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. The Center for Building Technology (Cu) provide.s the'.
technical and scientific bases for criteria and standards that
improve the usefulness, safety, and economy of buildings white -

conserving building. materials and energy. CBT's activities support
Iechnology program of the federal; state, and local

government; assist design professions,. building Officials, and d-the
research community by developing design-criteria that0improve
buildings; and assist manufacturers of building products hy
developing criteria for_evaluating innovative blinding materials. The
report-s-u-sama-rize-S CBT's research far calendar year 1975. Each summary,
lists the project title, its progress; point cf contact within CBT,
sand sponsor. The summaries presented in%this-rep"Ort are arranged by
subject-matter categories to groat). like projects, (Author /MLR)
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Forewoed The tether for Building Technology (CBT) providesihe
technical and sciePtifit bases for criteria and standards that
improve the usefulness. safety, and economy of buildings
while conserving building materials and energy. CBTs
activities support the building technology program of the
Federal. State and local government: assislidesign pro./
fessions. building officials and the research community by
develqpipg design criteria that improve biliklings; and .

assist manufacturer's of building products by developing
criteria for evaluating innovative buildingmaterials.

.

. The- report summarizes CBT's research for calendar year

4 1975. Each summary lists the project' title, its progress,"
point of contact within CBT and sponsor. lihie reader is.
encouraged to review two other companiorrdocuments.
`BS Special Publit.ation 439. The Center for Building
Technolop: A Pe rspecute. presents the facilities and d

approaches-to building research at the Center, Another
document. CBT Publications, list; with abstracts and 'key..
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words. all reports published by CBT during the past
decade.

The summaries presented id this Report are arranged by
subject-matter categories. such as Disaster Mitigation.
Stpctural Studies, atonomics, and so on. These cate.
gomes, ho,;-ever. were selected merely to group like pro-
lecatsnot to retteet the structure of the Center. _Cars_

is,shown below:
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%EnettyYcogranis at the Centerare.eentered in fou'r areas,
each presented in torn: energy sa-v+ngs-i-n-hiainags: in

;ihttustrx; in newly planned commuuif.ies; and in perform-
ance codes and standards.
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ENERGY CONSERVATION PROGRAM

.-, Jack Snell
Office o f.fnergv Con.erration - .301-921-3471

..

t

Sponsor National Bureau'of Standards

,

1

ENERGY coN4ERvATIoN
INFORMATION

Jack Snell ,
Office of Enerp Comsertation -921,3571

Sponsor - .\anonal Bureau of Standards

The National Bureau of Standards(NBS) energy con-
servation program involves coordinated efforts within ,the
areas of buildings, community services, industry and
standards, carried out by many units within NBS and ?out-
side contractors. This project covers theoe-rall-planning,
management, monitoring, and support functions of the
energy conservation ptiograin office. The overall program
plan and organizational framework were,ilmeloped for
management of the buildings and industry portions of the

''Center's energy prograw. Accomplishments include sub-
stantial staff support to the Federal Energy dimmstration,

- the Energy Research and Development ldrnuustration, and
the Department of Rouging and Urban Development in
developing the I..-Y76 energy'conservation programs for
these agencies.

P ,
. , ----, .

To be most effectne, research findingg on energy con- ..

hen ation need to quickly reach those'"ho ma% benefit
from them. They also must he presented let an effective

. and usable foriti. This project supports preparation of a
ivariety publuatibns to disseminate the findings of the

National Bureau of Standards reisearch. Inquiries for tech-
nical information a" ri accoAnbdatied, and man-illation
brochures prepared. Liaison is being established and
maintained with the university and academic comMuhity .
and. with industry and professional groups to identify
energy conservation needs and to foster the exchange.of
ideas and inforMation. -A series of Issue papers will be
presented and seminars involving leadingacademic and
vidustry nsearcheis will he supported.

40
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ENERGVCONSERVATION IN
BUILDINGS

' IfeinzTreehsel
Office of Energy Conseri ulton .30021, 3892

Sponsor - :National ?hereon of Standards

D

TECHNICAL ,1ND MA,'N'A(;MENT
1'11)H F FO FEDER 11, ENERG1

1011INISTR 1TION

!lest Th., lasel

(Alb; # r'f.1rt razs ( Aser attorl COI-92 I - 0)2

Sponsor Federal Enerp ldrizirzi-Ntration

ENERGY STORAGE.IN BUILDINGS

Joseph Chi
nudding 'Environment Division 301-921-3521

Sponsor ,Vationai Thereon of Standards

v.'

.

This program iri)ohrts coordinatod efforts carried out
Ia, man) units within the_National Bureau' of Standards ,%.'

andcontractors. It supports the overall buildinelatcd
'planning, management, monitoring, aml support functions

{ of the energy conser)ationprogram office. The i7:enter is
i+valnating the energ) conser)ation in bahlings program .
for.IN77 and be)ond, based'on an analysis of future re-
sear h needs and pflorm5s. A systems study of enemy

ha; ice in binlihnj, oonitidering all life elements of energy
gains Aid losses, i7 hying conducted to determine ticoSe, ,
areas of technology requiring research which nave the
greatest potential for energy onscrvationshoth in the near
and long term.

,

The National 'Bureau of Standards (NBS) energy con-
set-Nation in buildings p(ograin iii)okes coordinat,Cd efforts.
within NBS, thisrederal Energy Administ4ation (FEA),
outsple contractors, and -ether agencies. ltroject activity_
includesadetalled monitoractoftlie NBS research projects
in the FE{k.uppiirted energy consiri'ation in buildings --
program, milestone completion, and-delivery of products,
NIAjor acpvities taso fpolve developingiand planning the

niresearch program providing technical support to FEA
for evaluation of resear;41.proposats, technical conferences,
ete.

The goal of thi';' program ccto #stablish which energy
storage techniques.aremost ad'vant'ageous. The program is
establishing criteria for incorporating energy storage
systems into buildings, determining the potential of various
types of energy storage systems, and ',developing test
methods for evaluating energy storage. °Sonic of
the technologies to be evaluated are.thCrinal storage
(latent/sensible), flytheels; batteries, hydrogen, COM'
pressed aiiT'magnetic and hydraulic.

-

The criteria to be devseloped-will inve4ve the determina%
non of those parameters (i.e., energy density, spe'cific,

.energy, etc.) that hre significant for evaluating.thecorri-
patability of 'various energy storage systems with different

o types'of buildings. It will also attempt to es lisp guanti
tative ranges within.which the parameters ould rernqiri
for each building type. These ranges Ilig be established
by a thordugh analysis of energy Oman in existing'

'
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GENERAL SERVICES
ADMINISTRATION MANCHESTER
BUILDING

Tainami Kusuda
Building Envp-ortnient Dzvzszod - A-921-3501

Sponsor. - Energy Rekarchand Development
. Administration

ENERGY..CONVIIVATION IN GADEN
APARTMENTS

Ma., Needleman . .

\ Building Environment Division - 301-921-3512
4

Sponsor - Federal Energy A.dmirystration

TWIN RIVERS ENERGY
CONSERVATION

Heinz TrIchsel
, .Office of Energy Conservation 301-911-3892
4

Sponsor - .inergy Research and Development
A dm in istration

'." 11 irk%\
4

The Center is assisting the general Services Administra-
tion to design, construct, and eirliate an energy con-
servation demonstra'tion. office building in nanchester,
New Hampshire. Comprehensive energy analysis calcula;,
tions were followed by exIterimental validation by securing
at least two years of continuous (hourly) data acquisition
for building theimal performance and energy consumpti9n.
this project also covers the de, sign-procurement and
e aluation,of pier heating and cooling system.

Heating and cooling !bads are being measured For a
garden apartment cOmplex. These loads will then be com
pared with corresponding values after techiques to, reduce
energy consumption are installed. These retrofit measures
include installation of storm windows, addition of solar
-shading devices to the window systems. and installation
a device to record the on-off cycle-of the heating and air-

, conditioning system. The Natio'ndl Bureau' of Standards
Load Delermination (NBSLD) computer program will be
used fore predicting pre-retrofit'and. 0st-retrofit heating
loads for three instrumented apartnients. Then. NBSLD
will be used to preditt heating lofflis.for the whole apart-.
merit comple.x.,perni.itting The rodtwtions in heating
requirements to be quantifi&l. This procedure will be .

repeated during;the:summr.season: permitting tbeTeduc-
non in cooling'energy requirements t% be quantified.

This project is operating in cbrxerf with the National
Science Foundation 'project, "Energy IlliSbandry rn
Housing," being conducted byTrinceiton University. The
study"is a two-year effort consisting "of a-planned retrofit
experiment in townhoinesat twin Rivers, New Jusey, and
the development of a series of'manuals for °specific audi-
ences of the building communit Low-cat retiofit experi-
mentsaye being conduced to provide quantitative data. for
retrofit maituals. An-energy conservation guide for liome-
braiSers and adoperating manual fd.homeoWners will be

_ developed. During,FY77-t an experiment will be'conducted
to prbVide a measured data base for a retrofit manual that
starts wits the aisttfription that an irivesttitent in energy
conservation,will be made. Other manuals:to be pro-
duced in FY77 include a.manual for small bniide:rs. a

4:-

manual tor state and local officials, a manual for large
.bUilders. aevelOper.s. architects ,and engineers, and a hand-
book For the buildingrtsearch Community.

5
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SUPPORT: COMMUNITY SERVICES
'4'1" FADMINISTRATION WINTERIZATION

ROGRAM

John Stroik
Tedutical Evaluation and Application,Divisitin
301 -924 -359.4 ,

,

Sponsor - Community Services Administration.
-6

. . ,

r

1..

.
.

Since it has &come imperative to conceive energy awl
energy costs are increasing, The Community Services
Administration (CSA) has established a program to
winterize the homes ofthoseleast-able to afford retro:

'fitting to conserve energy= -the poor. The Center wills '
assist the CSA in'its program by developing perfoimanee
criteria and retrofitting guidelines, and,providing technical

ev
assistance in revie%ig:41 evaluating methodologies.
This-includes the d Ent of a Comprehensive.,plan

. pl.....-immediate technical assistance for the CSA.
After analysis of the state-of-the-art in retrofitting for

energy conservation of low- income family housing.
Including past and ong*Oing CSA projects, a comprehensive
plan of reseasch and technical assistance witne developed.
Included will be: investigalions into the performance of -

existing materials 4,nd methods; evaluations of the (LISA
pilot project in Colorado; technical and economic evakia-
lions of innovative retrofit options; developmentofCriteria
for use in guidelineS in addition to.assating in the tfevelcip
ment of the guitetliWs themselves. The work will be
carried out byati rtfisiiptinary7team of architects.
thermal economists, material specialists,
and others. `'

COMPUTER CONTROL' OE HEATING,
VENTIL4Tipt6 AND AIR CONDITIONING
EQUIPMENT FOR ENERGY
CONSERVATJON

Ddvid Didion
Building-Environment Division - 301-94-2994

Sponiori - National Bureau-of Standards
Federal Energy Administration

,

47

/
4

To determine the operational control techniques that
will pros ide the greatest. and most practical,-sming in the
general purpose laboratories at the National Bureau of
Standards (NBS), an ,experimental program is being con-
ducted. It, entails theautomafion of inechanicaLsystems,
central computerized control, and metering of selected
zones in an NBS wilding under a valiely of- control

patterns and seasons. Based on tAese results and practical
operating -experience, a more realistic determination can be
made of the methOdS to be used in the remaining general
purpose labs and in the NBS Administration Building. The.

. experimental data verifying the computer simulation model,
will allow for E*neralization to othei office buildings of
sim` Aar systems.

The Center will-install instrumentation and controls in
the ten air handlers in the building. Signals from these
points will be 'sent to a central computerized control panel,
which will determine the mode, or modes, of 'operation' that
will result in the most efficient operation compatible with
the laboratory requirements. Nreasurements of the energy

_copsumption will be made dunng four seasons to deter-
-mine the energy ;rings achievable.through the automation
of t Ire heating, ventilating and air conditioning systems
serving the general puTposes-laboratories at NBS.

4.

6
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VENTILATION SYSTEMS FOR ENERGY
CONSERVATION

Tamaini KusuclU-
Building Envuonment Pittston 301.921.3i01

ir

`Sponsor ..Vational Bureau of Standards

0

EQL IPNIENT Ni.AINTEN \\CF, FOR
ENERGY CONSERV VTION

Joel Len .

Technical Etaltiaiton and 4pplwation Pittston
301-921-3701

Sponsor Federal Energy -tdministrattan
V

FIELD-S.11BI OF OIL BI RNERS

GeoargeSelly
Building EntlionirtentDit - 301-921-3591

' Sponsor - FederalEnergy -tdmintstration

n

Since atjproximatel? 30' percent of energy used for 4.

heating and cooling a building is spentNor processing vent.
elation air, it is important to design and operate ventilation
systerns. efficientivl

The appru,ich stud the,amount of outdoor air
needed for the well - being of the occupants and to develop
methods of controlling ventigion rate according to the'
needs of the occupants. In conjunction with an Energy
Research and Development Administrationsupported pro-.
ject, actual foildings will be operated under planned
ventilation modes, and the occupants relponses will be
studied simultaneously. The'specific approaeh-taken in
this project is to study 'the build-up of varukts room air
contaminants under various modes of ventilation control.
types ant location of ventilation air sensors. and the
%amble volume systems and a reheat system. Thq;-tuclv
will use'lll'e National Bureau of Stapdards computer
program that -aniulate, the performance of air..-a& (vent!.
Litton) ,

Better maintained elquipment will use l'ess energy per
unrt of output. Under these onditions, it becomes profit-

able to increase the level of equipment.maintenance used.
to deliver balding services. The purpose of this study 1;,
to develop a model that will permit quantification of the
appropriate level of maintenance ih terms of perforinance'
attainment and relative costs. Such a model willhefp
decision-mdefs select economicafh efficient levels'of
-maintenance for element: of building services equipment,
such a, heating. entilating, and air - conditioning systems.

-Alutrunation equipment, and elevatorS anTes.-calators.
N finite-state. finite-actIonspace Nlarkovian dyn'amic

programming model of equipment performance as a
function of maintenance levels. will be constructed. An
algorithm for finding the best maintenance policy will be
written in the BASIC computer language.- The model will
be applied in an ilInstrative-example.

lmpro%ing the seasonal performance of residential oil
burners can saye?coniderable energy. This program is
aimed at deterhUningito%-,this cart be done arid evaluating
the potential energy savings that could result.fro'm various
modifications.

A procedure for reducing nozzle size aii'd for recognizing
oversize units will be developed: Then, a field Study %III
be madeo evaluate further reductions In the firing rate
achievablOthrtiugh burner modification and changes in the
fire box. '

During data were obtained on the effect of annual

7
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oil burner tune-up and the potential endue savings result-
ing from the reductiOn of nozzle-lize on oversized installa-
tions. The projected average seasonal fuel and cost savings
obtained by a29- percent reduction-of the average nozzle
size of a representative mix of oil-burner systegir in New
England were 5.2 percent a. nd 3.7 percent, respectively.

:.,Savings for four other system mixes, representative of
otherli.S..regions, were also derived. ,

.
The analysis indicates that the control of excess com-

bustion air is an essential factor in the amount of energy
savings realized. The study found that (1) up to an 8-
percent fue) saving could be achieved by nozzle size reduc-
tion if the percent of excess air could be Maintained
constant: and (2) the savings would be increased to' 15.7
percent if the nozzle size reduction could have been
coiipled-to a reduction in excess air from the as found"
average of 85.7 percent to 40 percen{ege to'a 21.5
percent reduction of combustion air).
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MODULAR INTE RATED UTILITY
SYSTEMS: DEMO

oN

Clinton Phillips
Office oiC-rierp Conservalion .301 -921,37.11

Sponsor - Department of Housing and l'rban
Development

.,
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MODULAR I'liEGy %TED I Tim-Y..
_ SYSTEMS: DESIGN. ANAI SIS ANI)si

TEC,I-INICAL SUPPORT

!

John Ryan
,

01/ce of Euerg;Conserraan 301,921-37-11

(4

`Sponsor - Department of Housurg and I rhah
Development

e

I.
The Modular Integrated Utility Systems (MIUS) demon-

stratiOn $s the first fully-integrated plant demonstption
providing electrical, therthal, solid waste management, arid ".
wastewater management community services The Center's'.
successful involvement in the MIUS Total Energy Deniorii
stration for the Department of Housing and Urban
Developnent (HUD) has'resurted in the Center being given
lead technical responsibility. The center for Building
Trichnlogy will develop and implement the MIUS design
monitoring and evaluation plan of the,plant similar to that
,provided in the Total Energy Demonstration. The design'
monitoring require?' that the National Bureau of Standards
(N BS) be responsible, for.evaIliating the 'design, of the
MIUS plant accordance with the NBS-prepared perform-
ance spe6fication.

In FY75, the Center provided energy,- economic, and
environmental analyses of proposals received in response
to HUD's MIUS Demonsir'ation request fOr prOposals.
Initial program plans for the cOrnplete demonstration,
design monitoring and performance evaluation' were
developed.,-. _

Although the principal technical study resources of the
Department of Hous'ing and Urban Development (HUD).
Modular Integrated Utility Systems (MII;S) program are in -
other participating agencies, the Centers' expertise is used
to knit together the tetcnical output, to assist HUD in the
technical ilirection of the program, and to review other
particifatinpagency docurnenlatibn for,publication,

Four efforts have beep rdentiied under the Design,
Analysis and-Technical Skipliort Program; Performance
Spy cificatiors; EcOnornic and Insti,tutional Studies; Tedi-
meal Reviews; and Technology Evaluations.

In the performance specification effort the Cent r is
developing a document which- contains the minimuriN. per-
formance quality levels of the MIUS product and \
services: reliability, energy efficiency, control, enviros
mentalimpaet, natural hazards resistance, occupational
safety, and' community impact.

Under the Economic and,Institutional Studies effort, t

Center is conducting:cost/benefit, economic feasibility, an
marketing studies, to develop methodolggies for such
analyses and to identify and develop solutions to institu-
tional, legal, andgOveriundital factors which constrain,,,
delay or prevent th\e'iiriplementation Of the MIUS concept.

n the Teehnical'Review effort the Center for Building
Ter. inology is condUcling coordinated teehm'cal reviews of
crta r MIUS program documentation and performing less
rigor° s reviews of other program documentation.

In the Technology Evaluation effort the,Center is

10

18



MODULAR INTEGRATED UTILITY
SYSTEMS; PROJECT MANAGEMENT

. Clinton Phillips
Office of Energy Conservation 301.921-3741

Sponsor Department of Housing and Urban
Development -

,

.1

, MODULAR INTEGRATED UTILITY
SYSTEMS: PROGRAMMATIC
SUPPORT

Clinton Phillips j .

Office or Energy Conservation 301.921-3741
. 0

Sponsor - Department of Housing and Urban
--* Development

1

conducting investigations jn several key areas of MIUS
technology. Particular emphasis is placed on those tech=

'nologies where particularNBSexpertise exists. For
-example, technology evaluation of heat pumps relative to

technology and of the, integration of wasteqater
treatment in MIUS is being performed. A new task con-
cerned with the field-based 'laboratory investigation of solid
waste incineration/heat recovery /MIUS integration of the
Jersey City Total Engery Demonstration site was initiated.
In addition, completion of earlier efforts i anticipated in
FY76: publication of the MIUS tec ogy evaluation of
computer 'software; the solid waste data base; and an
electrical load profile.

The Department of Housing and Urban Development
(HUD)-Modular Integrated Utility System; (MIUS) pro-
gram is studyingby meansof real-life demonstrations
theiniprogeirrents-to be obtained by integration in furiiish-
ing the essential utility services for communities.- The
utilities of prin.cipal,concern are electric energy, heating
and cooling, Liquid and solid waste management And
potable water. Integration of the facilities for providing
these services minimizes net environmental impact and
permits optimization of energy utilization, massflow,
resource demand, management/maintenance labor, and
plant sizing. The project,consists of several principal-
subelements: Technical Support, TOtal Energy DemoOstra-
non and MIUS Demonstration. a-

(")--The.--Center,' under the Department of Housing and
Urban Development (HUD) Memorandum of Under-
standing on the Modular Integrated, System
(MIUS), has proVided programmatic inanagment support
to HUD for the overall multi-agency HUD-MIUS program.
For the past year.the Gente'r has monitored the overall ,
direction of the program, made technicalanknanagerial
recommendations UD, participated 411 eMgency dis-
cussions,as support fitD,..represented HUD in various
roles; and provided a management information system
service to 1,1UP.

"FY75, information systems were developed, '. g
Accepted by HUD, refined, and, maintained. Final duplica:
non and organization of the MIUS technical reference file

6ompleted. The Center developed and maintained a
program.control, and monitoring information system in a
MIUS situation roomclisplay'at the National BUreau of
Standards:'ty
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ENERGY CONSERV'AT'ION HANDBOOK. .

Clinton Phillips
Office of Energy Consermtion - 301-921-3741

Sponsor - 14'nited States Air Force
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This research will identify and, consolidate energy con-
servation measures, determine their applications to Air
Force facilities, and prepare an energy conservation hand.'
.book for use by the Air Force base engineers. The hand-
book will explain energy conservation options and pro-
cedures for retrofit of existing facilities. In addition, the
handbook will present benefit/cost analysis procedure's for
computation. of potential savings and amortization data for
alternative energy conservation measures. Health, safety,
and environmental impact will also be cqnsidered. Special
portions of the handbook will be devoted to conducting
building surveys and energy audits.
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INDUSTRIAL ENERGY MANAGEMENT

-PpOGRAM
Kenneth7(reidet
Office of Energy Conseil ation - 301-921-3275 ..t

TheDepartment of Commerce (D0C) has developed a
----programi based on tlieNationat,Bureau of Stndards

(NBS) Fratidkdc 115, Euergy Conservation Program Guide
for Intlikstrl did Coinoterce to assi;' industry an,d commerce
in Brig to thr increased cos and shortage of energy.

e-Centr is,,luprplyiipg the scientific and-tedinical sup-
tio"DoC:

Specific s' the cienter's effort include supple;
inciits4o PGndboo 11, a guideboofP specifically for small

.busiuesseiengaged light industry and commerce, a
college cotA% 'for energy conservation practices, case
studies in sip Al sinesses, a waste heat -engineering guide-,

Sponsor_.tepartment of Conunsyce

.

