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ABSTRACT

This mlitary handbook covers many aspects of roof design and
construction, beginning wth the structural deck, choice of

i nsul ation, vapor control, many different systens of surfacing,
an guidelines for plaza and bel ow grade wat er proofing.
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FOREWORD

Thi s handbook has been devel oped froman evaluation of facilities
in the shore establishnent, fromsurveys of the availability of
new materials and construction nethods, and from sel ection of the
best design practices of the Naval Facilities Engi neering Command
( NAVFACENGCOM) , ot her Governnent agencies, and the private
sector. This handbook uses, to the maxi num extent feasible,
national and institute standards in accordance w th NAVFACENGCOM
policy. Do not deviate fromthis handbook for NAVFACENGCOM
criteria without prior approval of NAVFACENGCOM Criteria Ofi ce,
Code 15C

Reconmendati ons for inprovenent are encouraged fromwthin the
Navy, other CGovernnent agencies, and the private sector and
shoul d be furnished on DD Form 1426 provided inside the back
cover to Commanding O ficer, Engineering Field Activity
Chesapeake, Naval Facilities Engi neering Command, Code 401,
Washi ngton Navy Yard, Washington, DC 20374-2121; tel ephone
(202) 685-3081.

DO NOT USE THI S HANDBOOK AS A REFERENCE DOCUMENT FOR PROCUREMENT
OF FACILITIES CONSTRUCTION. I T IS TO BE USED I N THE PURCHASE OF
FACI LI TI ES ENG NEERI NG STUDI ES AND DESI GN ( FI NAL PLANS,
SPECI FI CATI ONS, AND COST ESTI MATES). DO NOT REFERENCE IT IN

M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT
DOCUMENTS.
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Section 1: | NTRODUCTI ON

1.1 Scope. This handbook sets forth guidelines for design
of roofing, LAYQUT 1 and waterproofing systens for building
construction. It covers design of new | ow sl ope and steep roof
systens, reroofing of existing buildings, and waterproofing, and

danppr oof i ng syst ens.

1.2 Roof Design Synthesis. Roof-system design requires a
synthesis of the follow ng factors:

a) Suitably firmand stable surface for roofing;
b) Sl ope for drai nage;

c) Fire resistance (refer to ML-HDBK-1008, Fire
Protection for Facilities Engineering, Design, and Construction);

d) Wnd-uplift resistance;

e) Thermal resistance;

f) Vapor control;

g) Life-cycle costing of avail abl e systens;

h) 1lce danms and sliding snow,

i) Mintainability.
1.3 Roof - Mount ed Equi pnent. Rooftop | ocation of mechani cal
and el ectrical equipnment should be avoi ded whenever practicable.

Pent houses and covered ground | evel |ocations are preferred.
Roof t op equi pnent creates many roofing probl ens:

a) Difficult flashing details;
b) (Obstruction of drai nage paths;
c) Increases hazardous rooftop traffic by repairnent;

d) Makes roofing inspection, repair, and replacenent
more difficult.

1.4 Climatic Conditions. Varying climatic conditions have
a big inpact on roofing design. Vapor retarders are usually
needed in cold climtes and for buildings with high interior

1
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relative humdity. In warm humd climtes, e.g., Hawaii and
Guam however, vapor flows downward through the roof toward an
air-conditioned interior. Placing a vapor retarder on the deck
and below the insulation is harnful in a tropical climate. It
prevents venting of water vapor to the interior, entrapping it in
t he roof sandwi ch where it may condense in the insulation (refer
to Section 4).

This difference in predom nant vapor-flow direction may
i nfluence the proper choice of roof system conventional
assenbly with insulation sandw ched between the deck bel ow and
menbr ane above, or a protected nenbrane roof (PMR) assenbly, with
menbrane and insul ation positions reversed, i.e., with insulation
above the nenbrane. 1In a cold clinmte where the predom nant
vapor-flow direction is upward froma heated interior, the
menbrane in a PVMR doubles as a vapor retarder. This is an
efficient arrangenent. 1In a humd tropical clinmte, however,
where the predom nant vapor-flow direction is downward, the
conventional roof assenbly's position with the nenbrane above the
insulation may be nore efficient, with the nmenbrane again
functioning both as waterproofing and vapor retarder.

1.4.1 Sol ar Radiation. Solar radiation enbrittles asphaltic
mat erials and thernoplastic sheets. Plasticizers are |ost

t hrough the conbi ned effects of heat and sunlight. Shielding of
t he nenbrane and flashings is inportant. Aggregate, m neral
granul es, or heat-reflective coatings my be used as shields to
i ncrease the nenbrane's service life and cut cooling-energy
costs.

1.4.2 Wnd Velocity. Wnd velocity has an inpact on roof
design apart fromthe obvious requirenent of better anchorage (or
heavi er ballast) in high-wind areas. Loose aggregate ball ast
shoul d not be used in high-wind areas. "Wndstripping" of
aggregat e-surfaced built-up bitum nous nenbranes has been noted
in such diverse |ocations as Guam and G and Forks, ND.

1.5 Roofing Material Selection. See Table 1 below for
sel ection of |ow slope nenbrane roofing. See Table 2, in Section
9, for selection of materials for steep roofing.
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Table 1

Menbrane Adaptability to Different Roof Systens

MVEMBRANE NMATERI AL LOOSE- LAI D ANCHORED
BALLASTED | ADHERED MECHANI CALLY
FASTENED

BAR TYPE | | NDI VI DUAL

El astomeric, PVC, Uncured

el astoneric sheets Yes Yes Yes Yes
Li qui d-applied Coati ng No Yes No No
Modi fi ed- bi tunen sheets Yes*® yes No“ Yes~®
Conventional Built-up
Roof No Yes No Yes??3

Linmted to a few products, "No" for the majority.

2Underlayment sheet is mechanically fastened; nenbrane is adhered
to underl aynent sheet by nmeans of torch or asphalt nopping.
3Base sheet only.

Note: Sel ect nenbrane systens which are currently covered by COE
and/ or NAVFAC Cui de Specifications.
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Section 2: STRUCTURAL DECK
2.1 Functions. The structural deck serves two functions:

a) For structural resistance to gravity, wnd and
seismc forces;

b) As substrate for the roof system

2.2 Design Factors. Structural decks nmust be designed with
consi deration of the foll ow ng design factors:

a) Slope for drainage;

b) D nensional stability;

c) Moisture absorption;

d) Anchorage (for wind-uplift resistance);
e) Deck surface and joints;

f) Expansion joints.

2.2.1 Drai nage. | n new construction, provide slope for

drai nage in the structural deck, when practicable, with m ni num
sl ope of 1/2 inch per foot (4 percent). For reroofing, provide a
m ni mrum sl ope for drainage of 1/4 inch per foot (2 percent).
(Refer to Section 10.) Provide saddles or crickets in valleys
and other |ocations requiring additional drainage-pronoting
techni ques. Locate drains at |low points, i.e., at center of

si npl e spans and ot her | ocations of maxi num vertical deflection.

Where provision of slope in the structural deck is
i npracticable specify tapered (sloped) insulation to provide
sl ope. The choice between interior or exterior drains depends
upon building size and configuration and |ocal climate. Provide
interior drains in cold climtes where subfreezing tenperatures
may create drain-blocking ice in exterior drains.

Design the primary drai nage systemto acconmobdate the
rainfalls listed in DM 3.01, Plunbing Systens. Were the roof is
bounded with perinmeter parapets, design a scupper system as
secondary drai nage, with bottom scupper elevations designed to
l[imt ponding depth to a structurally safe depth in case the
primary drains are clogged. Design perineter scupper drains by

4
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the sane criteria as the primary drain system by the
"contracted-weir" fornula.
EQUATION: Q (ft 3/min.) = 200(b - 0.2H H 1.5 (1)
wher e

b
H

= scupper width (feet)

= hydraulic head (feet), assunmed 2-inch maxi mum depth
Have the total scupper cross-sectional area be a

m nimum of 3 times the cross-sectional area of the primary

vertical drains, with m nimumindividual 3-inch scupper depth and

m ni nrum wi dt h/ depth ratio of 2.5.

2.2.2 Defl ections. Deflections maintained within nornmal
l[imts (refer to par. 2.3.1) will have no practical effect on
drai nage on a roof surface with the m ni mumroof sl ope.

2.2.3 Expansi on Joints. Roof expansion joints are
recommended at the follow ng | ocations:

a) Junctures between changes in deck material (e.g.,
fromsteel to concrete);

b) Junctures between changes in span direction of the
sane deck materi al

c) Junctures between an existing building and | ater
addi ti on;

d) Deck intersections with nonbearing walls or
wher ever the deck can nove relative to the abutting wall, curb or
ot her buil ding conponent;

e) Maxi mum spaci ngs of 200 to 300 feet (61 to 91
nmeters);

f) Junctures in an H, L, E, U or T-shaped buil ding;

g) At building expansion joints.

Expansi on joints should be |located at high points, with
drai nage directed away fromthem They should allow for relative
nmovenent in three directions, vertical, transverse, and
| ongi tudinal, detailed for m ninmum 8-inch (203-mllineter),

5
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maxi mum 12-inch (305-mllinmeter) curb height, wth base and
counterfl ashi ng.

2.2. 4 Roof Assenblies. Design roof assenblies to satisfy
established fire ratings, and Factory Mutual (FM or Underwiters
Laboratories, Inc., (UL) requirenents. (Refer to Section 11.)

2.2.5 General Precautions

a) If the building is expected to have high interior
moi sture, refer to Section 4 and consult deck materi al
manuf acturer for informati on and recomendati ons;

b) Wbod bl ocki ng around openi ngs and drains nust be
install ed before insulation and roofing is installed.

2.3 Precautions for Specific Roof Decks

2.3.1 Precast Concrete Panel Roof Decks

a) Canber differentials that exceed 1/8 inch (3
mllimeters) nust be corrected by using a Portland cenent fill or
grout, feathered to a nmaxi mum sl ope of 1/8 inch per foot (one
percent);

b) To prevent bitunmen drippage, joints should either
be stripped in with felt or tape material recomended by roofing
system manufacturer or grouted with cenent fillings where
openi ngs occur.

2.3.2 Prestressed Precast Concrete Roof Decks. |If rigid
insulation is used, differentials in adjacent prestressed
concrete units nust be corrected by fill or grout, feathered to a

maxi mum sl ope of 1/8 inch per foot (one percent).

2.3.3 Wod Board or Pl ywood Roof Decks. For all wood decks,
a barrier of rosin sized sheathing paper or simlar material
shoul d be pl aced between the roof nenbrane and the deck to all ow
relati ve novenent.

2.3.4 Cenent - Wod Fi ber Panel Roof Decks

a) Resistance to wind uplift and | ateral novenent
shoul d be provided by one of the follow ng anchorage techni ques:
(1) dips, nails, or other devices anchoring the deck directly to
the roof framng; or (2) Sub-purlins anchored to the roof fram ng

6



M L- HDBK- 1001/ 5A

system Voids around tees should be grouted with materi al
recomended by the deck manufacturer.

b) Because of the vulnerability to noisture, insects,
and in sone cases fire, these panels nay be prohibited by sone
MIlitary Construction Ofices. Request specific permssion to
use before specifying.

c) Approved nechanical fasteners should be used for
anchorage of the roof nenbrane to the deck. The anchorage
recommendati ons of the manufacturer and insurance rating agencies
shoul d be foll owed. Above-deck insulation board should be solid-
nmopped to a mechanically anchored coated base sheet. I|nsulation
may al so be nmechanically anchored if provided in two | ayers
(e.g., bottom anchored, top set in hot bitunen).

2.3.5 Poured Gypsum Concrete Roof Decks

a) \Wen insulation requirenents and thicknesses
permt, insulation is generally incorporated in the fornboards.
Because of the difficulties in applying a vapor retarder to this
material, poured gypsum shoul d be avoi ded where upward vapor fl ow
is predom nant. However, a vapor retarder should be considered
when specifications require the installation of additional
insulation on the top side of the deck.

b) The ceiling plenum should be adequately ventil ated
to the exterior or supplied wwth dehumdified air to prevent
noi sture bui | dup.

2.3.6 Li ghtwei ght I nsulating Concrete Fills

a) To pronote drying of the wet m x, |ightweight
insul ating concrete should be limted to decks with underside
venting: slotted, galvanized steel decks (mninmum 1.5 percent
open area) or perneable fornboards (e.g., fiberglass).

b) Wiere high thermal resistance is required,
additional, specially designed, closed cell insulation should be
incorporated into the concrete. The practice of installing
addi tional prefornmed insulation boards directly upon the deck is
not recommended because it inhibits the drying of the concrete
fill by solar radiation.
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c) Fasten to the deck with approved fasteners a
"venting" base sheet underlayment conformng to the Anmerican
Society for Testing and Materials (ASTM D 4897, Asphalt-Coated

d ass-Fi ber Venting Base Sheet Used in Roofing.
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Section 3: THERVAL | NSULATI ON

3.1 Purposes for Insulation. There are several purposes
for using roof insulation as follows:

a) Reduce heating and cooling equi pnment capacity.

b) Reduce heating and cooling energy use.

c) Cccupant confort.

d) Condensation control .

e) Provi de snooth substrate for roofing nenbrane.

f) Provide slope to flat roof decks.
3.2 Desi gn Factors. A nunber of physical properties and
application criteria nust be considered in the design of each
roof. Evaluation of these factors should consider the entire

range of conditions that the roof assenbly will be exposed to,
i ncludi ng the extrenes.

3.2.1 Conpressive Strength. Consider the |likely extent of
roof traffic (including construction traffic) and insulation type
and t hi ckness.

3.2.2 Moi sture Absorption. Were roof insulation is used in
hum dified buildings or in areas with |arge vapor pressure
differentials, it is likely that noisture will accunulate in the
insulation, even with the use of vapor retarders (refer to
Section 4). Moisture absorption reduces the thermal resistance
of insulation. Wen it is probable that noisture will accumul ate
in the insulation, the types of insulation material to be
utilized should be those which are least likely to absorb
noi st ure.

3.2.3 D nensional Stability

3.2.3.1 Tenperature. Provisions for expansion should be
provided in order to accommodate changes in dinmension due to
tenperature. The tenperature range shoul d consi der the annual
extrenmes. During col der weather, clear sky radiation can result
in roof tenperatures |ower than design tenperatures. During

war mer weat her, as a result of solar radiation, and dependi ng
upon roof color, roof tenperatures in excess of 150 degrees

9
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Fahrenheit (F) (66 degrees C) can be reached. Tenperature ranges
of nore than 100 degrees F (38 degrees C) can be experienced in a
si ngl e day.

3.2.3.2 Moi sture. Provisions for expansion and contraction of
roof insulation due to changes in noisture content should be nade
in the same manner as for tenperature changes. Dependi ng upon
the type of insulation material utilized, the change in dinension
due to noisture can exceed that due to tenperature.

3.2.3.3 Di mensi onal Conpatibility. Adequate provisions for
changes in dinmension should consider both the range of
tenperatures to be encountered and the likely range in noisture
content. In addition, the dinensional stability of the
insulation relative to the other materials in the roof assenbly,
such as the roof nenbrane and roof deck, should be consi dered.
Were the change in dinension due to tenperature varies

consi derably between the insulation and sone other conponent of
the roof assenbly, provision should be made to accomodate this
differential change in di nension.

3.2. 4 Conpatibility. It is inportant to establish the
conpatibility between the insulation and other conponents of the
roof assenbly. Wen using unfaced plastic foaminsul ati on under
built-up roofing, specify an additional top |ayer of wood fi ber,
fiber glass, or perlite insulation to guard agai nst nenbrane

bl i stering.

3.2.5 Thi ckness. Wth the high thermal resistance and | ow U
val ues commonly used for roof insulation, the thickness of

i nsul ation can be a substantial consideration in roof design.
Drawi ng details should all ow adequate space for the insulation's
t hi ckness.

3.2.5.1 Layering. Wen board type insulation is used, it is
often necessary and preferred to have nultiple |ayers. The

i nsul ati on boards should be as |large as can be practically
handl ed and the joints should be staggered and of fset between

| ayers. Proper type and |l ength fasteners should be used and
consideration given to possible |ateral novenent of the roof
insul ation. Layering will reduce fastener heat transfer when the
bottom | ayer is nechanically fastened.

3.2.6 Design Criteria. The energy evaluation of a building
will determne the required thermal resistance or Rvalue for the
roof by the application of design criteria and analysis of life

10
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cycle cost. Roof thermal resistance should neet or exceed agency
criteria and requirenments for Federal buil dings.

