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ABSTRACT

This military handbook covers many aspects of roof design and
construction, begiming with the structural deck, choice of insulation, vapor
control, msny different systems of eurfacing, and guidelines for plaza and
below-grade waterproofing.
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FUREUORD

This handbook has been developed from an evalution of facilities in the shore
establishment, from surveys of the availability of new materials and
construction methods, and from selection of the best design practices of the
Naval Facilities Engineering Command, other Government agencies, and the
private sector. T?Iishandbook was prepared using, to the ❑aximum extent
feasible, national professional society, association, and institute standards.
Deviations from these criteria cannot be made without prior approval of
NAVFACENCCOM HQ (Code 04).

Design camot remain static any more than can the functions it serves or the
technologies it uses. Accordingly, recommendations for improvement are
encouraged and should be furnished to Commanding Officer, Chesapeake Division,
Naval Facilities Engineering Command, Code 406C, Washington Navy Yard,
Washington, DC 20374-2121; telephone (202) 433-3314.

v

THIS HANDBOOK SHALL NOT BE USED AS A REFERENCE MCUNSNT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE FURCHASE OF FACILITIES
ENCINEERINC STUDIES AND DESIGN (FINAL PIANS , SPECIFICATIONS , AND COST
ESTIMATES) . DO NOT REFERENCE IT IN MILITARY OR FEDSRAL SPECIFICATIONS OR
OTHER PROCUREMENT DOCUNENTS .
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Section 1: INTRODUCTION

1.1 m. ‘Ibishandbook sets forth guidelines for design of roofing
and waterproofing systems. It includes low-slope and steep roof systems,
design of new roof systems, and reroofing of existing buildings.

1.2 &oof De~. Roof-system design requires a synthesie of
the following design factors:

a) Suitably firm and stable platform for roofing;

b) Slope for drainage;

c) Fire resistance (Refer to f41L-HDBK-1008, we Protection &
structI&D) ;

d) Wind-uplift resistance;

e) Thermal resistance;

f) Vapor control;

g) Life-cycle costing of available systems;

h) Ice dams and sliding snow.

1.3 Roof De*. The roof designer should confer with his technical
consultants. lhe structural engineer should be consulted on the first four
items of the foregoing list (deck, slope, fire resistance and wind-uplift
resistance) , and the mechanical/electrical engineer should be consulted on the
next tvo items (thermal resistance, vapor control) , as well as location and
support of rooftop equipment (iiVACcondensers, ❑echanical vents, ecc. ).

1.4 -. Design of roofing systems requires a constant balancing of
advantages agaimt disadvantages. lhis requirement is illustrated by the
conflict between fire ratings and insulating efficiency. Thickening the
insulation of a fire rated roof-ceiling assembly beneficially reduces heat
loss through the assembly, but it raises ceiling-space temperature. ‘Ibis
increased space temperature could reduce the roof assembly’s time-temperature
fire rating, e.g. buckling steel joists or accelerating the burning of other
combustible structural ❑embers.

1.5 Rooftop location of mechanical and
electrical equipment should be avoided whenever practicable. Penthouses and
covered ground level locatlons are preferred. Rooftop equipment createe many
roofing problems:

a) Difficult flashing details;

b) Obstmccion of drainage paths;

c) Increases in hazardous roof top traffic by repaicmen;

1
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d) Accelerated corrosion;

e) Weathering of the equipment itself;

f) Potential vibration annoyance.

1.6 ~. Varying climatic conditions have a big impact
on roofing design. Vapor retardars are usually needed in cold climates and
for buildings with high interior relative humidity. In warm, humid climates,
however, -- e.g. Hawaii and Guam -- vapor flows downvard through the roof
toward an air-conditioned interior. Placing a vapor retarder on the deck and
below the imulation is harmful in a tropical climate. It prevents the
beneficial venting of water vapor to the interior, entrapping it in the roof
sandwich where it may condense and wet the insulation (refer to Section 4) .

This difference in predominant vapor- flow direction may influence
the proper choice of roof system: conventional assembly with insulation
sandwiched betveen the deck below and ❑embrane above, or a Protected Membrane
Roof (PHR) assembly, with ❑embrane and insulation positions reversed: i.a. ,
with insulation above the ❑embrane. In a cold climate where the predominant
vapor- flow direction is upward from a heated interior, the membrane in a P14R
doubles as a vapor retarder. This is an efficient arrangement. In a humid
tropical climate, however, where the predomimnt vapor-flow direction is
downward, the conventional roof assembly?s position with the ❑embrane above
the insulation may be ❑ore efficient, with the ❑embrane again functioning both
as waterproofing and vapor retarder.

1.6.1 SQ.ar Radi-. Solar radiation embrittlea aaphaltic materials
and thermoplastic aheeta, which may loose plasticizer under combined heat and
sunlight. Shielding of the membrane and flashings is thus important, with
aggregate, ❑ineral granulea, or heat-reflective coatfnga required on various
membranea, both to increase membrane service life and to cut cooling-energy
costs .

1.6.2 Mbl@xfd. Windspeed has an impact on roof design apart from the
obvious requirement of better anchorage (or heavier ballaat) in high-wind
areas. “Windstripping- of aggregate-surfaced built-up bituminous ❑embranes
has been noted in such diverse locations as Guam and Grand Forks, ND.

2.
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Section 2: STRUCTURAL DECK

~. ‘lhestructural deck serves two functions:

a) For stmctural resistance to gravity, wind and seismic forces;

b) As substrate for the roof system.

2.2 MaE2d&a. Structural decks come in a wide variety of materials,
notably the following:

a) Lightgage steel;

b) Reinforced concrete;

c) Precast concrete;

d) Prestressed, precast concrete;

e) Wood plank and plyvood;

f) Cement-wood fiber;

g) Poured gypsum concrete;

h) Lightweight imulating concrete.

2.3 ~. Structural decks must be designed with
consideration of the following design fectors:

a) Slope for drainage:

b) Dimensional stability;

c) Moisture absorption:

d) Anchorage (for wind-uplift resistance) ;

e) Deck surface and joints;

f) Expansion joints.

2.3.1 ~. In nev construction, slope for drainage should be
provided in the stmctural deck, when practicable, with minimum slope of 1/2
inch per foot (12.7 mm per m) for Navy projects and I/& inch per foot (6.35 mm
per m) for Army projects. Provide saddles or crickets in valleys and other
locations requiring additional drainage-promoting techniques. Locate drains
ac low points -- i.e., at center of simple spans and other locations of

nUMiMUM vertical deflection. Where provision of slope in the structural deck
is impracticable specify tapered (sloped) insulation to provide slope. The
choice between interior or exterior draim depends upon building size and
configuration and local climate. Favor interior drains in cold climates where
subfreezing temperatures may create drain-blocking ice in exterior drains.

3
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Interior drains may, however, require insulation (to prevent condensation) .
Design the primary draimge system to accommodate the rainfalls lieted in OX-

3.01. ~.

Where the roof ie bounded with perimeter parapets, design a scupper system as
secondary drainage, with bottom scupper elevations designed to limit pending
depth to a stmcturally safe depth in case the primary drains era clogged.
Design perimeter scupper drains by the came criterie as the primary drain
system, by the ‘contracted-weir- formula.

fQUATION : Q (ft3/min.) - 200(b - 0.2H) H15 (1)

where

b - scupper width (feet)
H - hydraulic head (feet) , aseumed 2-inch maximum depth

Total scupper cross-sectional area shall be a minimum 3 times the cross -
sectional area of the primary vertical drains, with ❑inimum individual 3-inch
scupper depth and ❑inimum width/depth ratio of 2.5.

2.3.2 Deflection. Deflections maintained within normal limits (refer to
pare. 2.4.6.2) will have no practical effeet on drainage on a roof surface
with the ❑inimum roof slope.

2.3.3 ~. Dimensional stability of a deck material
depends upon two factors: (1) Coefficient of thermal expansion; and (2)
dimensional change with changing ❑oisture content. These factore vary greatly
in different materiels. Steel’s dimensional stability depends totally on
thermal expansion and contraction. By contrast, plyvood’s dimensional
stability depends primarily on ❑oisture content, which varies with relative
humidity . As an intermediate material, concrete’s dimensional stability
depen& on both temperature and ❑oisture content.

2.3.4 ~. As working surfaces for application of insulation or
built -up roofing, cast-in-place decks have the advantage over prefabricated
decks (e.g. steel, precasc concrete) in providing lerge deck arees without
joints. Jointed decks have two liabilities:

e) lhey create elevation breaks or horizontal gape in the
substrate;

b) They may permit bitumen drippage into the space below.

Methods for leveling, smoothing and covering joint gaps ere noted
under specific deck materials, which wII1 be discuseed in subsequent parts of
this section.

2.3.5 ~. Roof expansion joints, coincidence with building
expansion joints, are recommended at the following locations:

a) Junctures between changes in deck material (e.g. from steel to
concrete) :

.!4
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b) Junctures between changes in span direction of the same deck
material;

c) Junctures between an existing building and later addition;

d) Deck intersections with nonbearing walls or vherever the deck
can ❑ove relative to the abutting wal1, curb or other building component:

e) )laximum spacings of 200 to 300 feet (61 CO 91 ❑);

f) Junctures in an H, L, E, U, or T-shaped building.

Sxpana ion joints should be Located at high points, with draincge
direc tad away from them. They should allow for relative ❑ovement in three
directions, vertical, transverse, and longitudinal, detailed for minimum 8-
inch (203.2 m) , maximum 12-inch (304.8 ❑) curb height, with baaa and
counterflaahing.

2.3.6 Boof A-dU_s e. Roof nasembliea shall be designed to satisfy
established fire ratinga, and Factory Hututal (FM) or Undervritara
Laboratories, Inc. , (UL) requirements. (Refer to Section 11.)

2.4.1

a) If the building ia expected to have high interior moisture,
refer to Saction 4 and consult deck matarial manufacturer for recommendations;

b) Wood blocking around openings and drains must be installed
before insulation and roofing ia installed.

2.4.2 Steel ROOf Deck, q. Design steel roof decks to conform with
apecif ications of the Steal Deck Institute and FM. Uelda should be coated
with zinc-rich paint. Special steel deck rust inhibitive coatings may be
required in high moisture areas. Calculata dew point.

2.4.3 ~. A smooth, flat surface should be

achieved by acreeding and troweling. The surface should be finished to a
texture equivalent to either a light ‘power-trowel” finiah or a finn wood
trowel finish.

2.4.4 I!secast ~f D ckae

2.6.6.1 ~. Precast concrete roof deck panels are manufactured in
the following cross-sectional rihnpes: plain slabs, channel slabs, tongue-
and-groove planks, single or double tees.

a) Camber differential that exceed 1/8 inch (3.175 mm) mat be
corrected by using a Portland cement fill or grout, feathered to a maximum
alope of 1/8 inch per foot (3.175 nnnper ❑);

5

Downloaded from http://www.everyspec.com



t41L-HDBK-lool/5

b) Damaged precast concrete panels should be repaired by the
decking contractor to ensure structural integrity;

c) To prevent bitumen drippage, joints should either be stripped
in with tape or grouted with cement fillings where openings occur.

2.4.5.1 ~. Prestrasaed concrete units are manufactured tees,
double tees, channel slabs or hollow-core slabs. Prestressing generally
results in camber (i.e., upward deflection, raising the center of the span
above the supports ).

2.4.5.2 ~. If rigid insulation is used, differentials in
adjacent prestressed concrete units must be corrected by fill or grout,
feathered to a maximum slope of 1/8 inch per foot (3.175 mm per ❑).

2.4.6 Food Board or Plvwood Roof D ckqe

2.4.6.1 ~escriu~

a) Vood Board Roof Decks - Minimum 1 inch (25.4 mm) (nominal)
thickneaa seasoned lumber, normally supported by wood joists or purl ina, 2
inches (50.8 mm) thick;

b) Plyvood Roof Decks - Panels kiln-dried, ❑inimum 5/8 inch
(15.875 mm) thick, normally supported by wood joists or purlins.

2.4.6.2 ~

a) Structural - Wood board roof deck material should be sound,
well seasoned lumber of tongue-and-groove construction, aplined together at
aide joints and aligned at joints to provide adequate bearing support at each
end. All boarda should be attached to all intermediate supports. There must
be a ❑inimum of one intermediate support.

b) Plywood roof deck material should comply with the standards set
forth in Department of Commerce Standard PS 1. Plyvood panela should bear the

APA or TECO trademark, graded C-D or better, provide a smooth surface, ❑inimum
5/8 inch (15.875 mm) thick. Plywood deck panels should be installed with face
grain perpendicular to supports.

c) For all wood decks, a barrier of rosin sized sheathing paper or
similar material should be placed betveen the roof membrane and the deck to
allow relative movement.

d) For wood board and plywood roof decks a building should be
heated in gradual steps after roofing ia completed to prevent rapid moisture
content changes that could warp the wood.

2.4.7.1 ~. Cement-wood fiber roof deck panels are composed of
treated wood fibers bonded with Portland cement or other binder and compressed

6
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or molded into flat panels. Purnished either as tongue-and-groove planks for

application direct to joists or as rabbeted panels for use with sub-purlins,
these deck units provide acoustical and thermal insulation.

2.4.7.2 ~auirem

a) Manufacturer’s specif icationa should be consulted for
installation. Special attention should be given to erection and handling
instructions.

b) Resistance to wind uplift and lateral movement is provided by
one of the following anchorage techniques: (1) Clips, nails, or other devices
anchoring the deck directly to the roof framing; or (2) Sub-purlina anchored
to the roof framlng systern. Voids around tees should be grouted with material
recommended by the deck manufacturer.

2.6.7.3 ~. Because of the vulnerability to moisture, insects,
and in some cases fire, these panels may be prohibited by some flilitary
Construction Offices. Request specific permission to uae before specifying.

2.4.7.6 ~. Approved mechanical fasteners should be
used for anchorage of the roof membrane to the deck. The anchorage
recommendations of the mnnufacturer and insurance rating agent Ies should be
followed. Above-deck insulation board should be solid-mopped to a
❑echanically anchored coated base sheet. Insulation may also be ❑echanically
anchored if provided in two layers (e.g. bottom anchored, top set in hot
bitumen) .

2.4.8

2.4.8.1 ~. Mixture of gypsum concrete reinforced with welded or
woven galvanized wire fabric and ❑ixed with either wood fibers or ❑ineral
aggregate, and water. It ia poured on permanent formboards supported on steel
aub-purlina. Various formboards are available to provide light reflectance

and fira resistance, insulation, and acoustical control. Density varies from
30 to 55 pounda per cubic foot (680 to 881 kg/m3).

a) When insulation requirements and thickneaaes permit, insulation
is genarally incorporated in the formbonrda. This type of construction should
be avoided where upward vapor drive is present as it does not lend itself to
incorporation of a vapor retarder. A vapor retarder should be com idered when
specifications require the installation of additional insulation on the top
side of the deck. Because of the difficultias in applying a vapor retarder,
however, poured gypsum should be avoided where upward vapor flow is
predominant.

b) The ceiling plenum should be adequately ventilated to the
exterior or supplied with dehumidified air to prevent ❑oisture buildup.

c) Consult ❑anufacturer’s instructions before painting formboard.
Paint may prevent drying of the poured gypsum.

7
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2.4.9.1 ~. A lightweight imulating concrete roof deck is a
cementitious roof deck insulation and roofing substrate. It is produced by
combining lightvalght insulating aggregates (such as perlite or vermiculite)
with Portland cement and water or by blending pregenerated foam with Portland
cement and water.