TECHNICAL ASSISTANCE . ND
ANALYSIS FOR INDI;ST

. Kenneth Kreider
"-..,:.Office-of Energy Conservation - 301.921-327:5

Sponior, National Bitreau of Stan. dards
t

I

book, and process&n.erd conservation manuals for such
.

areas as ,eamy,stexis furnacq, kilns, and ovens. The
Center W I

and analysis of nidt
e, as reyested, technic61 review -'

-trial processes, research'ploposals,
and legislativq proposals-in energy 'conservation; technical
support fot wgrfc'shoyand program management for
effective co4dinition of NBS projects and for inter-"
actions wits Other government, academic, and industrial

4
. 6 1

11Z?

Lack d'a firm technical. base in energy conservation Will
seriously hatnper nationalefforts in energy,conservoion
and selection aniinplementation of Federal fiscal wind`

sinee_the probl,em.01 excessive energy
coii'signptibrtlg,baMd on effective technology.

ToNindustry in voluntary energy conservation pro-
* leas, thetollowing activities Are being undertaken;

An -assesslynt of the use of the National Bureau- of
Standards (NBS) Handbook 115, Energy Conservation
Pro'gram Guide for Industry and mmerce (EPIC) in
five industrial plants has been commissioned with the
University of Tennessee..
.A Catholietniversity study is being used'to help -
d'evelip t is EPlOpecigfam for light industry and'
commerce.. da'

:A u ersity eugineering course on energy manage-
men sed upon EPIC, is being developed.

An a6sessment3of thesole of measurement. technology
and controls in eyergy conservation in industry is being
.-"carried out. 'A syst6in will be developed for evaluating
energy fluxes in an iiidusTrial-proCess, and recommerida-.
tions will be made on ways'to monitor and control these
fluxes. In addition, an effort-Will be made to gain insight
into-possible technical.deVelopments aimed at imptoved
energy control..

The NBS role in combtistion technology is being
assessed. In particular, NBS'is examining the measure-
ment research,neet 01 the industrial community.and the

;
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ESTABLISHMENT OF ,.A DATA BASE
FOR COMBUSTION MODELIN(

Kenneth Kreidei-
Office of Energy Conservation - 301-921-3275

Sponsor - Energy Research and Development
Administration

-1/

L.

r

*

Ts

-
.apryriate rol if NBS, thiznational laboratories, and
Itrirate or arsons.
---The use-of improved thermogr4hy for`' industrial plant
surveys-is beingfurther dev loped and applied toprocess
Iseat'balances and plant ener audits. Quantitative
studies will be carried out on elected industrial faCilities,
including hefoare and after stu ies on the effects of energy
conservation measures on patterns o( radiant energy losses.

.

In - recent years a major, advance has taken place in the
quantitative computer modeling oPlarge scale chemical and
engineering systems. The usefulness of present-day
computer models is strongly dependent on a detailed and

. accurate description of the elementary cheinical Jea4ions
and 'thermal properties of the reactive intermediate radical
and ionic species. The mathematicil models have riow ;
become crucial tools in combustion systems development
and control:- In pa"r"ticular, they are invaluable for the
proper interpretation of bench and pilot plant experiments.
At the elementary chemical reaction level, the data are
pertirient tO.many different system models, and there is an
Overriding need for consistency, as well as accuracy, in the
database used when differenoorganizations attack the

same problem area.' This,cteates a need not only for
meastirements,- but also for development of new and more
accurate measurement lechniquesly,Iputerized data
activities.

The-National Bilreau of Standards (NBS) will address
the development of accurate data on the mechanisms, rates
and energetics of seiecled classes of 'combustion reactions.
These data are used not only in combustionbut also in
many:other sectors of technology to develop quantitative
models- ofdiverschigh temperature systems to aid in the
description and control off)ames,-.plasmis, combustion
systems. and petrochemical procesees.AheTroject
activities include development, and liefiliition of measure-
ment techniques, accurate measurements and compilation,
evaluation and dissemination of data.

NBS is assessing where the data needs for-combustion
resegrch and combustor.developMent aremost urgent, and
engaging in data measurement; compilation, and7analiMs,
aimed at proaucinga,series of reports presenting reliable
and consistentdatat4n-those reactions for which such data
aremost-ugently needed.

' ENERGY CONSERVATION IN
[WENDED CEMENT

or.

"OP

'I
.s

it<1

'4.,. ;
Al-present, cementment manufacture requires t
. .

.almost,ope percent of the energy consumed in the U . .S... , ,-,1 .

The-repracement of a portionW this material by a suitable
4°.?::'

waste product such as fly_ash will result in substantial
.0: '
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Kenn,ethiCreidert
Office of Energy Conservation. 301-921-S3275

Sponsor - Energy
Administration
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,'`CHARACTERIZATION.OF WASTE
PAPER PULPS )

Kenneth Kreider
Office of Energy- Consertatzon 301-921-3275

k.4

SponsOr Energy 144rch and Detelopnrent
A dnanistration lir

I

1

energy savings and also will alleviate waste disposhI
pr.oblerni. Electric utilities now produce about 30 million
togs of fly ash annually. .While blended cements have
seen only limiTellise-in has been
demonstrat&I by extensive useln other ifidustfialized
countries.

, .

In'this project, the reactions of blended cementstcon-, taining waste and by-product materials will be studied to
. provide insightTnifinnportant variables in the choice of

cement replacement materials. The effect of the replace-
- ment materials on'the alkali-eggregate reaction, sulfate, *.

resistance, strength development, and durability Of htended
oements will be evaluated to provide a basis for perform-
ance tests and criteria.

The study of the alkali- aggregate and sulfate attack -

reactions will be carried out by chemical analysis, X-ray
diffraction, scanning elect rot ,and optical inicrovopy,
thermal analysis, and \meXanical property measurements.
Although tests will be carriedo-urilThecordanee with the
American Society Ica- Testing and Materials (-ASTM) pro-.
cedures,,,new tests will be developed where needed. The
new tests will be subinitted for consideration by ASTM.

Paper recycling-results in considerable savings in.
energy consumption per toil of paper produced; no leng
or pill-ping is required in paper recycling. However, most
Waste paper is composed of a mixture of paper grades.
'Fbere is a limited use for this waste paper, regardless
the quality of the paper in the.rimture, since the paper
industry isnot accustomed to working with unknown Tiber
mixtures. If pulp made. from mixed waste paper were char-
acterized and graded, there would be greater incentive to
recycle, since this waste could be used to make more than
just the lowest of paper teades.

In this project, test methods aretbeing.developed to
supply the data necessary to characte(ize and grade pulps
madefrom mixtures of assorted fibers. At first, mixtures
will he made from identified-and characterized pulps

"according to a statistical .sampling,plan:, Fiber-length dis-
.tribution.will be determined by art image-analysis tech .

niqpe, and the specific 'surface of the pulps in aqueous.
suspension will be determined. Paper will'be made on a
laboratory sale, and the physical properties of the paper
wills; determined. Fiber strength-and bondability will be
determined by a shorit'pan tensite:technique. At complete
statistical 'analysis of the data willvleter,minellie,bitst
means for predicting paper properties from pulp properties,
Finally, pulps will be made.frorn mixed waste paptr,charac-
terized, graded; made into men, and evaluated to compare .

_predicted with actual properties.
-, =Increased recycling would result in 12wer energy Iconr"...,

sumpti by the paperindustryand many solid waste,
problems for municipalities yvpuld,,bq-alleviated;-..

".,
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AMERICAN SOCIETY OF HEATING,
REFRIGERATING AND AIR-CONDI,
TIONING ENGINEERS AND NATIONAL
FIRE PROTECTI ASSOCIATION
STANDARDS FOR RGY
CONSERVATION

Paul Achenbach
Building environment Division - 30-921.3637.
Sponsor - .Yational Bureau of Standards

BUILDING ENERGY CONSERVATION
STANDARDS %

to*
Art Heldenb rand
Office of Energy Conservation -

Sponsor-- Department of Housing and 111;ban,
Development

.

a)

:.

The objective of this project is to provide the program
management' seaices t6 obtain the Conceptual models and
research; data needed as a ba'sis for drafting energy con-
servation standards of the performance type.

The Office of Cnergy Conservation, Center for Building
Technology, will act as technical program manager for
planning and integrating the grigrgy Research anti Develop-
ment Administration (ERDA)/the National Bureau of
Standards (NBS) research projects for development of the
energy conservation performance standards (as defined in
the Modification of ERDA/NBS Memorandum of Under,
standing, November 1976), planning and integrating the
relationships of similar work funded by all other agencies
at the NBS, and coordinatinvith and integrating the
products of directly related work funded by thelwA at
other -locations and work performed'by private organi-
zations.

ASHRAE Standard 90.75, Energy Conservation in New
Building Design was issued by the American Society-of
Heating, Refrigeratitig, and Air-Condilioiting Engineers
(ASHRAE7,SIti collaboration with the Illuminating Engi-
nee'ring Society (IES), in October 1975. It is the nation's
first comprehensive energy conserva'tion 'stanaard that is
applicable to;a11 types of new buildings., .

ASHRAE 90.75 is based on a research document,'
,NBSIR 7445'2 Design and'Evaluation Criteria for Energy
Conservation in New Ruddings, published.by the National
Bureau of Standards in February 1974 in-response to,a
request from the'National Conference of Sttifes on Build.
ing Codel and Standards (NCSBCS), an" organization of
'building regulatory-officials fronrState avflocal govern-
ments.

Current ASHRAE energy ce-.'>A ervatiori activities involve
the development of a proposed ASHRAE Standard100..
series for retrofitting- existing buildings fo'r energy con-
servation and continuing update of ASHRAE Standard
,90,75. During FY76, a Center:for, Building Technology
staffer will senye on the technical panels, drafting the 100
series and updating 90-75.

Approximately One third of the energy consumed in the
U.S. is used b), the building sector. It has been estimated
that 40 to 50 percent of energy used inn, new buildings
cad be'saved by energy,conserving deSigns. Building
perforinanccA.t.andards (e.g.,"-energy budgets) represent a
logical extension of the performance concept now .
developed at the level of a component performance
standard, such as in the American Society of Heating,

18
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MODEL DOCUMENTATION FOR
ENERGY STANDARDS

Patrick Cooke
-"Offteeof Building Standards and Codes

.Sei-vices - 301. 921-3361

Sponsor - Energy Research and Development
Administration

L
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Refrigerating and,Air-Conditioning Engineers (ASHRAE)
Standard 90-75: Building performance standardsstand-
ards that limit the annual energy usage.of buildingsfocus
on energy conservation as a performance concepts-provide
energy design objectives, and demand an approach to
designwithout'direct constraints on design options.

Thez-yrpose of this Department of Housing and Urban
Developenent (HUD) sponsored project is to develop
objectives, a technical approach and a detailed program

,plan for foimulating and implementing energy conserves
tion performance standardsfor new buildings. The motiva-
tion for the standards implementation program is to assure
effective application of the standards for energy conserva-
tion. To the extent that ktandards are performance-
oriented, they increase the complexity of evaluations for

_ ---

design appioval by building regulatory agencies, in com--
parison with prescriptive standards that specify the
materials and methods to be used.

The technical program for standards development and
standar& implementation will be managed by the Center
for Building Technology for the Secretary of HUD, in
response 'to policy direction from the Energ., Resources
Council Task Force on Thermal Standards. In the pre-
liminary plan the management framework of coordinating
various other agency_roles, the Federal Energy Adminis-
traliori has policy overClew; HUD, implementation; the-
Energy-Research and Development Adniinistiation
(ERDA) /NBS, research, development and-demonstration;
and the General Services Administration,implementation.
Initial ERDA/NBS research projects related to the
standards program are described elsewhere in this
document.

r.

This project involves the development of model informa-
tional documentation and procedures to facilitate the-
adoption.and implementation of building energy conser-

- vation siandardSof the component perfrmance type.
State-of-the-art studies of existing regulatory progratns and
systems dealing with building energy conservation will be
-conducted and documented to rovide a basis fora co-

. ordinatedonational system to lie available when standards
are promulgated. The approach will be patterned after the
existing National Bureau of Standards Coordinated Evalua-
tion Systems project for manufactured bilildings.

19"
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ECONOMICS IN BUILDING
STANDARDS

Stephen Peters
Technical Evaluation and Application
Division 361-921-3701

Sponsor - Energy Research and Development---
Administration
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ENERGY BC DGET APPROACH_FOR
BUILDLNG SWDARDS

_Witham Carroll
Buvldvrig'Entronment Ditision 301-92 1*-3-5113

Sponsor EnerpR-esearch and Derelopnz.ent
.4dmuustraRon

_
ENERGY RESEARCH AND DEN ELOP-

." MSNT ADMINISTRATION TECHNICAL
AI JD PROFESSIONAL SEW% ICES

Jim: Heldenbrand
-Office of Energy Conservation 301-921-3892

r .
. %

Sponsor 4-, Energy Research ,ind Development

A thninistration
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Economic analysis to support the National Bureau of
Standards building energy conservation standards pro-
gram is being conducted,during-FY76. This project is
primarily empirical in nature, applying 'economic method.
ologies developed in support of the standards program.
The extent to which'aRpropriate energy conservation tech-
niques might be economically justified for buildings'of dif-
ferent types. in different climates, and using different
energy forms will be objectively determined. using life-
cycle cost and energy savinp data. Rectonmefidations for
performance standards will be made based on this analysis.

. Economic optimizatiorf models based on marginal
analysis are being applied to the energy conservation
design of residential, commercial, and public buildings.
Cost data relevant to energy conservation in new buildings
are being collected by a contractor for use in running the

_model. A computer program will be used in estimating
annuaLsavings for various combinations of energy con:
..iervation features in buildings oldifferent types and in
different climates. Economically optimal combinations of
energy conservation techniques sensitive to climates.
economic factors, and user requirements will be estimated.
Commercially.available computer programs will be used
%here necessary to supplement the National Bureau of

'Standards Load Determination computer program.

The technical aspects of an energy budget concept as fhe
basis of energy performance standards in buildings' will be
explored and developed_ In addition to the concept defini-

(non. methodsof application, including building and climate
classification scheme_ and simple and reliable calculation
methods, will be-developed by a multidisciplinary approach
using related economic, architectural and human factors
experts. This methodology will subsequently be employed

-in a separate project to produce energy budgets for all
classifiOsbuikking types, functions. and climatic conditipns.
'Energy budgets will pravide a reliable. effective evaluation
tool to aid in the development of building energy perform-
ance standard: which- will stimulate energy conservation
practice in bUilding design: while allow:ingthe freedom for
innovation.

.
Technical and.prolsional services will be pro.nled by

the National Bureau of Standards (NBS) staff to support
the Energy Research and DeTer4hientAdrruhistration
(ERDA) in its overall research and demonstration respOnsi-
bility for the Energy Performance Standards Pr.,ogram.
This supptirt to ERD'A supplements the MIS responsibility
for overall technical program ma ement in rponee.to
policy direttion from ERDA, the d.eral Energy Admin-
istration and the Dokartment of Flousing,and Urban

- Development'. \ .
- x
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SOLAR ENERGY PROGRA FOR
HOUSING SYSTEMS

Robert Dikkers
Office-of Housing and Building
Technology . 301.921-3285

Sponsor - Department of Housing and Urban 11
Development

In view of the current energy crisis and the increasing
rise in the cost Of fossil fuels, the Department of Housing
and Urban Development (HUD) initiated a cooperative
program with the National Bureau of Standards (NBS) to
determine the feasibility, use, and performance character-
Islics of solar energy systems and dwellings using such
systems.

To develop interim performance criteria, an interdis-
ciplinary team.ofnthe Center for Building Technology ,staff
members wasouanized. This team prepared criteria 'drafts
that were reviewed by a 10-member. consultant evaluation
panel consisting of experts from the solar ihergy.field. In

, addition, drafts were reviewed by Federal agencies
responsible for the residential demonstraticw program,
HUD and the National Aeronautics and Space Adminis-
tratton:,General.public and industry comments were atso
solicited and obtained throughan open conference held

.D at NBS in November 1974.
The Interim Performance Criteniajor Solar Heating and

Heating/Cooling Systems and Dwellings was
.tua schedule and transnlitted.to HUD. Minor

modificatfgrY4v7ere made to this document and it was
published for general distribution in February 1975.

NBS is developing,a plan for pup which will describe
ei the technical performance data lo be collected during the
. 'solar residential demonstration program. NBS will also

prepare Intermediate Min' Property Standards for Solar
Heating and Domestic Hot fP Systems. These ,stand-
ards will a supplement to UD.'s Minimum Property
Standards for single family an multifamily housing.

SOLAR ENERGY DEMONSTRATION
PROGRAM #

Rgbert D11.4fers

Office of Housing and Building
Tedanology - 301. 921-3285

Sponsor Department of Hoosuzg and Urban
Development

Enerp Research and
Development Administration

An interdisciplinary team of the Center for Building.
Technoluirlstaff members is organized to develop the
interim performance-criteria for the solar energy com-
merical demonstration progitam. Public and industry
comments on these criteria -will be solicited before final
publication. The team will monitor-the design, construc-
tion. and operation of commercial solar energy systems and
feed back the information thus :obtained in the develop-
ment of the finaLperformance criteria. The testing and
evaluation of systems and subsystems developed under the
research and development phases of the heating and
coaling program will be monitored and reviewed, as well
as those recommended for demonstration, testing, and
further development under the commercial demonstration
program: In addition, consultant and advisory service will
be provided to the E_ nergy Research and Development
Administration for die review of various grants and pro-_,
posed Pr8grarns of study. .
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TESTING or RETROFITTED SOLAR
HEATING, VENTILATING, AND AIR-
CONDITIONING SYSTEM

James Hill
Building Environment Pi[;ision - 301-921.3512

'Sponsor - Energy Research and Development
Administration

SOLAR EN'ERGY STANDARDS

James Hill
Building Environment Dirision - 301.921-3512

° Sponsor - National Bureau of Situ:dards

;
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A solar heating and cooling system has been designed
and installed in a fout-bedrodm house on the National
Bureau .of Standards.grounds. This project involves the
operation, data acquisition, And evaluation of the solar
system for 18 months. Measured data will be compared
with predicted data for sevetal operational modes to deter-
mine the adequacy of the analytical models -to predict

' fossil fuel savings. The solar system consists.a flat-plate
collectors with water/ethylene glycol as the transfer fluid,
water storage, and an absorption air conditioner in the-
existing forced-air system of the house.. The approach is
to evacuate thg, system- during typical summer and winter
operation and compare -it with the perforrnance predicted
with available analytical models. Emphasis will be placed
on evaluating the.performance of'the systeniin a variety
of modes of operation.

The National.Bureau of Standards (NBS) staff are
participating in committees to develop standards for solar
energy collectors, storage devices, and systems. The, -
development of these standards is in response to a national
need to conserve fossil fuels and td use renewable fuef
sources such as solar energy. NBS is in a unique position
of having'the laboratory facilities and technical expertise
to make a significant contribution. During FY76; the
Center will complete draft standards on solar energy- col-
lectors; storage devices, and systems. The Center will also
participate with the American Society for Testing and
Materials, the American Society of Heating, Refrigerating

and Air-Conditioning Engineers, and the American -

National Standards Institute, Inc. committees to assist in
the preparationtof national conservation standards.
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TECHNIQUES FOR EC1NOMIC
EVALUATION OF BUILDINGS

Harold Marshall
Technical Evaluation and'Application

' Division - 301-921-3701

Sponsor - National Bureau of Standards'

The objective of tht project is-to devel ndrefinc't4e
theories and methods of benefit-cost analy
analysis, and life-cycle costing for applica to building
evaluations.

The approach is as Tollovs; (1) to conduct aliterature
search on available evaluating methods and statistical data,
both in the U.S. and abroad; (2) to examine non-building
applipations of evaluation;techniclues to determine their
applicability to building pile.blerris; (3) to examine alterna- .
tive it for evaluatingjosses of life and personal_
injuries; (4) to examine techniques for evaluating alterna-
tive building designs for pre4nting losses from fire and
other disa,Sters, and for reducing the consumption of
energy; (5) to examine cost-sharing rules g they impact
o construction design Sand scale; (6) to increase the
Center for Building Technology' awareness of the applica-
bility of economics to building pkoblems and include
economics in injerdiseiplinary research through seminar
and workshops.

Last year, benefit -cost, risk-benqit, and life-cycle cost
methods were refit-fed for evaluating alternativ,e building
technologies. The staff participateckin seminars, training,
and research relating to applicationof these methods.
Specific'accomplishments included qederal workshop on
'building economics, publication of ft*, r papers in the pro-
ceedings of the Purdue University Copference op Heating,
Ventilating, and Air-Conditioning EquiAment and components
for Buildings, preparation of three articles for submission
to professional journals, completion of la chapter in Salinity
in Water Resources, and completion of a: report, Solar
Heating and Cooling of Buildings: Methbds of Economic

r- Evaluation.

In recent. years construction costs have 'risen faster than
z

the general cost allying, and many persons contend that
the construction industry i's teehnologialtyobackward-and
inefficient. Some observers believe that' restrictive-I-mild-
ing codes pr °mote inefficiency and substarkt ially increase
cost-,- while other experts believe the iuipac4 of building
codes exists in part due to the lack of apprkpriate informa-
tion. This study will -develop an economic frameworl. to
help identify the impact of building codes oil construction

and !upon the distribution' of income lktween buyers,
builders, building Material produCers, and construction
workers.

To increase information, an.Economic:luipcipt State-
Merit will be-developed that will provide a standardized
`method of analyzing the economic impact of a."zspe%ific
building code change. Building officials seek to improve
_public health; safety, and-welfare through building codes.

ECONOMIC ANALYSIS OF BUILDING
CODES

John*cConnaughey
Technical Evaluation and ;1pplication
Division - 301-921-3701

Sponsor - NatiOnal Bureau of Standards

4.



. .

Ttie economic impact statement will be designed to be
especially useful to building officials in choosing between

, two code alternatives, or, between the choice of enacting or
not enacting a code.change. The study will conclu,de with
a case study of one particular code change to illustrate the
useofthe economic,impact statement.

ECONOMIC ANALYSIS OF LEAD -PAINT-' Lead paint abatement techniques differ not only in their
efficiency at removing the hazard from the environment,
but also in their installation and maintenance costs: Thus,
the choice of the optimal abatement techniAtie is neither
readily apparent nor easily determined. This study will'
assist the urban planner to snake the choice atnong abate-
ment techniques for a giveft4flonstraints (e.g., surface,
type, substrate condition, odfiliancy status) by providing
(1) an analysis of the determinants and structure of costs
at the abatement technique level and (2) an analysis of
performance characteristics of the` alternative techniques.