3.2.6.1 Docunments. The NRCA Energy Manual and the 1985
American Society of Heating, Refrigerating and Air Conditioning
Engi neers (ASHRAE) 1985 Handbook - Fundanental s, Chapter 20,
contain discussions on heat-flow cal cul ati ons and econom ¢

i nsul ation thickness for building envel opes.

3.2.6.2 Variations. Hi gh levels of thermal resistance are not
always life cycle cost effective. Refer to the discussion on
"Buildings Wth Dom nant Internal Loads" in Chapter 20 Errata of
t he ASHRAE 1985 Handbook - Fundanent al s.

3.2.7 Eval uati on. An energy eval uation should be conducted
for each building to determne if the roof insulation thernal
resi stance should be higher or |ower than set forth above.

3.2.7.1 ASHRAE Met hods. Chapter 28 of the ASHRAE 1985 Handbook
- Fundanental s, provides a nunber of nmethods for estimating
energy consunption associated with roof insulation. Hour by
hour, detailed conputer simulation nmethods are preferred. At

| east three levels of thermal resistance should be eval uated for
the roof over each type of space in each buil ding.

3.2.7.2 Life Cycle Cost. Econom c eval uation of roof
i nsul ation should be carried out in accordance w th NAVFAC P-442,
Econom ¢ Anal ysi s Handbook, or equival ent.

3.2.7.3 | nportant Consi derations

a) Were sone space heating is acconplished by neans
of heat recovery, or where sone space cooling is acconplished by
free cooling nmethods such as econony cycle, or cooling tower, or
cooling resulting in | ower purchased energy requirenments, |ower
| evel s of thermal resistance can be justified on alife cycle
cost basis. Were energy is expensive, higher |evels can be
justified.

b) Each area of a building may vary. The |evel of
thermal resistance for each area of the building does not
necessarily have to be the sane throughout. Quite often, areas
with long hours of operation and high internal heat gains wll
require less insulation than areas with little or no internal
heat gain and/or short hours of operation. Conpensate for
reductions in Rvalue due to fasteners and structural nenbers.

11
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c) Roof surface color has an inpact on energy
consunption and nenbrane tenperature and col or should be
considered in the evaluation of energy and life cycle cost, and
when determning the suitability of the roof nenbrane.

3.2.8 Location. Roof insulation can be |ocated either above
or below the roof deck. In |ow slope roof buildings, above deck
insulation is preferred.

3.3 Materials. A wide variety of insulation materials are
avai l abl e for use as roof insulation in buildings. Each materi al
usual |y has a uni que set of properties and conpatibility with

ot her roofing conponents which nust be properly eval uated so that
the roof wll performsatisfactorily.

3.3.1 Board Insulation. This formmy be either a single
conponent material or a conposite of two or nore different
mat eri al s.

a) Single Conponent |nsulation

b) Conposite Board Insulation. |In order to provide
conpatibility with certain types of roofing materials and also to
provide the desired fire rating, conposite board insulation is
avai |l abl e, consisting of two or nore pre-assenbl ed | ayers of
differing insulation materials. Use of conposite board
insulation often allows application criteria and thermnal
resistance criteria to be nmet wiwth m ni muminsul ati on thickness.

3.3.2 | nsul ati ng Concrete. Several types of |ightweight

i nsul ating concrete are avail able for roof insulation purposes.
They are typically installed over ventil ated roof decks or
fornmboard on | ow sl ope roofs, since it is possible to slope the
concrete in order to provide roof drainage. The concrete nust be
abl e to exhaust original mxing water to the interior space.

Al so, refer to Section 2.

3.3.3 Sprayed Plastic Foam Sprayed-in-place plastic
pol yuret hane foaminsulation is available for roof insulation.
Refer to Section 7.

3.3. 4 Properties. Physical property data are usually

avai l able fromthe insul ati on manufacturer and often consist of
testing | aboratory reports. Care should be taken that the data
reported are appropriate for the conditions under which the roof
will perform Physical property data are also published in the

12
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ASHRAE 1985 Handbook - Fundanental s, and the Manual of Built-up
Roof Systens by Giffin. Were data reported by insul ation
manuf acturers differs fromthat shown in handbooks, appropriate
justification and expl anati on shoul d be obtai ned. Were the
thermal resistance declines wth age, the aged val ues shoul d be
used.

3.4 Tapered Insulation. Were the roof deck is flat or

| evel , one reasonabl e neans avail abl e for providi ng adequat e roof
sl ope for drainage purposes is by using the insulation; tapered
factory fabricated insulation my be used for this purpose.

Manuf acturers of several types of board insulation provide a
variety of tapers. \Wiere tapered insulation is to be used,
careful detailing and dinensioning is necessary in order to
ensure that the proper slope and positive drai nage are achi eved.
The use of tapered insulation should be limted to reroofing of
exi sting | ow sl ope roof buildings.

3.5 Application Criteria. It is extrenmely inportant that
the type or types of insulation to be used are appropriate for
the roof assenbly. Refer to other sections in this handbook for
specific criteria wwth each type of roof deck and/or roof
menbrane. Carefully read and eval uate the detail ed application
criteria and [imtations on use for several major manufacturers
of the type of insulation to be utilized or permtted along with
ot her sections of this handbook, in order to elimnate any
inconpatibility.

Specific provisions should be set forth for the
i nsul ati on manufacturer and contractor to neet to set up
requi renents regardi ng storage and installation of insulation.
The insul ati on nmust be kept dry, both when stored on the job site
and when installed on the roof. Wat er proof covering over stored
insulation is essential, as is elevating the insulation so that
ground wat er cannot enter. Require that stored material be
adequately secured from bl ow ng away. |nsulation nust be covered
at the conpletion of each day's work with conpl eted roofing.

Means for securing the roof insulation to the roof deck
to resist displacenent, such as adhesives and/or corrosive
resi stant nmechani cal fasteners, which are conpatible with the
materi al s used, should be specified. Refer to Section 12.
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Section 4: VAPOR CONTROL

4.1 Psychronetrics. The design of roofing nmust take into
account the principles of noisture in air to prevent condensation
of noisture in roof insulation and under roof surfaces.
Psychronetrics deals with determ nation of the properties of
nmoi st air and utilization of these properties in analysis of
conditions and processes involving noist air. A detailed

di scussion and tables of noist air properties are included in
ASHRAE | 993 Handbook - Fundanental s, Chapter 6.

4.1.1 Vapor Pressures and Flow. In order to determne the
magni tude and direction of water vapor flow, exam ne the range of
i ndoor and outdoor conditions that will exist over the course of
a year. Moisture vapor flows fromregions of higher vapor
pressure to regions of |ower vapor pressure.

4.1.1.1 | ndoor. Indoor water vapor pressure is increased by
the liberation of noisture fromconstruction materials and
bui | di ng occupants, as well as noisture generated by plants,
bui | di ng processes and humdification. This tends to make the

i ndoor vapor pressure higher than outdoor, causing the potential
for flow of water vapor up through the roof in cold weather.

When i ndoor space is air conditioned, including dehumdification,
it is possible for the indoor vapor pressure to be | ower than

out door s.

4.1.1.2 Qut door. Qutdoor vapor pressure is continuously
varyi ng throughout the year in any given |ocation. Wen outdoor
pressure is higher than indoor vapor pressure, there will be a
tendency for vapor to flow outdoors to indoors through the roof.

4.1.1.3 Design Criteria. ASHRAE 1993 Handbook - Fundanental s
shows outdoor design conditions for nost |ocations throughout the
worl d. Once indoor design conditions are established, the vapor
pressure differential between indoor and outdoor can be readily
determned. In order to establish the magnitude and direction of
potential vapor flow under all conditions of operation, determ ne
the variations in indoor and outdoor vapor pressures throughout a
typi cal year of building operation.

4.1.2 Dewpoi nt. An anal ysis should be conducted to determ ne

the potential for condensation to take place throughout al

condi tions of operation, both wthin the roof itself and on the

surfaces of the roofing assenbly. Such an analysis wll

determ ne the need to consider increasing the thermal resistance
14
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of insulation and/or incorporating specific nethods for
controlling vapor flow. Refer to ASHRAE 1993 Handbook -
Fundanment al s, Chapter 21.

4.1.3 I nfl uence on Roof. Mbisture condensation in the roof
can result in reductions in insulation thermal resistance and

dri ppi ng of condensed water fromthe underside of the roof. The
dew poi nt anal ysis shoul d consider all potential condensation
possibilities in order to provide proper control neasures to
precl ude condensation. Generally, these control neasures include
i nsul ation, ventilation, and vapor retarders. The analysis
shoul d consider not only design conditions of tenperature and
vapor pressure, but also daily and seasonal variations.

4.2 Vapor Control Methods. A variety of nethods exist for
controlling vapor in buildings and are generally set forth in
ASHRAE 1993 Handbook - Fundanental s, Chapter 20.

4.2.1 Vapor Resistance. Al building materials have sone
degree of resistance to vapor flow. A table of values for nost
buil ding materials is included in ASHRAE 1993 Handbook -
Fundanmental s, Chapter 21, along wth cal culation nethods to
determ ne the magnitude of vapor flow and | ocation of
condensati on pl anes.

4.2.1.1 Materials. Any material to be used as a vapor retarder
shoul d have a maximumrating of 0.5 perm (28.75 perm. Selection
of the permrating required for any given conditions should be
based on the anal yses descri bed above. Water vapor retarders may
be classified as rigid, flexible, or coating types of materials.
Mat eri al s chosen shoul d provide | ong term perfornmance and be
conpatible wwth the other roofing materials. Frequently used
vapor retarders are the flexible types, including plastic filns
and coated krafts and felts. These materials are available in a
wi de variety of permratings.

4.2.1.2 Cal cul ations. Calculations for vapor flow should be
made i n accordance with ASHRAE 1993 Handbook - Fundament al s,
Chapter 21.

4.2.1.3 Location. \ere vapor flowis out of the building,

| ocate vapor retarder as close as possible to the inside surface
of the building envel ope, usually on top of the roof deck. \Were
vapor flowis into the building, nost often, the roofing nenbrane
provi des adequat e vapor resistance to the vapor flow. \ere
vapor flowis both into and out of the building, the general
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preference for vapor retarder location is close to the indoor
surface.

4.2.1. 4 Application. Pay particular attention to the manner of
installing and sealing the vapor retarder material. The design
shoul d al so consi der damage of the vapor retarder both during
construction and operation of the building.

4.2.2 Ventilation. Since it is possible that sonme noisture
w Il accunulate in the insulation, allow escape of the noisture
by providing nmeans for ventilation. |In the case of wood frane

residential type construction with attics, a variety of nethods
are commonly available to allow noisture which passes through the
ceiling insulation to escape to the atnosphere. Wth | ow sl ope
roof construction, other nethods for ventilation are required.
Thi s approach can be called a self-drying system

4.2.2.1 Bel ow I nsul ation. Using boards or sheets with
perforations or slots underneath | ow sl ope roof deck insulation
will allow noisture to escape fromthe roofing systemto the
out doors or indoors.

4.2.2.2 Above Insulation. Ventilation above the insulation in
| ow sl ope roof decks can be acconplished either by using edge
vents or top vents. Top vents penetrate the nenbrane and wl |l
increase the potential for |eaks. Top vents, if used, should be
spread uniformy throughout the roof area. Use caution when
applying ventil ation above or below insul ati on, because the sane
paths that allow noisture to escape will also allow noisture to
enter if the vapor pressure differential is reversed. Top
venting should not be used over insulation having limted

nmoi sture novenent capability, such as plastic foans.
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Section 5: Bl TUM NOUS BUI LT- UP ROOF MEMBRANE

5.1 Material Description. As the weatherproofing conponent
of a built-up roof system the built-up bitum nous nenbrane
conprises three elenents: bitunen, felts, and surfacing.

51.1 Bitumen. Bitunen resists water penetration in the
interply adhesive films nopped between felt layers and the

bi tum nous surface-coating or flood coat. The two types of

bi tumens are blown (i.e. oxidized) asphalts and coal tar pitch

5.1.2 Felts. Felts stabilize and reinforce the nenbrane.
Felts prevent excessive bitunmen flow when the bitunmen i s warm and
sem -fluid and distribute contractive tensile stress when the
bitunmen is cold and glasslike. Felt plies separate the interply
bi t unmen noppi ngs and provide the nenbrane's multiple |ines of

wat er proof i ng def ense.

5.1.3 Surfacing. Surfacing of built-up nenbranes conprises
one of four basic types: aggregate, snooth, mneral surfacing, or
protective/reflective coating.

5.1.4 Fl ashi ng. Flashings seal the joints where the nenbrane
is interrupted or term nated. Base flashings, essentially a
continuation of the nmenbrane, formthe edges of a waterti ght
"tray." Counterflashings shield or seal the exposed joints and
edges of base fl ashings.

5.1.4.1 Base Fl ashings. Recommended materials are the
fol | ow ng:

a) One ply of granular surfaced nodified bitunen
sheet, over 2 plies of glass-fiber felt.

b) Three-ply glass-fiber felt (sonetinmes reinforced
and granul ar surfaced).

c) Metal base flashings should be restricted insofar
as practicable to vent-pipe seals, gravel-stop flanges, and drain
fl ashi ngs, where there are no practicable alternatives.

5.1.4.2 Counterfl ashings. Counterflashings (sonetines called
"cap flashings") are usually nmade of netal: alum num galvanized
steel, stainless steel, copper, or |ead sheets designed to shield
exposed base flashing joints and shed water fromvertical or

sl anting surfaces onto the roof.
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5.2 Ceneral Requirenents

5.2.1 Felts. Organic felts are highly vulnerable to
noi sture-induced deterioration; use the nore durable fiber glass
felts. Oganic felts can, however, be used in tenporary
menbranes that are to be renoved or in coal-tar pitch nmenbranes.

5.2.2 Modi fied Bitunen Flashing. Single-ply nodified bitunmen
sheets may be used for flashing material.

5.2.3 Conpatibility. Check with the manufacturer of built-up
roofing menbrane and flashing materials to assure that proposed
roof systemand materials are conpatible with roof deck, vapor
retarder, insulation, and geographic |ocation.

5.3 Menbr ane Desi gn Recommendati ons
5.3.1 Bitunmen Slope Limts
SLOPE Bl TUMEN TYPE SOFTENI NG PO NT
(i nches per foot (degrees F (Q))
(percent)
1/2 (4) or less |Asphalt, ASTM D 312, 135 - 151 (57 - 66)
Type |
1/2 to 1-1/2 (4 |Asphalt, ASTM D 312, 158 - 176 (70 - 80)
to 12) Type |1
1to 3 (8 to 25) |Asphalt, ASTM D 312, 185 - 205 (85 - 96)
Type |11
Steep and Asphalt, ASTM D 312, 205 - 225 (96 - 107)
f I ashi ngs Type IV
1/4 (4) or less Coal Tar Pitch, ASTM D|126 - 140 (52 - 60)
450 Type |
1/2 (4) or less Coal Tar Pitch, ASTM D|133 - 147 (56 - 64)
450 Type |11

Requi re bi tunen manufacturer to provide equivi scous tenperature
(EVT) stenciled on every bitunen container or tanker weight bil
to facilitate application at proper viscosity.

5.3.2 Fl ashi ng Design Principles. Good flashing design
requires the foll ow ng:

a) Elimnation of as many penetrations as practical;

b) Location of individual roof penetrations at |east
18 inches (457 mllineters) apart;
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c) Consolidation of as many openings as possible into
a smal l er nunber of | arger openings;

d) Use bitum nous base flashings, i.e., nodified
bi tunens or glass fiber flashing felts, at parapets, walls,
expansion joints, and curb fram ng access hatches, vents, or
equi pnent openi ngs.

e) Location of flashed joints above the hi ghest water
| evel on the roof, with drainage away from fl ashed joints;

f) A lowance for differential novenent between base
and counterfl ashi ng;

g) Firmconnection of flashings to solid supports;

h) Contouring of bitum nous base flashings with cants
to avoi d sharp bends;

i) Avoidance of surface-applied cap flashings.

j) Always avoid pitch pockets always in new
construction and whenever possible in reroofing. Wen required,
fill wwth a crowned pourabl e seal er.

5.3.2.1 Differential Mwvenent. Flashing details nmust provide
for differential novenent anong the different parts of the

buil ding. Were there is any possibility of differential
novenent between the roof deck and vertical elenents, do not
anchor base flashings to the intersecting vertical elenents.
Anchor the counterflashing to the wall, colum, pipe or other

fl ashed buil ding conponent. Review detailing carefully.

5.3.2.2 Contour Flashings. Wth built-up flashing material s,
use cants with 45 degree (100 percent) slope. Cants should al so
be used with nodified bitunmen flashings.