Depending upon the design mix, the cured insulating concrete should
have an oven-dry demicy between 20 and 40 pounds per cubic foot (320 to 640
kg3) and attain a compressive strength between 100 and S00 pai (689 and 3,647
kilo Pascal (kp.s)).

a) To promote drying of the wet ❑ix, lightweight insulating
concrete should be limited to decks with underside venting: slotted,
galvanized steel decks (minimum 1.5 percent open area) or permeable formboards
(e.g. fiberglass) .

b) Do not specify lightweight insulating concrete over highly
humidified interiors, i.e. , swimming pools, process planta, etc.

c) Use caution if specifying in climates subject to subfreezing
temperature. Prohibit casting of concrete fill if subfreezing temperatures
are reported imminent.

d) Do not use over concrete decks. The material must dry to the
interior apace.

e) Where high thermal resistance ia required, additional,
specially designed, closed cell insulation should be incorporated into the
concrete. The practice of installing addlt ionnl preformed insulation boards
directly upon the deck is not recommended because it inhibits the drying of
the concrete fill by solar radiation.

f) Stored deck material should be placed on raised skids or
platforms and protected from the weather.

g) Ceiling plenum mat either be adequately vented to the exterior
or supplied with dehumidified air to prevent ❑oisture buildup.

h) Underpayment: Nail a ‘venting” base sheet, conforming to the
American Society for Testing and Materials (ASTM) D 3672, $tander~

tiecifi atiOn fOr v~halt-~ed and Coated InOwnic Felt BaSQ
~. with approved fa8teners.

8
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Section 3: THSRKAL INSULATION

3.1 firmal ~. fie thermal resistance of roof insulation has
a very substantial impact on the long term operating cost and comfort in a
building.

3.1.1 ~. There are several purposes for using roof
insulation as follows:

a) Reduce heating and cooling equipment capacity.

b) Reduce heating and cooling ener~ use. The level of roof
insulation thermal resistance has a significant impact on the quantity of
energy used for heating and/or cooling throughout the life of the building.

c) Occupant comfort.

d) Condemnation control.

e) Provide smooth substrate for roofing ❑embrane.

f) Provide slope to flat roof decks.

3.1.2 ~. Roof insulation thermal resistance or R-value La
determined by the application of design criteria and analysis of life cycle
cost .

3.1.2.1 R cum nts The 1985 American Society of Heating, Refrigerating and
Air Conditio~ingeEng~ neera (ASHRAE) 1.985Handbook - Fundamental, Chapter 20,
contains a discussion on economic insulation thickness for building envelopes.

3.1.2.2 ~. High levels of thermal reaiatanca are not alwaya life
cycle cost effective, especially in buildings having long hours of operation
and internal heat gaina. Refer to the discussion on “Buildings With Dominant
Internal Iaads- in Chapter 20 Errata of the ASHRAE 1985 Handbook

~nd men&al,fi.a Ulere thesa conditions exist, lower levels of thermal
resistance may wall be justifiable.

3.1.3 ~. h energy evaluation shall be conducted for each
building to determine if the roof insulation thermal resistance should be
higher or lower than aet forth above.

3.1.3.1 E Meth od~ . Chapter 28 of the ASHRAE B85 Handbook -

Ilm aentti.d provides a number of ❑ethods for estimating energy consumption
associated with roof imulation. Hour by hour, detailed computer simulation
methods are preferred. At least three levels of thermal resistance should be
evaluated for the roof over each type of space in each building.

3.1.3.2 ~. Economic evaluation of roof insulation shall be
carried out in accordance with NAVFAC P-642, ~. ~ 5-
g02-1. ~. Or equivalent.

9
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3.1.3.3 Imuortant Cons~. Where some space heating is accomplished
by means of heat recovery, or where some space cooling is accomplished by free
cooling methods such as economy cycle, or cooling tower, or cooling resulting
in lover purchased energy requirements, lower levels of thermal resistance can
be justified on a life cycle cost basis. Where ener~ is expensive, higher
levels can be justified.

3.1.4 SQk@QK1. Selection of the level of thermal resistance to use in
roof insulation shall be based on a life cycle cost analysis.

Each area of a building may vary. The level of thermal resistance for each
area of the building does not necessarily have to be the same throughout.
Quite often, areas with long hours of operation and high internal heat gains
will require less insulation than areas with little or no internal heat gain
and/or short hours of operation. Compensate for reductions in R-value due to
fasteners and structural members.

3.1.5 MQfxQQx. Roof surface color has an impact on energy consumption
and membrane temperature and color shall be considered in the evaluation of
energy and life cycle cost, and when determining the suitability of the roof
membrane.

3.1.6 ~. Roof insulation can be located either above or below the
roof deck. In low slope roof buildings, above deck insulation is preferred.

3.2 ~. A wide variety of imulation materials are available
for use as roof imulation in buildings. Each material usually has a unique
set of properties and compatibility with other roofing components which must

be properly evaluated so that the roof will perform satisfactorily.

3.2.1

3.2.2 SiLllSleco~o~

3.2.3 Gomn site BOard ~.0 In order to provide compatibility with
certain types of roofing materials and also to provide the desired fire
rating, composite board insulation is available, comisting of two or ❑ore
pre-assembled layers of differing insulation materials. Use of composite
board insulation often allows application criteria and thermal resistance
criteria to be met with ❑inimum insulation thickness.

3.2.6 ~. Several types of lightweight insulating
concrete are available for roof insulation purposes. They are typically
imtalled over ventilated roof decks or formboard on 10V slope roofs, since it
is possible to slope the concrete in order to provide roof drainage. Concrete
must be able to exhaust origincl mixing water to the interior space.

3.2.5 ~. Sprayed- in-place plastic polyurethane focm
insulation is available for roof insulation. Refer to Section 7.

3.2.6 ~. Physical propecty data are usually available from the
insulation manufacturer and often consist of testing laboratory reports. Care
should be taken that the data reported are appropriate for the conditions
under vhich the roof will perform. Physical property dsta are also published
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in the ASHRAR D85 Handbook - Fundamentti , and the H@nual Of Built-uD ROOf
systems by Griffin. Where data reported by insulation manufacturers differs

frOm that shO~ in handbOOks. appropriate justification and explanation should
be obtained. Where the thermal resistance declines with age, the aged values
shall be used.

3.2.7 ~. It is extremely important that the type or
types of insulation to be used are appropriate for the roof assembly. Refer
to other sections in this handbook for specific criteria with each type of
roof deck and/or roof ❑embrane.

Carefully read and evaluate the detailed application criteria and
limitations on use for several major manufacturers of the type of insulation
to be utilized or permitted along with other sections of this handbook, in
order to eliminate any incompatibility.

Specific provisions should be set forth for the insulation
manufacturer and contractor to ❑eet to set up requirements regarding storage
and installation of insulation. The insulation must be kept dry, both when
stored on the job site and when installed on the roof. Waterproof covering
over stored insulation is essential, as is elevating the insulation so that
ground water cannot enter. Require that stored ❑aterial be adequately secured
from blowing away. Newly installed insulation must be covered at the
completion of each day’s work with completed roofing.

3.3 ~. A number of physical properties and application
criteria must be considered in the design of each roof. Evaluation of these
factors should comider the entire range of conditions that the roof assembly
will be exposed to, including the extremes.

3.3.1 ~a~ressi e Streru@ Consider the likely extent of roof traffic
(including cons truct~on traffic~ and insulation type and thickness.

3.3.2 ~. Where roof imulation is used in humidified
buildings or in areas with large vapor pressure differentials, it is likely
that ❑oisture will accumulate in the insulation, even with the use of vapor

retarders (refer to Section f+). Moisture absorption reduces the thermal
resistance of insulation so that when it is probable that moisture will
accumulate, the types of insulation material to be utilized should be those
which have the least capability to absorb ❑oisture.

3.3.3 Rim nsiO~ StaM.J&xe

3.3.3.1 Temuer~. Sufficient expansion joints should be provided in
order to accommodate changes in dimension due to temperature. The temperature
range should consider the amual extremes. During colder weather, clear sky
radiation can result in roof temperatures lower than design temperatures. As
a result of solar radiation, and depending upon roof color, roof temperature
in excess of 150 degraes Fahrenheit (F) (66 degreea Celsius (C)) can be
reached. Temperature ranges of ❑ore than 100 degrees F (37.7 degrees C) can
be experienced in a alngle &y.

3.3.3.2 ~. Provisions for expansion and contraction of roof
insulation due to changea in ❑oisture content should be made in the same
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manner as for temperature changes. Depending upon the type of insulation
material utilized, the change in dimension due to ❑oisture can exceed that due
to temperature.

3.3.3.3 ~. Adequate provisions for changes in
dimension should consider both the range of temperatures to be encountered and
the likely range in moisture content, with the masimum of either being
utilized to determine the necessary dimensions. In addition, the dimensional
stability of the insulation relative co the other ❑aterials in the roof
assembly, such as the roof ❑embrane and roof deck, should be comidered. Where
the change in dimene ion due to temperature varies considerably between the
imulacion and some other component of the roof assembly, provision should be
made to accommodate this differential change in dimension.

3.3.4 ~. It is important to establiah the physical
compatibility betveen the insulation and other components of the roof
assembly. When using unfaced plastic foam insulation under built-up roofing,
specify an additional top layer of wood fiber, fiber glass, or perlite
insulation to guard against membrane blistering.

3.3.5 lhkkDMA. With the high thermal resistance and 10V U-values
commonly used for roof insulation, the thickness of insulation can be a
substantial consideration in roof design. Drawinga shall allow adequate apace
for insulation and show required thermal resistance or R-value of insulation.

3.3.5.1 ~. men bOard type insulation is used, it is often
necessary and preferred to have multiple layers. The insulation boards should
be as large aa can be practically handled and the joints should be staggered
and offset berveen layera. Proper type and length fastanera should be used
and consideration given to possible lateral movement of the roof insulation.
hyering will reduce faataner heat transfer vhen the bottom layer is
❑echanically faataned.

3.3.5.2 _ctor Du_. Where the overall roof thermal resistance or
conductance is specified and the contractor la given the option to install
❑ore than one type of insulation material, the limitation on thickneaa and
compatibility should be clearly set forth. The design should account for
variations in insulation thickness which are likely to occur, making provision
for parapeta, flashing, curbs, wood blocking, and treatment of slope to roof
drains.

3.3.6 4DQUAKQ. Means for securing the roof insulation to the roof
deck, such as adhesives and/or corrosive resistant ❑echanical fasteners, vhich
are compatible with the materials used, should be specified. Refer to
Section 9.

3.4 ~SN. Where the roof deck is flat or level, one
reasonable ❑eans available for providing adequate roof slope for drainage
purposes ia by using the imulation; tapered factory fabricated insulation may
be used for this purpose. Manufacturer of several types of board insulation
provide a variety of tapera. Where taperad insulation ia to be used, careful
detailing and dimensioning is necessary in order to ensure that the proper
slope and poaitlve drainage are achieved. lhe use of tapered imulation
should be limited to reroofing of existing low slope roof buildings.
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Section h: VAPOR CONTROL

4.1 ~. The design of roofing must take into account the
principles of ❑oieture in air in order to preclude condemnation of moisture in
roof imulation and under roof surfaces. The subject of psychometrics deals
with determination of the properties of moiet air and utilization of these
properties in analysis of conditions and processes involving moist air. A
much more detailed discussion and tables of ❑oist air properties ere included
in A.SKRAF,~85 Handbook Fundament&, Chapter 6.

4.1.1 Yavor ~ end Flow. In order to determine the magnitude and
direction of weter vapor flow, it is necessary to examine the range of indoor
and outdoor conditions that will exist over the course of the year. Moisture
vapor flows from regions of higher vapor pressure to regiom of lover vapor
pressure.

6.1.1.1 ~. Indoor water vapor pressure is increased by the liberation
of original moisture in construction materials and occupants, as well as
moisture generated by plants, processes and humidification. This tends to
make the indoor vapor pressure higher than outdoor, causing the potential for
flow of water vapor through the roof in cold weather. When indoor space is
eir conditioned, including dehumidification, it is possible for the indoor
vapor pressure to be lower than outdoors.

b.l.l. z ~. ~tdOOr v4por pressure is continuously varying throughout
the year in any given location. When outdoor vapor pressure is higher than
indoor vapor pressure, there will be e tendency for vepor to flow from
outdoors to indoore through the roof.

4.1.1.3 ~. NAvFAC p-89~. (aleO
designated 2?45-785 and AFN 88-29) shows outdoor design conditions for ❑ost
locations throughout the world. Once indoor design conditions are
established, the vapor pressure differential betveen indoor and outdoor can be
readily determined. It is essential to examine the variations in indoor and
outdoor vapor pressures throughout en entire typical year of building
operation in order to establish both the magnitude and direction of potential
water vapor flow under all conditions of operation.

4.1.2 Pew oi~. An analysis shall be conducted to determine the
potentiel for condensation to take place throughout all conditions of
operation, both within the roof itself and on the surfaces of the roofing
assembly. Such an analysis will determine the need to consider increasing the
thermal resistance of insulation and/or incorporating specific ❑ethods for
controlling vapor flow. Refer to ASKRAE ~book Fundamentals, Chapter
21.

4.1.3 lnlluence on Rod. Moisture condensation in the roof can result in
reductions in insulation thermal resistance and dripping of condensed water
from the underside of the roof. The dew point analysis shall consider all
potential condensation possibilities in order to provide proper control
❑easures to preclude condemacion. Generally, these control ❑easures include
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imulation, ventilation, and vapor retarders. TIIeanalysis shall consider not
only design conditions of temperature and vapor pressure, but also diurnal and
seasonsl variations.

4.2 $ontrol tiatlIs@s. A variety of ❑ethods exist for controlling vapor
in buildings and are generally set forth in ASHRAE U85 Handbook

M@2mWak. fiapter 20.

4.2.1 ~. All building materials have some degree of
resistance to vapor flow. A table of values for ❑ost building msterials is
included in ASHRAE ~book Fundamentti, Chapter 21, along with
calculation ❑ethods to determine the msgnitude of vapor flow and location of
condensation planes.

4.2.1.1 ~. It is generally accepted that any material to be used
as a vapor retarder shall have a maximum rating of 1 perm (57 ❑etric perms).
Selection of the perm rating required for any given conditions shall be baaad
on the analyses described above. Generally, when there are large vapor
pressure differentials for long hours, vapor retarder materiala having very
low perm ratings are required in order to ❑inimize the quantity of moisture
flowing into the roof. Where ❑oisture flow into the roof will not be
substantial or not exist for long periods of time, materials having higher
perm ratings can be used.

b.2.l.2 ~. Calculations for vapor flow shall be msde in
accordance with ASHRAE Fvndamen-, Chapter 21. Special
consideration shall be given to those situations where vapor flow is
continuous in the same direction for long periods of time, due to the large
potential for ❑oisture accumulation.

6.2.2 YeDor Retard-. Onca the nead for vapor retarders haa been
established, it ia necessary to considar tha types of materials to be used,
their location and msnner of application.

4.2.2.1 Bater~. Water vapor retardera may be classified as rigid,
flexible, or coating types of msterials. fie suitability of the materiala
chosen shall be exsmined in ordar to ensura long tarm performance and
compatibility with ocher roofing materials. Most often used vapor retarders
are the flaxible type, including plastic films and coated krafts and felts.
These msterials are available in a wide variety of Penn ratings.