,

ABATEMENT TECHNIQUES

RoberChapman
Technical Evaluation and Application
Division 301 921-6701

Sponsor- Department of Hosing and Urban
Development

ECONOMICS OF ENERGY
CONSERVTON

Stephen Petersen
Technical Evaluation and Application
Division =301-9214701

Sponsor - National Bureau of Standards

.3

_4.

ECONOMIC EVALUATION OF ROOF
AND WALL SEC'T'IONS

;:". 4-_

Chen
Technical Evaluation and Applithtion
Division -301-9214701

Spomor gii:SerinceConimittee

Twelve.percent of the national ohergy supply is con-
sumed in residential sfiace heating and cooling operations.
Yet much of this energy is wasted due to inadequate

- thermal insulation. If homeowners can determine how
energy conservation retrofitting techniques will benefit
them in economic terms, theymay respond faster and
more accurately to national energy conservation requirt-
..

ments.
Last year,' most of the information and methodologies ,_

for the homeowners report were generated ;in preparing a
technical study onippliiiial combinations of energy cohser-
vationretrofitting techniques/or residential application.
The afifiroeh this year was to assemble this - information to
be easily interpreted by the layman. interested in reducing
the energy requirement of his home:----The'booklet entitled
Making the Most of Your Energy Dollars in Home Heating
and Cooling includes allowances for climatic conditions;
current fuel prices, the rate at which fuel prices are rising,
and_the cost of specific retrofitting techniques.

For or military construction of administrative hOu'S'ing,
recreation and hospital fdciliti'es, the Center is compiling
technical, construction; and energy cost information for a
25-year life cycle on 'wall and roof sections generally-used
or potentially suitable in the Washington, D.C.area. This
information, intended for use by the .building designer" will
highlight energy' conservation anA labor-saving materials.

40,
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ECONOMIC MICROSTUDIES OF NEW
BUILDING PRACTICES

Harold Marshall
Techhical Evaluation and Application
Division -301921-3701

Sponsor --National Bureau of Standards

ECONOSICS OF SITING BUILDINGS

Joseph Kowalski 7
TechnicarEvaluation and Application
Division - 361. 921-3701

Spon.sor - A'ationtil Bureau of Standards

FENESTRiTION: ECONOMICS
- .

Rosalie Ruegg ,
Technical Evalucition and Application
Divisionr,301-921-3701 -

_Sponsor - National Bureau of Standards

EFFECTS OF"RESOURCE IMPACT
FACTORS"

Stephen F. Weber
Technical Evaluatarin and Application
DiviSion = 301-921-3.701

Sponsor - Federal Energy Administration

t

This pro ject:diveloped a benefit-cost methodology for
measuring the nelsocial impacts of ilnprovementsin tech-
nology that are introduced through'thelouilding regulatory
System and through the building industry on a voluntary
basis. Impacts studied ate social benefits and costs that
result from the introduction of,reduced-sized venting in
plumbing and improved standards and practices in roofing.

The economies of lorIfltion and,the deteiminants of site
.

advantage, previously developed as part of this..project, will
be extended. The Center will devise quantitative measurer
of the characteristics of location that -des The the relative
site advantages of residential location, T ese variables
will then be used in an econometric niodel to stitnate
their relative importance on the structure an level of the -
submarket demand for housing. The data us to estimate
this model will be based on.special ctoss tabulations from
the 1970 ''ensus of Metropolitan Housing.. Two reports, The
Economics of Siting Buildings and The Impact of Residential
Site Selection on Housing Demand willresuit from this
research.

. ti

The capital and maintenance costs of alternative window
characteristics, as well ass psychological benefit; and costs,
are important ,,to the overall efficiency-of window selection.
An economic analysis of windows will provide a .more

,
compete approach tb the optimal selection" of windows.
' EconotnistsEfrom the Center will develop a.Iife-cycle
cost model for analyzing alternative window characteristics,
in a given application, in'terms of the cornbined.net effect
of thermal, construction, and maintenancecost§: Using
thermal data developed by the Center's Therthal'Engineer-
ing Systems Section, and costs of ghernativelwinuowichar-
acteristics described by the Center's:Architecteir11..lise.freh
+Section, the life-cycle cost model will,be exetics,pc 0
selected .windo'w applications. Any preliminai, sures of
psychological benefits and costs identified byp,..o=Center's
Seitsory EnvironMent Section from the \exiSti4qiterature,will' ie related to the life-cycle cos meaaures

'+.

.

,ThisTroject will assess the efficiency a, : nergy con--"-tte
-servation impacts of alternative "Resource 'It c'

(Rfrs).Crileria for'specifying RIF's that will provide the
' price or cost information necessary for generating efficient,

energy anservation standards for buildings al-e also being
developed.' These RIF's'are necessary for theidev"eloprmtent ''

,andapplication
,

Iof-an economically efficient energy con: ,

servation performance standard.for buildings.
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HOUSING NEEDS IN DEVELOPING
COUNTRIES

Joseph Kowalski
Technical Evaluation and AppliFFaton'
Division - 301-921-3701

Sponsor - Agency for lnternatiohal Development

. ... .
..

.

The study will compare the performance requirements'
of.energyconservation standards generated`Ah and with-
out RIF's, and will examine the impactan,The'proposed
perforniance standard that 'might result from various.RIF
values. Consideration .1,411 also be -green to the extent to
which RIF's shogld be specified nationally-'or regionally.

A report has been completed,v'Evaluutioa of Energy
Resoureks in the Development of PerforrnanceStandcirds for
Energy Conservation in Buildings, which adikesses economic
formulation of energy erformance stL'ndards.,,This-report

)

lays the groundwork forintroducing-RIF's into the prircess
of standards development by demonstrating the need for

- . making the standard depend 'Oh the relative and absolute'
social values of eilergyvresourcee. , .-

0

Iahis project published the report The ECcrionitc's of.
'Building Needs: A MethocI90gical CuVf, prepared for
meetings on "Development of Design'cliteria and Method-..
ology for Low-Rise)1Low-Cost Buildings 42 Better Resist
Extreme Winds" in Manila, the Philippines and Kingston,

The worVestablished a method by-which housing
needs can be forecated. It thus. established the relative
economic importance of improved design criteria and con-
struction methods.

o e
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NOISE IN AND AROUND BUILDINGS

Simone Yaniv
Technctal Evaluation and Application
Division - 301-921-21'17

Sponsor National Bureau of Standards

CRITERIA FNORBUILDINGNOISE

,Simone Yaw
;Technical Evaluation and Application

kr 9: Division - 301. 921-2177
-0,

Sponsor = Environmental Protection Agency
iy`

*-

FENESTRATION: DESIGN

Belinda Collins r.

Technia 1 Evaluation and Application
Division r 301.921-21,77

Spoit'sVr - National Bureau of Standards

e.

Light weight materials, prefabricated systems, and s
emphasis on open-space planning has resulted in increased
exposure of building occupants to indoor and outdoOr .
noise. The higher noise levels have led.to an increased
awareness among governmental agencies, builders, archi-
tects, and the listblic of the need for a quieter en.xiron-_,
ment. The National Bure of-Standards initiated ,a re-
search program design to assess and improve the design

. tools now available to architects and builders concerned
with the acoustical environment of buildings..

. The emphasisjs on identifying the main factors asso-
ciated with human,iesponse to noise in buildings tiled .
evaluating how well current methods account for those
parameters. ,

. Such studies consist of obtaining a "library" of
household noises as they actually, occur in dwellings
through the use of.,tape recordings. They will be analyzed
and assessed by human observers. The results of these
studies will provide the data base on human response to
the acoustical climate of burgs for the purpose of
improvik criteria for use in standards, codes, and regula-
tions.

The Center for Building Technology is working with the
- Environmental Protection Agency on a program to develop

improved acoustical criteria for buildings: This program
'co4;ts of a review and evaluation of available data on
indoor noise levels in dwellings. An examination will be
made of human response data,,,employed to validate
Tcoustical rating schemes commonly usedby building
designers, to determine their applicability, to building
codes.

Aritther phase is concerned with the development of an'
experimental plan. The plan consists of a social survey
and noise measurement techniques to assess the statistical -

distribution of indoor noise, its rel;tionship to outdoor
noise, and the reaction_ of building dwellers to 'their
acoustical climates.

The impact of the window upon the overall energy con-,
suthption of a building is not Sully understood. Inputs
from four separate disciplines, thermal engineerin'g,
economics, architecture, and psychology, will be used to'
investigate the performance of the window. This research
project i9 being develtped to discover'ways of conserving
energy throughcost-efficient window design, while meeting
bah architectural requirements and user needs.

'Although the simplest solution for reducing energy
consumption might be the total elimination of the window,
this may _riot always be desirable from the standpoint olthe
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ILLUMINATION CRITERIA FOR
BUILDING-S.

Cary Yonemura
Technical Evaluation and Appltcation
Division - 301-921.2177

Sponsor Energ% Research and Development
Administration

'VISUAL ENVIRONMENT

Gary Yonemura
Technical Evaluation and Apphcatibri
Division - .301-921-2177

Sponsor - National Bureau of Standards

o .

4
AO

04.

4

at

user, the designer, or the engineer. As a result, the,
berigits and drawbacks of windows must be specified jai-
many terins before design criteria can be developed.

'Progress to date has included 'modification of the
kaional Bureau of Standards Load Determination Com-
puter Program to be suitable for the exterior envelope
analysis., development of average-day solar radiation for

k, energy analysis, and experimental evaluation of window-
glass coating;_a window design-stpdy report; development
of a life-cycle cost model; data collectioton venetian .blind
usage; and publication a litersure evalation of psycho.
logical reaction to enviro ents with and without
windows.

,
AO*.

This project is developing a new basis for recommending
levels of illumination that are more conducive to energy
conservation. The present recommendations state that
increasing illumination levels increase visibility; whereds
the new function recommends an optimum luminante
level. Levels higher than the optimum can lead to de-.
creased visibility, along with consuming higher amounts
of energy.

How much light &We need to perform specific tasks?
The-visual performance data currently used to recommend
levels of illumination are based on'the simplest type of
visual requirement, threshold detection (I barely see that
spot of light). ResearcherZ designers,'Sild engineers who
don't subscribe to the present recommended practices,
argue that the experimental conditions under which -.the
current recommendations are based arZ not simulations of

iLrealworldconditions. TheCenter has undertaken studies
o obtain a more,valid determinatiorrOf illumination

requirements; that is, visual performance e*'aluated under
stimulug conditions more nearly resembling situations en-
countered in everyday life, suprathreshold levels (1see the
target under both conditions, but it is more distinct uhder
illumination condition A than B),. Studies conducted with
gratings and letters under suprathreshold conditions
indicate a significant difference between the functions.
The threshold function states that ever-increasing light'
levels-result in ever-increasinrvisibility. The suprathresh<
old function states there is a luminance level that is best .

for performance and that increasing or decreasing
luminance beyond this'optimum results in a poorer image.

Another. part of this project studies veilingreflectance.
Light sources are installed itiluminaires that redipect the '
light from. the lamp to the desired location. Tim defin.
and placement of these luminaires affect enerme1 np-

'44cti
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COLOR APPEARANCE,
-

Gerald Howett
Technical aaluation and Application
Division 301-921-217-7

Sponsotz- National Bureau of Standards

of

, BEHAVIORIAL RESEARCH DESIGN
APPLICATIONS t

Arthur Rubin
Technical Evaluation and dpplication.
Division 301. 921-2177

Sponsor -11i Tonal BUreau of Standards

Of

lion by the effectiveness of the light rays for visual task
performance. An efficient luminairewi reflect more ofI,

the lamp light, but more importantly.Wil, direct tie lamp
output to the desired location with the correct geometry,
resulting in a minimum of veiling reflection. ,t.

.4,
..

This project uses visual theory, mathem-atical modeling,
and psychophysical experimentation in eeontinuing
development of color science, with the aim of applying
color to-safety, communication, visual comfort, and
esthetic satisfaction. Current surface -color emphasis is on
devetopment and popularization of a single.master-set of
golors for all safety-codingapplications. Current illumina-
tion-color emphasis is on evaluating formulas that have
been proposed for predicting the luminances of Colored
lights seen as'equally bright..-The ultimate goal is a revised
photometry and possitdapplication to energy saying in
lighting.

Color coding is a common method for rapidly soni-
municating safety information. Many,tovernlent agencies
and trade associations have developed over the years their
own sets of colors for use in identifying different
categories ofltraffic sighs or warning labels. Most of these
color,cOdes contain, -for example, a red, but the exact
"shade: of red prescribed is not-thesame in all the codes.
This project.aims at encotKaging all these groups to Chore-
their colors from a-single, limited set of precisely define,d
colors with explicit meanings. e

Similarly, it has long been known that-the standard."
procedure (Used in photometers) for calculating the total
luminous output of a light leads to errors that ale some-
times quite serious. Development of a more accurate
formula, and instruments based on it, will not only
advance photometric science, but will permit realistic
comparison's by lig hiing-engineers,of the outputs ofdif-
lerent types oC:light sources: This research could also
Kermit eitergy,savings by encourazingtheleplacement Of
lights now over-rated in visual effectiveness byfewer lights
of greaten true4feo.tivertess.

This acittvity rgill promote the use of behavioral
methods and data in the design process. An early- study
(user requirements in_the home, a data-collection method-
ology) was a revie-w of primartly,survey research applicable
`0"user" studies in buildings. This in.Qstigation also
touched upon other 'research approaches that might be
appropriate for occupant sardies'of buildings, and indicated
that a wealth of information, compiled in many disciplinary
areas, is available kr researchers concerned with defining

--
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VISUAL TECHNIQUES IN'NON-
,DESTRUCrIVE.TESTING

Cary Yonemura
Technical Evaluation and Application
Division - 301.-921-2177

Spgtsor - Natienal Bureau ofStandards

41h
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user requirements in buildings..
The most recent study, now nearing completion, is

designed to be an in-depth.examination of.methodologics
from a variety of disciplines thai might be employed in
user studies; and an evaluation of them from the stand-
point of an experimental psychologist. The study is
directed particularly to designers and architectural students
in the hope,of providing an insight into the relationship of -
behavioral research methodology' and design. thereby
improving communications between these two disciplines.

The'humari,observer is currently.the weakest link in.nondestructive testing (NDT) systems that include a
"visual" component. Field'observations and interviews
with NDT experts will be conducted to detail the informa-
tion needs'by NDT and describe the working environment
as it impacts on NDT visual tasks. This information will
be used to recommend change in current NDT practices.

Field trips are being made to installations now con-
ducting NDT in radiography, magnetic panicles. and
penetrant techni*es. Thf visual parameters involved are
being.identified in detail and procedures. standards, and
Optimum physical conditions under which tests can be per.
formed will be recommended. They will be presented as
Considerations and Standards-int-Visual Inspection Tech-
tuquei at the National Bureau of Standards, theAmerica
Society for Testing and Materials, the American,,Sylety for
Nondestructive Testing SympOsItim on Nondestructive
Testing Standards.
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ARCHITECTURAL RESEARCH

Stephen Margulis
. Technical Evaluation and Application

Division - 301-921-3595

Sponsors - National Bureau of Standards;
Department of Housing and Urban
Development

A

ARCHITECTURAL 'PSYCHOLOGY

John Ardzea
Technical Evaluation and Application
Division - 301-921-3595

.pon;or - .Vational Bureau of Standards
.

.

National priorities have been set for safes buildings, for
buildings that pollute less, and for buildings that conserve
energy. But safety, pollution, control, and energy conserva-
tion increase costs. These increases have, in turn, caused
`building costs to escalate. One answer to this is improved,
construction productivity. Whether factory-built
residences could satisfy the'Nation's need for housing was
addrleised in the Department of Housing and Urban De-
'velopment's Operation Breakthr;ugh, a large experiment to
stimulate industrialization and innovation in housing. The
Center is surveying and repdtting the opinionsAttitudes,
and behavioral reports of those direct; affected by this .

housingits occupants. Their.experances with, regard` to
safety. security,,c6mfort, convenience, and other matters
will, be compared with those of occupants of conventjonal
housing. This information. including conclusions and
recommendations for the design and management of future
hOusing. will be directed to the housing industry and the
general public. In addition. a. report pq consumer informa-
tic-n hill be published.

Benefit-cosfanalysis assesses the goodris design. for
conventional as well as industrialized housing and for other
building types as well. This research project is
gating the "benefit" aspects of benefit-cost_analyses for
building.

Building researchers and practicing professionals need
to =pro-ye their communication stills, especially writing:
likewise, new coinputer techniques are needed to increase
productivity in .building design and construction. Reports .
on both of thse topics will be published. Fundamental to
the application of research findirigs is the building per-
fomance approach, which has been adopted and furthered
at the National Bureau of Standards. A report to establish
a Performance T7zeoz for Architectural Design will be
prepared.

Architectural psychology examines how people -use the
buildings designed and constructed for them, as a w:ay of
improving the"design of future buildings..For example, in
FY74 and FY75, privacy studies were begun to. establish
psychological kno-wledge in a subject area of great interest
to the public, but one which previously had not been
systematically researched. Behavioral studies in privacy
are continuing, and will be augmented by studies. in stair
safety and building use by the elderly. Stair safety studieS
will complete research commenced in FY74 and continued
in FY75 to set safety performance criteria ajzned at reduc-
inz the number (350.000) of stair accidenti each year. A
monograph on human perception as related to building
safety will be published. Studies will develop a research
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FENESTRATION: ARCHITECTURAL'

Robert4lastings
Tedudial Evaludtion and Application
Division - 301-921,3595

Sponsor - National Bureau of-Standards

ARCHITECT-EN-RESIDENCE

Porter Driscoll
Technica Evaluation/cind:-Ipphcation
Division - 301-921-3704

Sponsor - National Bureau of Standards

_r we

meirliod and findings* on the use of nursing hOmes by old
persons. 41 literature search 'on law enforcement facilities

artill be published, as will a'report on the psychological
%spects of architectural design., All architectural psychol-
ogy research, will result ultimately in research reports,
performance criteria, standards, design guides, or user
guidelines to improve the built environment for the benefit
of the people who use and'

1

enjoy it.

Until recently, the energy consumption implicatioslof
architectural design decisions were of much concern.
The mechanical and illumination systems could always he
desigried to compensate accordingly. Over-design and large
safety factors made calculating design subtleties a super-

.flimus-endeavor. The rapid escalation of energy costs
chaliged this situation. It is now important that archi-
tectural design strategies,that Will conserve energy be
identified and that lighting, cooling, heatirig and ventila-
tion load calculations be sensitive to such design subtleties.
Wirtdoxvs are a critical consideration because they may be
responsible for up to -40 percent of a bifilding's heating and
cooling loads, or they may actually result in a net reduc:
tion of these loads.- This project will identify energy con-

,serving design strategiesfor windoivs and evaluate the
sensitivity of modeling methodologies and strategies.
gmong-other considerations, this project will assist in the
synthesis of architectural design strategies with the
thermal, psychological, and economic constraints. An
interdisciptnary methodology publication will then be
published,'

.
To strengthen the linic between the design professions

and the building research community, a new post has been
developed-at theNational Bureau of Standards (NBS)...
The American Institute of Architects (AIA)/NI3S Archi-%
tect-in-Residence FAlward C. Fordyce, Assistant Director of
PlanninkScience Niusentri of Virginia was recently
selectedsby the two organizations and will remain in
residence at the Gaithersburg campus for a period of '
approximately one year: M Fordyce's efforts'will be
focused on the transfer of Solar energy informa4frpm
researchers to architects. He will, in this capacity, be
involveikin the development of audio - visual packages for
distribution to AIA_chatters. Informal reports will be
forthcoming at intervals during this fiscal year

La,t-yedr, Joh Holton of Perkinslz Will, Architects,
Engineers and P nersNhicago, Ill., was selected as the
first Architect-in- esidence. He has been active as a re-
search resource to ongoing research projects within the
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Center, has participated in tw-Off-Site programs, and has
'conducted individual research on natural lighting in
buildings, working with-other_researchei:s in the Center
and other partsof NBS. Liaison activities included confer-
ences with the Directors of the Center, the Institute for
Applied Technology", and NBS, as well as staff at Argonne
National Laboratories and other research organizations.'

3 7
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.SLIP .liESISTANCEOF FLOORIINrG°

Robert Brungraber
Structures, Materials and Salt:1 Division!.
301-921.-3851

Sponsor - N.ational Eureau of S andards

ti

RESTRAINT EQUIPMENT

Harold Steinberg
Product Systems nal), sec Division -

301.921- .3204

Sponsor Occupational .ceafetir`iind Health
Administration

.1

'S

The National Coinmission on ,tOcitict Safety reported
itr 1970 that falls in the lioine yea_i- kill-about 12,000

f:
Slippeiy floors areand injure 6,000,000 peo kA,*

listed as a large cocontributeicontribute "14.

there-are no welt 7,1/4fZT*kJ* ly accepted slipperi=
3'

ness standards for flooring! pittject was initiated to
provide information neetled_to'kinmenceTht to development
of floor slipperiness.standarg.'. kincludes a state-of-the-
art study, evaluations .of three-existing tKt.methods, and
the preparation olvlans for additional studies. Among
these, studies was' the development of a dependable portable*
tester to measure a fundamental property that denotes
slipperiness. This tester is being used to estdblish stand-

ar for flaking materials to control slipperil?ess.
The state-of-the-art was determined by sea4ching the

literature andflay visiting several testing_laboratories.
currently active in floor slipperiness studies. Preliminary.
laboratory evaluation,;of the three most promising test
methods was completed, using three commonly used types
of flooring material. Two of the three test methods (The
Horizontal pull and the James) measure a fundamental
property, coefficient of friction; how-ever, both of them
have serious limitations and need further development to
make them reliable and portable.

The development of a reliable test method for field (Ise
is needel,!This was performed by making a portable tester
based on principles similar to thqse of a device now
accepted by the American SoCietv for Testing and Materials.
A sensor suitable for simulating human skin on wet or
soapy bathroom and swimming pool surfaces will be
selected. Also simulated natural leatIxer shoe soles are
being investigates. A series of tests are being conducted to
assess accuracy and precision of the portable tester.