Wod cants (southern yellow pine, Douglas fir, or
equi val ent), pressure-treated with water-base preservatives my
be preferable to fiberboard cants where they brace the right-
angl e joint between vertical and horizontal nailers at equi pnent
or wall curbs. Avoid fiberboard cants for torch-applied
nodi fi ed- bi tumen fl ashi ng.

5.3.3 Foot Traffic. Refer to par. 10.7.
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5.3. 4 Details. For details on flashings, anchorage, felt

| aps, requirenments on felt requirenents on felt backnailing, all
metal work, and application of built-up nenbranes to various
substrates, refer to the National Roofing Contractors’

Associ ati on (NRCA) Roofing and Wt er proofing Manual, and Sheet
Metal and Air Conditioning Contractors National Association
(SMACNA) Architectural Sheet Metal Manual .
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Section 6: SINGLE-PLY ROCFI NG SYSTEMS

6.1 Single-Ply Roofing Description. A nmenbrane, sheet or
[iquid-applied, with only a single layer of material designed to
resi st water penetration.

6.1.1 Single-Ply Sheet-Applied Materials. Sheet-applied
menbr anes can be chemcally classified in one of the follow ng
categories: elastoners (synthetic rubber), plasticized

t her nopl astic polynmers, uncured el astomers, or nodified bitunens.
(Refer to Table 1 for menbrane adaptability to different roof
systens.)

6.1.1.1 El astoneric Sheet. The npbst common el astoneric sheet
is ethylene propyl ene di ene nononer (EPDM) .

Field | ap seans are the nost vul nerable conponent in
el astoneric sheet systens. EPDMis a thernosetting pol yner and
requi res use of contact adhesive and tape. Contact adhesive
general ly requires:

a) thorough cleaning of the material with sol vent-
soaked rags;

b) a waiting period for the contact adhesive to attain
proper consi stency;

c) thorough pressure-sealing of the lap; and

d) application of a side |ap sealant for tenporary
protection while the contact adhesive cures.

Def ective seans are vul nerable to rai nwater ponding,
especially frozen water. Prolonged water intrusion inpairs the
performance of neoprene-based contact adhesives. Non-neoprene-
based adhesives are significantly |less vulnerable to noisture
i ntrusion.

6.1.1.2 Pl astici zed Thernopl astic Sheets. Plasticized

t hernopl astic sheets are represented by PVC nenbrane sheets,
reinforced and unreinforced. Watertight field |ap seans are
formed in PVC sheet by conparatively easily installed sol vent-
wel ded or heat-wel ded | ap seans. These seans are true fusions of
base and jointing material .

A major liability of PVC sheet nenbranes is that they
may, under certain exposures, becone enbrittled and shrink from
21
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| oss of plasticizer. Unreinforced, they have an extrenely high
coefficient of thermal contraction-expansion. However,

rei nforcenent (woven fiberglass mat or pol yester reinforcenent)
can vastly inprove dinensional stability.

6.1.1.3 Uncured El astonmers. Uncured el astoners are chemcally
i nternedi ate between the thernosetting (i.e., elastoneric) and

t hernopl astic polyners. The single-ply nmenbranes contai ni ng
these internedi ate polyners are CPE (chl orinated pol yet hyl ene),
CSPE (chl orosul fonated pol yet hyl ene, known comercially as

Hypal on), and PI B (pol yi sobutyl ene).

Rel ative to el astoneric and thernopl astic sheets,
advant ages are:

a) |lap seans can be heat-or adhesive-bonded.
b) weasier field-formng of reliable | ap seans;

c) may cure or vulcanize over a period of tinme and
becone t hernosets.

A maj or disadvantage is that they | ack the abrasion
resi stance of vul cani zed rubber. Another disadvantage of CSPE is
that after it has cured, it is difficult to repair using heat-
bondi ng net hods.

6.1.1. 4 Modi fied Bitunens. Mdified bitunens are essentially
rubberi zed asphalts. The addition of rubber to the asphalt
inparts el astoneric properties to the asphalt and increases the
menbrane's breaking strain by a factor of 10 or nore conpared

wi th a conventional built-up bitum nous nenbrane's breaking
strain. The polyners used to make these physical inprovenents in
t he nodi fied-bitunmen nenbranes include atactic pol ypropyl ene
(APP), styrene-butadi ene rubber (SBR), and styrene-butadi ene-
styrene bl ock polynmer (SBS). Reinforcenent is generally

pol yester or glass fibers, sonetines in conbination.

The Canadi an General Standards Board (CGSB) divides
nodi fied bitumen nmenbranes into three categories:

a) By exposure: Type 1, exposed (al ways anchored);
Type 2, shielded (anchored or | oose-laid);

b) By surfacing: Cass A granule-surfaced; Class B
metal lic-surfaced; Cass C, plain-surfaced;
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c) Service conditions: Gade 1, standard; G ade 2,
heavy-duty.

6.1.2 Li qui d- Applied Coatings. Liquid-applied coatings are a
special class of fully adhered nmenbranes. Chemcally, they are
synt hetic rubbers.

6.1.2. 1 Uses. A nmmjor use of liquid-applied coatings is on a
substrate of sprayed pol yuret hane foam (PUF) roofs, which require
a wat erproof coating. Liquid-applied coatings for sprayed PUF
roofs include pol yurethane, neoprene, hypalon, acrylic, and
silicone. Other acceptable substrates for these coatings are bare
concrete and pl ywood.

6.1.2.2 Advantages. Wthin their narrow range of
applicability, fluid-applied nenbranes have these notabl e
advant ages:

a) conformance to irregular roof surfaces wth good
adhesion and |little waste;

b) continuous, seanl ess waterproofing (including base
flashing at penetrations and edges for sone systens).

6.1.2.3 Di sadvant ages. They have:

a) Overwhel m ng dependence on high-quality field work.
In a concrete deck, cracks nmust be |ocated, marked, and either
seal ed or taped. Cracks and seans greater than 1/64 inch (0.4
mllinmeters) nmust be sealed. A viscous nmastic and seans greater
than 1/64 inch (0.4 mllimeters) nust be sealed. A viscous
mastic material seals cracks between 1/64 and 3/8 i nches w de
(0.4 and 9.5 mllinmeters), and because of nmastic shrinkage,
satisfactory joint filling may require two mastic applications.
Cracks or joints over 3/8 inches (9.5 mllineters) require
t api ng.

b) Cast-in-place concrete decks must be steel-trowel ed
and then cured for at |east four weeks to reduce repairs of post-
appl i cation shrinkage cracks.

c) To prevent noisture entrapnent in the |iquid-
appl i ed nenbrane, at |east two days nust be all owed between the
| atest rainfall on the substrate and nenbrane application.

6.2 Peri meter Anchorage. Wth the possible exception of
i qui d-applied systens, single-ply systens are anchored at their
23




M L- HDBK- 1001/ 5A

perimeters and at openings. Such anchorage serves several
pur poses:

a) To prevent stress concentration at flashings, which
could either split or pull |oose fromtheir backings and becone
vul nerable to puncture. (Loose-laid systens receive maxi mum
menbrane tensile forces at perineters and other term nations,
according to field strain tests);

b) To restrain contraction in materials subject to
| ong-term shri nkage;

c) To reduce nenbrane wrinkling which can obstruct

dr ai nage.
6.3 Desi gn Requi renent s/ Consi der ati ons
6.3.1 Single-Ply Roofs. For roofs on new facilities (Refer

to Section 10 for reroofing):

a) Require mnimum 1/2 inch per foot (4 percent)
sl ope, 2 inch per foot (17 percent) maxi mum sl ope for |oose-Iaid,
bal | ast ed systens.

b) Review material properties, limtations, advantages
and di sadvant ages, and past performance of all systens under
consi deration (check 10-year performance in your geographi cal
| ocation);

c) Determine wind and fire resistance during this
prelimnary survey. Consult Single Ply Roofing Institute (SPRI)
W nd Design Guide for Ballasted Single-Ply Roof Systens Single-
Ply Roofing. Ballasted systens should not be specified in
coastal areas;

d) Check substrate for suitability: for sheet
menbr anes, suitable substrates are structural concrete (cast-in-
pl ace and precast), lightweight insulating concrete with | ow
nmoi sture content, plywood, and rigid insulation board; for fluid-
appl i ed nenbranes, suitable substrates are structural concrete
(cast-in-place and precast) and sprayed-in-place pol yurethane
f oam

e) For cast-in-place concrete decks, check concrete
curing agents to ensure conpatibility with synthetic menbranes.
Sone curing agents can cause poor adhesion or even premature
deterioration of the nenbrane;
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f) Limt plywod to 5/8 inch (16 mllinmeters) m ninmum
t hi ckness, snooth-surfaced exterior grade, wth edge support
limting differential deflection of adjacent panels to 1/8 inch
(3 mllinmeters) at panel edges and 1/16 inch (2 mllinmeters) at
ends;

g) Do not specify fluid-applied synthetic nenbranes
when substrate joint novenent is anticipated;

h) Consider repairability in case of future danmage.

i) Roof deck structural capacity: For |oose-Ilaid,
bal | asted systens, design for additional 10 to 25 psf (0.0005 to
0. 0012 Pascal) dead-load capacity for ballast and/or concrete
pavers;

J) If there is waste spillage or exhaust onto roof
surface, determ ne the nature of waste material. Periodic roof
wash-down may be required; or other special nenbrane mai ntenance;

k) Check conpatibility of adhesives, filnms and
i nsul ati ons.

) Do not permt “torching” of nodified bitunen sheets
on buildings wth conmbustible substrate conponents.

6. 4 Applicable Details. Refer to SMACNA Architectura
Sheet Metal Manual or manufacturers’ information.

6.5 Si ngl e-Ply Menbrane Standards. \Were applicabl e,
standards to be used for single-ply nenbrane materials are
promul gated by the Rubber Manufacturers Association (RMVA),
Anerican Society of Testing and Materials (ASTM, and the
Canadi an General Standards Board (CGSB)
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Section 7: SPRAYED POLYURETHANE FOAM

7.1 Mat eri al Description. Sprayed pol yuret hane foam ( PUF)
is a field-produced, nonolithic plastic foamroof insulation,
produced in the field by nozzle-m xing of two separate liquid
streans, an A (isocyanate) conponent and a B (hydroxyl or

pol yol) conponent. In addition to these basic chem cal
ingredients, the sprayed field mx al so requires:

a) a blow ng agent (fluorocarbon gas) to form foaned
cells that expand the pol yurethane foamresin's vol une;

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

c) catalysts to control the reaction rate between the
two chem cal conponents);

d fire retardants.

7.2 Uses. Al though sprayed pol yurethane foam can be used
for newroofs, its major use is in reroofing.

7.2.1 Advant ages. Conpared with conventional built-up roof
systens, PUF offers the foll ow ng advant ages:

a) High thermal resistance per unit thickness;

b) Lightweight (roughly 1 psf (5 kil ogranms per square
meter) for 3-inch (76-mllineter) thick foanmed insulation plus
menbr ane coating);

c) Fast construction (generally two to three tines the
rate of conventional bitum nous systens);

d) Adaptability to steeply sloped, curved, and ot her
irregul ar roof surfaces;

e) Excellent adhesion, capable of producing 3,000 psf
(0.14 Pascal) uplift resistance when placed on a clean, dry,
properly prepared substrate;

f) Sinple flashing details;

g) Systemis sean ess;
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h) Exterior damage is localized by its closed cell
structure;

i) Recoating will "renew' the system sone coatings
are guaranteed for 10 years.

7.2.2 D sadvant ages. Conpared wth conventional built-up
roof systens, sprayed pol yurethane foam has sone offsetting
di sadvant ages:

a) Added cost of recoating the fluid-applied nmenbrane
peri odical l y;

b) Geater difficulty in obtaining a | evel surface and
uni forminsul ati on thickness;

c) Extrenely high dependence on applicator's skill;
d) H gh dependence on good substrate preparation;
e) Reduced traffic and inpact resistance;

f) H gh vulnerability to degradation in hot, humd
cli mat es;

g) Mulnerability to bird-pecking. Birds wll peck
t hrough the outer covering, dig out the foam and sonetinmes build
nests in the cavity.

7.3 Desi gn Recommendati ons. Consi der both design and
field-application requirements. First, consider the follow ng
design itens:

a) Slope of substrate. Do not rely on applicator
varyi ng foamthickness to provide slope-to-drain (mninmm1/2
inch per foot (4 percent) for new construction and 1/4 inch per
foot (2 percent) for reroofing);

b) Wnd uplift resistance conformng to FM
requirenents;

c) Substrate requirenents. Most systens prohibit foam
application directly to a conventional ribbed steel deck. They
require a mnimum 3/8 inch (10 mllinmeters) thick exterior-grade
pl ywood (untreated) fastened to the deck. Fastenings should
conformwi th FMrequirenents for anchoring insulation boards
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d) Vapor retarder (if required);
e) Menbrane coating (refer to par. 7.3.3);
f) Fire resistance ratings. Cass A when tested by UL

790, Tests for Fire Resistance of Roof Covering Materials and FM
Class 1 for nost applications;

g) Flashing details.

7.3.1 Foam Thi ckness and Sl ope. Wenever possible, slope the
deck rather than varying foamthickness to provide surface sl ope.
Sl ope may al so be provided by installation of conpatible, tapered
roof insulation as a substrate before spray application of
uniformy thick foam Uniformthickness is nore apt to produce
uni form qual ity because varying thickness requires varying spray
rate to maintain uniformchem cal reaction rate. |If slopeis
provi ded by foam use tapered boards to indicate proper surface
contours of foam

7.3.2 Control Joints. Provide control joints at all re-entry
corners, wth roof divided into sections of 10,000 square feet
(929 square neters) or |ess.

7.3.3 Menbrane Coatings. Polyurethane foamrequires a
protective nmenbrane covering. A good nenbrane coating nust have
t hese properties:

a) Good adhesi on;

b) Tenperature stability (i.e., viscous at high
tenperature, but not brittle at |ow tenperature);

c) Abrasion resistance;
d) Weather resistance (to solar radiation, rain);

e) Miintainability (ease of repair when danaged,
integration of repaired section with original material);

f) Durability,;
g) Strength and elasticity;

h) Low perneability in humd climates.

28



M L- HDBK- 1001/ 5A

7.4 Application Considerations. Consider the follow ng
application itens:

a) Polyurethane foamresins field-sprayed to uniform
thickness (1 inch (25 mllimeters) m ninumthickness, 2-1/4
inches (57 mllinmeters) maxi numthickness) (two to three inches
(51 to 76 mllimeters) in sem-tropical environnents) for best
control of foamcell size, density, and overall uniform foam
qual ity.

b) Menbrane coatings applied to sprayed pol yuret hane
f oam substrates shoul d al ways be fluid-applied. Fluid
application works best with sprayed pol yuret hane foam because it
fills the irregular substrate and adapts better to the slightly
irregular surface of sprayed foam to the "day's-work"
termnation details, and to the flashing of sprayed foam
substrate. Foam applied today nust be coated today. Coating
shoul d be applied in two or nore coats with total m ni mum
t hi ckness as follows: 30 mls (0.76 mllineter) for silicone, 40
mls (one mllimeter) for urethane or acrylic. |In hot climtes
increase urethane to 45 mls (1.1 mllinmeter) and do not use
acrylics.

7.5 Fl ashings. Fluid-applied flashings are generally self-
seal i ng extensions of the nenbrane coating, applied
si mul taneously. Al ways specify cants.

7.6 Applicable Details. Polyurethane Foam Contractors
Division of the Society of Plastics |Industry and Manufacturers'
publ i cati ons.
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Section 8. PROTECTED MEMBRANE ROOF SYSTEM

8.1 Description. The protected nmenbrane roof system (PMR),
al so known as the "I RMA" roof, or inverted roof nenbrane
assenbly, reverses the positions of nmenbrane and insulation in

t he conventional built-up nenbrane roofing system |Instead of
its conventional exposed position atop the insulation, a PMR
menbrane i s sandw ched between the insulation above and the deck
below. A PMR frombottomup, may include the follow ng
conponent s:

a) Deck;

b) Suitable underlaynent |eveling board (steel decks
only);

c) Additional layer of insulation (optional; for
energy savings; nmay be tapered to inprove slope to drain);

d) Menbrane;

e) Percolation course (optional);
f) Insul ation;

g) Filter fabric;

h) Ball ast (aggregate or pavers).

