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The Research Coordinating Committees (ReC) of the
Building Thermal Envelope Coordinating Council (BTECe) have
appointed sub-committees charged with preparation of the
chapters of the latest edition of the National Program Plan
(NPP) ~ This paper outlines the scope of the material to be
presented in the NPP and presents a progress report on those
chapters where the research needs are delineated@

. The chapters are being writ n on: (a) Thermal
Performance of whole BUildings, (b) Mc:sture Control in
Buildings, (c) at and Mass Transfer Elements, (d) Air
In Itration and Ventilation, (e) Roofing Design and
Construction, (f)' Fenestration, thermal performance and
daylighting, (g) Materials*

Research needs are enumerated for Whole Buildings,
moisture control, at mass trans r~
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INTRODUCTION

The Third Edition of the National Program ?lan for the
Thermal Performance of Bui Iding Envelope Systems and
Materials will update the two previous plans~ The first was
issued jointly by the UeS~ Department of Energy and the
Department of Commerce in January, 19791 . the second plan
was released by Oak Ridge National Laboratory in March 1982.
The objectives of each document were to describe the
research, development and verification activities required to
produce the technical data, test procedures, guidelines, and
consensus standards needed by manufacturers, designers, and
builders to produce buildings of high energy efficiency0
Concurrently these buildings are required to meet safety,
duratility, habitability, and economic objectives@ Another
objective was to accelerate the transfer of research results
and new technology so that they could become part of the
building design process and be utilized in the building
construction~

BACKGROUND

The first National Program Plan (NPP) was produced by a
am of government engineers and scientists~ Recognizing the

need r broader rticipation, DOE/ORNL formed a committee
consisting of representatives from manufacturers, consulting
engineers, and academia to review the original program plan&
This committee made a number of recommendations relative to
the scope, format, and program emphasis of the NPP* It also
suggested that the second release of the NPP include greater
cooperation between the public and private sectors in the
planning and execution of energy conservation research, in
the retrieval and dissemination of technical information and
in the preparation of standards and regulation~. These
recommendations were incorporated in the second NPP ~

A large number of industry, academic, and government
experts prepared technical material for that revision. The
second plan recognized that the development of new products
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should be exclusively the role of industry, especially beyond
the demonstration and working model stages~

Another important recommendation of the committee
reviewing NPP1 1 was that there should be a Coordinating
Council with broad participation which would act as a
planning body and clearing house for research in the areas of
bUilding envelope researcho This council now exists as the
Building Thermal Envelope Coordinating council (BTECC).
Membership in BTECC consists of individuals, trade
associations, manufacturers, and design professionalse

Responsibility for the preparation of the third edition
of the National Program Plan on the Thermal Performance of
Building Envelope ystems and Ma rials has been assigned to
BTECC through a grant by Oak Ridge National Laboratory~

BTECC organized itself into Research Coordinating
mmittees (RCC'S)9 Each RCC was given responsibility for

writing a chapter of the NPP and formed sub-committees
specifically charged with writi indi dual chapters~

Participa on has been q broad an diverse~

T major sections of t NPP are chapters on (a)
isture Control in Buildi s, (b) ofing Design and
nstruction, (c) Air Infiltration and Ventilation, (ct)

rmal Per rmance of Ie Buildi s, (e) Fenestration, and
daylighti (f) Heat 55 ans r asurements, (g)

rials@

current sea represents a broa ni of th~t of the
previous since it now incl s ir in Itration~l indogr
air qualit ,passive solar ati and natural lig ing ~

T se wer excl d in Li ty as a cted by the
si of t thermal envelo was also excl d in NPP-2 and

is rt of the Be of this cument~

formance
------~~--~------

research s cused primarily on
nt, as well as a lications of renewable

se strategies need to complemented
with an understandi of w a ildi works as a whole, and
how t interaction of building an occupants affect the
w Ie building energy per rmance~ Individual parts may be
hi hI ener e icient, but w n placed within t context
o w Ie bu di s, t results not yield an effective
energy solution. w Ie may more or less than the sum
of the parts~
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Research on Whole Building Energy Performance (WBEP)
attempts to understand how the energy interactions within the
whole building are as well understood as energy flows related
to building elementso 'rhe research generates knowledge and
data about the energy performance of whole buildings and
enables designers and builders to provide cost effective
solutions to the multitude of design alternativeSe