Each year falls injure or-kill thousands of Americans.
Some of these injuries are the result of falls experienced
by workers whose jobs require thlt they perform their
tasks many feet above the ground. The Occupational
Safety and Health Administration (OSHA) recognizes the
need for the development of valid performance standards
for safety belts, harnesses, lanyards, lifelines: shock
absorbers, grabbing devices, and other components of
worker restraint systems. The American National

-'Standards Institute, the Standard A10.14,-currently under
' development, is likely not to satisfiOSHA's needs for

several reasons. Therefore, OSHA is drafting its own per-
formance standard for worker,restraint systems. Even
though the primary focus in the standard under develop=
!Rent is the construction industry, it will lily the ground-

_ work for related standards concerning'safety restraint for
lineman, tree pruners, window washers, etc.

° J8
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GUARDRAILS IN BUILDING
STRUCTURES,

.George-Fattal
Structures, Materials and Safety Divisiog,
301-921.3475 ;**

Sponsor - Occupational Safety and Health
Administration

0

a

ti

a

OUTDOOR STRUCTURES SAFETY

John Archea . ,

Technical Evaluation and Application Division -
301- 921.3595

Spansor - Consumer Product. Safety Commission

.1

The'study, which the Center is coordinating for the
Center for Consumer Product TechnologyOlthe Institute
for Applied Technology, will invplve the application of
systems analysis, product engineering, and human factors
methodologies.

The objectite of this study is to formulate structural
design criteria for guardrails. The study ,of guardrail
systems-will consist of: (1) an analysis of availableinfor-
mation including 'codes, standards, worker anthroppmetrics
and technical data; (2) a field survey of common types of
installations, (3) expe?imental and analytical evaluittion bf
guardrail loading aftd response,and (4) preparation: of
structural performance criteria and a supplementaiy design
guide. These perforintince criteri4iliVeLthe.bas is for
compliance of guardrail systems with t4pect to loading,

,

geometry and resistance function. -

To achieve the objectives of this project, the archi-
tectural research section of the Ceriter compi10 statist,. -

cal information on the anthropometric features of workers,
and will assist in-tbe survey of prototypical
in the field, including acquisition. of existing inforritation
oo guardrail failures. 4
---Last year_project tasks were drafted on the basis of .
problem areas identified through wwking sessions siitiohe
Occupational Safety and Bealth Ad inistration. Also, a
literature survey and preparations f -.testing wereliegttn.

.

. Iinvolving optapor
ig three prodtict:
erraces; (2)
;floor openi4s;
his research' is

model for
Iel will beet: -

Thetentertas
'accidents 1
of product
onnection pith

'sucliusa4e.
,ere,
oor structures e
a as well s

Man) injuries, result from acciden
structures,' which include the follow'
categories: (1) retaining walls, patios,
porches, balconies, open side floors, an
(3) handrAls, raffings,,and balconies.
aimed at reducing the severity of theSe

Center has developed a behaviora
accidents withttairs and doors. This mo
tended to encompass outdoor structures.
also developed- techniques for invsstigatin
thr.ough analyses of accident data, surveys
usage. observations of human behavior in
product usage, and analyses of videotapes

. These approaches will beused to iderittfy w
why, and to whom accidents occur with out
and to recommend safety performance criter
user eidelines.

.
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SAFETY IN CONCRETE BUILDING
ctCONSTRUCTION

Hai Snag Led
- Structures: Materials and Safety Division

30):921-3851

DOOR AND WINDOW SECURITY

Thomas Reichard
Structures, Ilaterials and Safety Division
'301. 921-N75

Sponsor National Bureau of Standards

Sponsor - National Bureti4 of Stattdatc4s
0

e

S4

This projectiis concekrzd with studies of two specific
areas that affect safety in concrete construction. They are:
(1) strength of falsework, which provides temporary sup-
port to a concrete structure during construction, and (2)
rate of construction. As part of the.first investigation, the
study will dptermine the capacity of single-post shoresas
affected by field conditions) The second-investigation
include the rate of strength and stiffness.gaiiiof concrete
at early ages, evaluation of ;various methods of determining

,in situ strength of concrete.) and development of a rnattie-
maticalmodel of construct on process to.study parameters
that affect the rate of contructioncycle.

Among the accidents arid failures that occur during
concrete constriction, nearly,60 percent are falsework
failures, which usually happen at the time concrete is
being placed. Because falscwork costs can account for as
much as 60 percent of the structural cost of cast-in-place
concrete, early removal and reuse of th'e -formwork and
shores cart decrease construction costs. Hence, for
economic reasons, contractigs want to reim;ve forms and
shore as early as possible. 'itch premature removals have
caused serious failures or fficulties in the completed
structures.

This project will propoSe criteria and test-methOds for
residential and commercial, doors and windows that will
provide a Mown level of secuzi...against common burglary
attacks. Approximately '00 percent of theiburglaries are
mad(i through doors and windows; 80 percent occur at-

--** ,...,

resi4i4ces and Alan buiinesses. The losses to the resident
and 4 ill businessifmn-due to burglaries, which amounted
to 85 ) tqlion in 1970,1,are increasing every year. Justice
Depiltrnent statistics show that the large majority of.
bkirglitries are performel by the tknskilled, This analysis,
emphasized that a relatively great decrease in burglary ' ,

losses could he made by a relatively small improvement to
doors and windows.

'Typical doors, windows, and burglary, tools; were,mi:!itru-
inented so that the actual forcesimposed, and resisted,
could be rneasurCd. Fr(3,1 these measurements, tests

-.. ,

siinulating burglary attacks were developed. The tests were
designed so that the simulated attack would not be:'easily

I Mated to the actual attack method. Four levels or per
fill-mance were identified as being related to the 14els of
skill and/or tools for door assemblies and three lefels for
window assemblies.

Last year, draft performance standards for theqt four
levels of security were prepared for door assembliiis apd
door components. A companion set of draft stawjards for
window'assemblies was prepared and forwarded tc thee
sponsor, .

It is expected that additional testing of hardwafe items,
especially add-ons such as bolt latches, will be completed

A this year. Also a ,Selection and Application Guide for
security hardyiare will be prepared.

40 . .
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THERMAL MEASUREMENT
TECHNOLOGY

*ramami Kusuda
Building Environment Drvision j01. 921-3501

Sponsors National Bureau of Standards;
Departnient of Housing and Urban.
Development

HEAT TRANSFER FOR THERMAL
ENERGY STORAGE

. Elmer,Streed
Buildiug Environment Dtvisain - 301. 921-3503

Sponsor National Bureau of Standards

a

Under this.project, two major methods of thermal
nisuleinent and performance testing will be pursued. _.
First, will e a new and improved guarded-hot-plate
ap raft's foe use as anabsolute method of measurirrg the
thertnal conductivity a thermal-cynductance of insula-
tion and building materials. This apparatus is to replace
the present apparatus (circa 107 currently defined in
the American Society for Tpst and Materials Standard
C177. Current methods and equipment are used as theme
national reference for supplying calibrated specimens to

.natter laboratories in the U.S..and in several reign
countries-and are used to measure materials for the
National Bureau of Standards and other governmental
igen cti es ...T h e other task.in the prOject is to develop and
verify an automated technique to 'simplify the measure-
ment of air infiltration sulfur hexafluoride (SF6) dilution
monitoring with respect to time. A computer-Controllers
system is being developed in cooperationwith an inde-
pendent research laboratory.

One method of controlling the interior ther 'onditions
of buildings is to design the building therntal iaeitante
to confoivii to the ambient diurnal environment cycle for
reducing peak heating and cooling load'requirements. This
program intends. to develop analytical and experimental

-methods to predict and nieasure the transfer and storage
of thermal energy for building heating and cooling applica-
lions ,using-a wet sand bed.

Reduction in the constanption of expendable lids for
the heating and cooling of b ildings is being put., tied by
the addition of thermal insula he reduction of air
infdtration, anti the use of total energy, concepts: Past
'studies have slicuth the need for the use of thermal storage
tAnkswith'soleccollectors, the desirability of using phase
changecinaterills,'Ilti the use of heat pipes to transfer the

e thermal Qenergy.froYdc lectors to storage or &Om storage -

to the pointOfouse. No eat-transfer studies have been
reported'on thi§-,s} ieciafic a plication.
,,Apreview made f the characteristics and expeii-

--;m6tal procedures for tie erinining thermal performance of
water infiltrating sand bed. Analytical models describing
the transfer and storage of thermal energy wirr
ated for use in siinple.bullding systems.

AIR INFILTRATION IN REACTOR
CONTROL ROOMS

Charles aunt 1,1;
Building Environment Divisors -.301.921-35I2

_ 4
Sponsor - .Nuclear Regulatory Comraosion

I ,.
This project, will tr;Nture the air leakage of atomic power

plant control rooms by the use of sulfur hexafluoride
(SF6) tracer gas! At present, there is no estahlisbed pro-
cedure for_measuring the .air leakage into a control room
operating in the einerkency modeshut off from its sur-
roundings. Iloweer, the National I3iirea. Stailihirds

,
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THERMOGRAPHIC MEASUREMENy
TECHNOLOGY

Douglas Burch

4

developed 1.,b traceF-gas technique is well suited to this

.task. m rate of'dilution of SF6 (in-parts-per-billiou)..is ..
used

i

to estimate the air infiltration.rate in two sample-

. rooms / Cohtro1 rooms at Ireavealley, Pennsylvania and
ffr4s Ferry, Alabarim, have be7AV,,isited and specific,

measurements and sampling problems identified. Equip-

ment has been assembled. The first measurements took
place in September 1975, at Beaver Valley. Brown' -s Ferry,.

c) is tentatively scheduled for Mar0, 1976.
. , ( e

.
A bil . , s .= . A

Building Environment Divison 301- 921 -3512

Sponsor Federal &erg) Administration

MEASUREMENT OF INDOOR
RADIATION

James Hill
Building Environment Division - 301.921-3512

Sponsor = Nation'al Bureaii of Standards

211.414 ri. 1, .

4

This project_ QI develop a i'novel surfaceheaLflow
measuretuttuLtechnique, one that is needed for evaluating
building-thertnal insulation. The use of thermographic
techniques have thus far been limited to the measurement
of surface temperatures and patterns of temperature, but

the is no information on the use of this technique for

measuring heat flow. This new technique would prcide a
waver- nondestruct] 'e. large-scale, accurate heatflow
measurement.

(The technique col sists of developing a wellcalibrated
heat-flow reference tad wfoseltrface emittance is

niatlied with the b lading surface.under observation. A
suitable electronic ink needs to be developed so that the

Oermographic a ale o.( the reference pad and the building

urface are [cal: This can be done by controlling the

Cleat emti,ted (or absorbed)" by the reference pad. The

apparatus, wecrincludes an integrator and digital display
of the heat flux, is in the conceptual stage.

Under this project, new instrumentation for predicting

human thermal comfort is being developed. Traditionally,
thermal eo_vionments for human occupancy are evaluated

by physical measurements of mean radiant temperature,

air temperature, air velo'city, and humidity. 'However,
these do not directly permit consideration of the asym-
metries and transient nature of thermal environments.

Asymmetries are common in radiant environments'and
also arise from flows of cold or warm air impinging sepa-
ratiAy or simultaneously_upou different sides of a human

body. Spotmeasurements of air temperature or air
velocity cannot detect such asymmetries, nor do they

permit consideration of their effects in ratings of en'yiron-

meats foe:comfort.
am:year, a contract was issued to Dr. Theodore

Beniinger for the development of a prototype resultant
;surface-temperature (BST) meter. Basically, this is a
device that produces heat at the same rate per unit surface

area as does a liftman body. Whenever any factor of the

thermal environment changes, the resuhant surface

temperature of the instrument must also change in order

4' .



4/R.
STRATION: THERMAL

Elm r Streed
Bu'l ding Environment Dimon - 301. 921-3503

onsor - National Bureau of Standards

IN11.116

SEALED INSULATING GLASS,

Mahn Hahn
Building Environment Dimon - .301-921-3503

Sponsor - Department of Housing and Urban
Development

THERMAL PERFORMANCE OF THICK
FIBROUS INSULATION

Elmer Streed
Building Environme t Divison 301-921.3503

Sponsor - lyational Bureau of /Standards

I.

A..

thatIhe equilibrium between productibn and loss of heat
can be restored. The RST meter was used in a'segment of
the field study on the-National Bureau of Standards field
test .house to demonstrate the degree to"whilc rasymmetri-

cal radiant conditions exist in a typical residential dwelling
in winter.

The approach to thermal-related aspects of windows is to
relate artificial lighting and energy requirements with the
solar thermaland day-light characteristics of selected
window types. Data compatible with tilt Bureau's Load
Determination Program (NBSLD) will be generated to
permit simultaneous analysis of these parameters to deter-
mine the effect en ,total energy consumption of building
types. These data wfibe used for additional analysis with
economic, architectural, and psychophysical factors.

Insulating glass may be prone to condensation of
moisture inside its air cavity. To improve the performance
of insulating glass, it was necessary to develop reliable
owing procedures and instruments to see how dry the air
space was before and after installation.

A copperative effort among the Department of Housing
and Urban Development, the.National Bureau of Stand--
-aids, the American Society for Testing and Materials, and
industry has been undertaken to develop a new method for
measuring the frost point of air between the glass, and to
conduct round-robin tests on iiirious temperature and

'humidity test cycles imposed on the insulating glass.
For this project, Dr. Mahn Hahn, a research associate

with the Thermal-Engineering Section, received an I-R 100
Award, an-honor bestowed by Industrial Research maga-
zine. The award is given annually to researchers, in-
novators, and developers responsible for significant new
products. Dr. Hahn developed the apparatus for measuring
the dew-frost point in insulating glass.

4

The basis for the use of fibrous insulation with thick-
nesses of up to 35 centimeters (14 inches) is the assump-
tion that the thermal conductance- follows the bask Fourier .
Equation; i.e., the thermal conductance is inversely por-

4porkional to-the thickness. However, in,actual practice,
the insulation is subjected to a dynamic environment with
variatkiris-in relative humidity, temperature, and internal
air movement, which could cause a deviation from this
relationthiP. 'The design and specificationcation of commercial
low-density fibrous insulation is a compromise between
reducing the conductance, economics, and the application
requirement. Improved. theoretical understanding of the

52
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INSAATION IN REFRIGERATED
'WAREHOUSES

tamanti Kusuda
Building Environment Dirison 301-921-3501

Sponsor - Tri-Services Committee

O

WALL STUD S FOR THE AIR FORCE

Douglas Burch
Building- Environment visor: - 301. 921-3512

Sponsor - United States Air rce

4tranger phinOmena,especially relating to the internal air...

Motion will help the manufacturer, design professionals

and contractors better understand the in-service th rual
properties and moisture condensation probleins an I

moisture transfer.
This project will. comThik Bureau expertise in thermal

conductivity measurements with uniNersity and industry

experience to deterniine 'realistic heat transfeniaelformance
of building walls. Experimental verification o predicted

performance is' being performed and a comparison is being_

made with available data using the computer simulation

tAhnique.

This project explored the feasibility of drying out wet
insulation in cold-storage warehouse walls and ceilings by/
forced-circulation of warelfouse,air.

A majority of the nation's cold storage warehouses are
experiencing difficulties in keeping the insulated wall from
becoming water logged, because of continued water vapor .
condensation from outside. The Method resulting from

this project will contribute to large energy savings, in

-Thrldition to a substantial reduction in warehouse deteriora-

tion.
Tice National Bureau of Standards apparatus fbr testing ;

air, moisture,andlieat transfer through walls was used for

the conventiona/glass fiber type warehohse wall with a

conventional valiar-4->atrier. First the vapor barrier of the
test walls was intentionally punctured in accordance with a,
igedeterminedopattern to bring le moisture into the
insulation. Then, the cold side air was forced,into the

insulation Icy local, as well as overall,-pressurization to see

whether condensation in-the insulation could be 4evented

'or removed.
The test on a simulated" fibrous glass insulation 'wall

was completed. Separate tests Off specimens of various
insulating material such as cellulosic fiber, urea formal-

dehyde, and fibrous glass were also completed. It was

found that the moisture condensation was prevented and

any wet insulation was dried out by a slight increase in the
pressurization of the cold side.

-
This project 'will eValuate lie effectiveness of several

procedures designed to prevent damaging moisture accumu-

lation in walls to which thermal insulation was added to
reduce energy consumed for heating. Application of vapor

barrier paints and venting the insulated.cavity to the out-

door are examples.- A survey of Air Force buildingsfwill
be conducted to identify three wall construction types that
frequently develop moisture accumulation problems after
being retrofitted. Laboratory and field studies will then to
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conducted to examine the effectiv-eness of protective
measures.

fullscale wall sec tion Will be constructed in the
a oratory and will be fitted into a test apparatus which
will maintain the interior wall surface at 24°C (75 °Fsand
40% relative humidity and the extgrior wail surface at a- .

prolonged cold condition. Th'e eurpose of the tests con;
etuct9J-on the full-scale lahoratdt wall section would be to
study in detail the moisture accumulation processes and
the effects that occur m retrofitted walls.

RETRO- FITFING A DOMESTIC
DWELLING FOR ENERGY SAVINGS _

Douglas Burch
.

' Building Environment Dimon - 301. 921-3521
M

Sponsor Federal Energy Administration

STANDARDS FOR REFRIGERATION
COMPONENTS

William Mukoy
Building Environment Thision .301-9-.3.512

Sponsor --Army Natick Development Center

S

The objective of this project is to measure the ene
required for wither heating and summer cooling of a,

:. sidentia I dwelling in an "as is:' condition tinder a- variety
f weather condition's, and then deterthine the energy

requirement after retrofitting.
During FY75, winter heating energy and air infiltration

rates wervi measured and corrolaietl with respect to outdoor
condition$', so that savings in be-ating energy requirements

-'4,-
-could be iloternuned. Then,'Ihree phases- orthe,retrofit:
caulkiing, adding nisulation, and adding storm windows amt.
doors, ware performed. It was found that the steps taken
to reduce air leakage (caulking, weather stripping, eflik)
were not particularly effective in reducing air infiltration
or heat loss rate because the test house was initially of
tight construction, having air change rates from 0.4 to 0.75 -

air changes per hour,.before the caulking was done. The
application of storm. windows was found to have essentially
no effect on the rate of .air infiltration; but produced
heating energy savirigs of about 24 percent. Mi. addition
of insulation saved an additional 28 percent.- The total
heating' energy savings resultingefrom all the energy con3,
servation measure's was.foun po be 52 percent. The addi,-, ,:-:,
lion of insulation caused the rate of air infiltration to
d*rease by roughly 20 percent from its initially low value.
Al theend of the winter heating season, samples of wood
siding, sheathing, and insulation cores were taken froth
house walls to determine moisture conlynt. A compre-
lrenslive interim progress report was written. Awiiingsl$ere
installed on the house. The summer- cooling energy re-
quirement's were measured for the retrofitted test house
and 'compared to correspooling pre-retrofit values..

0 -

Since 1948, the National Bureau of Standards has
responded to the needs of the Department of,Defense's
!Catick 1.tilmfatorieii in the field ot.refrigeration and _heating
equipment. Information develogedinathis program was
used for,Natick-s i thate nee.kand for generating and
nudging lie standards of the American National.litandards
Institute, c., the.An rican Society of Hell-ring, Refriger-

''.-
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ENERGY CONSERVAtI9N FOR' FOOD
SERVICE EQUIMENT

William Mulroy
Building Environment Diviszon - 301.921-3521

Sponsor - .rm Natick Detelopnzent Center

I

o. .

-.9

ating adAir-Conditioning Engineers, and similar organize:"
tions. Methods of testing and ratings of performance

.characteristics were published and are ne routinely used
in the industry.
' Recent work involved laboratory measurement of per-
formance of refrigeration equipment. The goal was to
obtain maximum efficiency and rise of energy consumed
without impairing reliability and effectiveness. The pur-
pose was to improve energy efficiency and to
equipment and systems, such as the heat pump. that
d011u.,*. two to three times more 'cooling effect than the
pai,er supplied.

1/2 There
,...*

.

ere are no existing test procedures for measuring the
performance of food-s-,er% ice equipment under usage condi-

, tions. As milt, there are no data on the efficiency of
different fetures or control methods for ovens, refrigera-
tionnon units..iir refrigerated structuresunder part lbad,

liable ainbient. of simulated usage conditions. This
project' is de4lopinglest procedures to fill this void and is
generating data to allow evaluation of different food-service
equipment systems for energy consumption and life -cycle
costing. . .

ettmple, normal refrigeration units are rated at full
output a e fixed set of temperature conditions. /This
yer, part load and variable ambient tests are being pet- -

formed on refrigeration units. Several control systems are
being used on this unit so that the response to vaiaable
conditions Can be evaluated. Tests are also being per-
formed to determine the efficiency improvement that could
be expected by fitting larger than normal heat transfer
su'rfaces. Studies will show.the benefits to be obtained by --

employing demand defrost with careful sizing of tW defrost
heat supply, ,
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FIRE A5iD.I.:IVE LOADS IN BUILDINGS

Charles Culver
Office of liousiiig and Building Technology -

'301- 9213126

Sponsors General Services 1dminisiraVri.
Votional .4cadem% of Sciences

c.

BUILDING PRACTICES FOR
DISASTER MITIGATION

Charles Cater
Offic-e.of Housiiig and Building Terhnolog -
301-921--3.126

Sponsors \ancetal Science Foundation.
Defense Cud Preparedne-cc 4gerics:
Notional galena N'amard,

ir

1' ,

.

_

.
The objectives of this project are to collect fire load

and live load data andiO apply probabilistic models for
predktifig loads in office occupancies. The office building

- load arid lice load progrIm involves surveys of rooms
cted in a statistical manner chosen from buildings

located throughout the l ruted States. Based on surveved
-roorn,factors.'rnierior finish, and the type, quantities and
distribution of r ornbustible contents and other lice loads. a
statistical model was,decised to predict the fire arid live
loads to be expected in
' The design of safe, economical structures requires con-

sideration of loading and structural resistance. Although
most.,bualdwg codes currently treat the design problems
in a deterministic fashion. the trend in code development

in the nited States and abroad involves explicit considera-

tion ofghe %at-Lability of these factors. Results obtained
from this survey Improve the understanding of the factors
affecting loads in buildings and permit developing design
cake, based on the probabilistic nature of the loading for
inc--irpvration in national model codes and consensus
standards This bill contribute to improved building safety
and provide one means for reducing life and property loss
dile to fires.

Surce. techniques based on weight inventoring and data
collection procedures here developed. Characteristics such
as height. age. location. etc. of officebuddinp in the
1 S. were determined and usedto select a statistical
sample of the buildings which sere snrceyed. Special data
processing techniques and computer programs were
de%elopeci for data analysis purposes The final project
report is available.