8.2 Ceneral Desi gn Reconmendati ons

8.2.1 Structural Capacity. First consider the structure's

| oad-carrying capacity. There nust be structural capacity to
carry the additional ballast or paver dead |load required by this
system

8.2.2 Sl ope. Sl ope deck and nenbrane a m ninmum 1/2 i nch per
foot (4 percent) for new construction.

8.2.3 Water-Test. \Wen practical, require that roofer water-
test conpl eted nenbrane before installing insulation and
surfacing with special attention to expansion joints and
flashings. Leaks generally occur under expansion joints,

fl ashi ngs, and at enbedded edge netal.

8.2. 4 Climte. PMR s are well-suited to cold clinates, as
t he menbrane doubl es as a vapor retarder. The best |ocation for
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a PMR nenbrane in a perpetually cold clinmate is obviously bel ow
the major insulation. (An optional thin |ayer of m nor

insul ation can | evel the nenbrane substrate and reduce
heat/energy | osses from convective and evaporative cooling
followng a rain. For additional energy savings, a |layer of
expanded pol ystyrene or other type of insulation under the
menbrane may be nore cost effective than excessive extruded

pol ystyrene above the nmenbrane.) |In perpetually humd tropical
climates, the best location for the nenbrane is above the mgjor
i nsul ation, such as for a conventional system where the nenbrane
serves as both roof and vapor retarder. PMR is excellent for
areas with high ultraviol et exposure.

8.3 Speci fic Desi gn Recommendati ons. PMR system design
requires attention to the foll ow ng aspects:

a) Drainage: slope to drains mninmum 1/2 inch per foot
(4 percent) for new construction and 1/4 inch per foot (2
percent) for reroofing projects;

b) Deck: Refer to par. 8.2.2; design to support
bal |l ast and |ive | oads;

c) Menbrane: built-up bitum nous nenbrane; nodified
bi tunmen; single-ply sheets; liquid applied;

d) Percolation course: Optional, 1-1/2- to 2-inch (38-
to 51-mllinmeter) m ninmmwashed rock;

e) Insulation: use only extruded pol ystyrene
conformng to ASTM C 578 Rigid, Cellular Polystyrene Thernal
| nsul ati on, Type |V, above the nenbrane;

f) Filter fabric: non-rotting material (i.e. porous
mat of pol yester, polypropyl ene, polyethlene, etc.);

g) Ballast: 3/4- to 2-1/2-inch (19- to 64-mllineter)
washed rock, spread at a 10 to 20 psf (49 to 98 kil ograns per
square neter) density; concrete pavers, concrete wearing surface,
or conposites of polystyrene and | atex nortar. Large arrays of
flat bottom pavers should be el evated on pedestals to allow for
dr ai nage.

8.3.1 Dr ai nage
a) To properly function, a PVMR nust have fast

rai nwat er runoff. Assure this by requiring a sloped nenbrane,
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percol ati on course, well-drained insulation, and snooth-fini shed
surface.

b) Locate roof drains where they will not freeze. The
first few feet of pipe fromdrains nust be thermally protected in
cold regions. Provide weep holes in drain at each sub-assenbly
| evel .

c) Consider using elevated scuppers in case drains
becone bl ocked.

d) In geographical areas subject to intense rainfall,
overfl ow drains should be considered. Overflow drains are
smaller in dianeter than regular drains. They are placed
upstream 10 to 15 feet (3048 to 6096 mlIlinmeters) and term nate
at the top of the insulation, or percolation course, if included,
with weep holes at the nenbrane level. The drain cage nust be
fine enough to prevent infiltration by percolation materials.

8.3.2 Percol ati on Course. The optional percolation course is
designed to allow easy and free access of water to the drains and
the insul ation above to dry. This rock course should be graded
1-1/2- to 2-inch (38- to 51-mIlineter) maxi numsize. It nust be
rescreened before sending to the roof as fines develop in
transit.

8.3.3 Fl ashings. Flashings for a PMR are essentially the
sanme as for conventional roofs. They are, however, nore

vul nerabl e to damage, especially at cants adjacent to pavers.

They should be carried a mninmumof 8 inches (203 mllineters)
above the roof's surface.

8.4 Variations. The insulation may be placed directly on

t he nmenbrane, and the percol ation course can be placed directly
on the insulation with its filter fabric. The percol ation course
then serves as a ballasted finish.

8.5 O her Consi derati ons

8.5.1 Single-ply or Liquid Menbrane. A four-ply fibergl ass
built-up systemset in hot bitunen or a nodified bitumen system
are the nost common nmenbranes used in a PMR  However, a single-
ply or liquid nenbrane may al so be used.

8.5.2 Expansion Joint. In flush joints, never drape nenbrane
materials in or over an expansion joint. Use prefornmed joint
formers.
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8.6 Applicable Details. NRCA Roofing and Wt erproofing
Manual , SMACNA Sheet Metal Manual, SPRI and design information
and specifications of extruded pol ystyrene insul ation

manuf acturers.
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Section 9: STEEP ROOFI NG

9.1 St eep Roofing Description. Steep roofing conprises a
w de variety of roofing materials used on slopes exceeding 1-1/2
i nches per foot (14 percent). Shingles, shakes, and tiles depend
on the gravitational-force conponent provided by slope to assure
positive water-shedding. The gravitational water shedding force
nmust exceed all the opposing forces (kinetic, capillary, and

at nospheric suction) tending to draw water up the sl ope between
overl apping roof units. A slope of 4 inches per foot (33
percent) is adequate for nost steep roofing systens to assure
dependabl e wat er-sheddi ng. Wen used on | ower slopes (less than
1-1/2 inches per foot (14 percent)), steep roofing requires

addi tional neasures to assure good perfornmance.

9.2 Materials. Steep roofing materials including the
foll ow ng: asphalt shingles, asphalt roll roofing, wood shingles
and shakes, clay and concrete tiles, netal, and slate. Consult
the NRCA Steep Roofing Manual, the SMACNA Architectural Sheet
Metal Manual, and the Asphalt Roofing Manufacturers Associ ation
(ARMA) Residential Asphalt Roofing Manual for steep roofing
details.

9.3 Ceneral Design Requirenents
9.3.1 Sl opes. M ninmum sl opes for various steep roofing
materials are shown in Table 2. In snow country, designers

shoul d consi der hazards of sliding and drifting snow.

9.3.2 Decks. Structural plywod decks facilitate the nost
conveni ent, econom cal, and dependabl e fasteni ng techni ques.

O her deck materials, such as concrete, require installation of
nailing strips, laths, horizontal battens, etc. These are
described in the NRCA Steep Roofing Manual .

9.4 Underl aynments. Several purposes are served by
under| aynent s:

a) To keep the deck dry until shingles or tiles are
i nstall ed;

b) To provide secondary water resistance protection if
shingles or tiles are damaged, wind-lifted, or if wind-driven
rain or water behind ice dans at cold eaves ever penetrate beyond
t he overl apped shi ngl e;

c) Forma cushion for slates;
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d) Mnimze possible chem cal reactions between resins
i n wood decks and asphalts in asphalt shingles or roll roofing.O

9.4.1 Under |l aynments for Steep Roofing. Underlaynents
general ly consist of one |ayer, non-perforated asphalt saturated
felt for slopes of four inches per foot and higher. For |esser

sl opes, two |ayers of the sanme felt may be required and should be
applied with a 19-inch (483-mllinmeter) overlap. Mdified

bi t um nous nmenbranes are used at cold eaves in cold regions.

9.4.2 Under | aynment for Wod Shake, Cay Tile, and Concrete
Tile Roofs. Underlaynent is required only in the follow ng
ar eas:

a) In valleys or eaves where ice dans may form
b) Wiere blow ng dust or sand occurs regul arly;
c) In hurricane zones.

Regardl ess of the type of underlaynment required, or the
sl ope of the roof, in |ocations where the January nean
tenperature is 30 degrees F (-1 degree C) or less, two plies of
No. 15 felt, set in hot asphalt or mastic, or an adhered bitunen
menbr ane should be applied as the underlaynent starting fromthe
eaves to a point 24 inches (610 mllinmeters) inside the inside
wall line of the building to serve as an ice shield.

Wod shake roofs of I ess than 4 inches (33 percent)
sl ope require other neasures; i.e., one |layer asphalt saturated
felt underlaynent nailed to wood decks foll owed by one | ayer of
the same type of felt applied with hot noppi ngs of asphalt, plus
construction of a vented lattice work of boards above the
structural deck. For other neasures designed to inprove water-
resi stance and overall roof system performance, refer to the NRCA
St eep Roofing Manual
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Table 2

M ni mrum Sl opes for Steep Roofing

MATERI AL

Flat Shingle Tile (clay
or concrete)

One-pi ece Barrel Tile
(clay or concrete)

Two- pi ece Shingle Tile
(clay)

Interl ocking Flat-ribbed
Tile (clay or concrete)

Asphal t Shi ngl es

Whod Shakes and Shi ngl es

Met a
Al um)

(Corrugated Stl.

Asphal t Shi ngl es

Asphalt Roll Roofing
Asphalt Roll Roofing
Copper, Tern

St andi ng Seam Met al

M N. SLOPE
(in./ft.
(percent))

5 (42)

4 (33)

4 (33)

4 (33)

4 (33)

4 (33)

3 (25)

2-1/2 (21)

2 (17)

1 (8)

1/2 (4)

1/2 (4)
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NOTES

Doubl e-| ayer felt underl aynment
required 4-in./ft. (33 percent)

sl ope, single |ayer for slope
greater than 4 in./ft. (33 percent)

1 layer, non-perforated saturated
felt underlayment for 2-1/2-in./ft.
(21 percent) slope nmay be used if
speci al precautions, described in

t he NRCA Steep Roofing Manual and
ARMA Resi denti al Asphalt Roofing
Manual are taken.

Ref er to SMACNA Manual .

Requi res nonperforated, (square-tab
strip) saturated felt underlaynent,
doubl e layered with 19-in. (483-m)
overlap and set in roofing cenent.

Requi res doubl e-coverage (exposed

nails) roll, 3-in. (76-nm top lap
6-in. (152-m) end | ap, (Conceal ed
nail s)

19-in. (483-m) selvage

Wth doubl e | ocked sol dered seans.

Requires floating-clip design
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9.5 Ventilation. Ventilation is required in attic spaces
bet ween the steep-roofing framng and the ceiling to prevent
condensation fromform ng on cold surfaces when warm humd air
flows upward from heated interiors or, in warmclinates where it
is sinply entrapped in these attic spaces. Air novenent prevents
or alleviates condensation on under-surfaces of shingles, tiles,
or roof decks and, therefore, prevents fungus rot of wood in the
attic. Provide screened vents at eaves and gable ends to renove
humd air. Ventilation also reduces roof tenperatures, therefore
prol ongi ng menbrane service life and, in cold clinmates,
preventing ice damformations and snow slides. For cold region
designs, consult U S. Arny, Cold Regions Research and

Engi neeri ng Laboratory (CRREL), 72 Lynme Road, Hanover, NH 03755-
1290, to ensure good perfornance.

9.5.1 Vents. A mnimumnet free ventilation area of one
square foot for every 300 square feet (28 square neters) of attic
area is required. Ridge vents should be used whenever
practicable, in conjunction with eave soffit vents. Ri dge vents
i nduce air-pressure differentials and accelerate air novenent
through the attic. |In small gabled roofs w thout ridge vents,
when the ceiling is applied to the bottomof the rafters, |-inch
(25-mllimeter) dianmeter holes should be drilled through the
ridge beamin every joist space to provide unobstructed
transverse air flow to outside area.

9.6 Anchor age Techni ques

9.6.1 Fasteners. Nailing types and sizes for different steep
roofing materials are shown in Table 3. Fasteners should be
corrosion resistant. For asphalt shingle fasteners, consult the
ARVA Resi dential Asphalt Roofing Manual, or ARMA Asphalt Roofing
Wth Staples Manual. Fastener requirenents for clay and concrete
tile vary wwth slope and wi nd design conditions. Wring may al so
be required for anchoring of clay and concrete ridge tiles.

9.6.2 Speci al Anchorage. 1In addition to fasteners, anchorage
of various steep roofing material requires other techniques. Lap
cenment is used at seans in asphalt roll roofing (side, end, ridge
and hip strips). Asphalt shingles have self-sealing strips.

Clay and concrete tiles nmay require enbednent in plastic cenent.
Plastic cenment is often used to secure slate units at ridges and
hi ps.

9.6.3 Anchorage in Hurricane or Hi gh-wi nd Zones. These

requi re additional anchorage precautions. Cay and concrete

tiles should be secured with special hurricane clips, additional
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fasteni ng, and additional headlap (3 inches (76 mllineters)
additional in 70 to 100 mles per hour (113 to 161 kil oneters per
hour) wi nd zones, 4 inches (102 mllimeters) additional in

hurri cane zones of 100 plus mles per hour (161 kil onmeters per
hour) w nds.)

9.7 Fl ashings. Flashings are required on steep roofs as
well as | ow slope roofs to seal the joints at roof term nations
and intersections - e.g., where roof planes intersect to form
val | eys, where dorners, chimmeys, skylights, and other conponents
pi erce the roof, and at roof perinmeters. For general guidance to
the materials and techniques in flashing steep roofs refer to
Tabl e 4.

9.8 Applicable Details. NRCA Steep Roofing Manual, SMACNA
Architectural Sheet Metal Manual, and ARVA manual s (I at est
I ssues).
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Tabl e 3

Fasteners for Steep Roofing

ROOF MATERI AL FASTENER REQUI REMENTS
Asphalt Roll Roofing No. 11 or 12 gauge hot di pped gal vani zed
3/8-inch (10-mllinmeters) m ni num heads,

shank I ength | ong enough to penetrate

t hrough the roofing and deck or at | east
3/4 inch (19 mllinmeters) into a plywod or
| unber deck.

Clay or Concrete Tile No. 11; gal vani zed, yellow netal or
stainless steel, shanks to penetrate
mnimm3/4 inch (19 mllinmeters) into
sheat hing or through it.

Asphal t Shi ngl es No. 11 or 12 gauge, hot-di pped gal vani zed,
3/8-inch (10-mllinmeter) m nimum heads,
with shank | ength | ong enough to penetrate
t hrough the roofing and through a wood
panel deck or at |least 3/4 inch (19
mllimeters) into a | unber deck.

Wbod Shakes, Shingles Rust -resi stant, gal vani zed or al um num
nails, |14 gauge, 3d x 1-1/4 inch (32
mllimeters) long for 16-inch (406-
mllinmeters) and 18-inch (457-millineter)
shi ngl es or shakes; 14 gauge, 4d x 1-1/2
inch (38 mllinmeter) long for 24-inch (610-
mllimeter) shingles or shakes.

Sl ate Copper slating nails only. 3d up to 18-
inch (457-mllineter) long slates, 4d for
18-inche (457 mllinmeters) and | onger
slates, 6d nails at hips and ridges.

M nimum length = 2 x slate thickness + 1

(e.g., 1-1/2 inch (38 mllinmeter) m ninmm
length for 1/4-inch (6-mllineter) slate).
NOTE: "Hot" roofs in cold regions should slope 4 inches per foot

(33 percent) or nore (wth backnailing) and have eave
overhangs of less than 12 inches (305 mllineters) to
m nimze i ce dam probl ens.
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Tabl e 4

St eep Roofing Flashing Guide4

Tl LES ASPHALT

(d ay, SHI NGLES

Concrete)

NO YES*

YES YES
METAL
SURFACED
ROLL
ROOFI NG

METAL METAL

“METAL CRI CKET
30R “ ROUND- VALLEY” CONSTRUCTI ON
“Consult the NRCA St eep Roofing Manual and SMACNA Architectura

Sheet Met al

WOOD

( Shakes,
Shi ngl es)
YES

YES

M NERAL

METAL

Manual for details
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Section 10: REROCFI NG

10.1 | ntroduction. Reroofing is necessary when it is no

| onger economcally viable to maintain the existing roof.
Reroofing options are recovering or replacenment. However, the
recover option is usually not the best option. Before deciding
on either option, determ ne why the existing roof fail ed.

10. 2 Reroofing. Reroofing of steep roofing usually requires
renmoval of old materials - either total or individual renoval of
cupped, winkled, or other damaged units - intile and slate

roofs. For these materials, reroofing is governed by the sane
criteria as new construction.

