling of the top floor. In 1-story build-

’
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ings it may be necessary to mount the roof by using a ladder from the
outside. e . ’

Vegetation

Overenthusiasticﬁ well-meaning people, untrained in the art of
landscaping, are often placed on school improvement and beautifica-
tion committees by Parent Teacher organizations or other interested
groups. Frequently these people plant shrubs and other vegetation
too close to walls ahd windows and sometimes use ivy to cover outside
walls. Plantings such as these not only obstruct ventilation and the

- admission of natural light, but also damage walls, windows, doors,
and other exterior elements of buildings by preventing the evapora-
tion of moisture. Ivy grown on walls sends its root system into mortar
joints, cracks, or other irregular points on wall surfaces, and in time

- may damage the walls. If it must be grown in this manner, it should
be cut back as close as. possible to the walls in February or March
and in early July; at those times long shoots that protrude away from
the wall shoyld be removed, and all upper shoots should be cut back
well below the roof or gutters= ' -

Surface Drainage

- Backfills around buildings settle, leaving depressions at or ned¥ the

-+ base of walls. During heavy rainstorms, or when snow melts; these
. depressions hold water which gradually seeps into the soil to soften ,
_ the base on which footings rest. This process often causes footings

to break or give way, paving the way for wull settlement and inevi-

tably for broken joints, cracks, and other damage. This condition

should be corracted before damage is caused by filling the depressions
with topsoil and bringing the elevation of the earth around the build-

ing tp a point where water will drain away from it at all times, .

=2H. é. Conover. Grounds Maintenance i!cndhok. New York: F. W Dodge Corpo-
ration (Second edition) 1958. p. 84. °
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Chapter IV ”

INTERIOR MAINTENANCE

Ixmmon MAINTENANCE consists -of all those special services and
activities (except those essential for daily operation) required to
keep the inside of a building, with all its internal components, in safe,
pleasing, usable condition. There is some overlapping between activi-
ties classified as part of maintenance and those classified as part of
daily operation.. Only those procedures most commonly classified
under maintenance are described here. These are identified under
five major headings: (1) surface and finishes, (2) doors afld windows, .
(3) fixed (built-in) equipment, and (4) fire protection and safety.
(Mechanical systems are recognized as internal components, but
because of their complexity, are treated in a separate chapter.)

Surfaces and Finishes

School administrators, teachers, and pupils themselves agree that

- school sufroundings have a pronounced effect on deportment, attitude,
" learning efficiency, and civic outlook of pupils. The surface and
finish of ceilings, floors, and walls constitute one important element
of the surroundings. Other important items whose surface and finish
affect room appearance are chalkboards,tackboards, and trim.

°

Ceilings -

This discussion on ceiling maintenance is limited to painting, re-
pairs, and replacement. The amount and kind of maintenance, as well
~as recommended procedures for it, depend largely upon the type of
ceiling material. Some of the popular types are plaster (conventional,
with a choice of several finishes, or acoustical), concrete (which can
‘serve as both roof deck and ceiling, with or without acoustical treat-
,ment), metal of various kiflds (applied as a pan, panel, or in smaller

- ‘ | n
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 sections, usually with acoustical treatment), laminates, and fiber
(mineral, wood, or glass). . . -

Plaster is durable, and it affords good insulation. It can also be
installed as acoustical material. Plaster may be finished in several
ways, such as smooth white, sand, or stipple. Many buildings (both
old and new) having fresh plaster are occupied and used for an in-
definite time.before paint is applied to the plaster, particularly if
the finish does not create excessive glare. This is done because it is
believed that plaster has to cure for 6 months to 2 years before paint
can be successfully applied to it. Improved plaster material and
paints now make a shorter waiting period possible, but the presence
of certain conditions can cause trouble if they are not recognized and
if proper procedures are not followed. Some troublesome conditions
to look for in new plaster are excessive moisture, “sweAt-out” and
“dry-out” spots, uneven density, and efflorescence.