Federal concern with building practice for disaster
initimtion arises from major statutory responsibilities.
Approximately 37 percent of all new construction is

directly or indirectly Federally supported: good practices
protect these investments and reponsibilities. The Disaster
Relief Act Amendments of 1974 (P.1- 93.2,88) expanded
these responsibilities requiring evaluation ofthe hazard
potential of existing Federal facilities and Federal designa-
tion of appropriate reconstruction standardi.

Working in cooperation with other agencies. the Center
for Building Technology provides,research results for ;
Implementation 4n Federal disaster mitigation programs.

Oulpur include manuals of practice. recommendations
for int/lusion in codes and standards. and design criteria
andptoceducesibr improved building practices..

A report detailing procedures for evaluating the hazard
potential of existing huilding.s was prepared. An evaluation
of axle% procedure for the design of earthquake resistant
structures also was completed.' A major effort was initiated
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SEISMIC PERFORMANCE OF'
BLILDING SERVICE SYSTEMS,

Charles ance%

-";

ST.:L.

.tructures,Ilatertais and .`salet% Dtttston
301-921-3475

Sponsor - Vatzonal Bureati:qf Standards .

.

to develop comprehensive nationally applicable seismic
desigreprovisions. Representatives from 12 Federal
agencies an6 85 professionals from across the counisy are
participating in the effort.

Presently the Center staff are working with the.other
Federal agencies in planning and coordinating work related
to the proYisions of P.L. 93-288. Specific research prob-
lems related to these provisions will betentifiM and
implementation plans developed. The work will con -
centrate on the General Services Administration actEvitie.s
inzvaluating existing Federal facilities and the Department
of Housing and Urban Developinenes development of
reconstruction standards. In consultation with the,
Defense Preparedness Agency staff; their research;
needs relative_M disaster mitigation Will also be reviewed
and procedures established for focusing laboratory work on
required problem areas.

An implementation plan for laboratory tesearch in the
area of earthquake-resistant masonry construction Y.111, be
developed based on results obtained from a future Center
workshop. A report for-use design professionals will be
prepared detailing the basic assumptions and concepts of

. the response spectrum approach to seismic design.
Development of compreheirsive'seismic-dign provisions
for buildings will conticnue'and a first draft of the provi-
sions it;sued for review and comment. A special workshop
was held at the Bureau to provide an opportunit% for
Federal representatives to provide direh Input to the final .
prosisioris.

This project will develop a-program plan for establishing
seismic performance requirements ror.building seniee
systems in critical facilities (hospitals. communication
centers. etc I that must remain functional following the
occurrence of earthquakes, The earthquake-resistant
destgWof service systems and the performance of these

earthquakessystems'in past earthquakes will be reviewed. Then a re-
search plan will be developed for obtaining information
required, to improve this seismic performance and to
ensure funttioning after an earthquallt.

The effort-will involve: (1) the identification of
critical service systems and functional requirements for
these .systems following an earthquakes:42) a review of the
nature and extent oj building service system's damage .
resuiting from earthquakes.. and (3) a review of seismic
design prcicedures for Wilding service systems and the data
user to establish these procedures. Cinical service systems
ani.nstr requirements for these systems following
earthquake will be established by working directly, with
Federal agencies responsible foremergency facilities. ese



DISASTER INVESTIGATIONS

dzar.les Culterj
Office of Housing .and'Building Technology,
?M. 1.3126

Sponsors National Bureau of Standards;
Defense Cttil Preparedness .4gericy
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requirements, [such as the length of time following an
earthquake that the service systems,must,remain func-
tional, dependence on external supply (water, power, gas,
etc.) versus reserve on-site supplies, and others] provide
the-basis for performance criteria. Direct involvement of
these agencies in the problem definition will ensure that
the research plan developed is responsive to their needs..

The review of earthquake damage to service systems
will be carried put in consultation with individuals in-
volved in post - disaster investigations. Particular attention
will be given to the limited data on failure modes for these
systems and their performance following an earthquake.
Needed experimental and analytical studies will be identi-
fied 4nd incorporated in an overall research plan, for
building service systems.

These investigations help define those construction
practices where improvements would significantly reduce*.
the loss caused by natural hazards and ot-her extreme ;
loadings. This study includes formulation of research
plans directed toward obtaining data on the behavior of
building components and systems and implementation of
these results through consensus standards and codes.

Life and property losses from natural disasters are
increasing annually. Studies have shown that iriipiovea
standards and codes provnie one means for substantidlly
reducing these losses. For earthquakes alone, it has been
estimated that unproved standards could reduce total
property losses incurred over the next 25 years by 10
percent. '

?
..

Effective post-disaster Investigations require co<ider-
able planning to ensure collection of the most significant
types of,data and full' use of the learning opportunity pro-
vided by natural disasters. The Center for Building Tech- 4
nology's (CLIT) effort will be coordinated with that of other
Federal agencies concerned with collecting damage statis-
tics and pro yiding disaster assistance, such as the Defense
Civil Preparedness Agency and the Federal Disaster Assist-_

_ance Administratjon. It is anticipated that this coordina-
`r tion will lead to definition of a specific role for CBT in

disaster recovery 'operations.
.., Liaison has been maintained with the National Science
Foundation (NSF) activities rel'ated to post-disastet investi-
gations. CBT-staff has mon ored a major project for NSF
concerned with developing pi st-earthquake investigation
procedures and provided extensive review of project
reports. CDT staff has also participated in the Federal

Interagencv*Disaster Mitigation Group and investigations
Isere conducted following the collapse of a Federal office
building in Florida and following foundation problems at
the Department of Housing and I rban De%loyment budd-
ing in Washington.
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WORKSHOP ON EARTHQUAKE
RESISTANT MASONRY

Robert Crist..
. Structures, Materials and Safety Division -

,371-921-3471

!Sponsor National Science Foundation

HURRICANE EFFECTS ON PORT
FACILITIES

Emil Santa
Structures, Materials and Shfety Division
301-921-3475

Sponsor - The Maritime Administration

TORNADO JBOR NE MISSILE'
VELOCITIES

Emil Simiu
Structures, Materials and Safety Division
361.-921-347

- r
Sponsor - Energy Research and Detelopment

Administration
'

`t

The project is to organize and conduct a workshop on
Earthquake Resistant Masonry Construction. Part I of
th6,worksho-p. investigators will discuss the objective and
scope of existing research programs and present their find-
ing; to this date. Also incltrded in Part I will be presenta-
tions by useis'of present

.)

design cetteria for masonry
structures. Part II of the workshop will consist of working
groups who will assess ongoing research, research needs,
and research priorities. The proceedings of the workshop
will be published by the National Bureau of Standards.

The purpOse of this project is to contribute to the reduc-
tion of losses'experienced by Gulf Coast and Atlantic
Coast ports subject to hurricpes. This will be accom-
plished through the acquisition of wind speed data under
actual hurricane conditions. Recommendations based on
these data and on other available information will be made
for the improvement of procedures used in the design of
port facilities.

In FY75, a Center fo; Building Technology (CBT) team
investigated conditionS-during Hurricane Carmen (August

''10-74). Two technical papers (f r locations of hurricane
'winds and hurricane wind profil ) Were published. Pro-
cedures for evaluating code pro pious on design for winds
were developed. CBT also gave assistance to port facilities
in'the requisition and installation of peak-reading

'anemonieters.

This project willproNide criteria for the safe and ero-
nornical design of nuclear pove'r plants that may be hit by
tornado-endated missiles. This will be accomplished by
estimating tornado borne missile velocities, by obtaining i-----:
pertinent data.ob drag and lift of typic'al Missiles using
wind tunnel tests, andzby .,alculaking pe4kFaiid ejection'_ ., ',.
missile velocities.

In FY75, a model for the motion jo missiles in a tornado
field wascompleted. A oompuler swam for calculating
and graphically representing wind speeds and trajectories.:,
was also developed. This year the Center plans to further
develop_ the results of winttunnel studies alongi%)th a list
of drag and lift coefficient4.' file Center also will prepare a
ieport for the sponsor. Tornado-orne Missile Velocities,
including a critique of present approaches, the compikr

,program; and results.

Q 5 9

60



-.114,-1

, -. 4.,Ny,,, .,,... ,
ii ..._.2-., ....,,;..,

.4

1`\

.1

/311011s

- .-e LV:14-
5,1 t

S

IMP



STUDIES OF REDUCED-SIZE VENTING

Mary Jane Orloski
Building Environment Division - 301-921-3293

Sponsor - Tri-Services Committee.

PLUMBING SYSTEMS DESIGN
CR ITER4A

Lau renee Galouen
Badding brie ironment Du ision - 301.921- .1293

Sponsor - A (atonal Bureau of Standards

1.

This project, featuring a plarfned field study, wa$
established to validate and Lmprove existing, laborai ry-
based design criteria for reduced-size venting.

1

Plans for four types of military housing units we
modified in accordance with existing criteria for
duced-size venting as recommended-by the Center. these
units wereTilted with' instrumentation and a d,ata ackpOr"
tion system to measure the most significant parame0Sr,
that determine service loads and hydraulic / pneuratc
functional performance. Such parameters include: eat
retention in idle traps; blow-back/bubbling in idle tr
peak penumatic pressure excursions in vents adjacen to
idle traps.: water depth in building drain; air flow rat s in
vents; and time and spatial distribution of discharge pera-
tions of the principal load-producing fixtures and
appliances.

The Center has recommended certain criteria for t e
design of reduced-size venting systems in one- and tw

`story housing units, and has suggested that further e
nomies and greater reliability may be possible based s

service data on load patterns, and on actual hydrauli
pneumatic performance in occupied buildings, and (2 data
from selected laboratory tests designed to contribute << a
more generaled, computational' approach than is no pos-
sible with present design criterizt.

(I)

The Center for Building Technology (CBT) plans t

grade present methodology for the hydraulic deSign a
evaluation of plumbing systems, with an orientation t
performance concepts. The work is.naded to providei a
scientific basis for criteria and evaluation techiques t
will: (1) speed.acceptanceof innovative designs, and
reduce consumption of materials, energy, and water.
results will significantly contribute to effective input
national and, international standar'ds, and in the
codes and spe.cific'ations used by other governmental
agencies. Mathematical'models, reproducible test met} .ds,
and user-oriented performance criteria will be develope I

from laboratory experimenttion. This iliformation'an
computer aids will be used to predict the hydraulic per orf"
mance of a range of designs.

During FY75, further progress was made to complet the
CBT plumbing research laboratory. Of particular signi c-
ance was the acquisition and installation of a modern ci s-
play and test-load controller system. The design, fabri
tion, and installation of instruments and components w s
essentially completed, comprising a specially designed 5
story single-stack drain-waste-vent systein with building
sewer and submergence sirritilator. rop.the U.S. counte
part commission to ConseiLlitternatiotial du I3Atiment

.

he

odel
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MEASUREME5iT TECHNOLOGY:
UTILITY LOADS

R4chard Grot
Building ..rtizicontnent,Dirisiotz - 301-921-329.3

Sponsor : .Vational Bureau of Standards

(CIB) W62, Water Supply.and Drainage for Buildings,
work.involved preliminarylefforts to define a number of
national issues and yesearqh needs, and to plan for the
1976 CIB W62...Sympolbin Po be held:in Washington. +'

Liaison and review activities have continued on the P.L.
480' program on Water Conservation measures in Plumbing
(at the Standards Institution of Israel), on the 1}1. 480
Trogra'm on hydraulic perforinunce of innovative; high -rise
sanitary drainage stems (AO th;e Central Building Research

esearth
eh Estab-
lrainage.
troduce
tivity in

140 pro:

Institute of India), find one like Complementary
Agreement between CBT and the Builiiing Resea
lishment (BRE), (United Kingdom) on building
Progress was made in organizing a pi.-ogram to
the performance approach a a complementary a
the American National Standards Institute, Inc.
jest on the National Plumbic g Code.

FY76 plans are to issue re orts on preliminar tests on
stack dynamics and caliErtati n of fixtures, to co nplete
exiianges under prior,agreer ent with BRE, and to install
several pieces of equipment required to support research
work. Among these are automatic hydraulic terminal
control devices (e.g., digital valves and associated elec-
tronics), additional signal conilitioners for strain gauges,
pressure transducers, a low-range load cell, transparent
fittings and pipe, pressure overrange switch-gauges, water,
depth transducers, and bubbling transducers. .

This project will provide new or unproNed instrumenta-
tion for. research activities related to water usajw; energy
consumption, and plumbing phenomena. For many re-
search tinctertakings, instrumentation is either not avail-
able, no automata, or excessively expensive. An in-
creasing emphasis on field measurement of energy and
water parameters requires low-cost; automated data acqt sr
Lion. Similarly, the proper ctmetioning of the biiilding
electrical systems laboratory and the plumbing tower
remiire special pqrposq, instrumentation.

Since last year, A he prototype field-portable data acquise
notritsystem for monitoring water usage in residences has
Been assembled. The compact .."ystem will measure and
record the signal output of mettrs, flow switches, and
temperature franz.ducers in both digital and analog form.
A plumbing fixture.trap depth sensor and signal condi-
tioning package has been designed, constructedand labora-
(or!, tiosted.This sensor is eapape of measuring t rap depth
retention to within tom and indieates'that water is flow-
ing through the trap., Eleetronic,mstrumentation has been dr.

liNgned, constructed and tested for the eneodig and
recording of discpete events and -for the totalvarig,of pulses

.),)
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from .water meters, electric meters or4gas meters, to meas-
ure the total quantity of water, electricity, or gas con-
sumed in an interval of time. A smallpropeller.beino-
meter and corresponding signal coriditioning,cards have
been constructed for measurement of air flow in ducts.

his instrumentation has been assemble'k alotig with the
necessary control-logic cards, in two types oklata logging
packages; one applicable for measuring water andtirainage
usage pattern's and evaldbriginnovation in Plumbing systems
and the other for determining energy usage patterns of house-
hold appliances.

During this year, instrumentation for interfacing the
building electrical' systems laboratory and,the. plumbing

)4-4 'tower to the Center's mini - computer are be g assembled
and tested. Emphasis is placed-on modifyin commercially,
available data logging equipment and the Bureau- developed
equipment to the specific needs of these laboratories/.
Several4sthemes for rapidly scanning and storing two to
five second bursts of data#for later transmission or record-
ing at slower-rates are being examined.

* VETERAN'S ADMINISTRATION
HosprrAl, PLUMBING CRITERIA

Lawrence Galounn -
Building EncironmentThvision`. 301-921-.3293

Sponsor , Veteran's Administration

This project pro ides for the application of:simplified
plumbing drainage oncepts in hospital design to reduce
the quaittnies of materials used and to increase the effi-
ciency of space use, particularly in the niodernization of
did hospitalS. Provision, is made for the transfer of exist-
ing criteria and research-based design recommendations to
be used in the development (If new criteria through
planned laboratory tests, and for afield performance
evaluation to'confirm the adequacy of the design criteria
and to demonstrate the benefits achieved.

The findings are expected to be of particUlar interest to
the Veteran's Administration (VA) in planning for future
iftedical care services, and acre also expected to be of signif-
icant interest to other governmental and private-sector
agencies concerned with proyiding medical care services -

emphasizing spatial efficiency in design. The study
approWi's as follows:

Phase I - Review existing VA criteria and plumbing
plans and specifications in the light of recenily
developed criteria and performance data for

jmplified designs for drain- waste -vent
_systems, with recommendations as-to applica-
tions and benefit§ in selected VA building
programs.

Phase 2 - Full-scale or critical-component tests in the
Center's plumbing research, laboratory, or at

56
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La rence lowin
Bu !ding E vironment Division - 301. 021-3293

Spo or - N tional Bureau of Standards
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some other appropriate laboratory having
facilities suitable for the acquisition and

analysis of data from complex dynamic fluid
. flow processes., 111

Phase 3 - Zield demonstrations in one or more VA
hospitals, involving measUrments of key
hydraulic performance parameters and load-
patterns-at selectee paints in the building.

Inadequate supplies of watercan affect the health,
safety, and welfare of the entire population and can cause
severe economic repercussions in industry and agriculture.
Water gmands in'dweilings have-historically expanded,
and the introduction of new water-consuming devices im
poses new loads on the water supply system as well as
increases the waste-water treatment loads. New program
developments are under way to expand the water resource
base as the availability of watershed developments
vanishes; e.g., the Environmental Protection Agency's prb.
gram in-waste-water reprocessing to potable quality for re-
cycling. Alternate strategies can be developed to satisfy the
water demand requirements. Two examples are: (1)
matching the supply water quality to the usage require-
ment with dual-pipe supply systems in buildings, and (2)
establishing water conservation practices through tech-'
nological innovation with reduced water flow systems and
fixtures. 'Phis project is limited tolhe investigation'of

-approaches for developing standard practices of water
conservation by built-in technologies.

The broad objectives of developing water conservation
attitudes and equippent practices that reduce water con-
sumption are to be approachel in a step-by-step manner;
This initial:,taskis to conduct Istudies of.built-in water,
supply distfibution-systems'aridliittares as16116ws: to

determine the measure-of fulAtional adequacy for seyeral,
proposed systems that conserve wafer; to develop pro op? s,
of testing methods foi evaluation; to conduct tests for
realietion of water savings; and to reduce energy con-

, impactsumption
*

and upon the water quality delivered.
At present there are no standards for' measurement and

evaluation of claims of water-conservation practices; e.g.,
,reduced flu§litoilets do not: require verification of claimed
reduced flow per flush. In installations of blendedor -

tempered hot water single-pipe water supply,distribUtion-
systems iti'dwelliiigs the patterns of uktge may mitigate
the water and energy savings., Innovative approaches for
mods of water conservation are marketed with Claims of
water savings which Are not backed by reliable tests.

There is a need for uniformity, particularly with respect
.. to a nor-fial-base load or patterns'of usage.
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COMPUTER EVALUATION OF
BUILDING PLUMBING SYSTEMS

Lawrence Calmat
Building Environment Division - 3017921.3293

Sponsor - National Bureau of Standards

NATIONAL PLUMBING CODE

Lawience G &min
Building Ftivironment Division 301-921-3293

Sponsor - Vattonal'Bureau of Standards

L
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During this year, the Center is selecting eepreserflative
sainples of typical classes of water conservation single-pipe
blended water systems for inclusion in the test program,
preparing protocols for test methods, reviewing baskiLie
standards of comparison fromillemand curves, and form-
ulating procedures to assess the water quality dischlrge at
the tap,

This project was intended to apply computer -aided
graphics developments to the evaluation of various
building services. 1-hglgeed computers and t omputer
graphics were used toplically describe the installation
within the building. The information required to dimen%
snmally describe the building and empirical data to de-
scribe loads, fixture locations, system designs, and use
patterns were'catalogued and processed to produce stand-

-ardized inputs for computer programs under development
for evaluating building plumbing systems at the National
Bureau of Standards and Building Research Establishment
in the United Kingdom (as well as other studies conducted
elsewheCe).

FY; 5, the Center 'completed the interfacing of the
Tektronix plotting rothmesfinto the minicomputer; opera- -
tional status was attained cathode ray tube's
peripheral. :Fins sy'slein provides geometric and graphic
display with hard copy available on command.

The American National Standards Institute, Inc, (ANSI)
MO National PlumbmgCode w List re\ ised in 1955 and
is in serious need of upgradi g. Participation on this
standards commit-too-allows t ipleMentatiorof the Center's
researcfi results; especially in the areftiof performance

/.§tandards,atuttaisc41134. 'to ;dentif tit Or i'eeettkeil
While extensive inpt,will-be made,to the deveto17-17,4 -

the specification pottion,of the stapdard,ft he inajol-coppor.',-
tunny forthe'BiKev,,,appears'tn Jie
the pei:rfOrmance approach to plumbing standards.

-MO and its'sub-groups' currently hnkreVising. thelt40-
Plumbing Code along two different tracks: traditional
speci ication code lin% and a performance type document.

,xterisive input:from the-Bureau,4consideMble- 104

pr press was made on the drafting of specification
document. Three meetings of the-M0 committee'-wiete
attended by the Bui:e-au staff. anticipate a Ir d

specification documindwili.,b7 sbmitted:t9,;_tbe AINSNink.
sensus process in early 19?,- Activity associated with the
development of the performand6type optional
continue during the year.



LIQUID WASTE MANAGEMENT
RESEARCH

Richard Symuleski
Building Environment Division - 301-921-329.3

vt.

Sponsor - Department of Housing and rban
Development' ,

O

CRITERIA FOR PIPING MATERIALS
---

Lawrence Ga lowin
Building Eni7ronnieN Division - 301-921-.3293

Sponsor - Department of Housing and Urban
Development

J
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____ER/VICE SYSTEMS DATA PROCESSING

;Daniel Rbrrer 1'

BuildinigEnvir'orrreent --301.921-3521

Mo.

- Sponsor National- Bureau of etandards

314.434 4:3*;

WS,

This project will provide technical support in migtoring
the performance of a Department of Housing and Urban
Development contractor who is\developing a waste-water

,management manual for new (rousing. Responsibilities
will include reviow of all documentation produced by
contractor. The objective is to ensure that the manual
developed will be useful to the budding community and .to
the general public..

_IP

Criteria to support the acceptance of innoratie piping
moterials are urgently *wetted. In particular, thvo- , ,-.

plastic; have become attrhctive in termsof first cost and
convenience of assembly; but on the other hand, the pro-
duct standards do not directly add6ess ceettin character;
istics critical to .,.afer; or durability. . --,.-In this project, a review of existing standards and"
industr data was carried out to establish the ii T-related
measures

*durability for installed piping systems. I. ()oratory
asures of functional performance, of health nd safety,

tests were conducted to examine the critical performance
characteristics not seecifically covered in the standards,
and from these data. suggested performance criteria and
test methods were drafted as supplemental-1o, not instead °

of, the existing product standards. The approach will pro,
duce broad evaluation criteria that are not dependent on P.

the particular materials; (irowiever, the performance char-
acteristics of The material_may determine which criteria are
critical and hence, which tes1 methods need to be
devt.loped.

In 11"M, la'boratory work was coipleted, supplementing
earlier work. This work was concentrated mainly in the
areas of fire performance and thermal properties, anti
involved a broadened rank of thermoplast materials. .

Sonic of the concerns relating tollie use of thargii,o-C-.
plastic piping in above-ground residential plumbing sys
terns can be significantl)rreduce4ar eJiininpted hy.a mor4/

'careful application of existing ktywledge in design,,Installa-
tion, and inspectiop. ',4t 'other,aes, e.g.,,,fire,safev$ ,

environmental stiei s.!croacking?,Pld qualitty of ;joititOe'coitiNs
mendations to develop suitable evaluation methods'are
contained in' the reports aired* issued a. 4

e a .