For asphalt and wood shingl es and shakes, however,
recover roofing is an option. 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 sonetinmes be safely recovered
wi th asphalt shingles, but it is generally prudent to renove old
roll roofing before asphalt shingle replacenent. For guidelines
on repairs, substrate exam nation, and preparation required
before recovering old steep roofing, consult the NRCA Steep
Roofi ng Manual and the ARVA Residential Asphalt Roofing Manual

10.3 Premature Failure Prelimnary Investigation. Analyze
the roof wth the followng in mnd
a) Structural conditions contributing to the roofing

probl em

b) Interior space psychronetrics contributing to the
roofing problem

c) Topsi de deficiencies contributing to the roofing
probl em

10.3.1 Structural Influence. The existing roof deck,
supporting structure, and, in many cases, wall sections
projecting above the roof elevation have a direct bearing on the
| ongevity of the roofing conposite. Structural influences to be
consi dered include the foll ow ng:

a) Type of roof deck material;
b) Deterioration of roof deck and/or structure;

c) Defl ection of roof deck and/or structure;
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d) Expansi on joints and/or control joints;

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

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

10. 3.2 I nteri or Space Conditions. Psychronetric factors to be
consi dered include the foll ow ng:

a) Bui | di ng occupancy (current and proposed);

b) Exi sting building heating, ventilating, air
condi tioning, and hum dification systens;

c) Maxi mum hour | ocation of dew point within the roof
conposite;

d) Vapor retarder requirenents. Be aware of vapor
pressure direction in humd climtes which is usually downward.

10. 3.3 Topsi de Defi ci enci es

a) Desi gn;
b) Mat eri al s;
c) Wor kmanshi p.

10.4 Desi gn Consi derations. The nost basic design decision
inreroofing is to either recover or replace. Al ways use
nondestructive testing before designing. A |eaking roof which is
classified as a premature failure nust be eval uated for potenti al
contributions to the failure (refer to par. 10.3). Never recover
even a partially water-saturated insul ati on-nenbrane system |f
t he roof has been recovered once, a second recovering is not

al l owed. Design options are either recovery or replacenent.
Consider all options for best choice.

10.4.1 Drai nage. Adding slope will elimnate the maj or cause

of premature roofing failure. However, on sone existing | ow

sl ope decks it is costly or inpractical to create a 1/2-inch per

foot (4 percent) slope with tapered insulation. Were existing

| ow sl ope or near |evel roofs have failed due to old age and not
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wat er pondi ng, consider replacenent in kind. Oherw se where
adding slope is inpractical, replace the nenbrane with a m ni num
of four plies in coal-tar pitch and aggregate surfacing. Al so,
consi der providing additional drains where necessary. Asphalt,
single-ply, or foam systens are not permtted on any roofs which
wi |l pond.

Where practical, a new roof design should incorporate
positive slope that will elimnate all standing water conditions
within a 24 hour period after rain. Review the nunber, type,
sizing and |l ocation of drains, use of scuppers for overflow, and
use of crickets for slope to prevent pondi ng between the drains.
Never use wet fills to achieve sl ope.

10. 4.2 The Insul ation System Consider the follow ng:

a) Required R-value of the system

b) Formati on of roof slope including preforned
t apered insul ation;

c) Met hod of attachnent to the substrate and new
conponents to existing conponents and ability of existing
construction to accept new attachments;

d) Conpatibility with adjacent roof conposite
materi al s;

e) Fire and wind requirenents;
f) Load carrying ability of the structure;

g) D nensional stability relative to tenperature
change and exposure to noisture;

h) Product availability and maintainability;
i) Costs, life cycle economcs, etc.

10.4.2.1 Tapered Insulation. Tapered insulation has the
fol |l ow ng di sadvant ages:

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

b) Require fairly conplex field operations for sone
mat eri al s i nvol ving special draw ngs and coded insul ati on pi eces;
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c) Hazards of excess insulation thickness.

10.4.3 Menbrane System (Refer to par. 10.2 for reroofing
steep roofing) In nmaking a selection of nenbrane system
consi der the follow ng:

a) Pondi ng water conditions, slow draining roofs, and
potential formation of ice;

b) M ni mum sl ope restrictions. Standard is 1/4 inch
per foot (2 percent) for reroofing;

c) Speci al construction |ogistics;

d) Weight limtation dictated by existing deck;
e) Expansi on and/or control joint requirenents;
f) Fl ashi ng requirenents;

g) Fire and wind requirenents;

h) Roof traffic requirenents;

i) Mai nt enance requirenent;

1) Susceptibility to vandalism

k) Mat eri al s past perfornmance record;

1) Product availability of all conponents from one
manuf act ur er;

m Product conpatibility with adjacent roofing
products and materials within the new roof conposite,;

n) Met hod of attachnent;

0) Tensile or "T" peel strength requirenents,
especially |l ap seans of single-ply systens;

p) Cost .

10.4.4 Sur f aci ng
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10.4.4.1 Snoot h-Surfaced Roofs. Snooth-surfaced roofs are
relatively easy to inspect visually and repair but they require
periodic recoating wth cutbacks or emul sions. Snooth-surfaced
roofs are not as durable as aggregate-surfaced roofs and shoul d
be considered only where aggregate-surfaced roofs have sone

di sadvantages (e.g., at airports, structural considerations,
etc.). Coatings can be a cost-effective way of extending the
useful life of a bitum nous built-up nmenbrane. However, do not
recoat if: (a) nmenbrane is dry, brittle or delam nated; (b)
system contai ns wet insulation or other subsurface problens; and
(c) roof ponds water. Coatings should be fibrated. Al umnized
coatings can significantly |lower the tenperature of the nenbrane,
prolonging its useful life. However, the extra benefits of
"penetrating coatings" (sonetines called resaturants) are

di sputed. Their extra cost is seldomjustified.

Surfacing with cap sheets or sprayed granul es
elimnates 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.

10.4.4.2 Aggregate-Surfaced Roofs. Aggregate surfacing is a
very effective way of arnoring a bitum nous built-up nmenbrane
agai nst the weather, roof traffic, and other external abuse.
However, when an aggregate-surfaced roof has deteriorated, it is
very difficult to extend its useful life. 1In very limted cases
it is possible to renove all |oose aggregate and dirt, repair al
flashi ng and nenbrane defects, then spray a coating of cutback
asphalt or pitch as required onto the existing system and surface
it with new gravel.

10.4.5 Coat i ngs

10.4.5.1 Emulsions. Emulsion coatings are dispersions of
asphalt or coal-tar in water with an enul sifier agent such as
clay of approximately 50 percent solids. The material should
have a consistency of mayonnaise at the time of application. It
may be brushed or sprayed. Emul sions nust be protected from
freezing until all water has evapor at ed.

10.4.5.2 Cutbacks. Cutbacks have approxi nmately 50 percent
solids suspended in a solvent base vehicle.

10.4.6 Ponding. (Refer to par. 10.4.1)

10.4.7 Foot Traffic. Require wal kway pads to accommodat e
periodic traffic over the roofing surface. Since the wal kway pad
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will shrink while losing water and the shrinkage strain could be
transmtted to the roof nmenbrane, do not fully adhere thick pads
directly to the roof surface. Adhered nodified bitunmen sheets or
precut pavers placed on filter fabric may al so be used.

10.4.8 Col d- Process Roofing. Col d-process systens are life
ext ensi on and mai nt enance procedures on snooth roofs. There are
coating and overlay types in asphalt or coal tar base with or

w t hout reinforcenment. They nmust be placed on clean, dry
surfaces with no entrapped wet insulation bel ow
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Section 11: FI RE RESI STANCE

11.1 Ceneral. Fire hazards to roof systens are broadly
classified as foll ows:

a) Ext ernal , above-deck fire exposure fromflying
brands or burning debris bl owm over from nei ghboring buildings on
fire;

b) I nternal, belowdeck fire exposure frominterior
i nventory or equi pnent fires;

c) Ti me-tenperature or fire resistance
classifications.

11.2 External Fire Resistance

11.2.1 Menbranes. Roofing nenbranes are tested and rated for
their resistance to external fire. They should not spread flane
rapi dly, produce flying brands endangeri ng adjacent buil dings, or
permt ignition of supporting roof decks.

11.2.2 Tests and Ratings. According to the industry standard
for rating roof coverings, ASTME 108, Fire Tests of Roof
Coverings, classified roof coverings "are not readily flanmmabl e,
do not slip from position, and possess no flying brand hazard."
Their performance is rated as Cass A B, or C depending on
their resistance to external fires of varying intensity. Cass A
coverings provide the greatest resistance, Cass Cthe |east.

11. 3 Internal Fire Hazards

11.3.1 Background Research. Research on acceptable fire
spread frominternal (i.e., below deck) fires has focused chiefly
on steel -deck roof assenblies. Because of its extrenely high
thermal conductivity, steel deck inmmediately transmts the heat
energy of an interior fire to the above-deck roof conponents.

11.3.2 Saf eguard. The chi ef safeguard required against
internal fireis limtation of flane spread al ong the underside
of the roof assenbly.

11.3.3 Steel Deck. A steel deck roof assenbly with 1-inch

(25-mllimeter), mechanically anchored, plain vegetable

fi berboard insulation and a four-ply, aggregate-surfaced built-up

menbr ane has becone the standard roof construction for both UL

and FM the criteria for evaluating other roof-deck assenblies.
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To qualify for UL listing as "acceptable,” a roof deck assenbly
when subjected to a UL 1256, Fire Test of Roof Deck
Constructions, flanespread test nust not spread the flane farther
than this standard steel -deck assenbly.

11. 4 Ti me- Tenperat ure Rati ngs

11. 4.1 Tenperature. A roof assenbly's tine-tenperature rating
(given in tinme units of hours and fractions of hours) is
established by its perfornmance when subjected to the furnace test
as specified in ASTM E 119, Fire Tests of Buil ding Construction
and Materials. The test subjects the tested assenbly to a
constantly rising tenperature.

11.4.2 Fire-endurance Test. This test neasures roof assenbly
per f ormance when sinul taneously carrying | oads and confi ning
fire. To qualify for a given fire rating, the tested assenbly
must: sustain the applied design |oad, permt no passage of

fl ame or gases hot enough to ignite cotton waste on the unexposed
surface, and limt the average tenperature rise of the unexposed
surface to a maxi mum 250 degrees F (121 degrees C) above its
initial tenperature or a 325 degrees F rise at any point.

11.4.3 O her Tests. For steel assenblies wth structural
steel, prestressed, or reinforced concrete beans spaced nore than
4 feet (1219 mllimeters) on centers, there are several other
conplex requirenents specified in UL 263, Fire Tests of Buil ding
Construction and Materi al s.

11.5 Desi gn Requirenents. Follow M L-HDBK-1008 Section
entitled "Roof Coverings and Roof Deck Assenblies.”
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Section 12: W ND- UPLI FT RESI STANCE

12.1 Wnd-Uplift Hazards. Wnd-uplift hazards to roof
systens depend on the phenonenon known as the Bernoul |i
principle: increased air velocity reduces the pressure exerted
perpendi cular to the direction of air flow As a consequence,
| ow sl ope roofs, in particular, experience maxi mumw nd-uplift
pressures.

12.1.2 Resi stance. Wnd-uplift resistance on | ow sl ope roofs
is based on two radically different principles:

a) Resi stance from fasteners and/ or adhesives
anchoring the various roof system conponents to the supporting
structural deck

b) Ballast, in the formof |oose gravel or concrete
pavers, designed to overconme wi nd-uplift pressure through
gravitational counter pressures.

12.2 Failure. Failure nodes for the two different anchorage
techniques are radically different also. Anchored roof systens
usual ly fail by blowoffs of nenbrane and insul ati on boards, which
are rolled back fromroof edges, exposing the deck. Ball asted
systens have a nore conplex failure node. Failure starts with

w nd scour, which exposes the | oose-laid nmenbrane in areas

subj ect to highest wind-uplift pressures (generally at building
corners.) Scouring nmay be foll owed by nenbrane ballooning, with
possi bl e menbrane tearing, and i s sonetines acconpani ed by

i nsul ation di splacenent into sub-menbrane "hills" on the roof
deck.

Al though the 10 to 25 psf (49 to 122 kil ograns per
square neter) ballast weight may be only a mnor fraction of the
w nd-uplift forces, ballasted systens sel dom all ow exposure of
t he huge deck areas that are sonetines exposed in failed anchored
systens. An adhered systemusually experiences a blow off from
|l ocal failure, like the tensile failure of the weakest link in a
chain. In contrast, in a ballasted system any wnd-lifted or
bal | ooned area normally shifts its ballast to an adjacent area,
where the uplift resistance is consequently increased.

12.3 Bal | asted Systens. Ballasted systens are limted to
singl e-ply nmenbranes, usually elastoneric or plastic sheets, sone
nmodi fied bitum nous nenbranes, and protected nenbrane roofs.
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12. 4 Dead Load. The additional dead |oad of 10 to 25 psf
for gravel ballast or pavers is readily accommobdated in new
construction. But reroofing of existing buildings obviously
requires a check of the original structural design to determ ne
if the structural fram ng has excess capacity over its original
design load. Inspection of the roof’s structural conponents to
assure its sound condition is also recomended. Additional
bal l ast |l oad required at the roof perinmeter may sonetines be
averted by a conbi nati on anchored/ bal |l asted system described in
Factory Mutual Data Sheet 1-29 Technical Advisory Bulletin,
Loose-l aid Ball asted Roof Coverings.

12.5 Mechani cal Fasteners. For manufacturers' approved
mechani cal fasteners and fastener patterns, refer to the | atest
edition of the Factory Mutual Approval Cuide.

12.6 Design Data. For design guidance on wi nd-uplift
pressures for various U S. |ocations, w nd-design procedures, and
other details, consult Factory Miutual Publications. For design
gui dance for |ocations outside the U S., refer to

M L- HDBK- 1002/ 2, Structural Engineering - Loads.
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Section 13: BELOWN GRADE WATERPROOFI NG

13.1 System Descri ption. Basic considerations for bel ow
grade waterproofing are the sane as for plaza waterproofing
(refer to Section 14). The bel owgrade | ocation adds the extra
requi renent to handl e probable static ground water pressure.
Therefore, the primary objective is to drain away the water and
prevent the build-up of hydrostatic pressure at the surface of
t he wat er proofi ng.

For both horizontal and vertical surfaces, multiple-
| ayer systens are superior. These systens nmay be applied hot or
cold. Fluid-applied and single-ply sheet applications can be
considered if conditions will not be severe and if access to the
systemin case of failure is relatively easy. Bentonite clay
panel s are soneti mes used for waterproofing, especially bel ow
sl abs and on vertical walls.

13.2 Uses. Bel ow grade waterproofing may be required for
basenent sl abs, foundation walls, planters, nud sl abs, tunnels,
sidewal k vaults, above-grade walls at earth berns, etc.

13.3 Precauti ons

13.3.1 Substrates. Substrates nust be free of laitance, sharp
projections, facial inperfections, curing conpounds, oil, grease,
and noisture in any form In all cases, masonry requires primng

with a material conpatible wth the sel ected nmenbrane system

13.3.2 Menbrane. Menbrane reinforcing nmust be provided at al
joints, reinforced, non-reinforced, or expansion joints. (Refer
to ASTM C 981, Cuide for Design of Built-Up Bitum nous Menbrane
WAt er proofing Systens for Building Decks.) Reinforcing nust also
occur at all sharp turns, flashing term nations, penetrations,
pedestal s, drains, etc.

13.3.3 Menbrane Protection. Menbranes nmust be protected with
protection board of sufficient thickness to withstand anti ci pated
abuse. Boards conform ng to ASTM C 208, Cell ul osic Fi ber

| nsul ati ng Board, ASTM C 726, M neral Fi ber Roof I|nsulation
Board, or ASTM C 578, Type Il Gade 2, are acceptable.

Si ngl e-ply sheet waterproofing requires imedi ate
ultraviolet protection and/or backfilling to prevent blistering.
In direct, hot sunlight, blistering can occur in 20 m nutes or
| ess on some material s.
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drain tile should not be higher than 2
bel ow the bottomof the interior floor
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Desi gn Requi renents

13.4.1

Sl ope of Concrete Sl abs.

shoul d have slope of 1/4 to 1/2 inch per foot (2 to 4 percent)
the nonolithic pour
however .

unavoi dabl e,
13. 4.2 Wal | s.

Hori zont al

el evation intervals,
wat er proof ed wi th addi ti onal
Plies of felt or fabric should run vertically.

cenent.

13.4.3

i f possible.