Most of the large volume of water necessarily included in plaster
mixture evaporates through the finished surface. If paint is applied
too early, the escaping moisture will cause the paint to peel. It is
therefore necessary ter-know the moisture content of new plaster be-
fore covering its surface with paint. This can be determined either
by using a moisture meter or by loosely cementing a strip of clear
plastic to the plaster’s surface—there will be condensation on the
back of the plastic strip if the moisture content is too high for
painting. ' _ ' - :

Under normal conditions, when relative humidity is not high and
the temperature is not helow 50°F., plaster on a furred wall or ceiling
will dry in 3 to 4 weeks; on an unfurred wall or ceiling, where it is
applied directly to brick, tile, block, or similar structural material,

- only the surface of the plaster is open, causing the drying time to be
lengthened. A meter should be used to determine the moisfure con.
tent of new/p]aster on unfurred walls, ,

There may be areas in new plaster that are soft from “sweat-outs”

- and “dry-outs,” the former being due to excessive moisture and slow
drying and the latter to premature ‘evaporation of water before the:
£ypsum crystallizes. When sweat-out areas are indicated, it is usually
Decessary to remove material from the affected area and replaster.
Dry-out spots can sometimes be corrected by spraying them with a
solution of water and alum, using about 2 pounds of alum per gallon
of water. This procedure provides necessary water for the gypsum to
crystallize, and should be repeated as often as necessary to make the -
affected area harden. Both sweat-out and dry-out spots can sometimes
be hardened by applying a coat of shellac or-lacquer, particularly if
the spotsare small. Paint can then be applied satisfactorily.

9 i
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When finish troweling has not be¢n performed in a uniform manner,
spots with nonuniform “suction” may appear. These spots are usu-
ally hard, have a “dead” apbearance, and cause uneven gloss or color
in the paint. Uneven mixing of lime and gauging plaster can also
cause nonuniform suction. This condition can be corrected only by
removing the material and replastering, but appearances can be made
passable by touching up these spots with additional coats of paint,
“feathering” each coat to its outer edges. : ‘

Occasionally deposits of chalk or tiny crystals of soluble salts ap-
pear on the surface of new plaster. As in masonry walls, these de-
posits are caused by efflorescence. The crystals should be brushed
off at intervals of several hours until no more of them form. In no
event should water be used to wash them away, since it may bring out
more salts from beneath the plaster’s surface. A wall or ceiling
affected by efflorescénce can usually be painted successfully before
the efflorescing process stops, provided the plaster is on a furred wall
or ceiling. In this case, two coats of latex paint or any other paint
that is impervious to water vapor should be applied to seal the exposed.
surface, thereby transferring the crystal formation to the back of the
plaster, This will permit paint to hold firmly without peeling. - _

In rare and isolated instances, very fine hairline cracks develop in
new plaster, but these are not usually noticeable until after the surface
has been painted. One procedure commonly used to detect such
cracks before painting is to. view the wall or ceiling at a low angle
(with the eye close to it); cracks visible in this manner can be ob-
scured with paint having a little texture, applied prior to the main
coats. |

The secret of long-term satisfaction with painted plaster lies in good
material and careful workmanship in applying the primer coat. The
bond between the plaster and-first coat. of paint determines the adhe-
sion of all future coats. In order to insure a good bond, workmen
should carefully prepare the surface of new plaster, and should make
sure that atmospheric conditions are satisfactory before applying a
suitable paint. Tt is well to remember that paints, primers, and seals
produced by a manufacturer of good repute, sold by a dealer who
merits confidence, and recommended for the particular kind of job
are most likely to give satisfactory results.!

e —————————— . .
! Painting New Plaster. A .manual prepared jointly by: The Finishing .Lime Associa-
. tion of Ohio, 240 Huron Street, Toledo, Ohfo. The Painting and Decorating Contractors
of America, 2625 West Peterson Avenue, Chicago, Ill. The National Paint, Varnish, and
Lacquer Assoclation, Inc., 1500 Rhode Island Avenue, Washington 5, D.C.

709-782 0—64——6
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Hairline cracks in old plaster can usually be repaired satisfactorily
by first cleaning them and then applying with the finger or a putty
knife a ready-mixed spackling compound, a good sealer, or water putty.
Ready-mixed vinyl paste is easy to apply, fast to dry, and takes paint
almost. immediately without priming. If the surface appears uneven
after filling, it can be brought to a smooth finish by. sanding Ii tly -
with fine sandpaper, either by hand or by using an oscillating iﬁ!er.

Deep cracks must be widened and deepened (minimum width about
3g inch) in order to hold the filler and insure a sat;isfacto;/zz job. A
special chisel should be used for this, although a putty knjfe is satis-
factory for a small job. Preferably, the widened groove should be
cut in the shape of an inverted “V.” Al loose dust should be Temoved
by dry brushing, followed by cleaning with a damp cloth, before fill-
ing'the groove with patching plaster, spackling compound, or water
putty. The completed surface can be smoothed by ‘sanding, as de- -
scribed above. , o '

Larger cracks and extensive broken areas necessitate removal of
all plaster from areas having excessive deterioration. All firm
edges should be thoroughly cleaned and lath work slightly dampened
before regular plaster is applied witha plasterer’s trowel. -