To date, the cornp3ter software,meetled..in support of the
Building,Environjoht Division projects'Idis beep'.4ichased_

,:-.,-........--
from project funds. Such software servma general

05 .
purpose functfon for ekperimentlf control, data -acIplisition,
reOuction, arRI analysis. However' lack of a conkyr ,

, ,, . '.
support base for soitware nev4ioPment ha.s'.Ied to Many ih. 4

-I - f 4 , ..' ;

pre !ration.
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specialized programs. New general purpose programs are
needed, N.hiali will enhance laboratory capalunty and ease r
the use of instrumentation for plumbAg, data-acquisition
systems, and conversions for precomputer analysis of
laboratory amffiehidata. This project will satisfy these
needs and provide for regular maintebance'ofx.poirVQ.
palter software.
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MOBILE HOMES AND
RECREATIONAL VEHICLES

James Grass
Office of Thiilding Standticc and Codes
Services - 301-921.3447

Sponsors - Department of Housing and Urban-
, . Development;

National Bureau of Standards

4

ENERGY USE IN MOBILE HOMES

Bradley Peavy ,
Buildiv Environment Division - 301. 921-3503

Sponsor - Federal Energy Administration

4 4 ?*
" ti -7 -±
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The Center for Building Technology (CU) has for many
years been represented on the American,National
Standards Institute, Inc. (ANSI) -A119.1 Committee on
Mobile Homes, which develops the standard for motile

'homes_ This involvement was given increased emphasis
about-tidt years ago when CBT decided to designatecAI61
Committee A119 as a high priority standard activity. This

stilted in an increased level of participation on,the-
. ectional Committee`On=Mobile homes and The Sectional

Committee on Motile Horile Instatiation and their task'
forces. It eventually Jed torCBT's being indited to join.the
Al r9 Correlating Committee, which oversees all mobile

1
oversees

home and recreational vehicle standards deyeloRent. The

DOW RESEARCH ASSOCIATE '7
PROGRAM: ENERGY CONSERVATION
IN MOBILE HOMES

Paul A chenbach
Building Environment Division - 301-921.3637

Sponsor - Dow Chemical Company
4toky

0

ANSI A111,1 Standard. for Mobile Homes has gained wide
gceptalice with 46 States using the standard in their
mobile home regulatory program. The Department of
Housing and Urban Development, in developing the manda=
tory Federal Mobile Home Standard, has utilized a large
pari- of A119.1.

The active CBT participation in the ANSI A119 Com-
mittee has provided a means for transmitting the results
of mobile home research to interested parties in industry,
government, and consumer grOups.

4-t tt 1,,

This project is concerned' with energy utilization in
heating and cooling mobile homes. The test plan includes
the instrumentation and measurement of the thermal per-
formance of a new, furnished mobile home, built to 4974
American National Standards Institute, Inc. A119.1
standards, in the large Center for Building Technology
(CBT) environmental laboratory. Thework in CBT will be
supplemented by contract research by Purdue Univeoity
to determine the efficiency of heating and
systems used in mobile homes.

The National Bureau of Standards has entered into an
agreement to supervise and administer, on behalf of the_

- Dow Chemical Co., a research associate program related
energy conservation in mobile homes. The effort is
directed toward the formulation of economically feasible
performancerequirements, eritetia, and test methods to
minimize energy.requirements of mobile homes. The re-
search associate activities will be complementary to present
Center activities in mobile home thermal performance,
structural behavior, and materials of construction.
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11-CO oRDINATING FIRE SAFETY
RESEARCH IN SINGLE-FAMLY
RESIDENCES A.NlY MOBILE HOMES

Harry Thompson
Office of Housing and B. adding Technology
301-921-3233

Sponsor ;Department of Housing and Urban
DN'eb-prnent

--
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The Center for Building Technology s coordinating with
the,Center for'Fire Research two fire safety research pro-
jects. The first seeks to der eI4 meaningful test datiand
design criteria for fire safety in mobile homes. Fire safety -

appears to be a special prOblem in mobile homes which
comprise more than 40% of new home construction. Teclii,
nical information on certain fire safety aspects is lacking
and is needed to; prove the current mobile home stand-
ard National Fire I section Association (NFPA) 501 B
Amirican N.Oional Standards Institute.lnc. (ANSI) 119.1
and a new Fedefal mobile-home standard. This-kind of
information is needed by fire departments and build-
ing code officials, by government agencies and by the
mobile home Industry.

The basIC approach to this research involves fil air
movement, ignition, detection andfire growth studies on
used and new mobile homes and (b) laboratory tests on
materials. Subsequent phases will address the contribution
of furnishings and the effectiveness of supprffssion systems
on minimizing fire severity. Four nimble homes will be

_ included in this test program.
In n.--.5, a series of air movement tests were performed '

to determine the significance of air flow patterns on
potential fire growth. A series of full sc.Ille kitchenfull
cabinet tests were conducted to era/ telhe potential fire
hazards in the kitchen area and to develo14-'spprarr iate
design rules to minimize these hazards. A series of 9 full ,

scale corridor tests were conducted to evaluate the relative
performance of a variety of interior finish materials. The
Information provided by the testing in Fl Y5 was also trans-
mitted to the Department of Housing and Urban Develop-
ment (HUD) aViii/ to the HUD effort to prepare a'
national standard for mobile homes.

The second project will define the fire exposure from
the combustible contents of rooms" in single-family
dwllings-and mobile homes. Recent data is not available
on The type and distribution of fire combustible contents
in residences. Adequate evaluation of the effects of fireon
the,buildings by fire protection epgineers. building de-
signers and code officials, is not possible:

Information will be collected.by surveying the combus-
tible fire loads in a statistical sampling of homes and apart-

ments, and by using analytical Methods to define the limits,.
of fire exposure due to the burning of'these combustibles

-,under a range of fire growth conditions. The.assereled
data will provide the fire load input to analytical models of
fire growth-and severity which will be used to gene-rail:41re
exposure curves for residences and mobile homes.

62 .

O



WIND FORCES ON MOBILE HOMES

Richard.Marshall
Structures, Matenals and Safely Ditinon
..701-921-34;5

Sponsor - Department of Housusg and l rbon
Development '
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STORING THE DEPARTMENT OF
HOUSING AND URBAN
DEN ELOPNIENT-S., DISASTER MOBILE
HOMES

Jam& Pielen
Office of Butldtrig Standards and Codes
Services- - 361-921-3146

.

Sponsor - Department of Housing-and l'rban
. Development

The project will lead.to a better understanding 0Gthe
hind characteristics at heights up to 10 meters and the
-relationship between these characteristics and wind loads
on mobile home structural components and anchoring sy.s-
terns Task \o 1 will inole the 'direct measurement of
wind ;needs, surface pressures, hft, drag and overtur,ning
mo%ements on a full-scale mobile home.-Task No 2 will
involve the study of load-deformation relationships and the
belrSvior of structural components at or near.ultImate load
capacit% appli&tioh of simulated wind forties.

Vie project will include both field and laboratory studies
Li bind forces and the response of a full-scale mobile home
t. these foree's A 3.6 rn(12ft) x 20.3 m (60ft) unit will
be full% instrumented to measure internal pressures,
external surface pressures and certain racking deforma-
tions The unit 45 niounted on a rigid bed which can be
rotated to alter the relative wind direction and %stitch is
fitted with sensors such that life, drag and overturning
moment can be measured directly Corresponding mea,-
urements of the mean and fluctuating components 6f the
oncoming, wind are also being measured' Detailed studies
of loa-deformation characteristics and performance of
structural components at near ultimIte load capacii% will
be carried out in the National Bureau of Standards
structures laboratory usirig-hydraulic rams to apply loads
which are similar in amplitude and frequenc% content to
real loads associated with extreme winds. Fina11%. the

information collected from these studies will be used
draft recommendations for mobile home hind load design
requirements.

The Center for Building Technology is pro% iding the .

Department of Housing and Urban Development tHUD1
with recommendations on the most cost-effectire method

. of storing mobile homes at storage centers located around
the Unit,ed States for use as emergency temporary housing
for victims of future natural disasters. HUD is now
storing 8,500 mobile homes from the'Hurricane Agnes
stockpile and they-want to ensure that deterioration of
theseunits be kept to -a minimum, along with storagesand .
upkeep costs- Specific concerns are -Water penetration;
"rodent, dust andinsect penetration; in-transit:damage; and
humidity damage. The project includes visits to mobile
storage centers around the United States to evaluate pro-
cedures anctto assist:in the developMent of recommenda-
tions for allcyiating the problem areas.
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DURABILITY PREDICTION
METHODOLOGY

Larry Masters
Structures, Materials and Safety Division
301-921,-337l

Spot- isor - National Bureau of Standards

1'
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INORGANIC BUILDING
MATERIALS

James Clifton
Structures, Mate-rids and Safety Division
301-921 -3407

Sponsor - National Bureau of Standards
.

Durability is often the most important aitributeRquired,
of a building component or material, but it is the:most dif-
ficult attribute to measure and predict on the basis of
short-term tests. At present, short-term tests are seldom
satisfactoiy for predicting long-term performance. Thus,
there is an urgent need to improve durability prediction
techniques.

This research is aimed at developing durability g'randards
by improving the tephnology of durability prediction of
building components and materials. It involves the
developing and applying a general methodology for
durability prediction, maintaining seven natural exposure
stations, performing jests to provide information about the
relationships between the effects of natural" z,veathering and
accelerated laboratory weathering, and performing a
complementary program with the Canadian National Be-
search Council (NRC) to develop international standards
for natural weathering of building materials.

A general methodology for durability prediction was
developed and is being improved by application and by
participation of the American Society for Testing and-
Materials (ASTNI). The methodology provides the frame-

-, work for. both natural and accelerated tests performed at
the Bureau and in'the complementary program with the

The methodology will be submitted to
ASTM as a-recommended practice, and its application will-

_:provide information-ghout the relationships between the
effects of natur4-and accelerated weathering. In the
complementary progi-am with'NRC, candidate materials
proposed for use as standards for exposure to ultra-violet
radiation and sunlight will be exposed on the US and
NIC outdoor exposure racks and in laboratory accelerated
weathering equipment. Changes observed in the specimens
in laboratory tests will be compared with those.obtained in
the field. In addition, the linearity of the responses to -

radiation will be investigated in both'sets-of specimens and-
the derived calibration curves comparedto establish which,

-if any, of the candidate materials are-suitable for use as
radiation exposure standards.

In this project relationships are sought between in-
service performance of inorganic building materials and
their composition and structure. Knowledge of these
relationships provides a basis for performance tests and
criteria.sThese contribute to imprOved effectiveness in the
use of bUilding materials. They alsoaid in making
decisions about the 'substitution of materials.

The porosities, phase compositions, mechanical prop- ,

erties and durAbilities of inorganic Materials are determined
using techniques that, include optical scanning electron
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ORGANIC COATINGS

Paul Campbell
Structures, Ilaterials and Safeti Pitision
301-921.411

Sponsors Tn- Services Committee:
.Yvt na! Bureau of Standards

I.

microscopy, mercury pOrosirlierry, tensile and (Eolnpre'sgive
strength measurements, fracture mechanics, thermal EP-
analysis, ancl4X-ray diffraction. The databilitie'S of
materials to freeze-thaw cycles,.to wetting_and,:3rying, and
to temperature extremes are also investigated.

In FY75, the following work was completed: (1} the
mechanical properties and fracture mechanic properties of
polymer-impregnated mortars-were compared with those_
properties of unimpregnated mortars; (2) the residual-
porosities of polymer-inipregnated hardened cement pastes
and mortars were measured by mercury intrusion and
nitrogen condensation; (3) a study of the effect of the geo-
inetry, concentration, and fiber material on the mechanical
properties of fiber-reinforced mortars; (4) a manuscript on
the performance of concrete at high temperatures was pre-
pared; and (5) the microstructure of hardened cement
paste was investigated by scanning electron and optical
microscopy.

For FY76, the plans are as`follows: (1) investigate the
effects of specimen size and temperature on the relation-
ship, between stress intensity and rate of crack growth for
polymer- impregnated and unimpregnated hardened cement
pastes, mortars anti concretes; and (2) study the micro-
structure of impPegnated apd unimpregnated hardened
cement pastes and-mortars by mercury porosimetry and
scanning electron and optical microscopy and relate micro-

.structure to performance.

AbOut $3.5 billion is spent annually on paints and
allied products, but this representS'onlT20 percent of the
total-amount spent each year on painting. The value of
the paint is rarely as much as one percent of the value of
the building or object being painted, yet marketability and
subsequent maintenance is tieendent on the performance
of the Coating. Durallility and performance studies, test
Method development, and cooperative efforts with volun-
tary standards organizations play important roles io im
proving coating.verformance and in reducing maintenance
costs.

Individual factors, such as humidity, solar radiation,
corrosive environments, and jhermal shock, winch affect
the durability of exterior coatings on various substrates,
will be examined by, laboratory test's:. Test methods will be
developed to determine performance"characteristics that
will be applicable to-the American Society for Testing and
Materials .(ASTM) standard test methods; Federal Test
.Method'Slandard No. 141, an8 coatings specifications.

In FY75, a study of the p4forniance of exterior coatingg,
containing nonmercurial fungicides was.completed. Pre-
liminary studies on the effects of sulfur dioxide on main- ,
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ERSIVE COATINGS TO REDCCE
LAD -PAINT POISONING

Mai 7r4n
Siritctures, llateruds and Safet1 Dtt tort
301-Q21-3-1.11

Sponsor - Department of !lousingand i'rban
s. Development

NONTOXIC YELLOW MARKING PAINT

Paul Cainpbell
%Structure. Ilateruds and Safety Diva tbu -

70 1 -921 .i.1-11

Sponsor - Depar2ment of Transportattort

'
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lenanc coatings were also completed. In cooperation with
AST. the Center participated in the exaltation of test
met ods for gloss and reflectance measurements, stain
rei oval, analysis of heavy metals in-16w concentrations, ,

a d standard atmosph'e're conditioning.

Aversive coatings that will discourage children from
eating lead paiht flakes are being considered by the Depart-
ment of Housing and Urban Development as a possible
Ileteent to th ingestion of paint. Since little is known
about the ability of aversive oatiwir S16, retain their
,deterent properties over long periods* time, tests for the

'durability of 'aversive coatings must be developed and ',
applied in their evaluation.'

For each averse coating.selected for evaruation, three
main tasks will be carried out: the development of a suit-
able analytical procedure for determining the quantities
-of the essential aversive ingredients; a study of extraction
procedures for the essential aversive inaterials Ain?
laboratory samples containing knownodmounts of the
materials.: amt an evaluation of its ability to lw retained on
laboratory-Prepared painted surfaces after artificial
weatheringand.repeate,d washing.

cntil recently, the most widely,,-,used yellow paint pig-
ment was lead chromate. it,h the restriction ,of lead pig-
ments for use in buildings and the possibility that they will-
be banned front use in highway markings, there is,a rived
to,identifs,and evaluate the performance of substitute
yellow pigments. White the project is speafically con-
cerned with non-Lead pigments for marking paints, the
knowledge gained will provide knowledge abou(noil-lead
yellow pigments for use in paints and buildings..., 4

In thiS project, information on non-lead yellow pig-
ments and their use in paintslhas been,obtained from the
literature and from pigment and paint manufacturers.

`larking paint formulations using non-lead pignients are
being evaluated in the laboratory for_such properties as

flight fastness, hiding power, abrasion resistancendhesion, ,
and durability. Painted speciMens will also be tested' for
resistance to varion 'maths environments by exposure at
outdoof exposure site doifor usefulness as marking -
paints in field tests on highways. -P,,ei-formanc'e critertrfor
non-lead yellow marking paints. will be recommenjedIn
the final repcni..,-
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UNDERGROUND PLASTIC
PIPE SYSTEMS

Tamtimi Kusuda
Building Environment Division - 301-9212501

Sponsor - Tri-Services_Coninuttee
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This project wilt evaluate new underground pipe s-stems
ott("*.ti teat have not met the existing Tri-Services criteria tl at the

pipe insulation be driable, drainable, and air testable. The
evaluation objective is to determine if these non Tri-
Services systems will stay dry under specified test boidi-
tions, particular to each pipe system.

The existing Tri-Services criteria are applicable on y to a
conduit system which has air space between the insu ation
and the conduit. There are, however, many new um er-
ground systems, especially plastic pipe systems, whic't do
not have the air space. The representations Are that these =

t
systems are so completely water-tight that there is tit, feed

for the requirement of drainabdity,driability, and air
testability. It is in the mterest of Tri-Services, as wril as
other goVernment agencies, to verify these claims.

Each different toderground pipe system requires t if-.
ferent testing procedures. Appropriate tests will be re-
vised for each selected pipe system to see how reliable it is'
and to determine if the water, once brought in, cant fleet-
tively be removed by tlie cirlatiorr of air or other ttert
gases.

During this fiscal yearodynarnic boiling/tests on one of
non-Tri-Services's systems were compterea to clarify the

,failure mechanism. Also completed were moisture migrA-
tion tests of a chilled water pipe insulated by hydrop
powder. Thermal performance tests are in progresst3r..aio--

's new, but non-air-testable, asbestos conduifsy§rein.
In FY76, a facility to conduct boiling tests of calc um-

silicate insulation with new fibrous glass hinders (instead
of asbestos binders) is being constructed to test eve al
commercial pipe insulations. Dynamic boiling tests on a
new non - air -space conduit system will be completed.

t

JOINTS IN PLASTIC PIPES

flax Tryon
Structures. Ilatertals and Safeh Pittston
301-921. 3441

:Sponsors - T$-Sertices Committee;
Vational Bureau of Standards

Plastic pipes are finding increasipg use for transmi ting
natural gaas, sewage, and steam. condensate at m litary
installations. Unfortunately, there have been nuherous
failures of plastic pipe systems that have passed accel tance
test* Because many of the failures have been attribt ted
to.faulty joint construction, there is ,an important ne,d for
reliable, non-destructive tests foi: joints in plastic pips. er

Using plastic pipe joints of varying quality prepw-e I in
the laboratory, potentil non-destructive test methods were
evaluated.for their ability to identify faults and for ease of
use. Non-destructive test methods investigated inelu led
thermal conductivity and thirmograithic scanning tem-
niques.

Plastic pipe joints containing known flaws tvere pr
ked. Two thermal methods were tested for their at ility
to detect the flaws from loeal differences in surface
temperature when the pipes were heated internally w th
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Arthur I lockman
Structures, llatenals and .`;alet Du Isom
:101-921.i-197

Sponsor Tpt-Semces Committee

WATERPROOFING PR 1cncEs -

MANUAL -
Paul Campffell
Structurees, Materials tyul ,Saleh /1 -a Minn
.36/ -921-'q,1,11

Sponsor :Tri:Servkres Committee
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warm water. The scanning cameras could detect all the
flaws but liquid crystals only detected the largest ones.

Premature failure of sealants in buildings results in
.damaged interior and costly repairs and maintenance. as
well as loss of heat. The need for durable sealants is
elms-al because of curtain wall designs, large thin panels,
modular Tonstruction, and use of high expansivity

,oaterials, The large dimensional changes that occur in
b uldlirgs'oletnand better sealants.

In this Project, the sponsor is kept informed of the
latest de%elopments on sealant test methods, specifications,
and practices. This Information is obtained, by laboratory
and field evaluatistn of new sealants and by participation in
standards-making orgainrations, e g., 1mencan So y for
Testing and Materials (1STNI), American Concrete(
Institute. eat Cooperation With architects;_go%ernment
agencies-, producers, orgasm/mums such as,the Ailhesies
and Sealants Council, S.at'ional Paint and Coatings Associa-
tions, uni%ersities.'and foreign groups relaung to sealant
research is maintained;lonsultation is continuousl% pro-
1,ided is the spelnsor

In F1.5, the Center completed the evaluation of several
samples of the new ± 50c,; class of sellants and recom-
mended the in-elusion of such a class in appropriate<deral
and ASTM specifications. A s4econd:-draft ofo It"sern-
mended Practice for Chemically Cured Sealant, was corn-
pieted for ASTM ballot. A third round-robin study of Peel;
Adhesion tests and first &rafts of reyisions of Federal
Specifications were also finished. °tit

'be Center is performing the following during FY76:
revise and upgrade three 5-year old ASTM Standards

orttoint sealants; (2) develop the ASTM Specification for
cht neallycuired-sealants to Feplacthe American National
Standards Institute Inc 1H6.1: (3) expose sealants .to
accelerated weathering rial-to natural
omplementary prograjA with the National Researeil Council,

Dmsion of Building Ifese1-ch, Canada.

Water damage to military building installations and to
'their content's presents acontiniing problem. A manual
estZlisInng standard waterproofing practices will benefit
all military services by helping to ensure the adoption of
proplirpractices. The manual developed under this project
iH include sections on eniartiomental Aposure,%types of

s1Jitrate (Including const,ruction details), classes of water-
; proofing prodts, me mils of surfacj preparation and

coating application, a life-cycle costing fatted to the
waterproofing of bin dings.
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BUILDING STONE-PRESERVATIVES

James Clifton
Structures, Materials and Safety Division
301-92"1-3407

Sponsor National Park Service
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PERFORMANCE OF ROOFING

Robert 11 &theti

Structures, Materials and Salets Division
301-921-310; °

no*

' Sponsor Vatzolitql Bureau of Standards

o

EVALUATION OF ELASTOMERIC
ROOFING

Walter Rosszter
° Structures, Materials and Safety Division

3401.92,1-3407 .

.-,Sponsor - Tel-Services Committee

FaiTtrwith es idefice of serious stone deterioration in
historic buildings, the National Park Service asked the
Center to evaluate commercial stone preservatives and to
develop performance criteria. The criteria will aid the
selection °Materials for the preservation of national
monuments.

Fifty-seven recommended stone preservatives were
collected and subjected to tests. The effects of heat, freez-
ing-and thawitig; water, ultraviolet radiation, salt, and
sulfurous acid solutions on Preservativetreated stone were
evaluated irva specially, constructed chamberand also in a
series of separate tests. The results,iricludmg recoin-
mended criteria for selection of stone preservatives, will be
published in a National Bureau of Standards Building
Science'Seties report. .