4.2.2.2 ~. With ❑oisture flow out of the building, the vapor
retarder shall be locatad as close as possible to the inside surface of the
building envelope, most often on the top of the roof deck or adjacent to the
inside finished surface of tha ceiling. Where ❑oisture flow is into the
building, the proper location for the vapor retarder is aa close as possible
to the outdoor surface of the roof. Most often, tha roofing membrane provides
adequste vapor resistance for tha flow into the building. Where vapor flow is
both into and out of the building, the general preference for vapor retarder
location is close to the indoor surface, or none at all.

6.2.2.3 ~. Where vapor retarders are to be used, the design
shall pay particular attention to the msnner of installing and sealing the
vapor retarder mstarial. The design shall also consider the potential for
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damcge to the integrity of the vapor retarder both during construction and
operation of the building.

h.2.3 ~. To the extent that some moisture does accumulate in
the imulation, it ie possible co allow escape of the moisture by providing
❑eam for ventilation. In the case of wood frame residential type
construction with attics, a variety of methods are commonly available to allow
moisture which passes through the tailing insulation to escape to the
atmosphere. With low slope roof construction, vhere accumul.atiom of ❑oisture
are expected in the imulation, other methods for ventilation are required.
This approach can be celled a self-drying system.

4.2.3.1 ~. Using boards or sheets with perforations or
slots underneath low slope roof deck insulation will allow ❑oisture to escape,
provided numerous paths ere readily available underneath the entire surface of
the insulation and those pntha are complete to the outdoors or indoors. use
caution when the space below has high humidity.

.3.2.3.2 ~. Ventilation above the insulation in low slope
roof decks can be accomplished either by using edge vents or top vents in rare
or extreme cases. Vents which penatrate the membrane will increase the
potential for leaka. Top vente, if used, ehould be spread uniformly
throughout the roof area. Use caution when applying ventilation above or
below insulation, because the same paths that allow moisture to escapa will
alao allow moistura to enter if the vapor pressure differential is reversed.
Top venting should not be used over insulation having limited moisture
❑ovement capability, such as plaatic foams.
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Section 5: BITUMINOUS BUILT-UP ROOF IC?tlBWiNE

5.1 ~. As the weatherproofing component of a built-
up roof system, the built-up bituminous ❑embrane comprises three elements:
bitumen, felts, and surfacing.

5.1.1 B-L.WED. Bitumen resists water penetration in both interply
adhesive films ❑opped between felt layers and the bituminous surface-coating
or flood coat. Contemporary bitumens come in three types: (1) blown (i.e.
oxidized) asphalts; (2) coal tar pitch; and (3) rubberized asphalts, blended
with elaatomaric polymers to increase the natural aaphalt’s low-temperature
flexibility and ductility.

5.1.2 ildGs. Felts stabilize and reinforce the membrane, like steel
reinforcement in a concrete slab. Felts also prevent excessive bitumen flow
when the bitumen is warm and semi-fluid and distribute contractile tensile
stress vhen the bitumen is cold and glasslike. Felt plies separate the
interply bitumen ❑oppings and provide the membrane’s multiple lines of
waterproof ing defense.

5.1.3 SJ@XhlS. Surfacing of built-up membranea comprises one of three
basic types: mineral aggregate, asphalt (hot or cold-applied) , or mineral-
surfaced cap sheet.

5.2 General Reauire-

5.2.1 &il&s. Organic and aabestos felts are highly vulnerable to
moisture- induced deterioration; use the more durable fiber glass felts.
Organic felts can, however, be used in temporary membranes that are to be
removed; in coal- tar pitch ❑embraces; and as edge envelopes, where their lack
of “memory” mskes them suitable.

5.2.2 ~d Bitumen Flas~. Single-ply ❑edified bitumen flashinga
are now the prime choice for flashing msterial.

5.2.3 ~omoat~. Check with the manufacturer of built-up roofing
membrane and flashing materials to assure that proposed roof system and
materials are compatible with roof deck, vapor retarder, imulation and
geographic location.

5.3 Recamme~

SIA)PE SOFTENING F131NT
Der foot~ (demees F)

1/2 or less Asphalt, ASl?lD 312, Type I 135 - 151
1/2 to 1-1/2 Asphalt, ASTM D 312, Type II
lt03

158 - 176
Asphalt, ASTM D 312, Type III 185 - 205

Steep and flashings Asphalt, ASTM D 312, Type IV 205 - 225
1/6 or less Coal Tar Pitch, ASTM D 450 Type I 126 - 140
1/2 or leaa Coal Tar Pitch, ASTN D 450 Type III 133 - 147
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5.3.1 W iSCOUS Tenmerature (W. Require bitureenmanufacturer to
provide SVT ste~ciled on every bitumen container or tanker weight bill to
facilitate application at proper viscosity (100-150 centistokes (O.004 to
0.005 m)).

For coal -tar pitch membranes, specify coal-tar impregnated glass
fiber felts, or ASTM D 227, for Coal-Tar Satu~
Wanlc Felt Used in R~ , or ASTi4 D 2178, ~

SD Ci
~e ~

elt sed n

5.4

S.fb.l ~. Flashings seal the joints where the membrane
is interrupted or terminated. Base flashings, essentially a continuation of

the membrane, form the edges of an (ideally) watertight tray.
Counterf lashings shield or seal the exposed joints of base flashings.

5.6.2

5.4.2.1 ~ Flaaw. Since the virtusl disappearance of reinforced
asbestos base flashing materials in 198fI,recommended materials are the
following:

a) One-ply ❑edified bitumen sheets, 160 to 200 roils (0.004 to
0.005 ❑) thick, normslly reinforced with polyester or glass fibers.

b) ‘lhree.ply glass -fiber felt (sometimes reinforced and grenular
surfaced) .

c) Metal base flashings should be restricted insofar as
practicable to vent-pipe seals, grevel-stop flenges, and drain flashings,
where there are no practicable alcernstivas. Use bituminous base flashings,
i.e. , modified bitumens or glass fiber flashing felts, at parapets, walls,
expansion joints, end curb framing access hatchee, vents, or equipment
openings.

5.4.2.2 $~. Counterflashings (sometimes called ‘cap
flashings”) are ususlly made of metal: aluminum, galvanized steel, stainless
steel, copper, or lead sheets designed to shield exposed base flsshing joints
and shed water from vertical or slanting surfaces onto the roof. Compatible
fasteners must be used to anchor metal counterflashing to prevent
electrochemical corrosion.

5.6.3 ~. Good flashing layout and design
require the following:

a) Elimination of as many penetrations as practicable;

b) Location of individual roof penetration at least 18
inches (457.2 mm) apart:

c) Consolidation of as msny openings as possible into a smsller
number of larger openings:
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d) hcation of flashed joints above the highest water level on the
roof, with draimge away from flashed joints;

e) Allowance for differential movement between base and
counterflashing;

f) Firm connection of flashings to solid supports;

g) Contouring of bituminous base flashings with cants to avoid
sharp bends;

h) Avoidance of surface-applied cap flashings.

5.6.3.1 ~. Flashing details must provide for
differential movement among the different parts of the building. Anchor base
flashings to the structural roof deck, free of the walls or other intersecting
elements. Anchor the counterflashing to the wall, column, pipe or other
flashed building component. Review detailing carefully.

5.4.3.2 ~. With built-up flashing materials, use cants
with 45 degree slope. Cants may not be required for some ❑edified bitumen
flashings.

Wood cants (southern yellow pine, Douglas fir, or equivalent) ,
pressure- treated with water-base prese~atives, may be preferable to
fiberboard cants, especially where they brace the right-angle joint between
vertical and horizontal nailers at equipment or wall curbs. Avoid fiberboard
cants for torch-applied modified-bitumen flashing.

5.4.4.1 ~. Check with roofing materials manufacturer for approval
of all flashing details and materials including primers, bitumens, felts,
surfaced cap sheets, bituminous mastic for use with flashing details, and

application techniques. Avoid pitch pockets always in new construction and
whenever possible in reroofing. When required, fill pitch pans with a crovned
pourable sealer.

5.5 Foot Tr~. Refer to para. 10.7.

5.6 ~. For details on flashings, anchorage, felt laps,
requirements on felt backnailing, all metal work, and application of built-up
❑embranes to various substrates, refer to the National Roofing Contractors’
Association (NRCA) and ~ , and Sheet Metal and Air
Conditioning Contractors National Association (S14ACNA)~ SheeC

~.
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Section 6: SINCLR -PLY ROOFING SYSTEMS

6.1 A membrane, sheet or liquid-applied, with only
a single layer of material designed to resist water penetration.

6.1.1 Plv ~. Chemically, sheet -applied membranes can be
classified as one of the following categories: elastomers (synthetic rubber),
plasticized thermoplastic polymers, uncured elastomers, and/or modified
bitumens. (Refer to Table 1 for ❑embrane adaptability to different roof
systems. )

6.1.1.1 ~. lhe most important elastomeric sheets are
ethylene propylene diene ❑onomer (EPDM) and neoprene (polychloroprene) .

Sven though it is more expensive than EPO14,neoprene has several
advantages:

a) superior resistance to

b) superior external fire

chemical attack,

resistance,

c) heat-reflective coatings, and

d) easier adhesiom for maintenance repairs,

Fire-retardant grades of EPO14are, however, superior to neoprene in
repairability and weather resistance.

Field lap senma are the ❑ost vulnerable component in elastomeric
systerns. Thermosetting polymers, both EPD!4and neoprene require use of
contact adhesives. These contact adhesives generally require thorough
cleaning with solvent-soaked rags, a waiting period for the contact adhesive
to attain proper consistency, thorough pressure-sealing of the lap, and

application Of a aide lap sealant for temporary protection while the contact
adhesive cures. Oefective contact-adhered seams made in elastomeric membranes
are vulnerable to rainwater pending, especially when frozen. Over a long
period of time, water intrusion impairs tha performance of neoprene-based
contact adhesivaa. Newer, non-neoprene-based adhesives are significantly less
vulnerable to moisture intrusion.

6.1.1.2 ~. Plasticized thermoplastic sheets
are represented by PVC ❑embrane sheets, in both reinforced and unreinforced
sheets.

PVC sheet offera comparatively easy field-satuning of vatertlght lap
joints by means of its solvent-welded or heat-welded lap seams. These seama,
true fusfom of base and jointing material, ❑ake a watertight joint.

A major liability of PVC sheet ❑embranea is that they may become
embrittled and shrink from loss of plasticizer. Unreinforced, they have an
extremely high coefficient of thermal contraction-expansion. However,
reinforcement (woven fiberglass mat or polyester reinforcement) can vastly
improve dimensional stability.
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Table 1
Membrane Adaptability to Different Roof Systems

liE!4BRANEUATSRIAL IJ30SE-IAID ANCHORED
BAL3ASTED ADHERSD MECHANICALLY FASTENED

BAR TYPE INDIVIDUAL

Elastomeric, PVC,
Uncured elm tomaric sheets Yes Yes Yes Yes
Liquid-applied Coating No Yes No No
Modified-bitumen sheets Yes’ Yes No’ Yes

Conventional Built-up Roof No Yer3 No Yes3

lLimiced to a few products, ‘No- for the majority.
2Underpayment sheet is ❑echanically fastened; membrane is adhered to
underpayment sheet by means of torch or asphalt ❑opping.

3Base sheet only.

Note: Select membrane systems which are
currently covered by COE and/or NAVFAC
Guide Specifications.

6.1.1.3 Uncured ElaI@RQKR. Uncured elastomers are chemically intermediate
between the thermosetting (i.e., elastomeric) and thermoplastic polymers. The
single-ply membranes containing these intermediate polymers are CPE

(chlorinated polyethylene) , CSPE (chlorosulfonated polyethylene, known
commercially as Hypalon) , and PIB (polyisobutylene) . Their lap sesms can be
heat-or adhesive-bonded. A msjor disadvantage is that they lack the abrasion
resistance of vulcanized rubber. Major advantages are: (1) easier field-
forming of reliable lap sesms; (2) ❑ay cure or vulcanize over a period of time
and become thermoses.

6.1.1.4 Modified Bit~. Modified bitumens are essentially rubberized
asphalts. The addition of rubber to the asphalt imparts elastomeric
properties to the asphalt and increases the membrane’s breaking strain by a
factor of 10 or more compared with a conventional built-up bituminous
membrane’s breaking strain.

The polymers used to make these physical improvements in the
❑edified-bitumen membranes include APP (atactic polypropylene) and SBR
(styrene-butadiene rubber) and SBS (styrene-butadiene- styrene block polymer) .
Reinforcement is generally polyester or glass fibers, sometimes in
combination.

The Camdisn General Standards Board (CCSB) system divides modified
bitumen membranes into three categories:

a) By exposure: Type 1, exposed (always anchored); Type 2,
shielded (anchored or loose-laid) ;
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b) By surfacing: Class A, granule-surfaced; Class B, ❑etallic -
surfaced; Class C, plain-surfaced;

c) Service conditiom: Grade 1, standard; Grade 2, heavy-duty.

6.1.2 d-Armlied ~. Liquid-applied coatinga (i.a. , membranea)
are a special class of fully adhered ❑embranes with limited assets but many
liabilities. Chemically, thay ara synthatic rubbers.

6.1.2.1 ~. A major use of liquid-applied coatings is on sprayed
polyurethane (FUF) roof systems, which require a liquid-applied coating.
Iiajor liquid-applied coatinga for sprayed FUF roofs includa polyurethane,
neoprene, hypalon, acrylic, and silicone.

Other acceptable substrates for these coatings are concrete and
plyvood .

6.1.2.2 &ivant~. Within their narrow range of applicability, fluid-

aPPlied ❑embranes have these notable advantage:

a) Conformance to irregular roof surfaces with good adhasion and
little waste;

b) Continuous, seamlesa waterproofing (including base flashing at

panatrations and edges for some systems).

6.1.2.3 IL!.aadantes.v At the heart of the fluid-applied aynthacics’
disadvantage ia their overwhelming dependence on high-quality fieldwork.
In a concrete deck, cracks must be located, marked, and either sealad or
taped. Cracks and seams greater than 1/64 inch must be sealed. A ViSCOUS
maatic material seals cracks between 1/66 and 3/8 inches wide, and because of
mastic shrinkage, satisfactory joint filling may require two mastic
applications . Cracks or joints over 3/8 inches require taping. Cast- in-
place concrate decks must be steal-troweled and then cured for at least four
weeks to reduce repairs of post-application shrinkage cracks. To prevent
moisture entrapment in the fluid-appliad mambrane, allow at least 2 days
betveen the latest rainfall and mambrane application.

6.2 ~. All membrane systems ara anchored at their
parim.eters and at openings, with possible exception of modified bituminous or
liquid-applied systems. Such anchorage sai%.esseveral purposes:

a) To prevant stress concentration at flashings, which could
aither split or pull loose from their backings and bacome vulnerable to
punt ture. (Loose-laid systems raceive maximum membrane tensile forces at
perimeter and other terminations, according to field strain tests) ;

b) To restrain contraction in materiala subjact to long-term
shrinkage;

c) To reduca ❑embrane wrinkling which can obstruct drainage.