All

Dead | evel

on | evel
outl ets.

sl ab.

hori zont al

Wat er proof ed wal | s shoul d be bl anket ed
w th perforated
or existing storm water
The top of the
inches (51 mllineters)

surf aces

in

sl abs are often

VWalls may require nailers to secure the top of
the menbrane 6 to 8 inches (152 to 203 mllineters) above grade.

set

Expansi on Joi nts.

neopr ene rubber gaskets,

13. 4.4

Menbr ane Sel ecti on.

nail ers should be provided at 6-foot (1829-mllineter)
in a bed of bitum nous materi al

and

| ayers of fabric and bitum nous

These joi nts nust
properly flashed.

felts,

fabric and/ or
bi tum nous naterial or

proprietary-coated fabric set
proprietary adhesive.

recei ve preforned

The nmenbrane may i ncl ude use of
in hot or cold
System shoul d be

mul tiplied, with sufficient plies to withstand the antici pated

hydrostatic pressure.

The follow ng table offers guidelines for

determ ning the nunber of felt and/or fabric plies and noppi ngs
needed to resist different hydrostatic pressures:

HEAD OF PI LES | BI TUVEN | APPROX. TOTAL | APPROX. TOTAL
WATER(i n OF FELT | MOPPI NGS LBS. OF LBS. OF
Ft. (kPa)) AND/ OR Pl TCH 100 ft? | ASPHALT/ 100
FABRI C (9nf) ft2 (9nf)
1-3 (3-9) 2 3 75-98 (34-44) 60-75 (27-34)
4-10 (12-30) 3 4 100- 120 (45-54) | 80-100 (36-45)
11-25 (33-75) 4 5 125-150 (57-68) | 100-125 (45-57)
26-50 (78-149) 5 6 150- 180 (68-82) | 120-150 (54-68)

| f single-ply sheet-applied nenbranes,
EDPM Hypal on

neoprene, butyl,

bef ore covering or

back filling.
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with insulation board. Extruded polystyrene is excellent for
t hi s purpose.

Pref ormed nmenbranes: This class is factory-produced,
consisting of a filmof paper, polyethylene, polyvinyl chloride,
etc., and coated on both sides with rubberized asphalt or coal
tar pitch. Specify nmenbrane manufacturer's recomended pri ner
and adhesi ves.

13.5 Danmpproofing. Many installations do not require an
absol ute wat er proofed surface but only retardi ng of noisture
penetration. This retardation can be acconplished with brushable
or trowel able bitum nous or synthetic materials hot- or cold-
applied. Al such materials require the appropriate prinmer when
applied over masonry. At |east two coats of danpproofing
material are usually required.

13.6 Applicable Details. Refer to NRCA Roofing and
WAt er pr oof i ng Manual .
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Section 14: PLAZA WATERPROCFI NG

14.1 System Description. Since it is inpossible to keep al
the water out all the tine, the basic plaza waterproofing system
nmust be designed to excrete water that does get in, wthout
damage to the interior spaces bel ow

14.1.1 Options. Plaza waterproofing basic nenbrane options
i ncl ude hot-applied built-up roof nenbrane, elastoneric sheet,
and |iqui d-applied waterproofing.

14.1. 2 Materials. O the three basic nmenbrane types, the hot
applied built-up bitum nous offers the nost advantages: [

a) Mul tiple lines of waterproofing defense (via
alternating | ayers of felt and bitunen);

b) Adaptability to hot-applied protection boards;
c) Excel | ent adhesion to concrete substrates;
d) Fam liarity to waterproofing nechanics;

e) Known perfornmance criteria.

14. 2 Planters. Planters are notorious for |eakage. Wether
precast or poured-in-place, they should not interrupt the main
deck waterproofing. |If poured-in-place planters are sel ected,

t hey must be handl ed as a perineter flashing. Precast planters
are recomended. Never |locate a planter across an expansi on
j oi nt.

14. 3 Ceneral Requirenents

14.3.1 M ni nrum Sl ope. Provide mininmum 1/4 inch per foot (2
percent) slope, built into base slab (1/2 inch per foot (4
percent) is preferred). Do not rely on additional fills to
provi de slope. Provide crickets between drains at perineter
wal | s.

14. 3.2 Joint Construction. Specify all joint construction
with "wat ershed” concept in base slab (refer to ASTM C 981).
These rai sed sections keep water freely drained fromthese very
critical areas. Al perineter construction and expansion joints
shoul d be provided with appropriately shaped prefornmed joint
formers flashed into adjoi ni ng nenbrane.
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14.3.3 Vapor Retarder. Calculate the vapor pressure and fl ow
direction and use vapor retarder where required. (Refer to
Section 4).

14.3. 4 I nsul ation. Insulation nust have | ow water absorption
and be of sufficient thickness to nmaintain nenbrane tenperature
above dew point.

14. 3.5 Wat er proofing Termi nation. Term nate waterproofing at
8 inches (203 mllineters) above the finish wearing surface of
deck at all walls and other projections.

14. 3.6 Fl ashings. All flashings nust project onto horizontal
menbrane a mnimum 4 inches (102 mllineters) with two additional
plies of stripping and termnate a m ni numof 8 inches (203
mllinmeters) above finished grade of the plaza deck. Require
conpati ble elastoneric material to provide for novenent.

14. 3.7 Percol ati on Course. Specify a percol ation course 2
inches (51 mllineters) thick, below insulation. Use washed
snooth round river rock to drain water frominsulation and to
pronote free flow to drains. Insulation board with preforned
drai nage channels is al so accept abl e.

14. 3.8 Filter Fabric. Specify filter fabric over the
percol ation or insulation course to prevent clogging fromdirt or
ot her debris.

14.3.9 Pavers. Specify poured-in-place concrete slab wearing
surface, pavers on nortar bed or pavers on pedestals. Pavers on
pedestal s are recommended for easy access in case of |eaks. Do
not specify bitum nous wearing courses that require rolling for
conpaction. Pavers nust be set and elevated to allow sufficient
openi ng between joints and substrate to filter ponded water to
percol ati on course and into drains. Pavers should bear firmy on
all four corners.

14. 3. 10 Drains. Drains nust have weep hol es at every sub-
assenbly level and flashed into waterproofing nenbrane. (Consult
drain manufacturers for special assenblies.)

14. 3. 11 Protection Boards. Require protection boards for
menbrane and insul ation, or both, depending on |location of these
conponent s.
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14. 3.12 Testing. Test waterproofing conpletely, specifically
at flashings, expansion joints, and drains where nost | eaks
occur, before additional conponents are added.

14. 3. 13 Overflow Drains. Refer to Section 8, par. 8.3.1

14. 3. 14 Interior GQutters. Require interior nmetal gutters under
expansion joints or skylight perimeters. Connect these gutters
to the building' s interior drai nage system

14. 4 Applicable Details. Refer to ASTM C 898, Cuide for Use

of High Solids Content, Cold Liquid-Applied Elastoneric
Wat er proofi ng Menbrane Wth Separate Waring Course, ASTM C 981
and the NRCA Roofing and Wt er proofi ng Manual .
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CEGS- 07413 Met al Roofing and Siding

CEGS- 07463 Asbest os- Cenent Roofing and Siding
CEGS- 07510 Bui lt-Up Roofing
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CEGS- 07530 El ast omeri ¢ Roofing ( EPDM

CEGS- 07540 Sprayed Pol yur et hane Foam
(SPF) Roofing

CEGS- 07600 Sheet Metal Work, Genera

CEGS- 07720 Roof Ventilators, Gavity-Type

Armmy Corps of Engineers, Cold Regions Research and Engi neeri ng
Laboratory (CRREL), Hanover, NH (various publications)

Baker, M C., Roofs: Design, Application and Mi ntenance,
Mul ti sci ence Publications, 1980.

Bureau of Recl amati on, Engineering & Research, April 1976,
"Laboratory and Field Investigations of New Material for Roof
Construction”

Cal | ender, John, H., Tinme-Saver Standards for Architectural
Design Data. New York: McGawHi |l Book Co., 1974, page 561 -
| nsul ati on Board

C nquemani V., Owenby, J. R, and Baldwin, R G, Input Data for
Sol ar Systens, U. S. Departnent of Energy, Novenber, 1978.

The Construction Sci ences Foundati on SPECTEXT:

07213 Batt and Bl anket | nsul ati on
07212 Board | nsul ati on

Construction Specifications Institute Manual, 601 Madi son Street,
Al exandria, VA 22314-1791, Division 7 - Thermal and Mbi sture

Protection El astoneric Sheet Menbrane Waterproofing and Fl ui d-
Appl i ed Wat er pr oof i ng.

TM 5- 809 Load Assunptions for Buil dings

Degenkol b, John., An Explanation Into the Nature of Foaned
Pl astics. Southern Building, (February-WMarch, 1982)

Departnent of Health, Education and Welfare-Ofice of
Architectural and Engi neering Services (CGuide) Specifications:

0750 Bui I ding I nsul ation

Department of the Interior, National Park Service Quide
Speci fications:

07210 Bui I ding I nsul ation
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Federal Specifications, (FS), available from Superintendent of
Docunents, U. S. Governnment Printing Ofice, Washington, D.C
20402

L- P-375 (3) Plastic Film Flexible, Vinyl
Chl ori de
O F-506C Fl ux, Sol dering; Paste and Li quid.
FF-S-107C( 2) Screws, Tapping and Drive.
HH1-1030B | nsul ati on, Thermal (M neral Fiber,
for Pneumatic or Poured
Appl i cation).
HH | - 1972/ GEN | nsul ati on Board, Thermal, Faced,

Pol yur et hane or Pol yi socyanur at e
(applies equally to Phenolic rigid

boar ds)

QQ A- 250F/ GEN Al um num and Al um num Al l oy, Plate
and Sheet; General Specification
for.

QQ G 450A I NT Copper - Al um num Al | oy (Al um num

AMVD 1 Bronze) Pl ate, Sheet, Strip, and

Bar ( Copper All oy Nunmbers 606, 610,
613, 614 and 630)

QQ G 576B(1) Copper Flat Products with Slit,
Slit and Edge Rol |l ed, Sheared,
Sawed, or Machi ne Edges, (Pl ate,
Bar, Sheet, and Strip).

QQ G- 585B Copper - Ni ckel -Zinc Alloy, Plate,
Sheet, Strip, and Bar (Copper Al oy
Nunbers 735, 745, 752, 762, 766 and

770).
QQ N-281D I NT Ni ckel - Copper Alloy, Bar, Rod,
AMD 1 Pl ate, Sheet, Strip, Wre,

Forgi ngs, and Structural and
Speci al Shaped Secti ons.

Q@ N- 286D Ni ckel - Copper - Al um num Al | oy,
W ought .
QQ S-571E(2) Sol der, Tin-Alloy; Tin-Lead Al oy;
and Lead All oy,
QQ S-698(3) Steel Sheet and Strip, Low Carbon.
QQ S-700C (1) Steel Sheet and Strip, Low Carbon.
QQ S-775E I NT St eel Sheets, Carbon, Zinc-coated.
AVD 1
QQ Z-301C Zinc Sheet and Strip.
UU- B- 790A | NT Bui | di ng Paper, Vegetabl e Fi ber
AMD 1 (Kraft, Waterproofed,
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Wat er - Repel l ent, and Fire-
Resi stant).

General Services Adm nistration (GSA) Guide Specifications:

4- 0723 Bui I ding I nsul ation
07212 Board | nsul ati on

Giffin, C. W Energy Conservation in Buildings: Techni ques for
Econom cal Design. Al exandria, VA The Construction
Specifications Institute, 1974.

Kawal | er, Seynmour, |. The Spec Witer and the Great Plastic Foam
Controversy. The Construction Specifier, p. 45 (Novenber, 1975).

Madden, Gary, Foil Insulation for Metal Buildings. Metal
Bui | ding Review, p. 68 (March, 1982).

Maxwel | , Baker C., Roof Designs, Application and Mi ntenance,
Mul ti sci ence Publications, Ltd. 1980, page 194.

Mlitary Specifications, available from Superintendent of
Docunents, U.S. Governnent Printing O fice, Washington, D. C.
20402

ML-1-28l9 | nsul ati on Bl ock, Thermal (FSC
5640
M L-1-14511 | nsul ati on Sheet, Cellul ar,

Plastic, Thermal (FSC) 5640
M neral |nsulation Manufacturers' Association, Inc. (MM

| nsul ati on Manual, Hones, Apartnents, Second Edition,
1979.

The I nsul ati on Report
M neral Wol, Batts and Bl ankets (BBO 10)
M neral Wol, Bl ow ng Wol (BW20)
Nat i onal Association of Architectural Metal Mnufacturers (NAAVM

S1-1a70 Fl exi bl e Fi brous d ass | nsul ati on
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Nat i onal Roofing Contractors Association (NRCA) O Hare
I nternational Center, 10255 W Higgins Road, Suite 600, Rosenont,
| L 60018-5607

Roof i ng Spec/ Prof essi onal Roofing (nonthly since 1968)

Nat i onal Acadeny of Sciences, Washi ngton, DC 20418, Expansion
Joints in Buildings, Technical Report No. 65, 1974

Nat i onal Aeronautics and Space Adm ni stration (NASA)

07210 Bui I ding I nsul ation
7J Bui I ding I nsul ation

Navy Civil Engineering Laboratory, Technical Note, Coultrap,
1980. "Principals of Urethane Foam Roof Application.”

NAVFACENGCOM Design Criteria

Department of Defense activities may obtain copies of Design
Manual s and P-Publications fromthe Commandi ng O ficer, Naval
Publ i cati ons and Forns Center, 5801 Tabor Road, Phil adel phia, PA
19120-5099. Departnment of Defense activities nmust use the
MIlitary Standard Requisitioning and | ssue Procedure (M LSTRIP)
using the stock control nunber obtained from NAVSUP Publicati on
2002.

O her Governnent Agenci es and commercial organi zati ons may
procure Design Manual s and P-Publications fromthe Superintendent
of Docunments, U. S. Governnment Printing Ofice, Washington, D. C
20402.

M L- HDBK- 1001/ 1 Basi c Architectural Requirenents
and Desi gn Consi derati ons

M L- HDBK- 1001/ 2 Mat eri al s and Buil di ng Conponents

M L- HDBK- 1002/ 5 Ti mber Structures

M L- HDBK- 1006/ 1 Policy and Procedures for Project

Drawi ng and Specification
Preparation

M L- HDBK- 1006/ 2 Policy and Procedures for CQuide
Speci fication Preparation
Dvt 3. 01 Pl unmbi ng Systens NFGS-07111

El ast omeri ¢ WAt erproofing System
Sheet Applied
NFGS- 07120 El astoneric Waterproofing System
Fluid Applied
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NFGS- 07212 M neral Fi ber Bl anket Ther mal
| nsul ati on
NFGS- 07214 Board and Bl ock Thermal | nsul ation
NFGS- 07216 Loose Fill Thernmal |nsulation
NFGS- 07220 Roof | nsul ation
NFGS- 07540 El ast omeri ¢ Roof Coatings Over
Pol yur et hane Foam ( PUF)
NFGS- 07545 Sprayed Pol yur et hane Foam (PUF) for

Roofi ng Systens

NAVFACENGCOM SOUTHDI V, Air Conditioned Buildings in Humd
Climates, Cuidelines for Design, Qperation and Mintenance,

April, 1980, also available from National Technical |Information
Service, (NTIS) AD A090145, 5285 Port Royal Road, Springfield, VA
22161

Nat i onal Bureau of Standards (NBS) (currently National Institute
of Standards and Technol ogy (NI ST)) docunents are available from
the National Technical Information Service (NTIS), 5285 Port
Royal Road, Springfield, VA 22161; or through the Superintendent
of Docunments, U. S. Governnent Printing Ofice, Washington, D.C.

Nat i onal Bureau of Standards, Center for Building Technol ogy,
Gai t her sburg, MD 20899- 0001.

Sumrer Attic and Whol e- House Ventil ati on, 548

Nat i onal Bureau of Standards Technical Studies, Superintendent of
Docunents, U S. Governnment Printing Ofice, Washington, DC 20402

BSS- 9 Bui | di ng Sci ence Series - Thernal
Shock Resi stance for Built-up
Roof i ng

B55- 131 Laborat ory Eval uation of

Non- Destructive Methods to Measure
Moi sture in Built-up Roofing
Syst ens

NBS Report 10 693 Qui delines for Selection of and Use
of Foam Pol yur et hane Roofi ng
Syst ens

NBS- 55 Bui | ding Science Series-Prelimnary
Performance Criteria for Bitum nous
Menbr ane Roofi ng

NBS- 89 Monograph - Effects of Thernal
Shrinkage on Built-up Roofing
NBS- 92 Bui | di ng Sci ence Series- The

Vi scosities of Roofing Asphalts at
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Application Tenperatures

NBS- 473 Techni cal Note-Laboratory Field
Compari sons of Built-up Roofing
Menbr anes

NBS- 863 Techni cal Note-Fati gue Tests of
Bi t um nous Menbrane Roofing
Speci nens

NBS TN 1146 Moi sture Detection in Roofing by
Non- Destructive Means.