4

For over 70 sears, bituminous built-up roofing has been
specified by prescriptive specifications. Little attention has__
been given-to-the mechanical and physical properties of the
membrane. Criteria are needed that quantitatively state

k the level of membrane performance. Producers of roofing
products also need criteria for the types of products they
manufacture.

.Twenty performance characteristics of built-up roof4,14
membrane's were identified. They include tensile strength,
coefficient of thermal expansion, flexural strength, tensile

° fatigue strength, flexural fatigue strength, moistureexpan-..

sioiLdiffects of moisture on strength, shear strength
(horizontal and vertical), impact resistance, notch tensile
strength, creep. wind uplift resistance, weather test, fire
resistance, ply adhesion. permeability, abrasion resistance,

fungus resistance, tearing, and pliability. 'Test methods are-
being deVeloped and applied to the measurement of the
performance characteristics ttigt were identified. Contri-
butions to-the development of standards and test methods
are being made through palicipation in the American
Societyfor 'resting and Materials ,D8 and E6 committees.

Round-robin testirtg to measure the coefficient of linear
thermal expansion of roofing membranes has begun. A
test method was developed to measure the water vapor

.permeability of roofing membranes; laboratory tests are in
progress.

4...-
Elastomeric roofing_pateriaIs aAbeing used in greater

quantities because of economic considettion5-, shortages of,
conventional materials and the special requirementb of
roofs such as dories, barrels, and iltierbolic paraboloids.t

Whilethe perf tnaitce of elastomeric roofing may be as
good as or better than conventional systems, there are
essentially no criteria against which Nmeasure the per-

_
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fo mance of this type of roofing systems..
n this project, the performance of elastomeric roofing

ma erials and systems is being,investigated by field obser-
vat ons, discussions with material producers and a review
of literature. The information obtained will be related to
acts alin-service performance such,as tensile strength,
ext nsrbrlity, adhesion to various substrates, strength of

., bon led joints, abrasion resistance, and effects of tempera-
ture variation and weathering. Data and information
obta ned from the field, literature studies, and kinSulta-
ha with materials producers will be used in the develop-
men of design, material, and construction guidelines and
preli inary performance criteria.

VISCOSITY GRADING CRITERIA
FOR ROOFING ASPHALT

. .
Walter Rosstter

Structures, M hMaterials and Safeilitistorz -
301-921.3407-

Sponsor . Trt-Services-Commatee

I

FIELD S RVEY OF ROOFING

Bober t11 the y
St , M yertals and Sc,fety Division -
301.921.3407

Sponsor DepartmTnt of the Army
4..

,;.YIBER,REINFORCED CONCRETES
AND MORTARS

James Clifton
Structures, Materials and ;St anston -

-301-921-3407

Sponsor : National Bureau of Stanclards

.

D
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In this project, the viscosities of roofing asphalts now in
use wire measured. at tc:nperature'S covering the range....
norm Ily used in roofing construction. Twenty roofing

)asphal s from various crude oil sources were collected. -

The ki thane visco sties of the asphalts were meatred at-
.166 ---1-3-30-°F), 193 ° 80-9-F), and 221 °C (430 °F). -

In addition,. 48 three -ply built-up membtanes were field
constructed at known temperatures within the range
163 °C (3254°F)to 260 °C (500 °F). The thickness of
interPly asphalt in. each sample was measured. The re-
lationship betweenviscosity and.interply, thickness wine
discussed_in the final report and a viscosity grading cri-
terion willbe proposed. The.report, for which all data are
now on hand, will be prepared-as part of the "Performance
of Roofing" project.

, ... . -
.

This project is to 'complete a report on the field.sury y
yeof roofing at military installations for which,,,on-site r f
inspections were made in previous years. The report will
cover the condition of the roofs which were inspected, and
,

mak.e_recommericiations.for improvement of design,
material and application specifications for roofing,' Con-
sultation will be provided to the U.S. Army, at their

-request; for the ptgpose of solving roofing problems. The
consultation will include field inspections of roofs and ,.,
laboratory tests a's needed to provide recommendations for
'roper repair;seplacemeni, and/or selectionof roofing

4st ni-S.
..

.Fibfr reinforced polyRer-impregnated mortars and con-
cretes?are new types of building materials that have great
promise, Because of their anticipated strength and tough-.
ness; it ihovid be passible to use them in prefabricated
roof and wall elements and other structural components o
singlel'arhily dwellings and farger Buildings. -However, per-
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NONDESTRUCTIVE EVALUATION OF
BUILDING MATERIALS

fatties Clifton
Structures, Ilateruds and Safety Division -

301.921 -.3 -107

Sponsor'- National Bureau of Standards

. CORROSION OF METALS .

0

fames Clifton
StructuresIlaterials and Safety Division -

301. 921 -3407 0144a,

1

forman triteria Must be established before these
material can be widely Used in Wilding construction.

proje t will contribute to the kdowledge required to
establish p formance criteria.

The flex ral and compressive strengths of control
mortars; fiber-i-einterced mortars, and golyiner-impreg-
nated, fiber-reinfoi-ced mortars have been measured and
the corresponding4ad-deformation curves recorded. The
fibers useckhave ililquded chopped steeland glass
In tile case AT chopped steel, the fiber iariables'hfve been
length, cross-sectional shape, and tensile strengthl
At given volume concentrations of fibers, the results have
shorn markethdifferences in behavior 'attributable-to dif-
ferences in fiber-_inatrix bond strength,-fiber tensile
strength, and fiber length. The importance of fiber tensile
strength has been apparent in polymer:impregnated spedi-
meals wherelhe -bond strengths have been sufficiently high
to prevent fiber pull -out from the matrix duringlracture.
The project is b6ng completed with measurements of the
bond between the matrix and individual fibers.

t .
*,..Because concrete is one-of the nation's most _

important structural materials, there is a need for reliable
,

techniques for inspection of concrete at all ages, both-to
expedite;onstruction and to protect the public. The
present range of techniques for inspection of concrete is
inadequate to meet, the needs. of inspectors, which are

-glowing with the increasingly_critical-demands made upon
concrete in high-rise buildings and nuclear power plants.
There, s a need for critical evaluation of the existing tech-
niques and for the developmefit of performance standards
for-new techniques.

The literature and other sources o information on non-
destructiie evaluation (NDE) of.c crete have been

.

critically reviewed. Individuals, research institutes, and
standards organizations will be contacted. The adequacy ,,,
of currentinformation'on the avail4ble methods will be ' ."';'

assessed and research needs related to the NDE of concrete

Sponsor National Bureau of Standards
.,

1: 0 0

"40:4

identified.

1 z-or

Metals and alloys are important constituents oPalmost
all strures (e.g., pipe, electrical wiring, reinforcing
bars, steel beams, roofing, siding,,etc). However, the cot -

rosion of metals,andalloys.is a .major problem'and the
estimated annual4Oss attribUted to corrosion amounts to
several billions of dollars; ,

In this project, the Plt tective propertiTs of organic and -

metallic coatings on metallic substrates are being assessed.
Technical methods are being used to measure rates.of cor-
rosion, the nature of the interface between the substrate
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CORROSION OF POPES AW MILITARY
4 FACILMES "

James Clifton
Structures, Materials and Safety Division -

b 3011921-3407
4-;

' Sponsor - T.ri-Services Committee

GUIDELINES FOR EVALUATION AND
USE OF UREA-FORMALUEIIYDE
FOAMED RESIN AS A THERMAL AND

-gOUNIi-INSULATIONi-

6(offrey Frohnsdorff
Structures. Materials and Safety Division
301-921--3454.*

Sponsor - Department Rt, Housing and Urban
Development

7

and coating, and cohesion and adhesion of the coating.
ExiSting,methods are being evaluated and new methods
developed to determine the corrosion state of coated and
uncoated metals and to measure the rate of corrosion.
Ways to reduce the corrosion of- metallic piping are also
being evaluated.

In FY75, data were obtained onjthe protection against
corrosion provided by zinc coatinds,(galvanizing) on steel
'rebarsand of epoxy coatings oLi rebars embedded in, on-
crete prisms. The specimen wereleposeCto differe,
concentrations of chloride a d, fox the galvanized birs, the
effects on the corrosion rate f small holes of various
'known sizes cud through the zinc*ihting were inveihgated:
Preparations have been made fora study of.theovelither-
Ingof thirteen metal siding and roofing materials with a
range ormetallivicoatings. Electrochemical test equip-
ment, needed fo?inore detailed studies of corrosion, has
been oNtained.

In FY76, the Center is completing the studies of the
protective properties of zinc oh steel rebarS. Test spec'.
mess of metal sitigs and roofing panels will be placed bt
exposure sites. An investigation of the corrosion of hot
y.ater pipes has begue*The corrosion of steel-fiber rein-

ed mortars immersed in aqueous solutions containing.
chloride ions will also be studied.

The!orrosion of piping used ior the transportation of
hot -water and steam at militaryinstallations,costs millions
of dollars peraryqrfroin maintenance and replacement and
in interruption of services. This ispart of the more than 8
billion dollars per year cost of corrosion the United'
States.- The full extent of the problems has not yet been
identified since they are usually dealt with on a local
basis. -

Mayor corrosion problems associated with piping at
military facilities have been identitiM bytieview of cor-
rosion survey reports and discussions With representatives
of the Tri-Fervices Committee on Materials. .A final report
has been prepared in Which these corrosion problems are;
"aiscussed and recommended practices to minimize the
corrosion of 'piping arl, given.,

. -
The energy crisis hag increased Interest in the use of,

foamed polymeric insulations becausr of then' improved'
insulation characteristics ind their ability to'be used on
irregtilarly shaped surface's or in spaces where access is*
,ddiculiwTherehave been problems associated with such
foams used in residential construction. However. many of
these problems can be resolved by proper desigu, selection-

.

of areas, of application7-formulating,,and proper application.
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POLYURETHANE SEAMLESS
FLOORING

McClure Godelle
Structures, Ilaterials and SafetI Division
;301-921-3441

Slot onsor Department of Housing and Urban
Development

RESTORATION AND PRESERVATION
OF ADOBE MATERIALS

James Clifton
Structiltes, Materials and Safety Divisiort
301:921.3407

Sporisor - National Park Service

The Center for 13nilding lecimology (CBT) will identify
the properties of urea-fOrnialdehyde foam that affect its'
performance Is thermal and sound iriszlition, and evaluate
existing test methods tb measure theSe,properties. Test
methods such as air sampling and analysis after installation
are to be identified and examined: OJT will prepare guide-
lines for the evaluation and use of foam insulation that
will include recommended levels of performance of this
material. The guidelines'will also inclufle suggested form-
ulations of the urea-fo aldek'Arrani,-application
methods, curing tech and areas of,application.

The use of a durable' flooring system in the high traffic
-areas of public housing offers great potential sayings. A
new water-thinned polyureihane flooring' system is claimed
to be a durable high performance system, easily cleaned,
arid easily applied and resurfaced- Also, the hazards of
toxic solvents and monomer are eliminated. The simplicity
and reduced hazard of the system offer rotential advan-
tages for application in tenant self-help prograitsi How-
ever, because the system is !WV, Its performance char-
acteristics need to bey determined.

In this project, both laboratory testing and field
demonstrations provide the basis for evaluation and for*
recommendation of a performance specification. Labora-
tory testing has included abeasion resistance, decelerated
aging, and comparison of the performance with that of
other flooring systems. Field demonstration tests are being
coordinated by the Center personnel.

In FY75, substrates were obtained andyprepared for
application of the system. A sformatA devised for4 ''
monitoring tile application and performance n ich of the
10 Department of Housing and Urban Deve pment

,,,regnns. The application of the systenrat the selected sites
was carried and the performance is now'being
monitored.

The National Park Service (NPS) has-6responsihdity for
the preservation of many historic adobe structures. In
deciding on the appropriate preservation action for any,
adobe structure, NPS needs information on the composi-
tion and physical properties of adobes, the responses of
adobes to environment exposures, and methods for stabiliz6.
ing adobe structures.

, In this project, the adequacy of current niformation oji Ras

the propeales of 5dobe is being determined and research
needs related to the preservation of adolpe are being
identified, TinsanalySis will lead to a research program to
oharacterize the-iinportant properties of plobe.

c
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PART-LOAD HEATING, VENTIL4TING.
AND AIR-CO WITIONING EQC,IPMENT r.

George Kelly
'Building Environment Division 301.921-3521

Sponsor - Vational Bureau of:Standards

r

e

,
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-,

HEXT PUMPS

George Kelly
Building Environment Division - 301. 921-3521

Sponsors - National Bareau of Standards:_
Federal Energy- Administration-

4

W-kth this project, the Center for Building Technolog
(CBT) is developing test methods- in,support of consensus
standards for part -load testing and rating of unitary heat
pumps. air-conditioners, and heat plantsfor residences and.
sinall buildings.

At present. the heating. ventilating. a nd air-conditioning
Industry equi- pment performance ratings are based on
steady-state test methods. This has led to a continuing
dik,mte on the actual fieldiformance of heating/cooling
equipment. Ultamately: laboratory methods that more
closely simulate field performance will be necessary if
manufacturers are Lo accurately rate their equipment under
part-load operation. Part-load ratings will in turn allow .
designers to use the most energy effective equipment and
to design mare efficient heating, ventilating, and air-condi,
honing systemsI.

During FY 73. test rigs were constructed for boilers and
air-to-air heat pumps.,and now data are being obtained. A
paper was published on gas-fired boilers -and another is
being Prepared pn heat pumps. Part-load operation was
shown- to have a very detrimental effect on the perform-

.. ance of gas-fired boilers and heat pumps operated in the
cooling mode. The performance of heat pumps providing
heating was found to be most affected by ice-build-up on
the outdoor coil and defrosting, although operation at part-
load in the ti7) n-frosting region also tended to lower the heat
pump's performance.

During FY76, CBT continued collecting data on gas-fired
boilers and air-to-air heat pumps. Theoretical models of
fossil fuel heating plants and heat pumps are.being studied.
Contacts are being made with indusirrand the appropriate
standards - writing organizations concerning a, joint effort at
developing a better performance standard for gas -fired
boilers and heat pumps. Work'has started on documenting
the effect of part-load opera'tion-on other heating; ventilat-
ing and air-conditioning equipment, such as oil-fired
furnaces and boilers:gas-fired furnaces, and chillers.

The study will determine the part-load and seasonal
performance of electrical heat pumps by testing one C

eleetric motordti,len heat pump in the field and another
in the laboratory. The Center also will evaluate the
potential for using 'engines to driveheat pumps. --,

Data were collected during the summer of 1974 and the
winter of 1974.T5 on the dynamic performance of heat-
pump during-tests tcdetermine the cooling and heating
relluirements of a tcj house. Thesedata,seem to'-indicate
that considerable energy savings may be possible..The":
Ceuter, through monitoring activities, documented the per-
forrnane.of the test house heat pump during the 75-76_heat-

76,
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OIL HEAT UTILIZATION

George Kelly
Building ,Environment D12'1.51011 301.921.3521

'Sponsor - Federal Enerp Administration

.

A TECHNICAL CONFERENCE ON THE
IMPROVEMENT OF HEATING.
VOTILATING: AND AIR-

X CONDITIONING EQUIPMENT

...,:t7.--fiktvid Didion
'Building Environment Division 301.921-291

onscir - Federal Enelgv --tdminiStration

ung Season. An electric motordinen heat pump and an
engine -driven bent pump will be studied in the laboratory
under carefully controlled conditions. This will allou,for a
mulch more rigorous evaluation than is possible under field .

conditions. 41,

. ,
This project will identify areas of research and develop-

ment in the oil heating field which have the best potential
for improving the utilization of fuel Of It will rank these
areas according to.how rapidiy-the contriBute,to energy
conservation (immediate. short term, long term. etc.).
estimate the chance of successfully-'completing a researc
and development program in each area, and determine t

t
'

Smount.of funding needed for these pro gams.
...--

A technical panel consisting of personnel from the
--- National Bureau of Standards (NBS), National Oil Fuel
. Institute. the oil industr..universities. and a fuel oil

dealership will conduct the research. \BS per-sonnel till .
evaluate proposed research projects in the most Promising
area's. In carrying out this evaluation. the achice of
%arious panel members and experts in -the.field will be.
solicited.

r

r

.

The project organized and-presented a technit al 'con-
ference jointl managed by the National Bureau of
Standards and Purdue University. The goals of the con-
ference were to exchange.and document concepts and
applications that can lead to a reduction, and understanding,
of the energy used in air-co inoning and heating in com-
mercial and industrial buildings. The objectives also were
to provide leadership and st lation iii.'"equipment and
system design, analysis of cyst performan-ce. and energy
conservation potentials.

Papers that deal with current practices leading to a
minimization of energy consumption 14.re included. The
sessions were pranarily intended.for engineers responsible
for component design and 'manufacture, system design and
selection. and,building operation. ,

4t.
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INNOVATIVE ELECTRICAL
CONNECTIONS

William Meese
Building Environment Division - 301-921.3293

SPrInsor Departmerit of Housing and 1 rhan
Dei.elopment

a

INNOVATIVE ELECTRIC WIRING

SYSTE!S

William Meese

Budding buirbrintent Daimon -.301-921-3293

Sponsor ADepailment of flohsing and Urban
_

` Der-elOPM

:

Fire safety, Bung life requirements, codes and other
institutional constraints, and a lack of technical data based
on-performance, have led to slowly changing regulations
concerning electrical connecnors in residential branch
circuit's -Innovations involving electrical connections .

could/lead to significant advancements and lower costs in
housing construction if safety and functional requirements
could be satisfied. Laboratory investigations are needed to
detcriumefailure mechanisms of electrical connections so
that meaningful performance criteria and test metliods can
be established.

Th-e approach to: .(1) tam and anal)ze current tech
nolog). including code- theeinstitut tonal constraints.
(2) deNelop prehminarclierformance critPria and-test
methods, and identif\,resear711 needs. (3) deteernme liow -
electrical connections fail under simulated 'real work r"--*
«mihtions..( develop technical (IC deeded in the e

electrical ionnectioils. and (5)- develop and p iblish
criteria and te..1 method:: for the evaluation (>f ative
electrical connection..

ri 76 plans are to continue to develop data inv( king
oNerheating failure mechanisms and to contin to develop
other technical data. including an improved rethod to

*measure connection quality. 'Developmerthof criteria and
test methods will be undertaken and testing in accordance

'with the criteria will be performed. I;nexpected4.entatilYe
results indicate that innovative connectors developed and
under development by induslry appear to not only provide
significant'cost 'savings, but also provide superior char-
acteristics reiatiVe to physical and durability requirements.

In this project. performanc-e standards Enid test methods,
for non-metallic sheathed electrical residential branct;,, i .

c.
circuit wiring are tieing developed. Extensive new restric-
tions have been placedon the use of such cable ( i mex)
by the 1.975 National Electric Code, The lack of a ro-
priate technical-data on Which to base these restrictions
and the resulla-nt increase in the costs of housing have
illu-sttated-the net for oblectiv-ere-qarclirl:Elat.--Conductor:...
cable, which' has been extensively used for aerospace
purposes, promises to bring economies to_ residential
branch cacuits,if.approjiiite National'Elecfrical Code
"expectations" can be satisfi .

.

The approach to this pro ct is to (If obtain and analyze
d

bases for the National ,Electrical Code, restrictions-on non-,
metallic sheathed cab and obtain and.analyze ail), appli-
cable technical data and institutional restraints on cizhven-

`tiorial and,innovative branch-circuit electrical systems;
(2) develop and perform laboratory and field investigations,
to obtain data fdr the evaluation of,such electrical systems,

...
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ELECTRICArSERVICE QUALITY
MEASUREMENT

Adolfo Camacho
Building Environment Division 301-921-3293

Sports &- .Vational yew, of Standards

- r,

ALUMINUM WIRING IN. BRANCH
'CIRCUITS

Lairy Masters
Structures, Materfals and Safety Division
301-921-3371

. *. )

Sponsor - Tri-gervices Con'zinittee

;-including data on failure mechanisms; (3) develop and
'publish criteria.and test methods or the evaluation of
conventional and innovative ele rical branch circuit
wiring systems.

Last year, a preliminary study of flat conductor cable
for residential wiring systems, including inl'ormation on a
prototype installation in Yonkers New York, was made.

This year, the Center is deter iningareas where data
are needed. Literature -reviews nd laboratory investiga-
tions in areas where it is know that technicardata are
needed (such as cause, spread a effects of fires in
branch circuits) will simultan ous y proceed.

,
, .......-.11 e

Qudity.of electrical serfree affectnhe operation and
durability of electrical andielectronic appliances and other /
equipment. Representative dat`s'-mn variation from standard

to establishectrical service characteristics aLe needed,
ements of design requilrements for electrical andelec-t

tronic equipment in buildings. The lifetime of equipment
may be'improved by development of improved control and
better regulated supply at the building service entrance.-

A spinoff of the National -Aeronautics and Space Admin- '
istration'sspacecraft flatconductor wiring to building
electrical circuit se vicicis sponsored by the Technology -.

Transfer Office. Economical installations are potentially
great, particularlyparticularly in retrofits.

instrumentation was rented and`preliminary field.
measurements were made. Even though enough measure.
ments have noit been taken to be statistically valid, the
number of l94-v.oltage transient events indicate a need for
in-depth studies. It has been determined that sonie low-
voltage events are caused by the irregular demands of elec.
trical equipment inthe building. Also, a flat conductor
reportoT.Completed on afield instillation in Yonkers,
New York.

. I

Aluminum wiring in branch-circuit electrical systems'Of
homes and other buildings on military bases has been ,,,,--

a r
increasing since:thrnitl?1960's: Recently, overheated
receptacles and stitaes-tiavv, been reported in many built
-ings. There is concern that overheated devices could pre -,

-,.sent a fire hazard. Studies Of aluminum wiring on military
bases are needed to idAtify cmechaniims by which mver-
beatinwinight ,occur, and to develop recommendations to
ensure the connections to aluminum willnof overheat.

Irrthig-project,'Military bases haling aluminum eke
4 trical wiring tie being identified and the Wiring at selected

Rases is being inspected. Itiforma-tiot obtained from the
inspeOtions,,will be used to hypothesize failMe mechanisms
and.to design laboratory experiments to-verify 4he tue c h-
.
anisms.