6.3 Plv Membrane Standti. Whare applicable, standards to be
used for single-ply ❑embrana materials are promulgated by the Rubber
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Manufacturers Association (RMA) , American Society of Testing and )laterials
(ASTM) , and the CGSB, as follows:

RMA IPR-1/1985 for Non retied B~

~

RRA IPR-2/1985 ~ ReatQggnents for Fabric -Re~rced Ble~
e in Row

RNA IPR-3/1985 HLnimum Rements for ~rced Black

AsTn 0443f4 for Polv V~

Sheet Roofing

ASTU D4637
Sheet Used in ~~

CGSB 37-GP-56N for Hembrane. !40di.f&edBit~
ed and Re-ed for Roof~

6.4 Recommend-

6.4.1 Few Roofl. For roofs on new facilities:

a) Require ❑inimum 1/2 inch per foot slope for Navy facilities and
minimum 1/4 inch pes foot slope for Army facilities, 2 inch per foot maximum
slope for loose- laid, ballasted systems.

b) Review material properties, limitations, advantages and
disadvantages, and past performance of all systems under consideration (check
10-year performance in your geographical location) ;

c) Determine wind and fire resistance during this preliminary
suney. Consult SPRI Wind Design Guide for ballasted single-ply roofing
systema;

d) Check substrate for suitability: for sheet ❑embraces, suitable
substrates are stmctural concrete (caat-in-place and precast) , lightweight
insulating concrete with low moisture content, plyvood, and rigid insulation
board; for fluid-applied membranes, suitable substrata are structural
concrete (caat-in-place and precast) and aprnyed -in-place polyurethane foam:

e) For cast -in-place concrete decks, check concrete curing agenta
to ensure compatibility with synthetic ❑embraces. Some curing agents can
cause poor adheaion or even premature deterioration of the ❑embrane;

f) Limit plyvood to 5/8 inch ❑inimum thickness, smooth-surfaced
exterior grade, with edge support limiting differential deflection of adjacent
panela to 1/8 inch at panel edges and 1/16 inch at ends;
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6) Li@~ei@t f~ulation concrete fills, gypsum deck, and rigid
imulation boards are suitable substrates for ❑echanically fastened or loose-
leid sheet membranes;

h) Do not specify fluid-applied synthetic membranes when substrate
joint movement 1s antlcipeted;

i) Consider repairability in case of future damage,

6.5 d for New ~

6.5.1 ions at Prolect ~. Obtain
from the following eources:

a) ASURAS ~ok Fundament~;

b) tWVFAC, P-89,

6.5.2 Roof Deck

a) Structural capacity: For loose-laid, ballaated systems, design
for additional 10 to 25 psf (160.2 to 400.5 kg/m3) dead- load capacity for
ballast and/or concrete pavera;

b) Deck type: necessaty to determine anchorage technique, vapor
retarder, venting, vind-upllft, and fire requirements;

c) slope: necessary to determine type of bitumen, if required for
modified bitumen ❑embrane, component anchorage, wood nailers , and insulation
stops .

6.5.3

a) Humidity: Necessary to determine need for vapor retarder and
venting;

b) If there is vaete spillage or exhaust onto roof surface,
datermine the nature of vaate material. Periodic roof wash-down mcy be
required; or other apeclal membrane maintenance;

c) Chance for occupancy change (e.g. from low to hi@ humidity).

6.5.4 lWOf InsuW

a) Required thermal resfetance (R-factor) ;

b) Maximum and minimum thickness required to span aceel deck
flutes ;

c) Compressive strength required co resist rooftop traffic.

6.5.5 RWUQ4@S. Determine need for expanaion joints, control joints,
or area dividers.
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6.5.6 ~~. Determine requirements for flashing of
walls, parapets, curbs, platforms, equipment platforms, penthouses, roof -
traffic areas, conduit or pipe supports, etc.

6.5.7 ~. Determine if temporary roofing is required due to
location, comtruction schedule, and climete. Since the temporary roofing
must be removed before permanent roof explication, determine if the added cost
is warranted.

6.5.8

a) Inspection of the structural elemente of the roof deck for the
following itenw: proper nailing, welding, hardness, dryness , and other
requirements pertaining to the acceptability of other subcontractors’ work
should be made a provision under “teeting and inspection= or other
specification sections. (These conditions should not be the responsibility of
the roofing contractor to accept or reject. )

b) Surface condition of decks to receive the roofing system, such
as surface dryness, cleanliness, smoothness, adequacy for attachment, etc. -
which directly affect the application of the roofing system - should require

acceptance by the roofing contractor.

c) Provision for priming of deck surfaces, if required, should be
specified, including type of material and quantity.

d) Require all roof drains, penetrations, adjacent walls, etc. to
be complete and installed prior to the start of the roofing system
application.

e) If ❑etal work is a vital component of the system, as in some
Hypelon, CPE, and FWC systems, complete details on installation, joints, etc.
should be included here.

6.5.9 Yauor Re-. (Refer to Section 4)

a) Specify the type of material, ❑ethod of securement, sealing at
laps and projections, seal et draim , envelope at perimeter edgee, etc.

b) Check comparability of edhesives, films and insulations.

6.5.10 ~. (Refer to Section 3)

a) Roof insulation by type

b) Required R-factor with total thickness.

c) Application Criteria: Dne or ❑ore layers with two being
preferred; anchorage techniques to deck or vapor retarder; protection both
prior to and during installation from rein and wind. Determine if eeparator
sheets are required.
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6.6 Bit~ Membranes

a) Cons ider type of underpayment, anchorage technique, and
manufacturer’s speclf ication criteria. Consider UL fire classifications and
code criterie for underpayment and membrane material.

b) Type of edhesive bitumen. Grade of bitumen; roof slopes; and
heating or handling limitations, considering SVT or menufecturer”s criteria.

c) Application criteria: Sequence end criteria such ee anchorage
technique, brooming, extra reinforcement, protection of partially completed
eurfaces, torching or troweling of laps, etc. Oo not permit ‘torching- on
buildinge with combustible substrate components.

d) Surfacings: Specify installation of appropriate surfacing, if
required -- size, color mid quantities of surfacing aggregate; if surface
coatings are required, specify preparation of surfaces, quantities, approved
method of npplicetion, number of coats, protection of adjacent surfacee, etc.
If loose granules are to be eprinkled into exposed bitumen, so indicate.

e) Protection: Of materials stored at the site, completed
sectiom, building premises from stains and spills, etc.

6.7 rhe~onlast~c ~

e) Type of underpayment or slip sheet, if required, lap-seeming
techniques, placement of underlay at metel work, barrier properties for coal
tar fumes, and bitumen contact.

b) Anchorege techniques: for mechanical fastener, verify type
that ie appropriate for deck, specify length, how installed, size of washer,
disc or neiler strip. If special tool or overdrive clutch is necessary,
indicate here. For adhered systems, verify and detail appropriate substrete

surface condition, cleaning, or priming. Specify type, quentity, and

application methods for adhesives; epecify dry time and tests for edhesk.n.

c) Iiembrane: specify end and side lops, terminations, sealing
❑ethods, temperature or other weather limits for solvent or heat welding.

d) Lieting of materials required and application criterie.

e) Surfacings: specify surfacing by quantity, screen gradation,
or ASTM eize. Indicate whether or not aggregate can be directly applied to
membrane or whether stone protection is needed. For color coating, specify

surface preparation, temperature limite, upper and lower limits on quentity
per coat, ❑ethod of application, curing requirements, etc.

f) Protection: avOid bitmen conteminetion, specify appropriate
non-bituminous protection boards and treatment for gas lines, etc.

6.8 nastomeric ~br.neS

e) Underpayment requirements, if any.

27

Downloaded from http://www.everyspec.com



MIL-HDBK-lool/5

b) Anchorage techniques with special attention to nailer
requirements on all systems, especially at perimeters. For adhered systerns,
verify and detail appropriate substrata surface condition, cleaning or priming
details; specify type, quantity, and application ❑ethods for adhesives; and
specify dry time, tests for adhesion.

c) bp procedures: detail overlaps for end and sidelaps. Specify
cleaning requirements and edhesive usage and sealants, if needed.

d) Listing of materials and application criteria.

e) Surfacing.

f) Protection. Some ❑embranes will allow use of asphalt plenks,
coordinate planks, adhesives and membranes in specification so field ❑ixing is
avoided. Detail treatment for gas lines, etc. Caution: sow adhesives will
attack extruded polystyrene irunhtion.

6.9

a) Specify required quality control inspection services: pre-job
and pre-application conferences; deck end substrate inspection; punch list
and/or final inspection, and inspection of work in progress.

b) Test Cuts: single-ply -- manufacturers generally oppose field
test cuts. However, tests of prototype lap seam and material specimem are a
great help. Require manufacturer to provide.

c) Establishing permanent records: place 8-1/2-inch by 11-inch
specimens of ❑embrane material, manufacturers current literature,
manufacturer’s maintenance instructions in a permanent file and supply to
ovner. Include all pertinent information on roof (date installed, name of
contractors, type of ❑embrane, type insulation, etc. ).

d) Key all permanent inspection files, correspondence on
devfattons, etc. in the roofing file.

6.10 Incorr.o~on of 14etal Fles~

llctine ‘&@atmen&. All of these items must be clearly specified. Do not make
the assumption that selection and specification of any roofing manufacturer’s
roof essembly specification will include these items. Cite specific detail
plates or provide clear isometric drawings.

6.10.1 Relate d Sheet Metal w~. Depending upon trade practices, roof fng
sheet ❑etal may either be included as a part of the roofing specification, or

~Y be a separate section. Regardless whether or not sheet metal work is done
by the roofing contractor or by another contractor, it must be accurately
specified, detailed and coordinated with the roofing work.

6.11 ~. Refer to SIiACNAAr.cMtectural Sheet Metal
MiaIs2d fOr ~nufacturers” inforwtion.
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Section 7: SPRAYED POLYURETHANE FOAM

7.1 ~. Sprayed polyurethane foam (SPUF) is a field-
produced, monolithic plaetic foam roof insulation, produced in che field by
nozzle-mixing of tvo separata liquid atreame, an A (isocyanate) component and
a B (hydroxyl or polyol) component. In addition to these basic chemical
ingredients, che sprayed fleld ❑ix also requires:

a) a blowing agent (fluorocarbon gae) to form foamed cells that
expand the polyurethane foam resin’a volume;

b) a surfactant to control cell size and cell-wall rigidity;

c) catnlyats to control the reaction rate betveen the two chemical
components);

d) fire retardants.

7.2 ~. Sprayed polyurethane foam has ita major use in reroofing.
It offers the following advantages:

a) High thermal resistance per unit thickness;

b) Ultra-lightweight (roughly 1 psf for 3-inch thick foamed
insulation plus membrane coating) ;

c) Faster construction (generally two to three timee the rate of
conventional bituminous systems) ;

d) Adaptability to ataeply sloped, curved, and other irregular
roof .mrfacea;

e) F.xcellent adheaion, capable of producing 3,000 (48,055 kg/m3)

psf uplift resistance when placed on a clean, dry, properly prepared
substrate;

f) Simpler flashing detaila.

7.3 ~advan-. Compared with conventional built-up roof systems,
sprayed polyurethane foam haa some offsetting disadvantages:

a) Added coat of recoating the flufd-appliad membrane
periodically;

b) Greater difficulty in obtaining a lavel surface and uniform
insulation thickness;

c) Extremely high dependence on applicator’ a skill;

d) High dependence on good substrate preparation:

e) Reduced traffic and impact resistance;
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f) High vulnerability to degradation in hot, humid climates;

g) Vulnerability to bird-pecking.

7.6 ~. Roof system specifier mat consider both
design and field-application requirements. First, he must consider the
following design item:

a) Slope substrate ❑inimum 1/2 inch per foot for Navy projects and
1/4 inch per foot for Army projects;

b) Wind uplift resistance;

c) Substrate requirements;

d) Vapor retarder (if required);

e) Membrane coating;

f) Fire resistance ratings;

g) Flashing details.

Do not specify foam application directly to a conventional ribbed
steel deck. Specify ❑inimum 3/8 inch thick exterior-grade plyvood (untreated)
fastened to the deck. Fastenings should conform with FYIrequirements for
anchoring insulation boards.

7.6.1 Wel 1 adhered sprayed polyurethane foam
should satisfy the ❑ost rigorous wind-uplift forces.

7.6.2 ~. Class A when tested by III.,790 (external exposure) and
FM Class 1 (interior fire exposure).

7.4.3 Var.Or Retarder. As required in Section 4.

7.4.4 Foam Thkkn ss and .SIQRQ.e Polyurethane foam reaina field-sprayed

to uniform thickness (1 inch minimum thickness, 2-1/4 inches maximum
thickness) for best control of foam cell size, density, and overall uniform
foam quality (two to three inches in semi- tropical environments). Provide 1/2
inch per foot minimum slope for Navy projects and 1/6 inch per foot minimum
slope for Army projects. Uhenever possible, slope the deck rather than
varying foam thickness to provide surface slope. Slope may also be provided
by imtallation of compatible, tapered roof insulation as .ssubstrate before
spray application of uniformly thick foam. Uniform thicknaas is more apt to
produce uniform quality becauae varying thickness requires varying spray rate
to maintain uniform chemical reaction rate. If slope is provided by foam, use
tapered boards to indicate proper surface contours of foam.

7.4.5 ~. Provide control joints at all re-entry corners,
with roof divided into sections of 10,000 square feet (929 u?) or less.
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7.6.6 ~. Polyurethane foam requires a
❑embrane cover ing. A good membrane coating must have these

a) Good adhesion;

b) Temperature susceptibility (i.e., viscous at
but not brittle at low temperature) ;

c) Abraeion resistance;

protective
properties:

high temperature,

d) Waether resistance (to solar radiation, rain) ;

e) Maintainability (ease of repair when damaged, integration of
repaired section with origincl material) ;

f) Durability;

g) Strength and elasticity:

h) Low permeability in humid climates.

Membrane coatings applied to sprayed polyurethane foam substrates
should elvays be fluid-applied. Fluid application works best with sprayed
polyurethane foam because it fills the irregular substrate and adapts better
to the elightly irregular surface of sprayed foam, to the “day’s -work”
termination details, and to the flashing of sprayed foam substrate. Foam

applied to&y must be coated today. Coating shall be applied in two or ❑ore
coats with total ❑inimum thickness as follows: 30 roils (0.0008 m) for
silicone, 60 roils (0.00010 m) for urethane or acrylic. In hot climates
increase urethane to 45 roils (O.00011 ❑) and do not use acrylics.

7.4.7
extensions
cants.

7.5
Society of

ELdlbss. Fluid-applied flashings are generally self-sealing
of the membrane coating, applied simultaneously. Always specify

~. Polyurethane Foam Contractors’ Division of the
Plastics Industry and Manufacturers’ publications.
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Section 8: PROTECCED MF24BRANE ROOF SYSTSt4

8.1 ~. fie P14R,also knovn as the ‘Upside Dovna roof,
reverses the positions of membrane and insulation in the conventional built-
up membrane roofin8 systern. Instead of its conventional exposed position atop
the imulation. a PHR membrane is sandwiched between the insulation above and
the deck below.

The PHR is thus a change in materials location. A PMR, froc

UP, UWY include the following strata:

a) Deck;

b) Suitable underpayment leveling board (steel decks only)

bottom

c) Additional layer of insulation for energy savings (WY be
tapered to improve slope to drain) ;

d) Membrane;

e) Protection board (best design) ;

f) Percolation layer (best design);

g) Insulation;

h) Filter fabric;

i) Ballast (aggregate or pavers)

8.2

8.2.1 Structural CaPac~. fie designer must first consider the
stmcture”s load-carrying capacity. bck of structural capacity to carry the
additional ballast or paver dead load disqualifies the project for this
option.

8.2.2 -. Slope deck and membrane a ❑inimum 1/4 inch per foot for
Army projects and minimum 1/2 inch per foot for Navy projects.

8.2.3 M!%@r TesL-. When practical, water- test completed ❑embrane before
installing insulation and surfacing with special attention to expansion joints
and flashings.