NPP2 was one of the first documents to address WBEP
research. In addition references (8), (9), (10) have
reported on the importance of WEEP researcho

The focus of WBEP research is to attempt to develop
energy insights about buildings that lead towards significant
improvements in energy efficient buildings beyond current
levels~ It is hoped that this research will result in
significant building innovations and new knowledge about
WBEP will emerge0 It is anticipated that new forms of
buildings and processes will emerage which are not yet
perceived0

The te rm who 1e bui 1d i1!.B- is used to focus a t ten t i on on
the end produe -- ~ b u i 1 d1.EJLv Inqui r i e sin toWBE P mus t
recognize that the decision making processes, whether related
to parts of sub-systems, building design, method of
financing, priority setting, and building use, involve many

apIe; design professional, contractors, owners, and finance
insti tutions@ Objecti ves are to understand the interrela­
tionship between people, laws, which influence WBEP, to
understand the interactions between sub-systems and climate
occupant, as well as the impact of time requires a systems
v iew of the process and the product e Interaction between
systems is shown in Figure 1~

The components of WBEP research are:
10 Building sub-systems
2@ Performance monitoring systems
3@ Occupants systems interactons
4@ Innovative building systems
5@ The decision making system

1@ Building Sub-Systems

This research focuses on major sub-systems such as:
10 structural sub-systems
2~ envelope sub-systems, (roof, wall, floor, earth

contact
3~ interior partitions
4@ mechanical systems and their controls
5$ electrical systems and their controls
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These systems must be viewed within the context of the
building programming plao@ Program plan issues include
buildings configuation, surface to volume ratio, broad
internal space organization and other design features such as
atria and buffer spaces~

Interactions of each of the systems mentioned with
each other and with climate can halJe major effects on
building energy use. Some research in this area is underway,
but more effort is needed.

2. Performance Monitoring

There have been a great number of buildings monitored in
varying levels of detail~ cent advances and cost
reductions in microprocessor c logy ve made it
practical to study WBEP using data from detailed metering of
buildings~

It must also re ized that t
ms and t use

t user of t
data for load
stra gies,
developi conserva on

si practise manuals@
justi i velopi
use t ta r further
use it to velop mar
measures,
policy an

(incl i 0 rating rsonnel) in raction
with ilding s s rns are related to environrnent
qualities@ search in this area involves t disciplines of
bioI ,p 1 y, social y~ Initial research might

eus on, fI t is t renee in tween an occupied
and unace ied buildi t r research might explore why
s sedly i ntical bUildings in t same climate per rm so
dif rently~

to now we ve concerned ourselves \vi th buildings
more or less as we currently w them~ re are on the

rizon i as, concepts and proto pes which s st
innovations in the building industry~ These incl
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Smart buildings. Buildings which sense and control
physical sub-systems in response to measured, pro­
grammed, or observed conditions~

(b)

(c)

Dynamic bUild~. Buildings which anticipate
changes in environmental conditions and modify
their thermo physical properties and orientation
according to predetermined optimal conditions0

Community Scaled Energz~stems& Some systems,
(water, energy conversion) may serve a small
group of buildings while others serve communi­
ties or neighborhoods~

5~ The Regulatory System

Laws, codes, regulations, and standards regulate the
design, construction, and use of buildings@ Research in this
area focuses on the regulatory agencies and devices influence
WBEP& How do zoning laws inhibit efficient WBEP? How do
utilities influence building design, constvuction, and
operation, and how does this influence manifest itself in
WBEP?

6~ fhe Decision Making,elstem

We need to understand what WBEP information is currently
used by various types of decision makerse If WEEP
information is not used, why not?