Sand:finish plaster is painted in the same manner as plaster with
other finishes, but normally requires more paint the first time than
for repaint jobs., Acoustical plaster can be painted, but its acoustical
properties are impaired in the process. When acoustical tile, panels,
or other similar installations are painted, care should be exercised to
avoid filling or covering perforations or irregularities for sound ab-
sorption with paint. R -

Monolithic concrete -designed to serve both as roof deck or floor
base and ceiling for rooms below has many advantages, such as ease of
maintenance, long life, structural safety, resistance to fire, and, pos-
sibly a protective capacity in case of enemy attack. Because sound
reverberates so acutely from it, however, acoustical treatment is usual-

s 1y necessary in those areas of school bidildings where quiet is impor:
tant. This can be achieved by applying sound-absorbing materials to,
or over, concrete surfaces in various ways. The most commonly used
materials of this type are acoustical plaster, tile composed of metal,”
or fiber of mineral, wood, or glass. These can be attached to the con- -
crete by direct application to it, or by indirect application,’ utilizing

\flu;:ng material, a grid system requiring specially designed fasteners,
clips, Z-bars or T-bars, rods, wires, or other devices to support the
particular, type of system specified, Plaster ean be applied directly to

- scarified doncrete, or it can -be applied to metal lathes whijch are

.
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»
fastened to the concrete. Tile of various kinds is generally fastened
to the concrete by an adhesive,

Normally, tHere is little maintenance required for installations in
which plaster has been applied directly to scarified concrete.. If
either plaster or tile comes looge from the concrete, as happens from
time to time,.the affected areas must be thoroughly cleaned of all old
material before new material is applied. Plaster applied on furring,
metal, wood, or gypsum lath can be repaired as previously described.
Correction of any damage to suspended ceilings depends on the nature
and extent of damage. If only a few tiles @re damaged, these can be
replaced in the grid without great difficulty. If large areas and the
supporting system itself are affected, the entire system for the affected
room may have to be taken gown and replaced.

Walls

L

Interior walls, which are either bearing or nonbem:hlg, can also be
classified according to their prime function. A “division wall” is a
bearing wall that runs between two exterior walls for the purpose of
dividing a building into two or more parts or of separating one build-
ing from another. A “fire division wall,” constructed of solid masonry
or reinforced concrete, subdivides a building for the purpose of re-

“stricting the spread of fire. A “fire wall,” constructed of solid masonry
or reinforced concreté (starting with the foundation and continuing
through all stories.to and above the roof), with all openings usually,
protected by fire doors, serves,to restrict the spread or fire, or to divide .
space into limited areas for fire protection. A “partition wall,” which
is wholly supported at each story, is a nonbearing wall that can run at
any angle from the bearing walls for the purpose of dividing the in-
terior of a building into compartments. There areé code requirements
for the materials used in interior Walls that vary according to the pur-
poses served by the walls. As a rule, interior walls need little main- -
tenance. ( ‘ ’

Most maintenance problems posed by interior walls concern the
surface and finish of division and partition walls, Where the finish
or surface ig concrete or plaster, maintenance procedures are essen-
tially the same as those described for ceilings of the same material.
If the wall is constructed of concreté block or cinder block without
plaster, as is customary in many parts of the country, the standard
procedure is'to paint the wall with a flat wall paint, using either the
oil-, latex-, vinyl-, or casein-base type with. the desired color and )

" reflectance factor. ‘Application magy be by brush, spray gun, or roller.’

"~

ERIC



L9
ERIC

" when repainting the interior of outside walls that are constructed of

“brush than by spray guns. Any wood surface to be refinished should -

- 'been varnished will not take paint or epamel unless the varnish is

" thoroughly cleaned of any rust or loose particles of paint from previ-

- red-lead alkyd varnish primer), followed by an intermediate cont or

_"shou]d be tinted a different color), and finally the finish coat. The

ﬁ
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” A brush ﬁl]s cavities easier than a spray, wherens a roller has ndvan- |

“tages on smoother surfaces, laying down a uniform coat jn less time

than other methods of application. - ’
- A tlght-senlmg, non-breathing type of paint should be avoided -

concrete, hrlck stone;.concrete block, or cinder blgck unless these walls
have heen dampproofed. The -reason for this is that the paint will be
pushed away and its adhesion broken if moisture penetrates the walls,
Metal or wood, such as door and window facmg, chalk and tack-
board trim or rails, are a part of overall wall surfaces and must be
refinished When rooms are repainted. Enamels, flat paints, stains, -
and varnishes can be applied to wood surfaces more economically by

frst be thoromighly cleaned of all loose paint; blisters, oil, grease, o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>