8.2.6 ~. PHR’s are well-suited to cold climates, where che
membrane doubles as a vapor retarder. The best location for a PliRmembrane in
a perpetually cold climate is obviously * the major insulation. (A thin
layer of ❑inor imulation, limited to less than 35 percent of the total R-
value of the system, can level the ❑embrane substrate and reduce heat/energy
losses from convective and evaporative cooling following a rain. For
additional energy savings, a layer of expanded polystyrene under the ❑embrane

~Y be ❑ore Cost effective than excessive extruded polystyrene above the
membrane. ) In perpatunlly humid tropical climates , the best location for the
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membrane is above the mmjor insulation, such as for a conventional system,
where the membrane series as both roof and vapor retarder. The PMR system is
excellent for areas with high ultraviolet exposure.

8.3 ~. pm system design requires
attention to the following aspects:

a) Drainage: slope to drains minimum 1/2 inch par foot for Navy
projects and 1/4 inch per foot for Army projects:

b) Deck: slope minimum 1/2 inch per foot for Navy projects and
1/6 inch per foot for Army projecce; designed to support ballest end live
loads ;

c ) Membrane: bituminous fiber glass BUR; ❑edified bitumen;
single-ply sheets; liquid epplied;

d) Protection boerd: 1/8- to 1/2-inch thickness, ell edges
sealed;

e) Percolation course: 1-1/2- to 2-inch ❑inimum washed rock:

f) Insulation: use only extruded polystyrene ASl?4C 578 ~

S@ecif icatiOn fOr prefOrm d. cellu~vrene Them 1 Ineul&l!?.ne a , Type IV,
above the ❑embrane:

g) Filter fabric: non-rotting material (i.e. porous mst of
polyester, polypropylene, polyethylene, etc. );

h) Ballast: 3/4- to 2-1/2-inch (19 to 63.5 mm) material, spread
at a 10 to 20 psf density; concrece pavers, concrete wearing surface,
composites of polystyrene and latex ❑ortar. Large arreys of flat bottom
pavers should be elevated on pedestels.

8.3.1 QKALMBQ

a) The key to e properly functioning Pt4Kis fast rainwater runoff,
assured by a sloped membrane, percolation course, well-drained insulation, and
surface finish.

b) Locate roof drains to avoid freezing.

c) Drains below must be thermally protected in cold regions.

d) Provide weep holes in drain at each sub-assembly level.

e) Use elevated scuppers in cese drains become blocked.

f) In geographical ereas subject to intense rainfall, overflow
drains should be comidered. Overflow drains ere smaller in diameter than
regular dreim. They are placed upstream 10 to 15 feet and terminate at the
top of the percolation course, with weep holes at the membrane level. The
drain cege must be fine enough to prevent infiltration by percolation
mater iala.
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g) Provide interior gutter system as a brick-up under expansion
joints and skylight perimeters.

8.3.2 fiotection w. ‘Ihemembrane shall be protected at once by
adhering a minimum 1/8 to 1/2 inch thick board manufactured for the purpose.

The joints of the board shall be filled and sealed with hot
bitumen, to prevent water from ❑igrating at the membrane-insulation board
interface, or from being filled by fine aggregate from the percolation course.
If construction sequence will require prolonged exposure, coat membrane
protection board at once with FWA (polyvinyl acetace) white paint.

8.3.3 ~ion Cou~. lhe percolation course is designed to allow
easy and free access of water to the draim and the insulation above to dry.
This rock course shall be graded 1-1/2 to 2 inches maximum size. It mat be
rescreened before sanding to the roof as fines develop in transit.

8.3.6 ~. Flashinga for a PKR are essentially the same as for
conventional roofs. Thay are, however, more vulnerable to damage, especially
at cants adjacant to pavers. They should be carried a ❑inimum 8-inch (203.2
mm) height above the roof’s surface elevation.

8.4 ~. Thera are variations in a protected membrane roofing
system. The imulation may be placed directly on the ❑embrane with its
protection board, and the percolation course can be placed directly on the
insulation with its filter fabric. me percolation course then serves as a
ballasted finish.

8.5 9ther cOnd&m&hma

8.5.1 Dlv or L~ . A ❑inimum four-ply fiberglass
built-up system aet in hot bitumen fa a superior choice to a single-ply or
liquid membrane.

8.5.2 Ww&zdWK. In flush jOinta. never drape me~rane ~teriala
in or over an expaneion joint. Uae preformad joint formers.

8.5.3 ~. Terminate all flaahings a minimum of 8 lnchea .sbova
surface elevation.

8.5.4 ~. Leaks generally occur under expansion joints,
flashings, and at embedded edge metal. Thoroughly water test before
acceptance.

8.5.5 ~. Provide interior gutter system connecced to
interior piping undar expansion joints as a necessary auxiliary system.

8.6 ~. ~~ ~, S~~A
Sheet Hetal Hanu~ , Single-Ply Roofing Institute (SPRI) and design information
and specif lcatiom of extmded polystyrene insulation manufacturer.
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Section 9: STEEP ROOFING

9.1 ~~. Steep roofing comprises a wide variety
of roofing materials used on slopes ranging from 1-1/2 to 5 inches (38.1 to
127 mm) or more per foot. Shingles, shakes, and tilee depend on the
gravitational-force component provided by slope to assure positive water.
shedding. Ihe gravitational water shedding force must exceed all the opposing
forces (kinetic, capillary, and atmospheric auction) tending to draw water up
the slope betveen overlapping roof unite. Roll roofing, used on the lower
slope ranges of steep roofing, relies relatively less on water-shedding
principles and more on the water resistance provided by ita double-layered
roofing felts. The general 6 inches per foot (101.6 mm per m) slope used for
moat steep roofing ayatems is adequate to assure dependable water-shedding.
Lower slopes require additional measures to assure good performance.

9.2 ~. Steep roofing materials including the following:
asphalt shingles, asphalt roll roofing, wood shingles and shakes, clay and
concrete tiles, metal, and slate. These come in varied subgroups, such aa
roll and flat tiles. Consul t the NRCA Steen Roo~ Iianua1 for detaila.
Steep roofing materials alao include ❑etal in the form of standing seem and
batten seam. Consult the St4ACNA~ctural Sheet H tal He anual, and the
ARM Jteside~ for details.

9.3

9.3.1 w. Minimum slopes for various steep roofing materials are
ehown in Table 2. In snow country, designers should consider hazards of
sliding and drifting snow.

9.3.2 W. Stmctural decks for steep-roofing systems include plywood,
which facilitates the most convenient, economical, and dependable fastening
techniques. Other materials, such as concrete, rewire installation of
tuailing strips, laths, horizontal battens, etc. ‘fheaeare described in the

NRw ~-

9.4 WMhYmnw. Several purposes are served by underlayments:

a) To keep the deck dry until shingles or tiles are imtalled;

b) To provide secondary water resistance protection if shingles or
tiles are damaged, wind- lifted, or if wind-driven rain or vater behind ice
dams at cold eaves ever penetrate beyond the overlapped shingle;

c) Form a cushion for alatea;

d) Minimize possible chemical reactions betveen resins in wood
decks and asphalta in asphalt shingles or roll roofing.

9.4.1 ~. Underlayments generally comist
of one layer, non-perforated asphalt saturated felt for slopes of four
inches per foot and higher. For lesser slopes, two layers of the same felt

@MY be required and should be applied with a 19-inch (682.6 IIUU)overlap.
Modified bituminous membranes are used at cold eaves in cold regions.
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Table 2
Steep Roofing Slopes

6

2

HATSRIAL MIN. SIJIPE NOTES
(in./ft)

Flat Shingle Tile 5
(clay or concrete)

one-piece Barrel Tile 4 Double- layer felt under-
(clay or concrete) layment required 4-in.

slope, single layer for
slope greater than 6 in.

Two-piece Shingle Tile (clay) 4

Interlocking Flat-ribbed
Tile (clay or concrete) .4

Asphalt Shingles 4 1 layer, non-perforated
saturated felt underpay-
ment 2-in. slope ❑ay be
used if special pre-
cautions, described in
the NRCA Steen Row
W and ARJ4Aksiden-

Jial Asnhelt R oti
w are tak~n.

Wood Shakea and Shingles

Asphalt Shinglas Requires nonperforated,
(square-tab strip)
saturated felt under-
payment double layered
with 19-in. overlap.

Asphalt Roll Roofing 2 Requires double-coverage
(exposed nails) roll, 3-in. top lap.

Asphalt Roll Roofing 1 6-in. end lap, 19-in.
(Concealed naila) selvage.

Metal - Corrugated Steel, 3 Rafer to SMACNA Iianual.
Aluminum

Copper, Terne 1/2 With double locked
soldered seams.

Standing Seam, Metal 1/2 Requires floating-clip
design. Refer to SHACNA
Manual.
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9.4.2 Clav ~.
Underpayment is required only in the following areas:

a) In valleys or eaves where ice dams may form;

b) Where blowing dust or sand occurs regularly;

c) In hurricane zones.

Regardless of the type of underlnyment required, or the slope of
the roof, in locations where the January mean temperature is 30 degrees F
(-1.10 degrees C) or less, cvo plies of No. 15 felt, set in hot asphalt or
mastic , or an adhered bitumen ❑embrane should be applied as the underpayment
starting from the eaves to a point 24 inches (609.6 mm) inside the imide wall
1ine of the building to serve as an ice shield.

Wood shake roofs of less than 4 inches slope require other
measures; i.e. , one layer asphalt saturated felt underpayment nailed to wood
decks followed by one layer of the same type of felt applied with hot moppings
of asphalt, plus conatmction of a vented lattice work of boards above the
structural deck. For felt underlaymant apecificationa, patterm, laps, and
other measurea designed to improve water-resistance and overall roof ayatem
performance, refer tO the NRCA ~.

9.5 ~. Ventilation ia requirad in attic spaces betveen tha
steep- roofing framing and the ceiling to prevant condensation from forming on
cold aurfncea when warm, humid air flows upward from heated interiors or, in
warm climatea where it ia simply entrapped in these attic spaces. Air
movement prevents or alleviates condemnation on undar-surfacea of shingles ,
tiles, or roof decks and thus prevents fungus rot of wood in the attic.
Screened vents should be provided at eaves and gable ends to promota air
❑ovement that carries away humid stagnant air. Ventilation also reduces roof
temperature, thus prolonging ❑embrane aenice life and in cold climates
preventing ice dam formations and snow alidea. Cold region designs require
additional ❑eaaures to assure good performance. Consult U. S. Army, Cold
Regions Rasearch and Engineering Laboratory (CIUIEL).

9.5.1 ~. Natural vant paths must permit unobstructed air flow across
the attic space by means of gable louver, acrean vents, ridge vents, and cave
soffit vents.

9.5.2 Ye.D&I. A minim net free ventilation area of one square foot for
every 300 square feet (27.9 & of attic area is required. Ridge vents should
be used whenever pri?cticabla, in conjunction with eava soffit vents, as they
induce air-pressure differential and thus accelerate air ❑ovement through the
attic. In small gabled roofs without ridge vents, if the ceiling follavs the
rafter contour of a gabled roof, l-inch (25.4.IDIo)diameter holes should be
drilled through the ridge baam in every joist spaca to provide unobstructed
transverse air flow to outside area.

Comult the ~cA ~ for ventilating system
details.
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9.6 Re Te~

9.6.1 ~. Nailing types and sizes for different steep roofing
mcterials are shovn in Table 3. For nail patterns and spacing, consult the

~~ ~. FOr asphalt shingles, cOmult the ~ ~
~. Or ~ ~nl. w e Fastener
requirements for clay and concrete tile vary with slope and wind design
conditions. Wiring may also be required for anchoring of ridge tiles.

9.6.2 A@U.@i@. In addition to fasteners, anchorage of various steep
roofing material requires other techniques. ~p cement is used at seams in
asphalt roll roofing (side, end, ridge and hip strips) . Asphalt shingles have
self-sealing strips. Clay and concrete tiles may require embedment in plastic
cement. Use of plastlc cement is standard to secure slate units at ridges and
hips .

9.6.3 These require additional anchorage
precautions. Cley and concrete tiles should be secured with special hurricane
clips, additional fastening, and additional headlap (3 inchee (76.2 mm)
additional in 70 to 100 ❑iles per hour (112.6 to 161 Ian/h)wind zones, .4
inches additional in hurricane zones of 100 plus ❑iles per hour winds. )

9.7 EkWJl&2. Flashings are required on steep roofa as well as low
slope roofs to seal the joints at roof terminations and intersections - e.g. ,
vhere roof planes intersect to form valleys, where dormers, chimneys,
skylights, and other components pierce the roof, and at roof perimeters.

For general guide to the matarials and techniques in flaahing steep
roofs refer to Table 6. COmult the ~CA ~ fOr flashing
detaila.

~. ~~ ~, s~cNA
~, and AFJ4Amanuals (latest iaauea).
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Table 3
Fasteners for Steep Roof ings

ROOF MATSRIAL FASTSNSR REQUIREMENTS

Asphalt Roll Roofing No. 11 or 12 gauge hot dipped galvanized 3/8
inch ❑inimum heads, shank length long enough
to penetrate through the roofing and deck or
at least 3/4 inch into a plyvood or lumber
deck.

Clay or Concrete Tile No. 11; galvanized, yallow ❑etal or stainless
steel, shanks to penetrate ❑inimum 3/4 inch
into sheathing or through it.

Asphalt Shinglasl No. 11 or 12 gauge, hot-dipped galvanized,
3/8-inch minimum heads, with shank length
long enough to penetrate through the roofing
and through a wood panel deck or at leaat
3/4-inch into a lumber deck.

Vood Shakea, Shingles Rust-resistant, galvanized or aluminum naila,
lb-gauge, 3d x 1-1/6 inch long for lb-inch and
18-inch ahinglea or ehnkas; 16 gauge, &d x
l-1/2-inch long for 24-inch shingles or shakes.

Slate Copper slating nails only. 3d up to 18-inch
long slates, &d for 18 inches and longer
alatea, 6d naila at hips and ridges. Minimum
length - 2 x slate thickneaa + 1 (e.g.,
1-1/2 inch minimum langth for l/4-inch slate).

lStaplea may be substituted for naila, one-for-one, for wind-resistant
shingles with factory-applied adhesives on new or recover comtruction.

CO~ult~and individ~l
mmufacturera’ instruction.

NOTE : “Hot- roofs in cold regions should
slope 6 inches per foot or more (with
backnniling) and hava cave overhangs
of less than 12 inches to ❑inimize ice
dam problems.

.41

Downloaded from http://www.everyspec.com



MIL-HDBK-lool/5

Table 6
Steep Roofing Flashing Guide’

ROOF MATSRIAL TILES ASPHALT WOOD SMTE ASPHALT ROLL
FIASHING (clay, SHINGLES (Shakes, ROOFING
CONDITION Concrete) Shingles)

CHIKNSY CRICKST

STEP FIASHINGS

VALLSY FIASHINCS

PSRINETER

NO YES1 ~s 1 YEs’

YEs YEs YEs Yss

MSTAL )IINSRAL KETAL KETAL3
SURFACED
ROLL
RIXIFINC

MSTAL METAL METAL METAL

YEs

NO

CONSULT
ARnA

t4EMSRANE
TERJIINATION

‘DECK CRICKST
lMSTAL CRICKST
30R “ROUND-VALLSY- CONSTRUCTION
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Section 10: RSROOFING

10.1 ~ducti. Buildings require reroofing becauae it is no longer
economically viable to maintain the existing roof. Recovery is the procass of
covering an existing roof system with a new roof system. Replacement is the
process of ramoving an existing roof system and prOViding a new roofing
systern. First determine why existing roof failad.