MOISTURE CONTROL IN BUILDINGS

The main scope of this section of the NPP is to help
organize research on moisture control in buildings with the
aim of eliminating or minimizing the energy and material
e ets of moisture, and of optimizing comfort effects on the
indoor environment0

The effect of normal living by a family of 4 has been
estimated to produce 15 to 25 pounds of water per day~ The
25 pound figure is associated with older homes~

Simultaneously, the increased emphasis on energy conservation
has resulted in much tighter home construction. Windows are
tighter, doors are better fitting and vapor retarders are now
the norm@

While moisture effects on materials research has a long
history, is only relatively recently that moisture effects on
construction indicate that moisture migration and change in
state have induced deterioration, much of it hidden.
Research needs to be directed at change in design and
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construction procedures and also look at the degradation of
materials over their lifetime0

External sources of moisture are precipitation and
ground water@ When combined with wind, moisture can
penetrate exterior siding, even though the integrity of the
siding may be intacte Ground water fed by hydrostatic
pressure induces flow through cracks with migration of water
over relatively large distanceso The fundamental question
is: If there is moisture where will it go and what will it
do to the construction on individual materials and an
interacting combinations of materials~

Rese3rch

Luikov (1966)(11) descri d a mathematical approach to
calculation of simultaneous moisture and at flows through
porous materialSe Bamberg (1974) (12) and Anderlurd (1974)
(13) developed computerized moisture analysis methods@ This
work was further advanced in Sweden Andersson (14) and in
Finland by Kohonen and Maatta (15)@ They require large
amounts of rna rial property data not currently available for
most materials@ searchers in w aland use an approach

rna Ii which is si ler ( i ) (16) ~

search in moisture is classified according to location
within a home (a) attic spaces, (b) low slope roofs, (c)
ear co led ces, and then 100 at moisture management
and nee instrurnen tion and measurement techniques * In
this r only some of t se research needs will
highligh dg

(a) s sed on detailed measurement carried
au a r nceton iversity, rrje (17), Dutt (18),
and Cleary (19), and Burch et.al (20) an assess-
ment was rna of t r attic research needs~

ter a field survey to determine the percentage of
U080 housi stock a cted attic condensation
problems, a model for predicting seasonal variation
in roof moisture content needs to be developed~

rna 1 would t n be verified tough field
e rirnents and ultima ly develop design guide-
lines~

(b) s

se include basements, crawl aces, slab on
grade buildings and earth sheltered buildings.
In each of t se there is a po ntial for moisture

in thro ut the year0 The moisture problems

1 ~ 1 qq
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are related to the type of building foundation,
climate, site conditions, and technique used during
construction$

1e Field surveys to determine typical conditions
in earth coupled spaceso

2. Development of ventilation strategies~ If
outdoor humid air migrates into the basement,
increased ventilation will exacerbate the
problem. If the outdoor humidity conditions
are favorable and moisture comes though the
walls or floor, increased ventilation will
help6

3@ Understanding air circulation patterns between
basements and upper levels of the house0

4@ Air quality is affected by release of radon
through earth contact surfaces and by growth
of molds and spaceso

5~ Development of mathematical models@

6& Lab and field testing to determine effects of
ground cover and slope, building design,
location of vapor retarders&

(c) on and

1@ New instruments for needed measurement of rela­
tive humity~ There are many such. instruments, but
the accurate ones are relatively expensive6 2.
Moisture content sensors of adequate accuracy and
small enough so that the use of the sensor doesn't
change the moisture characteristics of the build-
i component@ 3~ Sur ce moisture measuremente

commerical instruments are currently available~

(4) Measurement of moisture transport. There is
no moisture equivalent of a heat flow meter.

HEAT AND MASS TRANSFER

Tests for steady state temperature conditions are used
to measure R values, thermal transmittance (U), thermal
conductivity (k)e Field and laboratory measurement of these
parameters differ in that exterior walls of real buildings
seldom attain steady state conditions~

Laboratory measurements currently used include guarded
hot plates (ASTM C177), and heat flow meters (ASTM C177)~
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Guarded hot boxes (ASTM C976) are used to measure heat
transfer coefficients of composite wallsystemse Currently,
gua~ded hot box and calibrated hot box test methods are being
altered to include testing of windows4 It is not clear
whether current standards are specific enough to assure that
laboratories following test procdures will get reliable
results0

In an effort to determine the variation of test results
from one laboratory to another, a round robin for calibrated
and guarded hot boxes was conducted in the early 1980's$
Each laboratory tested 4 inch thick polystyrene beadboard~

The measured resistances varied by + 8% at the 95% confidence
level~ -

What is needed now is a similar round robin on composite
wall assemblies@ It is expected that the variance will be
greater, but it is not possible to predict whether existing
techniques are adequa for complex composite wall
assemblies~