NBSI R 86- 3455 | nvestigation of the Use of
Nondestructive Methods for
| nspection of Seans of Single Ply
Roof i ng Menbr anes

Portl and Cenent Associ ation, Skokie, IL 60076, Buil ding Mvenents
and Joints, 1982

U.S. Departnent Publications: available fromU. S. Governnent
Printing Ofice, Washington, D. C. 20402:

U S. Departnent of Agriculture/Farmers Honme Adm nistration
FmHA Construction Standard

U S. Departnent of Defense-Cuide Specifications for Mlitary
Fam | y Housi ng:

OCE, GSH 6. 4a Arny Cuide Specifications
FAC, GSH 6. 4a Navy Qui de
AFMB4- 25, Sec. 6.4a Air Force Manual

U S. Departnent of Housing and Urban Devel opnent/ Federal Housing
Adm ni stration HUD) FHA - M ni mum Property Standards

M ni mum Property Standards (Thermal Requirenents) for
One and Two Fam |y Dwel |i ngs

Ur et hane Foam Contractors' Division of the Society of the Plastic
| ndustry (SPI/PFCD), Washington, D.C (various publications)

Vet erans Adm nistration, Ofice of Construction - Master
Construction (CGuide) Specifications:

07210 Bui I ding I nsul ation
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REFERENCES

NOTE: Unl ess otherw se specified in the text, users of
this handbook should utilize the | atest revisions of
t he documents cited herein.

FEDERAL/ M LI TARY SPECI FI CATI ONS, STANDARDS, BULLETI NS, HANDBOOKS,
AND NAVFAC GUI DE SPECI FI CATI ONS:

The foll owm ng specifications, standards, and handbooks form a
part of this docunent to the extent specified herein. Unless
ot herwi se indicated, copies are available from Commandi ng

O ficer, Naval Publications and Forns Center, ATTENTI ON: NPCDS,
5801 Tabor Avenue, Phil adel phia, PA 19120-5099.

HANDBQOOKS
M L- HDBK- 1002/ 2 Structural Engi neering-Loads
M L- HDBK- 1008 Fire Protection for Facilities

Engi neeri ng Design and Construction

NAVY MANUALS, DRAW NGS, P-PUBLI CATI ONS, AND MAI NTENANCE OPERATI NG
MANUALS: Avail able from Conmanding O ficer, Naval Publications
and Forns Center (NPFC), 5801 Tabor Avenue, Phil adel phia, PA
19120-5099. To Order these docunents: Governnent agencies mnust
use the Mlitary Standard Requisitioning and |Issue Procedure
(MLSTRIP); the private sector nust wite to NPFC, ATTENTI ON:

Cash Sal es, Code 1051, 5801 Tabor Avenue, Phil adel phia, PA 19120-
5099.

P- 442 Econom ¢ Anal ysi s Handbook
NON- GOVERNVENT  PUBLI CATI ONS:
The follow ng publications forma part of this docunent to the
extent specified herein. Unless otherw se specified, the issues
of the docunents which are DoD adopted are those listed in the
Depart ment of Defense Index of Specification & Standards
(DODI SS) .

AMERI CAN SCOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R-
CONDI TI ONI NG ENG NEERS, | NC. ( ASHRAE)

1985 Handbook - Fundamental s
1993 Handbook - Fundamental s
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(Unl ess otherw se indicated copies are avail able from Aneri can
Society of Heating, Refrigerating, and Air-Conditioning

Engi neers, Inc. (ASHRAE),
30329- 2305

1791 Tullie Circle, N.E, Atlanta, GA

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C 208
ASTM C 578

ASTM C 726

ASTM C 898

ASTM C 981

ASTM D 312
ASTM D 450
ASTM E 108
ASTM E 119

ASTM D 4897

Cel lul osic Fiber Insulating Board
(DoD adopt ed)

Ri gid, Cellular Polystyrene Thernma
| nsul ati on (DoD adopt ed)

M neral Fi ber and M neral Fiber,
Rigid Cellul ar Pol yurethane
Conposite Roof Insul ation Board
(DoD adopt ed)

Guide for Use of Hi gh Solids
Content, Cold Liquid-Applied

El astoneri c Wat er proofi ng Menbrane
Wth Separate Wearing Course.

Qui de for Design of Built-Up

Bi t um nous Menbrane WAt er proofing
Systens for Buil ding Decks

Asphalt Used in Roofing (DoD

adopt ed)

Coal - Tar Pitch Used in Roofing,
Danmppr oofi ng, and Wat er proofing
(DoD adopt ed)

Fire Tests of Roof Coverings

Fire Tests of Building Construction
and Materials (DoD adopted)
Asphal t - Coat ed d ass- Fi ber Venting
Base Sheet Used in Roofing

(Unl ess otherwi se indicated copies are avail able from Aneri can
Society for Testing and Materials, 100 Barr Harbor Drive, West

Conshohocken, PA 19428.)

ASPHALT ROOFI NG MANUFACTURERS ASSQOCI ATI ON ( ARVA)

Asphalt Roofing Wth Staples Manua

Resi denti al

Asphal t Roofi ng Manual

(Unl ess otherwi se indicated copies are avail able from Asphal t
Roof i ng Manuf acturers Associ ation (ARVA), 6001 Executive
Boul evard, Suite 201, Rockville, ND 20852.)
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FACTORY MUTUAL SYSTEM (FM
Factory Miutual Approval Quide (latest issue)
(Unl ess otherw se indicated, copies are available from Factory
Mut ual System 1151 Boston-Provi dence Turnpi ke, Norwood, MNA
02062.)
NATI ONAL ROCFI NG CONTRACTORS' ASSOCI ATI ON ( NRCA)
Roof i ng and Wat er proofi ng Manual
(Unl ess otherw se indicated, copies are available from Nati onal
Roofing Contractors' Association (NRCA), O Hare Internationa
Center, 10255 W Higgins Road, Suite 600, Rosenont, |IL 60018-
5607.)

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS
ASSCCI ATI ON ( SMACNA)

Architectural Sheet Metal Mnual
(Unl ess otherw se indicated, copies are avail able from Sheet
Metal and Air Conditioning Contractors' National Association,
Inc., P.O Box 221230, Chantilly, VA 22022-1230.)

SINGLE PLY ROOFI NG | NSTI TUTE ( SPRI)

W nd Design Guide for Ballasted Single-Ply Roof

Systens Single-Ply Roofing: A Professional's

Guide to Specifications
(Unl ess otherw se indicated, copies are available fromSingle Ply
Roofing Institute (SPRI), 104 WInot Road, Suite 201, Deerfield,
I L 60015.)

UNDERWRI TERS LABORATORI ES, I NC., (UL)

UL 263 Fire Tests of Building Construction
and Materials

UL 790 Tests for Fire Resistance of Roof
Covering Materials

UL 1256 Fire Test of Roof Deck

Constructi ons
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(Unl ess otherwi se indicated, copies are available from
Underwiters Laboratories, Inc., 333 Pfingsten Road, Northbr ook,
I L 60062.)
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GLOSSARY

Aggregate. Gavel, crushed stone, washed round river gravel slag
or mneral granules either (a) enbedded in a conventional built-
up nmenbrane's bitum nous flood coat, or (b) laid on a nenbrane as
a protective ballast. Crushed stone should be avoided if
possi bl e.

Alligatoring. Deep shrinkage cracks, progressing down fromthe
surface, in snooth-surfaced nmenbrane coatings and sonetines in
bare spots of aggregate-surfaced nenbranes, a consequence of
phot o- oxi dati ve hardeni ng, shrinkage due to | oss of aromatics.

Asphalt. A dark brown to black, highly viscous, hydrocarbon
produced fromthe residuumleft after the distillation of

petrol eum used as the waterproofing agent of built-up roofs and
ot her buil di ng conponents.

Atactic pol ypropyl ene. Hi gh nol ecul ar-wei ght, thernopl asti c,
anor phous pol yners used as a chem cal ingredient to inprove
flexibility, elasticity, and ductility of bitunmen, used in sone
single-ply nodified bitumen nmenbranes for torching applications.

Backnai ling. Slippage-preventing technique of "blind" (i.e.,
concealed) nailing in addition to hot-nopping.

Bal | ast. Aggregate, concrete pavers, or other material designed
to prevent wind uplift or flotation of a | oose-laid roof or

i nsul ation system Aggregate should be snooth, round, w thout
flat faces and sharp edges.

Base Fl ashing. See Fl ashing.

Base ply. A felt or mat, usually coated, placed as the first
non-shingled ply in a multi-ply built-up roof nenbrane.

Bat t en. Narrow netal or wood band used to anchor a nenbrane
agai nst wind uplift.

Bitumen. GCeneric termfor an anorphous, semsolid m xture of
conpl ex hydrocarbons derived frompetroleumor coal. 1In the
roofing industry there are two basic bitunmens: asphalt and coal -
tar pitch. Before application, they are either (I) heated to a
liquid state, (2) dissolved in a solvent, or (3) enulsified.

Blindnailing. Nailing of felts with nail heads covered by
overlapping top felts.
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Blister. A spongy, hunped portion of a roof nenbrane, fornmed by
entrapped air/vapor m xture under pressure, with the blister
chanber |ocated either between felt plies (i.e., interply) or at
t he nmenbrane-substrate interface (interfacial).

Bl ocki ng. Conti nuous wood conponents anchored to the deck at
roof perinmeters and openi ngs and doubling as cross-sectional
fillers and anchorage bases, used in conjunction with nailers.

Broom ng. The field procedure of pressing felts into a |ayer of
fluid, hot bitumen to obtain continuous adhesion - i.e.,
elimnation of blister originating voids - of the bitunmen film

Btu (British thermal unit). Heat energy required to raise the
tenperature of 1 pound of water 1F.

Bui lt-up roof nmenbrane. A continuous, sem flexible roof covering
of lam nations or plies of saturated or coated felts or mats
alternated wwth [ayers of bitunen, usually surfaced with mnera
aggregate or asphaltic materi al s.

"Bull". Roofer's termfor plastic cenent.
BUR. Abbreviation for built-up roof.

Canber. Upward deflection built into a structural nenber
subjected to flexural stresses to counteract the downward
deflection fromgravity | oads.

Cant strip. Strip of wood, wood-fiber, or perlite board,
triangul ar or trapezoidal in cross section, serving as
transitional 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 from90 to 45 degrees.

Cap flashing. See Flashing.

Cap sheet. A mneral-surfaced, coated felt or mat used as the
top ply of a built-up roof nenbrane.

Centistoke (cs). Unit of viscosity (antonymof fluidity). Water
has a viscosity of roughly 1 cs; light cooking oil, 100 cs.

Channel nopping. See Strip nopping, under Mopping.
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Chl ori nated pol yet hyl ene. Synthetic rubber, used for single-ply
menbr anes, conposed of hi gh-nol ecul ar-wei ght pol yet hyl ene,
chlorinated to inpart elasticity.

Chl orosul f onat ed pol yet hyl ene. Synthetic rubber based on high
nmol ecul ar - wei ght pol yet hyl ene with pendant sul phonyl chlori de.

Coal -tar pitch. Dark brown to black solid hydrocarbon obtai ned
fromthe residuumof distilled coke-oven tar, used as
wat er proofi ng agent of dead |evel or |ow slope built-up roofs.

Col d- process roofing. A bitum nous nenbrane conprising |ayers of
saturated felts bonded with col d-applied asphalt roof cenent and
surfaced with a cutback or emul sified asphalt roof coating.

Counterflashing. See Flashing.

Crack. A nenbrane fracture produced by bending, often at a ridge
(see Ridging).

Creep. (I) Permanent el ongation or shrinkage of the nmenbrane
resulting fromthermal or noisture changes. (2) Pernmanent

defl ection of structural framng or structural deck resulting
fromplastic fl ow under continued stress or dinensional changes
acconpanyi ng changi ng noi sture content or tenperature.

Cricket. Ridge, triangular in cross section, built-up in flat
valley or perineter to direct rainwater to a drain.

Crosslinking. Chem cal bond fornmed between | ong-chain nol ecul es
in cured pol yners.

Curing. The final step in the irreversible polynerization of a
thernosetting plastic, requiring a conbination of heat,
radi ati on, and pressure.

Cut back. Sol vent-thi nned bitunen used in col d-process roofing
adhesives, flashing cenents, and roof coatings.

Cutoff. A detail designed to prevent |ateral water novenent into
the insul ation where the nenbrane term nates at the end of a
day's work or at an isolated roof section, usually renoved before
wor k conti nues.

Dead |l evel. Absolutely horizontal, or zero slope (See Slope).

Deck. Structural supporting surface of a roof system
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Del am nati on. Separation of felt plies in a built-up nenbrane or
separation of previously factory-lam nated insul ati on boards.

Dew Poi nt. Tenperature at which condensation of water vapor in a
space begins for a given state of humdity and pressure as the
vapor tenperature is reduced; the tenperature corresponding to
saturation (100%rel ative humdity) for a given absolute

hum dity at constant pressure.

DFT. Dry filmthickness, used as a neasure of |iquid-applied
coat i ngs.

Doubl e pour. A doubling of the flood-coat, graveling-in
operation, to provide additional waterproofing integrity to the
menbr ane (done once, | oose aggregate renoved and done again).

Edge stripping. Application of narrow felt strips to cover a
j oint between flashing and built-up nenbrane.

El astoner. A macronol ecular material that rapidly regains its
original shape after release of a |light deform ng stress.

El astoneric. Having elastic properties, capable of expanding or
contracting with the surfaces to which the material is applied
Wi t hout rupturing.

Emul sion. An intinmate m xture of bitunmen and water, wth uniform
di spersion of the bitunen gl obul es achi eved through a chem cal or
clay emul sifying agent.

Envel ope. The continuous edge fornmed by folding an edge base
felt over the plies above, securing it to the top felt. The
envel ope thus prevents bitunmen seepage through the exposed edge
joints of the |am nated, built-up roofing nenbrane.

Equi | i bri um noi sture content. The noisture content of a materi al
at a given tenperature and relative humdity, expressed as
percent noi sture by weight.

Equi vi scous tenperature (EVT). The tenperature at which bitunen
has the viscosity of 125 centi stokes for hot nopping.

Et hyl ene propyl ene di ene nononer (EPDM). A thernosetting,
synt hetic rubber used in single-ply elastonmeric sheet roof
menbr anes.
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Expansion joint. A flashed, structural separation between two
bui I ding segnents, designed to permt free novenment w thout
damage to the roof system

Exposure. Transverse dinension of a felt not overl apped by an
adjacent felt in a built-up roof nmenbrane. Correct felt exposure
in a shingled, built-up nmenbrane is conputed by dividing the felt
width mnus 2 in. by the nunber of plies - e.g., for four plies
of 36-inch-wide felt, exposure = 36-2/4 = 8 1/2 inches.

Fabric. Wuven cloth of organic or inorganic filanents, threads,
or yarns.

Fal | back. Reduction in bitumen softening point, sonetines caused
by refluxing or overheating in a closed contai ner.

Felt. Flexible sheet manufactured by interlocking of fibers with
a binder or through a conbination of nmechani cal work, noisture,
and heat.

Felt |ayer. Spreader-type, wheel -nmounted equi prent for |aying
felt and sinmultaneously dispensing hot bitunen.

Finger winkling. Winkling of exposed felts in small, finger-
sized ridges parallel to the longitudinal direction of the felt
roll, caused by transverse npoi sture expansion of the felt.

Fi shmout h. Menbrane defect consisting of an opening in a
menbrane felt edge | ap.

Fl ashi ng. Connecting devices that seal nenbrane joints at walls,
expansion joints, drains, gravel stops, and other places where
the nenbrane is interrupted. Base flashing fornms the upturned
edges of the watertight nmenbrane. Cap or counterflashing shields
t he exposed edges and joints of base flashing.

Fl ashing cenent. A trowelable, plastic m xture of bitunen and
asbestos (or other inorganic) reinforcing fibers, and a sol vent
(a stiffer, nore sag-resistant material than plastic cenent).

Fl ash point. Tenperature of conbustible material, as oil, at
which there is sufficient vaporization to support conbustion of
t he vapor.

Flux. Bitum nous material used as a feed stock for further
processing and as a material to soften other bitum nous
mat eri al s.

72



M L- HDBK- 1001/ 5A

G aze coat. A thin, protective coating of bitunmen applied to the
| ower surface or to the top ply of a built-up roof when
application of flood coat and aggregate is delayed. |t sonetines
refers to an asphalt coating on a snooth-surfaced, built-up

menbr ane.