10.2 bsic D~. ‘i%emoat basic design decision in rerooflng
ia to either replace or recover. Naver recover even a partially water-
aaturated insulation-membrane system. Always use nondestructive testing
before desigming. If the roof has been recovered once, a second recovering is
not allowed. Laaking roofs which are classified aa a premmture failure must be
evaluated for potential contributions to the failure (refer to paxa. 10.4).

10.2.1 Beroof~. Raroofing over existing eteep roofing materials
generally requires removal of old ❑aterials - either total or individual
ramoval of copper, vrinkled, or other damaged units - in tile and slate roofs,
For these mmterials, reroofing is governed by the same criteria as new
construction.

For asphalt and wood shinglas and ehakes, however, recover roofing
can be applied over existing roof units. Asphalt shingles can be applied over
old asphalt shingles or old wood shakes or shingles and, conversely, wood
shakes and shingles can be applied over old asphalt shingles.

Roll roofing can sometimes ba safely ra-covered with asphalt
shingles, but it is generally prudent to remove old roll roofing before
replacement.

For repairs and substrate examination and preparation required
befora recovering an old steap roofing eystem, consult the NRCA steeu Roo~

~and the~~. A~jOrcautiOn
concema the need for longer nails, sufficient to panetrate a wood deck a
minimum 3}4 inch (19 mm).

10.3 w. Design options are either recovery or replacement.
Consider all options for best choice.

10.3.1 ~. Adding shpa ill eliminate the major cauae of premature
failure, however, on some existing low slops decks it is costly or impractical
to create a l/2-inch per foot slope with tapered insulation. Where existing
low slope or near level roofs have failed due to old aga, consider replacement
in kind. It obviously was the right roof on the right building in the right
geographical location. Otherwise replace the membrane with a minimum of four
plies in coal-tar pitch and aggregate surfacing with additional draim where
necessary. Asphalt, single-ply, or foam systems are not permitted on any
roofs which will pond.

It is recommended, where practical, that a new roof design should
incorporate positiva slops which will eliminate all standing water conditions
within a 24 hour period after rain. Raviev the number, type, sizing and
location of old and new additional drains, use of acuppers for overflow, and
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use of crickets for slope to prevent pending between the draim. Never use
wet fills to achieve slope.

10.4 F~ . lhe roof must be

anslyzed with the following in ❑ind:

a) Structural conditions contributing to the roofing problem;

b) Interior space psychometrics contributing to the roofing
problem;

c) Topside deficiencies contributing to the roofing problem.

10.4.1 ~. The originsl roof deck, supporting structure
and, in many cases, the wall sections projecting above the roof elevation have
a direct bearing on the longevity of the roofing composite. Structural
influences vhich must be considered include the following:

a) Type of roof deck msterial:

b) Deteriorncion of roof deck and/or structure;

c) Deflection of roof deck and/or stmcture;

d) Sxpansion joints and/or control joints:

e) Structural adequacy or load-bearing capacity in conformance to
current design criteria;

f) Deterioration of parapet walls and/or adjacenc step-up walls.

10.4.2 ~. Psychometric factors which must be
considered include the following:

a) Building occupancy (current and proposed);

b) Existing building besting, ventilating, air conditioning, and
humidification systems;

c) Maximum hour location of dew point within the roof composite;

d) Vapor retarder requirements. Be aware of vapor pressure
direction in humid clfmacea which is usually dovnward.

10.6.3 -side De~

a) Design;

b) Iisteriala;

c) Uorkmsnship.

10.5
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10.5.1 ~. Consider the following:

a) Required R-value of the system;

b) Formation of roof slope including preformed tapered insulation;

c) Method of attachment to the substrata and new components to
old ones;

d) Compatibility with adjacent roof composite materials;

e) Fire and wind requirements;

f) Load carrying ability of the structure;

g) Dimemional stability as it relates to moisture intrusion and
temperature change;

h) Product availability and maintainability;

i) Costs, life cycle economics, etc.

10.5.1.1 ~. Tapered insulation hae the following
disadvantages:

a) Difficult design coordination for flashing heights and other
roof details affected by varying insulation thickness;

b) Require fairly complex field operations for some materials
involving special drawings and coded insulation piecee;

c) Hazards of excess insulation thickness.

10.5.2 The most common roofing membranes include
standard built-up bituminous roofing and single-ply systems. In making a

selection of ❑embrane system consider the following:

a) Pending water conditiom, slow draining roofs and potential

formation of ice;

b) Minimum slope restrictions. Standard is 1/2 inch per foot for
Navy projects and 1/4 inch per foot for Army projects;

c) Special constmction logistics;

d) Weight limitation dictated by existing deck;

e) !ixpansion and/or control joint requirements;

f) Flashing requirements;

g) Fire and wind requirements;

h) Roof traffic requirements;
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i) Maintenance requirement;

j) Susceptibility to vandalism;

k) Material crack record of past performance;

1) Product availability of all components from one manufacturer;

m) Product compatibility with adjacent roofing products and
materials within the new roof composite;

n) Method of attachment;

o) Tensile or ‘T” peel
of single-ply systems;

p) cost.

10.6

10.6.1 hzeth-su~.
to impect visually and raDair buc

strength requirements, especially lap seams

Smooth-surfaced roofs are relatively easy
thav reauire neriodic recoatinz with

cutbacks or emulsions. Co~tings can b: a ~ost-a;fective way of e~tendlng the
useful life of a bituminous built.up ❑embrane. However, a dry, brittle or
delaminated membrane should not be recoated. A system containing vet
insulation or other subsurface problems should not ba recoated. Roofs that
pond water should not be recoatad. Coatings ehould be fibrated. Aluminized
coatings can significantly lowar the temperature of the ❑embrane, prolonging
its useful life. However, the extra benefits of “penetrating coatinga”
(sometimes called resaturants) are disputed. Their extra cost is seldom
justified. Smooth-surfaced roofs are not as durable as aggregate-surfaced
roofs and should be considered only where aggregate-surfaced roofs have some
disadvantages (e.g. at airports, structural consideration, etc.).

Surfacing with cap sheets or sprayed granulas eliminates the need
for periodic recoating but does not provide as durable a surfacing as
aggregate. Cap sheets are prone to blistering, especially when they are
installed in cold weather.

10.6.2 ced Roofi. Aggregate surfacing is a very effective
way of armoring n bituminous built-up ❑embrane against the weather, roof
traffic, and other external abuse. However, when an aggregate-surfaced roof

has detarioratad, it ia very difficult to extend its useful life. In very
limited cases it is possible to remove all loose aggregate and dirt, repair
all flashing and ❑embrane defects, then spray a coating of cutback asphalt or
pitch aa required onto the existing system and surface it with new gravel.

10.6.3

113.6.3.1 EmdAwM. Oisparsions of asphalt or coal-tar in water vith an
emulsifier agent such as clay are approximstaly 50 percent solids. The
material has a comiatency of mayonnaise. It may be brushad or sprayed.
Smulsiona must be protected from freezing until all water has evaporated from
them.
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10.6.3.2 ~. cutbac~ have approximately 50 percent solids suspended
in a solvent base vehicle.

10.6.4 &21@ios. (Refer to para. 10.3.1)

10.7 hQM.Lww. Provide valkvay pads to accommodate periodic traffic
over the roofing surface. Since the valkvay pad will shrink while losing
water, & not adhere thick padE directly to the roof surface. The shrinkage
strain will not be transmitted to the roof membrane. Splits or blieters will
not occur at these points. Adhered modified bitumen sheets or precut pavers
placed on filter fabric may also be used.

10.8 Cold-process systems are life extemion and
maintenance procedures on smooth roofs. There are coating and overlay types
in asphalt or coal tar base with or without reinforcement. They must be
placed on clean, dry surfaces with no entrapped wet insulation below.
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THIS PACE INTENTIONALLY LSET BIANK
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Section 11: FIRE RESISTANCE

11.1 @Dfa21L. Fire hazards to roof systems are broadly classified as
follows :

a) Sxternsl, above-deck fire exposure from flying brands or
burning debris blown over from neighboring building on fire;

b) Internsl, below-deck fire exposure from interior inventory or
equipment fires;

c) Time- temperature or fire resistance classification.

11.2

11.2.1 ~. Roofing ❑embrenes are tested and rated for their
resistance to exterml fire. They should not spread flame rapidly, produce
flying brands endangering adjacent buildings, or permit ignition of supporting
roof decks.

11.2.2 WE ~~ord~ng to the industry standard for rating roof
coverings, Teet wds for Fire Tests of Roof Cove-,

classified roof coverings “are not readily fl-ble, do not slip from
position, and possess no flying brand hazard. ” Their performance is rated for
different fire intensities:

11.2.3 ~. Roof coveringe are rated as Class A, B, or C, depending
on their resistance to external fires of varying intensity. Class A coveringe
provide the greatest resistance, Class C the least.

11.3 ~ernal Fire Ham

11.3.1 Wckizround Reseati. Background research on acceptable fire spread
from interml (i.e., below-deck) fires has focused chiefly on steel-deck roof
assemblies, which are especially important because of steel’s predominance
among deck materials. Becsuse of its extremely high thermal conductivity,
steel deck immediately trsnsmits the best energy of sn interior fire to the
above -deck roof components.

11.3.2 ~. lhe chief safeguard required against internal fire ie
limitation of flsme spread elong the underside of the roof assembly.

11.3.3 ~. A steel deck roof assembly with 1-inch, mechanically
snchored, plain vegetable fiberboard insulation and a four-ply, aggregate-
surfaced built-up ❑embrane hss become the stsndard roof construction for both
UL and FM; the criteris for evaluating other roof-deck assemblies. To qualify
for UL listing as ‘acceptable, ● a roof deck assembly must not spreed the flame

Of a ~ 1256. ~. fl~espread test fsrther
thsn this stendsrd steel-deck assembly. ()?4Class 1)
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11.6.1 ~mueratu~. A roof assembly’ a time-temperature rating (given in
time units of hours and fractions of hours) is established by its performance
when tested as specified in ASTN E 119

~ furmce test. which subjects the tested assembly to
a constantly rising temperature.

11.4.2 The fire-endurance test ❑easures roof
assembly performance in carrying loads and confining fire. To qualify for a
given fire rating, the teeted assembly must: eustain the applied design load,
permit no passage of fleme or gases hot enough to ignite cotton waste on the
unexposed surface, and limit the average temperature rise of the unexposed
surface to a maximum 250 degrees F (163 degrees C) ebove its initiel
temperature or a 325 degrees F (121 degrees C) rise at any point.

11.4.3 w. For steel assemblies with structural steel, prestressed, or
reinforced concrete beams spaced more than 4 feet on centers, there are
several other complex requirements set forth in UL 263, Fire Tests of B~

~.

11.5 ~. Roof designers shall follow MIL-HDBK- 1008
Sections entitled:

a) Parapets,

b) Roof Sxposure,

c) Roof Coverings, and

d) Roof Deck Assemblies.
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Section 12: WIND-UPLIFT RESISTANCE

12.1 Wind -uplift hazards to roof systernsdepend on
the phenomenon known as the Bernoulli principle: increased air velocity
reduces the pressure exerted perpendicular to the direction of air flow. AS a
consequence, low slope roofs, in particular, experience maximum wind-uplift
pressures.

12.1.2 ~. Wind-uplift resistance on low slope roofs is based on
cvo radically different principles:

a) Resistance from faeteners and/or adheeives anchoring the
various roof system component to the supporting structural deck;

b) Ballast, in the form of loose gravel or concrete pavers,
designed to overcome wind-uplift pressure through gravitational counter
pressures.

12.2 Fd&AKQ. Failure modes for the two different anchorage techniques
ere radicelly different. Anchored roof systems usually fail by blow offs of
membrane and insulation boards, which are rolled back, exposing the deck.
Ballasted ayatems have a more complex failure mode. Failure starts with wind
scour, which exposes the loosa.laid ❑embrane in areas subject to highest wind-
uplift pressures (generally at building corners. ) Scouring may be followed by
membrane ballooning, with poseible membrane tearing, and is sometimes
accompanied by insulation displacement into sub-membrane ‘hills” on the roof
deck.

Although tha 10 to 25 paf (49 to 122 kg/n? ) ballast weight msy be
only a ❑inor fraction of the wind-uplift forces, ballasted systems seldom bare
the huge deck ereas that are sometimes exposed in failed anchored systems. h
adhered system ususlly experiences a blow off from local failure, lika the
tensile failure of the waakest link in a chain. In contrast, in a ballasted
system, any wind-lifted or ballooned area normally shifts its ballast to en
adjacent area, where the uplift resistance is consequently increased.

❑embrane* ~.12 3 Balleated syetems ara limited to single-ply
usually elastomeric or plastic sheats, but aleo for some modified

bituminous membrane a, and protected membrane roofa.

12.4 @id Load. The additional dead load of 10 to 25 psf for gravel
ballast or pavare is readily accommodated in new construction. But reroofing
of axisting buildings obviously requires a chack of the original structural
design to determina if tha structural frsming has excess capacity over its
origlnal design load, ond inspection of the roof’e structural components to
assure its sound condition. Addicionsl ballaat load required at the roof
perimeter may sometimes be averted by a combination anchored/ballasted system,
described in Factory Mutual Data Sheet 1-29 Technical Advisory Bulletin,

bk2 cOWKiilgR.

51

Downloaded from http://www.everyspec.com



MIL-HDBK-lool/5

12.5 ~. For manufacturers’ approved mechanical

fasteners and fastener patterna, refer to the latest edition of che ~

~.

12.6 ~. For design guidance on wind-uplift pressures for
various U.S. locationa, wind-design procedures, and other details, comult
Factory Mutual Publication. For design guidance for locations outside che
Us., refer to MH-1002/2, -.
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Section 13: BEIJ3W-GRADE WATERPROOFING

13.1 ~1 De~. Basic consideration for below-grade
waterproofing are the came as for plaza waterproofing (refer to Section 16).

Below-grade adds the extra ingredient of probable static ground water
pressure; therafore, the primary objective ia to drain away the water and
prevent the build-up of hydrostatic pressure.

For both horizontal and vertical surfacea, multiple systeme are
superior. These ayatems may be applied hot or cold. Fluid-applied and
single-ply sheet applications can be considered if conditions will not be
severe and if acceaa in case of failure ia easy. Bantonite clay panels are
sometimes used for waterproofing, especially below slabs and on vertical
walla.

13.2 L!SSR. Below grade waterproofing may be required for baaement
slaba, foundation walla, plantera, mud alaba, tunnels, sidewalk vaults, etc.

13.3.1 ~. All substrates must ba free of laitance, sharp
projections, facial imperfections, curing compounds, oil, grease, and moisture
in any form.

13.3.2 ~. In all casea, masonry requires priming with a material
compatible with the selected ❑embrane system.

13.3.3 ~. Uembrane reinforcing mat be provided at all joints,
reinforced, non-reinforced, or expanaion joints. (Refer to ASTM C 981, _

f....a Of Wt-Uo B~s Hemkaue Waterproof.@ Svstems fOr LhdMinB
Ds&s. ) ReinfOrciW must alao occur at all ah.rp turns, flashing
termination, penetrations, pedestals, draina, etc.

13.3.4 ~. All membranes must be protected with protection board
of sufficient thickness to withstand anticipated abuae. Boards conforming to
ASTM C 208, d Sr.ec~n for Board (Cellu~

~. A.$~ C 726 SE@@@ Sveci.X%i%ciOn fOr ~
~ral Fiber&d C~then

.BQ@Ks2,or ASTM C 578, Type II Grade 2, are ac~eptable.
omuoaite Oof ~

13.3.5 ~. If the subterranean waterproofed apace is to

be occupied, it should be thermally insulated with of extmded polystyrene
insulation, having a minimum R-value of 8.34, 10 feet (3.05 ❑) back from the
footings under the ground slab around the entire perimeter and the exterior of
the foundmcion wall from footinga to grade line, before backfilling.