When wa 11 s and windows a re added to compos i te wa 11 s,
current ASTM test methods, can not be used to measure average
heat transmission values~ Since doors and windows represent
a large percentage of t heat loss or gave through walls,
methods to accurately measure heat tran r coefficients are
needed@ These tests will also produce results to verify
analytical models0

innovative walls stems are developed, additional
testing will be needed to confirm analytical models!$

rative sts will identify those Is with the most
s rable atures for reducing heat loss~

eds

ea state t rmal r rmance evaluation requires
th analytical and laboratory investigations~ Specifically

req red are:

(1) u radi of la rate test procedures to ensure
t t laboratories following prescribed procedures
will achieve accurate results&

(2) an industry wide round robin to determine heat
trans r tough composite wall assemblies~

(3) a la ratory test method for mensuring heat trans­
mission through windows, doors, and wall assemblies
containing windows and doors~

(4) development
assembliese

and testing of innovative wall
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(5) compilation of a data base of thermal properties of
building materials going beyond those currently
listed in ASHRAE Handbooks~

(6) compilation of a data base of composite wall system
performance, useful for comparison of alternative
wall systems and to verify analytical models.

Dynamic Heat Transfer Through Walls

There have been few tests done on dynamic heat transfer
through walls. Currently, dynamic predictions are made in
computer models by solving one dimensional transient heat
transfer equations. T:1ese make use of either response
factors, or conduction transfer functions@ These calculetion
methods need to be verified.

Several existing hot box facilities are available for
conducting dynamic tests, but there are not accepted test
methods for eval ua ti ng dynami c thermal pe rformance of wa 11
systems0 The Construction Technology Laboratory of the
Portland Cement Association has the most extensive test
program on dynamic thermal performance (21) ~ Their tests
provide information on steay state and dynamic response to
selected thermal conditions* These and other tests in
application to the mperature cycles applied during these
tests~

alytical,
re rede.

labora ry,
cifically,

and
s s

field investigations are
uld include the following:

(1) vel nt of st procedures for dynamic thermal
rformance of 1 size building envelope sub­

systems@ Eventually, air leakage and moisture build
up effects should be included~

(2) eld investigations of existing buildings should be
initiated@ In site heat flux measuring techniques
are requiredG

(3) Coordination of walls tested in the laboratory and
those tested in the field is important to try to
verify laboratory test methodSe

(4) Analytical models should be checked against field
and laboratory tests@

3~202
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(5) Test results must be tabulated in ways useful to
building designers~

(6) A test facility is needed which will allow for
variation of outdoor temperature while indoor
temperature float~

Bridges/Breaks/Penetrations/Anomolies

These anomalies can be sources of significant energy
losses in buildings@ Furthermore, they' can contribute to
serious moisture problems, and their impact on human cornfa
and occupant health is also of concern

Because of gaps in knowledge in Building Envelope,
Thermal Anamolies (BETA's) their total impact is unknown@
There is need for research in:

(1) Collection and dissemination of information on
BETAfS~ Specifically work ne outside of the USA
needs be collected in an orderly fashion@

(2) Integration of existing c ical research on
economics, materials, and performance evaluation
of general specific fS~

(3) Conducting a study of construction practices to
identify and racterize as many BETA's as
possible~

(4) Perform stea sta
studies on these BETAfS~

transient analytical

(5) St the real costs of these BETA's and of proposed
solutions to BETA problems.

(6) Set up main in a comple catalog for Beta
in rmation includ identification and description
information, existing cost data, suggested modifi­
cations~

(7) Establi an educational program for transfer of
results<\}

Roof Moisture Measurements

The techniques for conducting moisture surveys on
existing roof systems requires measurements to decide if and
w re there is appreciable water under a membrane~



EUGENE STAl"1PER

Non-intrusive techniques are currently in usee These include
infrared imaging, capacitance, and nucleare

Needed Research Includes

(1) Development of instruments for quantitative measurement
of moisture in roof systems~ These instruments should
be able to detect moisture changes in small volume
elements~ Capacitance based probes seem to have the
promise~

(2) Calibration probes and standard procedures for carrying
out calibration of moisture probes needs to be deve­
loped.

(3) Experiments need to be designed that provide the base
data needed to understand the phenomena behind roof
related moisture problems$
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REGULATORY SYSTEM

Building
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DECISION-!\~AKING SYSTEM
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THE BUILDING

1: WBEP System Interactions