Grain. Wight unit equal to 1/7,000 I b, used in nmeasuring
at nospheri c noi sture content.

G anule. See Mneral G anul es.

Gravel. Coarse, granul ar aggregate resulting from natura
erosion or crushing of rock, used as protective surfacing or
bal | ast on roof systens.

Gravel stop. Flanged device, usually netallic, with vertica
proj ection above the roof |evel and fascia, designed to prevent
| oose aggregate fromrolling or washing off the roof and to
provi de a finished edge detail for the roof.

Gravelling in. Process of enbeddi ng aggregate surfacing into a
bi t um nous nenbrane fl ood coat.

Gout. A fluid mxture of cenent and water, or a m xture of
cenent, sand and water.

Head | ap. M ninum di stance, neasured perpendi cul ar to eave al ong
the face of a felt or shingle fromits upper edge to the nearest
exposed surface.

Hol i day. Area where interply bitunmen nopping or other fluid-
applied coating is discontinuous.

Hood. Sheet-netal cover over piping or other rooftop equipnent.

"Hot stuff" or "hot". Roofer's term for hot bitunen.

Hygroscopi c. Absorptive of noisture; readily absorbs and retains
noi st ure.

| ce dam Drai nage-obstructive ice formation at eave of snow
covered sl oped roof, caused by refreezing of water nelted by
escape of interior heat.

| norgani c. Conprising matter not of plant or animal origin.
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| nsul ati on. See Thermal | nsul ati on.

Lai tance. Wak material, consisting principally of lime, that is
formed on the surface of concrete, especially when excess water
is mxed wwth the cenent.

Loose-laid roof system Design concept in which insulation
boards and/or nmenbrane are not anchored to the deck but ballasted
by | oose aggregate or concrete pavers.

Lap. The dinension that a felt covers an underlying felt or
sheet in a multiple built-up bitum nous nmenbrane or single-ply
menbrane. Edge |lap indicates the transverse cover; end | ap

i ndicates the cover at the end of the roll.

Mat. Flexible, heat-cured sheet nade of inorganic fibers and a
resi nous bi nder.

Menbrane. A flexible or sem -flexible roof covering, the
wat er pr oof i ng conponent of the roof system

M neral granules. Natural or synthetic aggregate particles,
ranging in size from500 mcrons (1 mcron = 10-6 neter) to 1/4-
i nch dianmeter, used to surface cap sheets, asphalt shingles, and
sone col d-process nenbranes and nodi fied bitunens.

M neral -surfaced sheet. Asphalt-saturated felt, coated on one or
both sides and surfaced with m neral granul es.

Mononer. O ass of nol ecules with nol ecul ar wei ght ranging
roughly between 30 and 250, capable of conbining into huge,

pol ymeric macronol ecules, 100 to 10,000 tines as |large as the
basi ¢ nononeric nol ecul es, through chainlike repetition of the
basi ¢ nononeric chem cal structure.

Mop-and-fl op. A techni que which roof system conponents

(1t nsul ation boards, felt plies, cap sheets, etc.) are first

pl aced upsi de down adjacent to their final |ocations, coated with
adhesive, and turned over and adhered to the substrate (a
general ly bad practice).

Moppi ng. Application of hot, fluid bitumen to substrate or to
plies of built-up nenbrane with a manually w el ded nop or a
mechani cal applicator.

Sol i d noppi ng A continuous coati ng.
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Spot noppi ng A pattern of hot bitunen
application in roughly circular
areas, generally about 18-inch
di aneter, on a grid of unnopped,
per pendi cul ar bands.

Strip nmopping A nopping pattern featuring
paral | el nopped bands.

Spri nkl e nmoppi ng A random pattern of bitunen beads
hurl ed onto the substrate froma
broom nop, or nachine.

Nailer. A wood nenber bolted or otherwi se anchored to a deck or
wal | to provide nailing anchorage of nenbrane roof felts or
fl ashi ngs.

Neoprene. A synthetic rubber (chem cally polychl oroprene) used
in fluid or sheet-applied elastoneric single-ply roof nenbranes
or flashing.

One-on-one. Non-shingled application pattern of a single ply of
felt followed by application of a second ply (see Phased
application).

Organic. Carbon and hydrogen atom matter of plant or anim
origin.

Parting Agent. Powdered mneral (talc, mca, etc.) placed on
coated felts to prevent adhesion of concentric felt layers in the
roll (sonmetinmes called a releasing agent or anti-stick conpound).

Perlite. An aggregate used in |lightweight insulating concrete
and in preforned insulating board, forned by heating and
expandi ng siliceous vol canic gl ass.

Perm A unit of water-vapor transm ssion, defined as 1 grain of
wat er vapor per square foot per hour per inch of mercury pressure
difference. (1 in. Hg = 0.491 psi.)

Permeance. An index of a material's resistance to water-vapor
transm ssion. (See Perm

Phased application. The practice of applying the felt plies of a
roofing or waterproofing nenbrane in two or nore operations.
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Picture fram ng. Rectangular nmenbrane ridging form ng over
i nsul ation board joints, found predom nantly in snooth-surfaced
menbr anes.

Pitch pocket. Flanged, open-bottoned netal container placed
around a columm or other roof-penetrating elenent and filled with
bi tumen or plastic cenent to seal the opening.

Plastic cement. Trowel able, plastic m xture of bitunmen and
asbestos (or other inorganic) stabilizing fibers and a sol vent,
used mainly for horizontal surfaces as opposed to Fl ashing
cenment, which is designed for vertical surfaces requiring sag-
resi st ance.

Pl asticizer. High-boiling-point solvent or softening agent added
to a polynmer to facilitate processing or to increase flexibility
or toughness in the manufactured materi al.

Ply. A layer of felt in a roof menbrane; a four-ply nmenbrane has

at least four plies of felt at any vertical cross section cut
t hrough the nmenbrane.

Pol ymer. Long-chai n nmacronol ecul es produced from nononers, for
t he purpose of increasing tensile strength of sheets used as
menbr anes or fl ashi ng.

Pol yvinyl chloride (PVC). A thernoplastic polynmer, fornul ated
wth a plasticizer, used as a single-ply sheet nenbrane nmateri al .

Power-trowel. Termapplied to finish of a structural concrete
deck slab's surface by a power-driven steel-troweling machi ne.

Primer. Thin liquid applied to seal a surface, to absorb dust,
and to pronote adhesion of subsequently applied material.

Prot ect ed nmenbrane roof (PMR). A roof assenbly with insul ation
atop the nenbrane instead of vice versa, as in the conventional
roof assenbly. (Al so known as an inverted or upside-down roof
assenbl y).

Psychronetric chart. A graphical representation of the
properties of noist air, usually including wet and dry bulb
tenperatures, specific and relative humdities, enthal py, and
density.
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Psychronetry. The branch of physics concerned with the
measur enent or determ nation of atnospheric conditions,
particularly the noisture in air.

R- Val ue. In thermal insulation, the thermal resistance of
insulation materials or constructions. See thermal resistance.

Re-covering. Covering an existing roof assenbly with a new
menbr ane i nstead of renoving the existing roof system before
installing the new nenbrane.

Rake. [Edge of a roof at a gable.

Reglet. A horizontal groove in a wall or other vertical surface
for anchoring flashing.

Rel ative humdity. Ratio (expressed as percentage) of the nmass
per unit volune (or partial pressure) or water vapor in an air-
vapor mxture to the saturated mass per unit volunme (or partial
pressure) of the water vapor at the sane tenperature.

Rep. Unit of vapor-perneance resistance, reciprocal of perm

Repl acenent. Process of renoving and repl acing an exi sting roof
system (as opposed to nere re-covering, see above), also called
tear of f -repl acenent .

Reroofing. The re-covering or replacenent of an existing roof.

Resin. Basic raw material for manufacturing polyners, a
synt hetic pol yner containing no deliberately added ingredients.

Ri dgi ng. Menbrane defect characterized by upward di spl acement of
t he nmenbrane, usually over insulation board joints (see Picture
Fram ng) .

Roll roofing. Coated felts, sonetinmes mneral -surfaced, supplied
inrolls and designed for use without field-applied surfacing.

Roof er. Roofing contractor or subcontractor.

Roofing system An assenbly of interacting conponents designed
to weat herproof, and normally to insulate, a building's top
surface.

R- Factor. See Thermal Resi stance.
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Saddl e. See Cricket.

Saturated felt. Felt that has been i mrersed in hot saturant
bi t unen.

Scupper. Channel through parapet designed for peripheral
drai nage of the roof, usually as safety overflowto |imt
accunul ati on of ponded rai nwater caused by cl ogged drains.

Scuttle. Curbed opening, with hinged or |oose cover, providing
access to roof (synonynous with hatch).

Self-healing. Property of the |east viscous roofing bitunens,
notably coal-tar pitch, that enables themto seal cracks forned
at | ower tenperatures.

Sel vage joint. Lapped joint detail for two-ply, shingled roll-
roofing nmenbrane, with mneral surfacing omtted over a
transverse di nension of the cap sheets to inprove nopping
adhesion. For a 36-inch-w de sheet, the selvage (unsurfaced)
width is 19 inches.

Shakes. A wood roofing product that is split froma |Iog and
shaped by the manufacturer for commercial use. The three basic
types of wood shakes are:

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

Shark fin. Curled felt projecting up through the aggregate
surfacing of a built-up nmenbrane.

Shingles. Asphalt saturated roofing felt coated on both sides
wth asphalt, alone or stabilized with a finely powdered m neral
material, the top coating usually being significantly thicker
than the back coating and covered with roofing granul es inpressed
inits surface. Mst commonly used 12 inch x 36 inch, 3 tab
self-sealing strip shingle.

Shingling. The pattern fornmed by laying parallel felt rolls with
| apped joints so that one |ongitudi nal edge overlaps the

| ongi tudi nal edge of one adjacent felt, whereas the other

| ongi tudi nal underl aps the other adjacent felt. (See Ply.)
Shingling is the normal nethod of applying felts in a built-up
roofi ng nmenbrane.
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Si ngl e-ply nmenbrane. A nenbrane, either sheet or fluid-applied,
wth only a single layer of material designed to prevent water
intrusion into the buil ding.

Skater's cracks. Curved cracks observed in snooth-surfaced
bui I t-up nmenbranes

Sl ag. Porous aggregate used as built-up bitum nous nenbrane
surfacing, conprising silicates and alum no-silicates of calcium
and ot her bases, developed with iron with a blast furnace.

Slippage. Relative |lateral novenent of adjacent felt plies in a
menbrane. It occurs mainly in sloped roofing nmenbranes, exposing
the lower plies, or even the base ply, to the weather.

Sl ope. The tangent of the angle between the roof surface and the
hori zontal, in inches per foot. The Asphalt Roofing
Manuf acturers' Associ ati on ranks sl opes as foll ows:

Level: 1/2-inch maxi mum
Low slope: over 1/2 inch up to 1-1/2 inches
Steep slope: over 1-1/2 inches

Snoot h-surfaced roof. A roofing nenbrane surfaced with a | ayer
of hot-nopped asphalt or col d-applied asphalt-clay emnul sion or
asphalt cutback, or sonetinmes with an unnopped, inorganic felt.

Softeni ng point. Tenperature at which bitumen becones soft enough
to flow, as neasured by standard | aboratory test in which a steel
ball falls a neasured distance through a disk nade of the tested
bi t unmen.

Softening point drift. Change in softening point fromtenperature
change during storage or application (see al so Fall back).

Sol id nmopping. See Moppi ng.

Split. Menbrane tear resulting fromtensile stress.

Spot noppi ng. See Moppi ng.

Sprinkl e noppi ng. See Mppi ng.

Spudder. Heavy steel inplenent with a dull, bevel -edged bl ade
desi gned to renove enbedded aggregate from a nenbrane surface
(al so called a Scraper).
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Strawberry. Small bubble in flood coat of gravel-surfaced
menbr ane.

Stripping. (1) The techni que of sealing the joint between base
fl ashing and nenbrane plies or between netal and roofing nmenbrane
wth one or two plies of felt or fabric and hot- or col d-applied
bitumen. (2) The technique of taping joints between insulation
boards or deck units.

St yr ene- but adi ene rubber. High nol ecul ar wei ght enul si on
polymers, cross-linked to maxim ze elasticity via

copol yneri zation of styrene butadi ene nononers, used as the
nmodi fyi ng conpound in sone nodified bitunmen roofing nenbranes.

St yr ene- but adi ene-styrene copol yner (SBS). H gh nol ecul ar wei ght
enul sion polyners, with both elastoneric and thernoplastic
properties, formed by the bl ock copolynerization of styrene and
but adi ene nmononers. The tri-block copol ynmer formed has a m d-

bl ock of butadiene wth end bl ocks of styrene in sone nodified

bi t umen singl e-ply nmenbranes.

Tearoff. Process of renoving an existing roof systemdown to the
structural deck

Terne. Terne netal, prinme copper-bearing steel, coated both
sides with terne alloy, 20%tin, 80%Il|ead. Terne netal is
manufactured in a formof rolls in various w dths and can be
formed for standing seamroofs, batten seamroofs, and many types
of flashing.

Thermal conductance (C-factor). The tine rate of heat fl ow
through unit area of a body induced by a unit tenperature
di fference between the body surfaces. See thernmal resistance.

Thermal conductivity (k-factor). The tine rate of heat flow

t hrough unit thickness of a flat slab of a honbgeneous materi al
in the perpendicular direction to the slab surfaces induced by
unit tenperature gradient.

Thermal insulation. WMaterial used on walls, ceilings, roofs and
floors to retard the passage of heat.

Thermal resistance. Under steady conditions, the nean

tenperature difference between two defined surfaces of materi al

or construction that induces unit heat flow through unit area.

Note: Thermal resistance and thermal conductance are

reci procals. Thermal resistances are R-values; to obtain the U
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factor, overall thermal transmttance, the R-value for either
materials or constructions must first be eval uated because, by
definition, the eval uated because, by definition, the Ufactor is
t he reci procal of the R-val ue.

Thermal shock. Stress-produci ng phenonenon resulting from sudden
tenperature drop in a roof nmenbrane when, for exanple, a rain
shower follows brilliant sunshine.

Thermal shock factor (TSF). Mathematical expression for
calculating the theoretical tenperature drop required to split a
rigidly held menbrane sanpl e under tensile constructive stress.
(TSF = tensile strength at 0 divided by |oad strain nodul es at OF
times coefficient of expansion in tenperature range of 0 to 30
degrees F.)

Thermal transmttance (U-factor). The tinme rate of heat flow per

unit area under steady conditions fromthe fluid on the warm side
of a barrier to the fluid on the cold side, per unit tenperature

difference between the two fluids. It is evaluated by first

eval uating the R-value and then conputing its reciprocal.

Ther nopl astic. Changing viscosity under thermal cycling (fluid
when heat ed, solid when cool ed).

Thernosetting. Hardening permanently when heated, owing to
cross-linking of polyneric resins into arigid matri x.

Through-wal | flashing. Wter-resistant nmenbrane or materi al
assenbly extending through a wall's horizontal cross section, and
designed to direct flow through the wall toward the exterior.

Tiles. Roofing tiles are produced by baking plates of nol ded
clay into tile, with density determ ned by the length of tine
heated and by heating tenperatures. Cay tile offers a w de
range of design possibilities for residential roofs due to the
variety of tiles available, i.e. roll tile and flat tile.

U-factor. See Thermal transmttance.

Vapor barrier. See Vapor Retarder.

Vapor mgration. Flow of water vapor froma region of high vapor
pressure to a region of |ower vapor pressure.

81



M L- HDBK- 1001/ 5A

Vapor retarder. A vapor-resistant |ayer of material applied to a
surface to prevent vapor flow to a point where it may condense
due to | ower tenperature.

Vent. Opening designed to convey water vapor, or other gas, from
inside a building or building conponent to the atnobsphere.

Verm culite. Aggregate used in |ightweight insulating concrete,
formed by heating and consequent expansion of mca rock.

Vi scoel astic. Characterized by changi ng nechani cal behavi or,
fromnearly elastic at |ow tenperature to plastic, |like a viscous
fluid, at high tenperature.

Viscosity. That property of semfluids, fluids, and gases by

whi ch they resist an instantaneous change of shape or arrangenment
of parts, the cause of fluid friction whenever adjacent |ayers of
fluid nove with relation to each other.

Wal king in. Technique of manually forcing insulation boards
agai nst previously installed boards to tighten the joints and to
enbed board into a hot-applied adhesi ve.

Wod trowel. Termapplied to the finish of a structural concrete
deck slab's surface by a manual ly operated wood fl oat.

Winkling. See Ridging.
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