13.3.6 Q@LlilQ. Walla in excavations for waterproofed exteriors shall
be blanketed with coarae rock, underlain at foundation level with perforated
drain tile connected to adequate sumpa or existing storm water systeme. Drain
tile must be sloped.

13.6
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13.4.1 -. All horizontal surfaces shall have slope of 1/6 co 1/2 inch
per foot (6.35 to 12.7 mm per m) in the monolithic pour if possible. Dead
level slabs are often unavoidable, however.

13.4.2 k!alkl. WallS my require nailers to secure the top of the membrane
6 to 8 inches (152.6 to 203.2 mm) above grade. Horizontal nailers should be
provided at 6 foot elevation intervale, set in a bed of bituminous materiel
and waterproofed with additional leyers of febric and bituminous cement.
Plies of felt or fabric shall mn varticelly.

13.h.3 ~. These joi.ntemust receive preformed neoprene
rubber geskets, properly flashed.

13.4.h Msmbrane SeleW. The membrane may include use of felts, fabric
and/or proprietary-coated fabric set in hot or cold bituminous material or
proprietary adhesive. System shall be multir.lied. with efficient r.lfes to
vithstand ~he anticipated hydrostatic pressure. fie following tabl~ offere
guidelines for determining the number of felt and/or fabric plies and moppings
needed to resist different hydrostatic pressures:

HEAD OF PLIES OF APPROX . TOTAL APPROX . TOTAL
!JIATSR FSLT AND/OR BITUtlSN LBS . OF PITCH/ LBS . OF ASPHALT/
(in Ft.) FABRIC MOPPINCS 100 ft’ 100 ft’

1-3 2 3 75-98 60-75

6-10 3 .3 100-120 80-100

11-25 4 5 125-150 100-125

26-50 5 6 150-180 120-150

If sheet-applied membranes. such as PVC. neonrene. butvl. EDpt4.
Hypalono etc. , are elected, great care must be taken in.the proviiiin and”
testing of the lap seams before covering or back filling. All systems must be
protected with insulation board which also serves as a protection board for
the membrane. Extruded polystyrene is excellent for this purpoee.

Preformed membranes: This class is factory-produced, comisting of
a film of paper, polyethylene, polyvinylchloride, etc. , and coated on both
sidee with rubberized aephalt or coal tar pitch. Specify ❑embrane
manufacturer’s recommended primer and adhesives.

protection
blistering

Single-ply sheet waterproofing requires immediate ultraviolet
and/or backfilling to prevent blistering. In direct, hot sunlight,
can occur in 20 ❑inutes or less on some materials.
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13.5 -uro@.Dg. llany installations do not require an absolute
waterproofed surface but only retarding of moisture penetration.

This retardation can be accomplished with brushable or trovelable
bituminous or synthetic materials hot or cold. All such materials require the

appropriate primer when applied over masonry. At least tvo coats are usually
required.

13.6 ~. Refer tO ~
Ks?ll!@.
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Section 14: PIAZA WATERPROOFING

14.1 ~. Some buildings provide large open promenade
spaces with planters for aesthetics and pedestrian traffic roof areas for
occupants and visitors.

Typical plaza systems and subsystem almost always contain free
water, flowing in qumntity. It is impossible to keep all the water out all
the time. The basic system must be designed to excrete water that does get in,
without damage to the interior space.

‘lhissection covare basic membrane options - i.e. , hot-applied
built-up roof membrane, elastomeric eheet, and liquid-applied waterproofing.

14.2 !lsfLs. Of the three types, the hot applied built-up bituminous
offers the most advantages:

a) Multiple lines of waterproofing defense (via alternating layers
of felt and bitumen) ;

b) Adaptability to hot-applied protection boards;

c) Excellent adhesion to concrete substrates:

d) Familiarity to waterproofing mechanics;

e) Known performance criteria.

16.3 ~. planters are notorious leakers. Whether precast or
poured- in-place, they should not interrupt the main deck waterproofing. If
poured- in-place planters are selected, they must be handled as e perimeter
flashing. Precast planters are recommended. Never locate e planter across an
expansion joint.

lh.b.l ~lmlm S1OQQ. Provide minimum 1/6 inch per foot slope, built into
base slab (1/2 in. is preferred). Do not rely on additional fills to provide
elope. Provide crickets between drains at perimeter walls.

14.4.2 ~. Specify all joint construction with
“watershed” concept in base slab (refer to ASTM C 981) . These raised sectfom
keep water freely drained from these very critical areas. All perimeter
comtruction and expansion joints shall be provided with appropriately shaped
preformed joint formers flashed into adjoining ❑embrane.

l&.4.3 mor Retard~. Calculate the vapor drive and use vapor reterder
where required. (Refer to Section 6).

lb.b.h LDS latk.o.u Specify insulation of low water absorption in
sufficient thickness to maintain membrane temperature above dew point.
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14.4.5 ~. Terminate waterproofing at top of cant
strip against .s11walls and other projections.

14.4.6 El@l@Xi. All flashings must project onto horizontal membrane a
minimum 4 inches (101.1 mm) with two additional plies of stripping and
terminate a minimum of 8 inches (203.2 mm) above finitthedgrade of the plaza
deck. Choose compatible elastomeric material to provide for movement.

14.4.7 ~. Specify a percolation course 2 inches (50.K
mm) thick, below insulation. Use washed smooth round river rock to drain water
from imulation and to promote free flow to draim. Insulation board with
preformed drainage charnels is also acceptable.

lfJ.&.8 ~ter Fa~. Specify filter fabric over the percolation or
insulation course to prevent clogging from dirt or other debris.

16..3.9 ~. Specify poured- in-place concrete slab wearing surface,
pavers on mortar bed or pavers on pedestals. Pavers on pedestals ere
recommended for easy access in case of leaks. Do not specify bituminous
wearing courses that require rolling for compaction.

Pavers must be set and elevated to allow sufficient opening betveen
joints and substrate to filter ponded water to percolation course and into
drains. Pavers should be leveled on all four corners.

14.4.10 DKALWZ. All dreim must have weep holes at every sub-assembly
level and flashed into selected ❑embrane. (Consult drain ❑anufacturers for
special assemblies. )

lb.4.11 lgQ&2ction &IK&. Require protection boards for membrane and
insulation, or both, depending on location of these components.

16.6.12 ~. COwletely water test all completed waterproofing with
special care given to flashings, expansion joints and drains where ❑ost leaks
occur before additional composites are added.

lb.4.13 ~. Refer to Section 8, para. 8.3.1.

14.4.1.4 h~~. Require interior ❑etal gutters under expansion
joints or skylight perimeters connected to interior drainage system, aa most
failures occur there.

16.5

Solid Content.
~. Refer tO AS~ CV898 ~

D r~, ASTM C 981, and the NRCA

z.
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A66Ea@Q: Crav?l, crushed stone, washed round river gravel slag or mineral
granules either (a) embedded in a conventional built-up ❑embrane’s bituminous
flood coat, or (b) laid on a ❑embrane as a protective ballast. Crushed atone
should be avoided if possible.

~: Daep shrinkage cracka, progreaaing down from the surface, in
smooth-surfaced membrane coatinga and aomatimee in bare spots of aggregate-
surfaced ❑embraces, a consequence of photo -oxidctiva hardening, ahrinkcge due
to loss of aroma tica.

~: A dark brovn to black, highly viscous, hydrocarbon produced from the
residuum left after the distillation of petroleum, used as the waterproofing
agant of built-up roofs and other building components.

Atacti c nolvmrorwlen eL High molecular-weight, thermoplastic, amorphous
polymers used as a chemical ingredient to improve flegibility, elasticity, and
ductility of bitumen, used in some single-ply modified bitumen ❑embranea for
torching applications.

packnai~: Slippage-preventing technique of “blind” (f.e. , concealed)
nailing in addition to hot-mopping.

Ea.uQaL: Aggregaca, concrete pavars, or other material designad to prevent
wind uplift or flotation of a loose-laid roof or insulation system. Aggregate
should be smooth, round, without flat facea and sharp edges.

Baae F~ . See ~.

Baae DLV L A felt or met, usually coated, placad as the first non-shingled ply
in a multi-ply built-up roof membrane.

=: Narrow metal or wood band used to anchor a ❑embrane agaimt wind

~: Generic term for an amorphous, semisolid ❑ixture of complex
hydrocarbon derived from petroleum or coal. In the roofing industry there
are CVO basic bitumens: asphalt and coal-tar pitch. Before explication, they
are either (1) heated to a liquid etate, (2) dissolved in a solvent, or (3)
emulsified.

d~: Nailing of felts with nail heads covered by overlapping top
felts.

BALL?kz: A sponw, humped portion of a roof ❑embrane, formed by entrapped
air/vapor mixture undar pressure, with the blister chamber located either
betveen felt plies (i.e. , inte~ly) or at the ❑embrane-substrate interface
(interracial) .
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0~: Continuous wood components anchored to the deck at roof perimeters
and openings and doubling as cross-sectional fillers and anchorage bases, used
in conjunction with nailers.

~: The field procedure of pressing felts into a layer of fluid, hot
bitumen to obtain continuous adhesion - i.e., elimination of blister
originating voids - of the bitumen film.

~: (British thermal unit): Heet energy required to raise the temperature
of 1 pound of water lF.

JLUt-un rOOf memkans : A continuous, semiflexible roof covering of
l~inations or plies of saturated or coated felts or mats alternated with
layers of bitumen, usually surfaced with ❑ineral aggregate or esphaltic
materials.

~: Roofer’s term for plastic cement.

~: Abbreviation for built-up roof.

-: Upward deflection built into a structural member subjected to
flexural stresses to counteract the downward deflection from gravity loads.

$ant strio: Strip of wood, wood-fiber, or perlite board, triangular or
trapez0id81 in cross section, serving es traditional plane between horizontal
and vertical surfaces. The cant provides backing for the stiff flashing felts
of built-up roof construction, reducing the risk of cracking by halving the
bend angle from 90 to 45 degrees.

Gao flati See ~.

QIU&Q.E: A mineral-surfaced, coated felt or mat used as the top ply c.fa
bui1t-up roof membrane.

Centisto I@ (cS): Unit of viscosity (antonym of fluidity) . Water has a
viscosity of roughly 1 cs; light cooking oil, 100 cs.

~orinated volvat~ Synthetic rubber, used for single-ply membranes,
composed of high-molecular-weight polyethylene, chlorinated to impart
elasticity.

CM r sulfonated OOIV chvle~:00 e Synthetic rubber based on high ❑olecular -
weight polyethylene with pendant sulphonyl chloride.

Coal- tar Ditch: Dark brovn to black solid hydrocarbon obtained from the
residuum of distilled coke-oven tar, used as waterproofing agent of dead level
or low-slope built-up roofs.

Cold-urocess rOOf.@: A bituminous membrane comprising layers of saturated
felts bonded with cold-applied asphalt roof cement and surfaced with a cutback
or emulsified asphalt roof coating.
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GKSQ)S: A ❑embrane fracture produced by bending, often at a ridge (sea

~).

~: (1) pe~nent elongation or shrinkage of the ❑embrane resulting from
thermal or ❑oisture changes. (2) Permanent deflection of structural framing or
structural deck resulting from plastic flow under continued stress or
dimensional changes accompanying changing moisture content or temperature.

~: Ridge, trian@ar in cross section, built-up in flat valley or
perimeter to direct rainvater to a drain.

~ Chemical bond formad between long-chain ❑olecules in cured
polymers.

G@.ng: The final step in the irreversible polymerization of a thermosetting
plaatic, requiring a combination of heat, radiation, and pressure.

~: SOlvent -thinned bitumen used in cold-process roofing adhesivas,
flashing cements, and roof coatings.

-: A detail designed to prevent lateral vater movement into the
insulation where the membrane terminate at the end of a day’a work or at an
isolated roof section, usually removed before work continues.

Dead 1evel: Absolutely horizontal, or zero slope (See -)

R!2!2k: Structural supporting surface of a roof system.

pelaminat~: Separation of felt plies in a built-up membrane or separation
of previously factory-laminated insulation boarda.

Pe w PO& : Temperature at which condemnation of water vapor in a apace begins
for a given state of humidity and presaura as the vapor temperature is
reduced; the temperature corresponding to saturation (1OOX relative humidity)
for a given abaolute humidity at constant pressura.

~: Dry film thickness, used as a measure of liquid-applied coatings.

ROU le DOUK:b A doubling of the flood-coat, gravel ing-in operation, to provide
additional waterproofing integrity to the membrane (dons once, loose aggregata
removad and done again) .

Eauwauk: Application of narrow felt strips to covar a joint betveen
flashing and built -up membrane.

EAax&mu: A macromolecular matarial that rapidly regains ita original shape
after release of a light deforming streaa.

&Last omer~ : Having elastic propartiaa, capable of expanding or contracting
with the surfaces to which the material ia applied without rupturing.
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E!!UkkU: An intimste mixture of bitumen and water, with uniform dispersion
of the bitumen globules achieved through a chemical or clay emulsifying agent.

ELwd.Qu: The continuous edge formed by folding an edge base felt over the
plies above, securing it to the top felt. The envelope thus prevents bitumen
seepage through the exposed edge joints of the lsminsted, built-up roofing
❑embrane.

ture COnte& . The moisture content of a material at a given
temperature and relative humidity, expreseed as percent moisture by weight.

E!@ iSCOUS TeweraQ@v (m): The temperature at which bitumen has the
viscosity of 125 centistokes for hot mopping.

~: (EPD14) : A thermosetting, synthetic rubber
used in single-ply elastomeric sheet roof membranes.

~: A flashed, structural separation between two building
segments, designed to permit free movement without damage to the roof system.

~osur~: Transverse dimension of a felt not overlapped by an edjecent felt
in a built-up roof membrane. Correct felt exposure in a shingled, built-up
membrane is computed by dividing the felt width minus 2 in. by the number of
plies - e.g. , for four plies of 36-inch-wide felt, exposure - 36-2/4 - 8 1/2
inches.

lh3b3d&: Woven cloth of organic or inorganic filcments, threads, or yarns.

&d.Lk&k: Reduction in bitumen softening point, somethues caused by refluxing
or overheating in a closed container.

ib21.E: Flexible sheet manufactured by interlocking of fibers with a binder
or through a combination of ❑echanical work, ❑oisture, and heat.

Felt lave~: Spreader- type, wheel-mounted equipment for
simultaneously dispensing hot bitumen.

FinE r Wdshs:e Wrinkling of exposed felts in small,
parallel to the longi.tudinsl direction of the felt roll,

laying felt and

finger-sized ridges
caused by transverse

moisture expansion if the felt.

~: Membrane defect consisting of an opening in a ❑embrane felt edge
lap .

~: Connecting devices that seal membrane joints at walls, expansion
joints, drains, gravel stops, end other places where the membrane is
interNpted. Bsse flsshing forms the upturned edges of the watertight
❑embrane. Cap or counterflashing shields the exposed edges and joints of base
flashing.

A trowelsble, plastic mixture of bitumen and asbestos (or
other inorgsnlc) reinforcing fibers, and a solvent (.sstiffer, more sag-
resistant material thsn plastic cement) .
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Flash DOW: Temperature of combustible material, as oil, at which there is
sufficient vaporization to support combustion of the vapor.

E&K: Bituminous material used as a feed stock for further processing and as
a material to soften other bituminous materials.

~: A chin, protective coating of bitumen applied to the lower
surface or to the top ply of a built-up roof when application of flood coat
and aggregate is delayed. It sometimes refers to an asphalt coating on a
smooth-surfaced, built-up membrane.

QKIILD: weight unit equal to 1/7,000 lb, used in ❑easuring atmospheric
moisture content.

QL@xs2: Coarse, granular aggregate resulting from natural erosion or crushing
of rock, used as protective surfacing or ballast on roof systems.

Gravel stoe: Flanged device, usually metallic, with vertical projection above

the roof level and fascia, designed to prevent loose aggregate from rolling or
washing off the roof and to provide a finished edge detail for the roof.

GmYmmda: Process of embedding aggregate surfacing into a bituminous
membrane flood coat.

-: A fluid ❑ixture of cement and water, or a ❑ixture of cement, sand and
water.

Bend laD: Minimum distance, ❑easured perpendicular to cave along the face of
a felt or shingle from its upper edge to the nearest exposed surface.

=ont;iu~here interply bit~en ❑opping or other fluid-applied coating

ikd: Sheet-metal cover over piping or other rooftop equipment.

. Ot Stuff .“ 0t-: Roofer’s term for hot bitumen.

~OSCODi~: Absorptive of ❑oisture: readily absorbs and retains moisture.

~: Draf~ge-Obstructive ice formation at cave of snow-covered sloped
roof, caused by refreezing of water ❑elted by escape of interior heat.

0~: Comprising matter not of plant or animal origin.

uiten~: Weak material, consisting principally of lime, that is formed on
the surface of concrete, especially when excess water is ❑ixed with the
cement.
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b=--~: Design concept in which insulation boards and/or
membrane are not anchored to the deck but ballasted by loose aggregate or
concrete pavers.

.La12: The dimension that a felt covers an underlying felt or sheet in a
multiple built-up bituminous ❑embrane or single-ply ❑embrane. ~ lap
indicates the transverse cover; ~ lap indicates the cover at the end of the
roll.

~: Flexible, heat-cured sheet made of inorganic fibers and a resinous
binder.

~mbra~: A flexible or semi-flexible roof covering, the waterproofing
component of the roof systern.

~: Natural or synthetic aggregate particles, ranging in size
from 500 ❑icrons (1 ❑icron - 10 I-6 ❑eter) to l/4-inch diameter, used to
surface cap sheets, asphalt shingles, and some cold-process membranes and
❑edified bitumens.

~eral-surfaced shee~: Asphalt -saturated felt, coated on one or both sides
and surfaced with mineral granulea.

Monomer: Class of molecules with molecular weight ranging roughly between 30
and 250, capable of combining into huge, polymeric macromolecules, 100 to
10,000 times as large as the basic ❑onomeric molecules, through chainlike
repetition of the basic monomeric chemical structure.

BoD-and-~: A technique which roof system components (insulation boards,
felt plies, cap sheets, etc.) are first placed upside dovn adjscent to their
final locations , coated with adhesive, and turned over and adhered to the
aubatrate (a generally bad practice) .

~: Application of hot, fluid bitumen to substrate or to plieg of built.
up membrane with a manually wielded mop or a mechanical applicator.

SQubQwu: A continuous coating.

SK!Lwmm: A pattern of hot bitumen application in roughly circular
areas, generally about 18-inch diameter, on a grid of
unmopped, perpendicular bands.

mlrLwmQ: A ❑opping pattern featuring parallel mopped bands.

~e mouu~: A random pattern of bitumen beads hurled onto the
substrate from a broom, mop, or machine.

W: A wood member bolted or otherwise anchored to a deck or wall to
provide nailing anchorage of membrane roof felts or flashings.

NeOurene: A synthetic rubber (chemically polychloroprene) used in fluid or
sheet-applied elastomeric single-ply roof membranes or flashing.
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fhe-on-one: Non-shingled application pattern of a single
by application of a second ply (see -d arm~) .

ply of felt followed

QZK@I&Q: Carbon and hydrogen atom matter of plant or animal origin.

kxkAwls: Powdered mineral (talc, mica, etc.) placed on coated felte to
prevent adhesion of concentric felt lay.sre in the roll (sometimes called a

~Or~ ).

EQd..k2: An aggregate used in lightweight imulating concrete and in

preformed insulating board, formed by heating and expanding silicaceous
volcanic glass.

~: A unit of water-vapor trammission, defined as 1 grain of water vapor
per squsre foot per hour per inch of mercury pressure difference. (1 in. Hg_
0.691 psi.)

km al-lQ2 An index of e mmterial’ s resistance to water-vapor transmission.
(SeeePerm~

Phased ac.nlic~: The practice of applying the felt plies of a roofing or
waterproofing ❑embrane in tvo or ❑ore operations.

UMwakmk: Rectangular ❑embrane ridging forming over insulation board
joints, found predominantly in smooth-surfaced ❑embraces.

UdlJ2du: Flanged, open-bottomed metal container placed around a column
or other roof-penetrating element and filled with bitumen or plastic cement to
seal the opening.

fi~tic cc-: Trove lable, plastic ❑ixture of bitumen and asbestos (or other
inorganic) stabilizing fibers and a solvent, used mainly for horizontal
surfaces aa opposed to ~, which is designed for vertical
surfaces requiring sag-resistance.

llaat~: High-boiling-point solvent or softening agent added to a polymer
to facilitate processing or to increase flexibility or toughnees in the
manufactured msterial.

~: A layer of felt in a roof membrana: a four-ply membrane haa at least
four plies of felt at any vertical cross section cut through the membrane.

l!ddmQz: ~w-cha~n m=romolecules produced frOm ❑OnOmers, fOr the purpOse Of
increasing tensile strength of sheets used aa membranes or flashing.

~ (~c): A themopl-tlc ply-i formulated with a
plasticizer, used as a single-ply sheet ❑embrane ❑aterial.

Po wer -Trowel: Term applied to finiah of a stmctural concrete deck slab’s
surface by a power-driven steel-troweling machine.

-: ~in liquid applied to seal a surface, to abeorb dust, and to promote
dheaion of subsequently applied material.

77

Downloaded from http://www.everyspec.com



141L-HDBK-1001/5

~: A roof assembly with insulation atop the
membrane imtead of vice versa, as in the conventional roof assembly. (Also
known as an inverted or upside -dovn roof assembly).

~: A graphical representation of the properties of moist
usually including wet and dry bulb temperatures, specific and relative

humidities, enthalpy, and density.

~: The branch of physics concerned with the measurement or
determination of atmospheric conditions, particularly the ❑oisture in air.

&!LQ4!2: In thermal insulation, the thermal resistance of insulation
materials or constructions. See thermal resistance.

Re-covering: Covering an existing roof assembly with a new membrane instead
of removing the existing roof system before installing the new membrane.

~: Edge of a roof at a gable.

-: A horizontal groove in a well or other vertical surface for anchoring
flashing.

Relative humidity:
volume (or partial
saturated mass per
same temperature.

Ratio (expressed as percentage) of the mass per unit
pressure) or water vapor in an air-vapor mixture to the
unit volume (or partial pressure) of the water vapor at the

w: Unit of vapor -permeance resistance, reciprocal of perm.

genlacemew: Proceaa of removing and replacing an existing roof ayatem (aa

opposed to mere re-covering, see above), also called JeerOff -rer.lacemem.

~: The re-covering or replacement of an existing roof.

l@ziII: Basic raw ~terial for manufacturing polymers, a synthetic polymer
containing no deliberately added ingredients.

~: Membrane defect characterized by upward displacement of the
membrane, usually over insulation board joints (sea wture Fram$ng) .

Eo1l r O13JW:0 Coated felts, sometimes mineral-surfaced, supplied in rolls and
designed for use without field-applied surfacing.

~: Roofing contractor or subcontractor.

~: An assembly of interacting components designed to
weatherproof, and normally to insulate, a building’s top surface.

R-FactoK: see ~.

m: See ~.

~: Felt that haa been immersed in hot saturant bitumen.
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~: ~a~el through parapet designed for peripheral drainage of the
roof, usually as safety overflow to limit accumulation of ponded rainwater
caused by clogged drains.

~: Curbad Opening, with hinged or loose cover, providing access to roof
(synonymous with hatch).

Self -hea~: Property of che least VISCOUS roofing bitumens, notably coal-
tar pitch, that enables them to seal cracks formed at lower temperatures.

SM.budQ@ :v bpped joint detail for rvo-ply, ehingled roll-roofing
membrane, with mineral surfacing omitted over a transverse dimension of the
cap sheets to improve mopping adhesion. For a 36-inch-wide sheet, the salvage
(umurfaced) width is 19 inches.

=: A vOOd rOofing product that is split from a log and shaped by the
M8nufacturer for commercial use. The three basic types of wood shakes are:

- handsplit and resawn shakes
- taper split shakes
- straight split shakes

Sh rk Ua : Curled felt projecting up through the aggregate surfacing of a
built -up ❑embrane.

~: Asphalt saturated roofing felt coated on both sides with asphalt,
alone or stabilized with a finely powdered ❑ineral material, the top coating
usually being significantly thicker than the back coating and covered with
roofing granules impreesed in its eurface. Most commonly used 12 inch x 36
inch, 3 tab self-sealing strip shingle.

~: The pattern formed by laying parellel felt rolls with lapped
joints so that one longitudinal edge overlaps the longitudinal edge of one
adjscent felt, whereas the other longitudinal underlaps the other adjacent
felt. (See Ply.) Shingling is the normal ❑ethod of applying felts in a built-
UP roofing membrane.

A membrane, either sheet or fluid-applied, with only a
single layer of material designed to prevent water intrusion into the building

Skat er’s c&: Curved cracks obsened in smooth-surfaced built-up ❑embranes

~: Porous aggregate used as built-up bituminous ❑embrane surfecing,
comprising silicates and alumino-silicates of calcium and other baaes,
developed with iron with a blast furance.

~: Relative lateral ❑ovement of adjacent felt plies in a membrane. It
occurs mainly in sloped roofing ❑embranea, exposing the lover plies, or even
the baae ply, to the weather.
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m: The tangent Of the angle be~een the roof surfaca and the horizontal,
in inches per foot. The Asphalt Roofing Manufacturers’ Association ranks
slopes as follows:

Level: 1/2-inch maximum
Low elope: over 1/2 inch up to 1-1/2 inches
Steep slope: over 1-1/2 inchee

%woth-surfeced roog: A roofing membrane eurfaced with a layer of hot-mopped
asphalt or cold-applied asphalt-clay emuslion or asphelt cutbeck, or sometimes
with an unmopped, inorganic felt.

~: Temperature at which bitumen becomes soft enough co flow, as
❑easured by standard laboratory test in which a steel ball falls a measured
distance through a disk mede of the tested bitumen.

So~: Change in softening point from temperature change
during storege or application (see elso ~) .

W&: Membrane tear resulting from tensile stress.

)%@ M DDiD.S:0 See ~.

&2JK!@x: Hew steel implement with a dull, bevel-edged blede designed to
remove embedded aggregate from a membrane surface (elso called a ScrapeC) .

S- be-q:w Small bubble in flood coat of gravel-surfaced ❑embrane,

Strim@: (1) l%e technique of sealing the joint between base fleshing and
membrane plies or berveen metal and roofing ❑embrane with one or two pliee of
felt or febric end hot- or cold-epplied bitumen. (2) The technique of taping
joints betveen insulation boards er deck unite.

S~rfme-Butdim e Rubb.QK: High ❑olecular weight emulsion polymers, cross-
linked to maximize elasticity via copolymerization of styrene butadiene
monomers, used aa the modtfying compound in some modified bitumen roofing
❑embraces.

$~ren e-Butadiene-Stvrane CODOlvm re (s= : High ❑olecular weight emulsion
polymers, with both elaatomer-ic and thermoplastic properties, formed by the
block copolymerization of styrene and butadiene ❑onomers. ‘lhetri-block
copolymer formed haa a mid-block of butediene with end blocks of styrene in
some modified bitumen single-ply membranes.

WKQffi: Process of removing an existing roof system down to the structural
deck.
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&2KnQ: Tene ❑etal, prime copper-bearing steel, coated both sides with terne
alloy, 201 tin, 802 lead. Terne ❑etal is manufactured in a form of rolls in
various widths and can be formed for standing seam roofs, batten seam roofs,
and many types of flashing.

conductance The time rate of heat flow through unit area
of a body induced by a unit temperature difference betveen the body surfaces.
See thermal resistance.

Iherm 1 conductivicv (k-fac@g2a : The time rate of heat flow through unit
thickness of a flat slab of a homogeneous material in the perpendicular
direction to the slab surfaces induced by unit temperature gradient.

~ermal inaula~: I’18terialused on walla, ceilings, roofs and floors to
retard the passage of heat.

-al re~: Under steady conditions, the mean temperature difference
betvean tvo defined surfaces of material or construction that induces unit
heat flow through unit area. Note: ‘lhe_l resistance and the-l
conductance are reciprocal. Thermal resistances are R-values; to obtain the
U- factor, overall thermal transmittance, the R-value for either materials or
comtructions must first be evaluated because, by dafi“ition, the U.factor is
the reciprocal of the R-value.

nmmAl@i: Stress-producing phenomenon resulting from sudden temperature
drop in a roof ❑embrane when, for example, a rain shover follows brilliant
sunshine.

131ermal shock fact r (TSF\:0 Mathematical expression for calculating the
theoretical temperature drop required to split a rigidly held ❑embrane sample
under tensile conatructiva stress. (TSF-tensile strength at O divided by load
strain modules at OF times coefficient of expansion in temperature range of 0.
30 degrees F.)

e~1: The time rate of heat flow per unit area
under steady conditions from the fluid on tha warm side of a barrier to the
fluid on the cold side, per unit temperature difference between the two
fluids . It ia evaluatad by first evaluating the R-value and then computing
its reciprocal.

-oDlasti: Changing viscosity under thermal cycling (fluid wham heated,
solid when cooled) .

nwDQw=@: Hardening permanently when heated, owing to cross -linking of
polymeric resins into a rigid matrix.

Xb.r9uch-wall Q2sMns: Water-resistant ❑embrane or material assembly
extending through a wall’s horizontal cross section, and designed to direct
flow through the wall toward the exterior.

~: ROOfing tiles are produced by baking platea of ❑olded clay into tile,
with density determined by the length of time heated and by heating
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temperatures. Clay tile offers a wide range of design possibilities for
residential roofs due to the variety of tiles available, i.e. roll tile and
flat tile.

U-factOK: See ~ e.

Vmor barrie~: See ~.

Vauor m~: Flow of water vapor from a region of high vapor pressure to
a region of lover vapor pressure.

vaDOr re tarde~: A vapor-resistant layer of material epplied to a surface to
prevent vapor flow co a point where it ❑ay condense due to lover temperature.

~: Opening designed to convey water vapor, or other gas, from inside a
building or building component to the atmosphere.

ygJ&xll i te: Aggregate used in lightweight insulating concrete, formed by
heating and consequent expansion of mica rock.

Viscoelasti G: Characterized by changing mechanical behavior, from nearly
elastic at low temperature to plaati.c, like a viscous fluid, at high
temperature.

Viscosit y: fiat property of semifluid, fluids, and gases by which they
resist an instantaneous change of shape or arrangement of parts, the cause of
fluid friction whenever adjacent layers of fluid move with relation to each
other.

~: Technique of manually forcing insulation boards against
previously imtalled boards to tighten the joints and to embed board into a
hot-applied adhesive.

yood Trowel: Term applied to the finish of a structural concrete deck slab’s
surface by a manually oparated wood float.
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