1'
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RADIANT HEATING IN SEAMLESS
FLOORING. _

Paul Campbell
Structures, Materials and Safety DiviSion
-301.921-344:1 1

-4t

Sponsor - Department of flc,
Development

using4nd Urban

ENERGY USAGE OF HOUSEHOLD
APPLIANCES

Richard Gro(
Building Environment Division, - 301-921-3293

Sponior - National Burea- u of Standards

Public housing u,sually hJ a disproportionate share of
elderly and'very young residents. Adequate, well-designed,
and economical heating sysferty have a direct bearing on
'their, health and comfort. A novel approach to heating is
to provide radiant heat by electrical resistance heaters,
embedded in, or beneath, seamless - floors..

This study Will include a literature sitryt,ey on the feasi:
bility of the radiankpanel seamless flooring system; pre-
paration of a small-scale laboratory heating system; evalna-
tiqn of the system, identification of the heating compon-
ents and flooring systems for use in a,radian 'heating .

system; and recommendations for future resea h, such as
human response factors or life -cycle costing.

Literature on both radiant heating elem. ents'and 'eani=
' less flooring systerris has-been reviewed. Nineteen flooring

systenis have [teen obt&ined and perforMance testing_of the'

/ systems has 1),..7 carried out. .

.

I

As directed by Congress, the Consumer Product Safety.
Commission hat the responsibility f a program of energy
labeling for major lkotselto/dapplia s. --The.effectiveness
of this labeling depends on the estab shment of realistic ,

..
test procedures fOr determining efficie At present,
there are insufficient data on actual us of' hou;etiold
appliances to determine if the prOposectt et methods

1

reflect the actual opfrationai characteristics.
_ In this project, 444instrumentation; data analysis,
schemes, and field nishods developed in the. other Center
projects "Measttrement Technology" and "Utility Load i
leasurement" are being used to determine the energy. per-
ormance of household appliances. Instruinentation pack-

ages for, monitoring appliance usage in a sample of dwell-
ings are being assembled and deployed.

Two instrumentation packages for monitoring the energy'
wage patterns of household appliance have been
assembled and are being installed in, residences at Twin
Riv'ers; New Jerey. Data havb been gatheEed on the usage
of fj,n e Egy in-a-single residence in order to check the instru-
mentation-schetue and providerpreliminary data. The
instrumentation developed during.FY75 is being used: to
monibor the energy usage of household appliances in eight.
residences at Twin Rivers (four of which have tlectric
appliances, four of which have gas appliances). Represent-
ative periods of. usage will be chosen for each season of

e year.

C .-
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"WIND LOA

-Richard Mar
Structures, M
361= 921:34:1

DS ON STRUCTURES

hall
terials and Safety Division -

rational Bureau of Standards

HIGH WIN
DEVELOP

Richard Mar
Structures, M
3013-921-347.'

Sponsor - ..tg

sTtDY FOR
N5.; COUNTRIES

all

c.

zterials and Safety Division -
-.1

ncy for International Development

i.

t

The purpose of this project is to improve building co-de
provisions regarding Wind effects on buildings and other
_structures. Recent trends in design p lilosophy, use of new'
materials, innovative ,constructioi details have led, to.... .:-.

_structures with an'increased sensitivit to wind effects. As
:;,ecretariat of the American National 'tandards Institute,
Inc. Committee A58.1, the Center has a vital interest in
the development of 'suitable criteriglo ensure the desigkof.
buildirigg that will perform satisfactorily tinder wind eondN
lions likely, to occur during the anticipated-life of the

Istructure.
The project involves the use of experimental_ data cur- .

.rently available arid the collection of 4dditionardam, either
by the use of wind tunnel modeling or by direct measure -
went of structures in service. Along with this, theoretical ,,
models will be developed and checkediagainst_experimental
results. Among other outputs of this project are: publica-
tion of areRom :171-e Buffetingof Tall Structures by '
Strong Winds;.publicalian of Equivalent Static Wind
Loads for Tall Building' Design, 4th World Conference on
Wind Effects on, September, ,5; publication
of Probabah'sti-e-Vdels of Extrerpe Win 1 Spee4 (a-
certainties and Eimilations, 4th World onference on
Wind-Effects oir Buildings, Septembe 975; publication of
EngineciingAspets -of- Cyclone Tracy., N tional Academy of
EngineeringIeptirt;.andTpublication Of Viti d Pressure on
Single-Family_Dicellings.- ,

:- The research addre-sSes dev'elOping.improved design
.criter for- loAkOstflow?nse buildings ro-hetter resist

:.-extrei e Existing_criteriafor wind -loads do not
iatelYtrovidefor 'steady and.fluctuating wind'pres-

sures along g-cthe edgeSof roofiLid walls Where separated
flows-2occut, Extreme suctiolipressures in thesq-uegions
are-one of the .prjmary contributors- to building damage:

)Thus, such. esearcli can result sutstan 1 Benefits both
-in die-U.S.-and in other high-wind areas,

This project analyzes wind loadIngs,on a ple
of six low-rise Rilifaings at three statistically': ependent
test sites-in the 'hilippines. *Wind tunnel mod ling of the
sl.(c-test building's is being' performed, With the appropriate
'correlation analysis CliMatological, social and housing
informatiONIso are being analyzed:

The following activities were completed in FY75: (1)
instrumented the iemainirng two-of the six- PItilippinetest.
honses; (gyveliddr.eci wind-tunnel modelit'tgt6chniques to

-simulaiq natural sitifacp.winds..with _representative Incas-
-iiirements obtained from -buildingli -(3) analyzed

wind and' tiressuieu ilzta out the :silt fii114calelest- buildings;
-(4), de4loped, extreme wiiid_distributiOns for the Pliilippmes;

(5) iiioriitored.the-progrOs of the ilt.trb'au-trainedFilipino
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ADMINISTRATION OF THE/-- SECRETARIAT, AMERItri NATIONAL
P`ANDARDS INSTITUTE A58, '
RUILDINV CODE REQUIREMENTS
FOR MINIMUM PESIGN LOADS IN
BUILDINGS AND OTHER.
STRUCTURES

Robert Crist .0

Structures, 'Materials and SVety
301-92113471

'Stronsor - National Bureau of Standards

it

technicians; (6) conducted a wind tunnel mode study of
a Republic of Philippine-United States school building and
prepared reports on test results.

4:-
The FY76_ plans are for the following: (1) continuation

of full-scale test progrant at the three field-test sites
through December of 1975 (end of typhoon season); (2)
reduction and analysis of full-scale data (3) limited -hives
tigation of wind tunnel models to ttid in the interpretatio
and extension of full-scale test results; (4) incorporatiot of
field data and suirequenelaboratory tesLdata as a resul of
damage io Darwm,.Australia, due to Cyclone tsacy; (5)
refinement of wind load crfAriS; and (6) regional.seminar

Kingston, Jamaica, November 1975.
ast year, aY5-minute color-sound film -vies produced on

the effect of winds on structures; it has been shown to a
number of international audiences. Also, consumer -
oriented versions, of all the reports prepared for thijg pro-

. ject will be published for world-wide distribution.

\I.
The existence of the standard, Building Code Require-

ments for Minimum Design Loads in Buildings and Other
Structures, over the past fifty years has. demonstrated the
need fora consistent nation -wide standard" for loads on
building structures. The use of this standard has to be ,
further encouraged because the tnode1\lvilding codes are
not consistent- witkrespect to loadings on building

-''''' stryctures. , .

'ft is obvious-that a consistent set of design. loads should
be used and that a particular structure in a particular geo-
graphicollocation should,have the same load on it regard-
less of which .cod9,is applied. This is, not e case now. A
primary, problem that the committee is di; tly addressing
is the confusion-in the use of load factor- sign, whir has
resulted in °different load factors beingused for'stal an
concrete structures.

As a result, this project is to support the adminisltatiy_tirj
operations of the Secretariatte the American.National
Standards Instit,ute, Inc. (ANSI) Committee A58 Building

A .,li,,,, tr. 0..

Code Requirements for Mitilinum Design Loads in Build-
. ings and Other Structures: This Secretariat-also includes
4 \ttie USA Technical Advisory Group Administration for the

International Organization for Standards Committee TC-98
. Bases for the Design of Structures. The Secretariat re-

..
sponsibilities will be paintenance ofsthe curreiit7Standa d,

'ANSI A58.1-1972; formul? n, organization, and coin- a--

tion of the A58 .Coiimitiee; a d coordination of-revisions
4o the.,cureent standard,/A58.1 9f2...
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STRUM RAL RELIABILITY

Bruce Ellin4wood
Structuresqateriiils and 'safety Dilision°-
301-9213 5

Sponsor - National h

r
PEVFOR!
FOUNDA

Felix Yokel
Structures,
.301-021-3.1

ureau of Standards

LANCE STANDARD:
IONS AND EXCAVATIONS

laterials and Safety Drision
5

Sponsors - .Vational :Bureau of Standards;
Department of Housing and Urban

_____ Development

Felix Yokel

I
Thyre is a ro-Wing interest on the part of the engi-

neering profession in the use of probabilistic methods
developing design-criteria. The-central role played by the
Center-in-:standards development necessitates a program in
structural reliability.

The purpose of this project is to develop a methodology
to facilitate and systematize the selection of design' criteria.
The procedures will explicitly reflect design uncertainties,

'risks; and consequences of failure, and piovide an im-
proved basis for evaluating design alternatives with regard
to strength and The concepts will be

..demonstrated with a case study employing realistic data on
-loads and properties of materials.

The American National Standards Institute, Inc, Stand.
and A56, for foundations and excavations, will be replaced
by a performance standard prepared under an American
Society of Civil Engineers (ASCE) standards committee.
The standard will be Prepared 'untie-Nile direction of the
recently appointed ASCE Committee N. Foundqloneand
Exca.vatiOns. The technical wcitkliecessary to.prepare a
draft standard is funded by the Department of Housing'.
and Urban Development (HUD). The filnds under this

-,--isrk)jecis will be-used for adnnisvative support aS5Dei'att,
-- _with tlio ASCE Committee work.' This committee support

will continue. beyond the diiration of the HUD projtck
until all ballqting is complell'i and the standard is ready
for publication; and probably bjyond this time for the
rriew of feedherfromthe application of the standard.

6i6;tECIJ NICAL ENIGINERING,
5.

-,...

Structures, Alateridls and .Safetyl.gbisibrit".
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The anneal loss in the U.S. by foundation distress and
§oel stability failure is estimated to exceed $3:hillion. As a
result of the energy crisis, subsurface exploration willqe
conducted on a large scale and the construction of mask

. transportation syslems will be stepped up id many metro-
. politan arc4. There will also be a significant increase in
- strip minirtg and deer mining, sometimes adjacent to, or
- -- under, settled at,eas. Subsurface exploration requites new

1..'..,,, :- and more sophisticated measurement techniques. Mass . ,'
\.:.e;.. oi.. : trarisp:tr.tation projects' involve excavation; dewatering and

7,4,:k514.' pile'driving4litistiidangering adjacent buildings and

.
activities: Deep mining causes subsidence and strip mining

.- crefite5- slope stability and reLgradingProblems. All these
..,- ' 'prolilexils are withiiithe-geotechnical domain. -

, .
., :',..f- - : 4*.his project will look at the overall problem's, the role of

-vicious pther-Fideral agencies in this' field, and the
..:-.'

"Iii.::`
-national needs; to detednine the proper role of the .

'-'.,.;.: 4 National fkireau of Standards (NBS). This effort, will pro-,
vide muclOeeclit) direction and insure that the overall

t .
. ,

: k .
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1 AREAS I -
I. ix Yokel
S uctures, Mpterials andSafetY Dinsion
30 921-3475 - Atko

Sponsor Department of Housing and Urban
Development

-
SHEAR TRANSFER PHENOMENON
IN REINFORCED CONCRETE.

Edgar Leyenilecker
Structures. Materials and Safety Dtviston
301-921.3475

Sponsor -'Nuclear Regulatorpeommis ion

ft I

N13.5 program in-The geotechnical area is consistent with
the NBS mission and adequately responds to national
needs.

In,hdditio eveloping an overall research program in
geotechnic I engineer g,"a mor specific study is under-
way: the measurement of the feet of excavations on
adjacent -tructures and in situ Measurement of soil
prorerti

As a result of the energy crisis, increasing land will be
stihjejfed to urtdergroond and strip Mining. In spite of the
environmental degradation in thesetareas, rising land
values will create increasing pressu
residences: The resulting problems are subsidence an
collapse of supporting soil, erosion, disrupted drainage
patterns,. contamination of surface waters, and slope
stability. There is a need to investigatethese problems to
provide adequate gui,lance fpr future Department of ---
Hous'ing and Urban Development (HUD) isolfcies. P

This project will 'assemble informat n on the extent of
.

residegtial areas affected by substde e problemm
U,S. and assess die probable &nen ions of the problem in -
the futu're. Iacalities not affected will be.visited to gain

ari undereamMng o(t he need for design-pre-vision and code-
- regulation, and to stud the technical details of the prob.

lems which were conducted in Wilkes Barre, Pa. The
Center proposal witl,he prepared for HUD for the prepare-
non of performance and design criteria, practice standards,

perhiips acatalogue of acceptable design solutions.
" In FY75, a field examination of mine subsidence prob.
lems'was conducted in Wilkes-Barre, Pa. The Center con-
ducted detailed review with-HUD and their consultants to
define ar'eas of priority.

-

r

Curr t design assumptions rely very little on the resist-
ance of th concrete or the resistance contributed by the

interaction f the concretd;n4 the reinforcing steel, This
research proj ct will study the possible improvement of
design method by evaluating the applic,ability of the inter-
face shear vansfer mechanism for the design_ of.the con-
tainment building. Research data obtained on the shear
transfer mechanism are-also applicable to other building
types constructed of reinforced concrete.

The containment building of a nuclear reactor for many,
nuclear power plants is currently reinforced concrete con-
sisting system of orthogonal and diagonal reinfprce-
ment in each face of the'wall. Large reinforcing bars-and
high percentages of reinforcing steel are used. Current
design assumptions rely heavily upon the resistancedf the

86 .
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REQUIREMENTS FOR MASONRY,. AMERICAN NATIONAL STANDARDS
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Structures, . ertah and Safety Division -

301-921-34Z
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' reinforcing steel and very little on the resistance of the

. concrete or. theresistance con-triiiitied,by the interaction of
the concrete and the reinforcing steel. The mechanism of

-interface shear transfer may provide a rationale by which

these effects can be taken into consideration in the design t.

of the containment building. IniproveMent of design 1.

criteria could result in substantial savings of reinforcing

steel.
Stress or deforniation fields and the resulting rnech-

anisms, that will be Srudied in this research occur to some
extent on all reinforced concrete btadin&structures,..
especially when they are subjected to seismic loading. 1

Thus, results from this research will not only be appli-

cable to. the reinforced concrete containment 4ilding of
nuclear 'power plants but also to the walls, beams, foot -'

ings and pil"Tps in&ther types of building structures.

A cooperative program oi...xesearch between industry and
goavernment has been established by the Center toimprove'
to ae.sign of masonry structuresli seismic regions. This
ptojectresponds to the. need for more inarmation on the
response or masonry structures .to earthquake loads, to
develop design criteria similar to those now used for steel
and concrete construction.

This project has three Oases. Phase I: A study to com-
pare existingstandards, codes, and informal design prac-
tices with the state Of theart, to compile ,test information,

and to identify information that will require additional
research. Phase'II: A test program; designed to develop

information on strength, stiffness, and 'ductility of shear-
walls, to develop-tests capable of measuring these proper-
ties,-and, to evaluate the performance of various design

'details. Phase III: The synthesis of results and develop-

ment of design criteria.

Compared with those of other construction m erials,
I %

design standards for masonry are lagging. Becaus of
industry fragmentation, thereis'alto no overall consistent
approach to masonry design, encompassing brick, concrete,

blocBesides.

le need for desir standards for "engineered
0block., co osite constru it on, and other types of masonry.

.Or

.
masonry," it is also necessary to- preserve and revise the

present empirical standard, since the majority of masonry
construction consists of projects for which the masonry
is not designed by profes*nal engineers. Damage to
masonry construction reeeNly observed-,41 the Wash- .

ington, D.C. area after a rather m&derate storm under'- .

;ores this need.
Under this project, an empirical standard will be pre-.*

, k
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A MODEL STUDY Whit PARKING
GARAGE 'COLLAPSE ,

Edgar LeyenIcker .

Structures, Materials and Safety Diinsion -
301- 9213475 ,
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AIR FORCE MOBILE SHELTERS

JamP'Shaver
Structures, Materials andS'afety Division -.,

301-921.3475

Sponsor - Department of the Air Force

s 7

pared under the Ainericau National Standards Institute,
Inc. Standard A4I.1, Beginning with the work .accom-,
plished in FY75, addraft document wars prepared by aw
Center's staff and rdit before the drafting committeefo
approval. Tint draft will then be reviewed'and-put out for
ballot to the A41 Committee.

,

, \
tinbooded post-tensioned concretsis a relatively new

,
' type of construction that_is being widely used because of s
economy. However, because of its newness, there'is a
wide technicA base forcurrem degign and construction - , .

.startaitls. Thus; the recent catastrophic collapse-in
Fairfa< County. Va. of a parkinarage.using this type of
construction has raised a ftiridamental queglion,within the
engineering design profession, "ma the garage collapse
Occuir simply because the structure Was overloaded, or did'

.., " the collapse occur because of some unknown weakness in
design standards governins_unbtmded post-tensioned con-
struction?" The answer to this. question can,have asig-
nificant impact on codes and standpids.

An experimental investigation is being conducted using
direct 'structural ::irtodel testing. The direct structural
model is essentially a true-toscare analogue computer for
the direct 'solution of an actual stritctural system. This
type of model emphasizes agreement between prbtotype and
model physicalecharacteristics and boundary` conditions.
The model may be used to document eldstic,a inelastic,'and

s ultimate load-behavior. - ., .
In FY75, a "calibration" model SS-I, consisting of in ,

isolated column with a surrounding plab'sector and a
"striirModel,.5S-2, consisting of a one-panel by four-
panel section wek:fabricated and tes,d. to failure. Data

dkiction for thellPo models,was started. Fabrication of a'
segment" model, SS-3, tentatively cbrisisting of a four- °° .

\ Ipanel by four-panersection,was begun.
F.oi FY76,-data ridtictiorr for models SS-r and SS2 will ;

be completed prior to a deciflon on the aCtu*iie lif the
segment.model. Ainlysis of the data will 'dic3lite the actual
size of model SS-5%. 'Model SS -3 will be tested undei= I
variets elastic and inelastic loading cut-iditibv. The del

. , will be tested to.destriiction undef a selected' road cas -:-. ;7-
,-, :,

*
et.. 1.4 P Et t.. °

* I.'a . .
4 II. 'The acceptance of Air Force mobile sheltirs is ed. on

® the results of structural tests thatiare believed to.gimulate
the transportation and operational loads thatttlie shelters
experience dding their service lives. This 15roce recati

e...-..;.,, ,

lead toishelters that are oveidesigned with respect o
'certain service loads and is'costly when the shelton.faiist;to
pass some tilthe required' test,s.

A
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In this project, a study will be made to identify and
estimate the probable loads shelters will experience. Struc-
Lilial models will 4e developed .to represent the basic
shelter types and shelter responses to probable loads.
Instruinentation to measure and record shelter responses
in actual load tests will be recommended and a field-test
program will be outlined to provide shelter responses for
comparison with the analytical results.

-''Codes and Standards

\
.\ftiammNv: AWL '\'..'.!kW411111,1111itz /.1.1M



.
. ,

e

O

BUILDING STANDARDS,
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James Pielert .
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This multifacetedproject involves the interaction of ihe
Bureau 'With the building regulatorY sector, the model code
writing organizations; the building standards generating
groups and the building community aka. whole. This will be
faeilitatea by the establishment of an Institute for Applied
Technology,(IAT) Building Standards Council 'for, identify-
ing priority standards 'requiring the Center's expertise and
for developing input for these standards organizations.: Thii
effort`will coordinate the center's mobile home research
activitiest speed the transfer of 'results to users through
the standards 'generating process. Additionally, future
support will be prol;ided 'to the National Institute of Build-
ing Science.

During FY75, the Standards Council identifiedfour high .
'priority Standards; American National Standards Institute,
Inc. (ANSI) Committees A40, A56, A58, and AM9: The con-
cept of the Center providing administration assistance was
adopted by the Standards Council.' ANSI A119.1 - Mobile
Homes and Recreational Vehicles: the.Center actively parti ,
cipated in the development of ANSI' A119.1-1975 which
was adopted by ANSI in February 1975. Coordination of
the Center for Building Technology Mobile home activities
continued and aFederal Mobile Home Vorlcshop was held
imMarch 1975. ANSI A40 - Minimum.Requirements/
Plumbing:' the Bureau has strongly encouraged the up-
dating of the Natior;a1,glumbing Code. Input to the colii=-
Inittee was provided bypresentations at three-meetings by-
the Centel-'s staff mmbers.i A,complementary Activity
based on the Center's presentations is the developmerit of a
phimbing performance standard. ,/

During F176, the IAT Building Standards Council be-,
came operationalWith maint6ance supportprovided for °
high priority standards. These,include,ANSI A40, A41,
A58,-A119, Foundations and Excavations, the American
Society for Heating, Refrigeratingoand Air-Codditioning
Engineers 90-75 and Solar Stat4lirda. The Center also will,
among other activities,,publish and maintain p listing of all
standards referenced in State and model building-related
codes and the codes of 30,largest U.S.kities, identifying

.,the current standard andlhose sections-in the codes where ,
_theme referenced,. This project coordinated with
111e Standards-information-Services Section-of IAT. This
list will-be annually- appended ;and 'updated, then printed
and distributed td-the-NatiOnal-Conferenee of-tatei on
Building Codes and Staridards,:th:etonnOil of - American
Building 9ffiCialS --and -1 he Association-oilMajot.City

complete builitipg;.,ode file
containing'copies of,eadi of ibilipifilding-related,codes

hactOpfe,-0-statewid6--040; ,e y, t
,incodel,:.4de;OrganiOtiOns; and thOse odes adopted btfie
30:largest'citie in the U.S .will =be established and main-

qii#,-firp,progaably:t type -and
PriVide-4-sready>refeiefice;44tic;c:;t6i

other-Bu ,eant,c

At
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NATIONAL CONFERENCEOF STATES
ON BUILDING CODES AND
STANDARDS

Sandra Berry
Office of Building Codes and Standards
Services - 301.921-3M6

2
Sponsor ,'.Vational Bureau of Startddtds
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LABORATORY EVALUATION AND
ACCREDITATION PROGRAM

Patrick-Cooke
Office of Building Codes,and Standards
Services - 301.921-3361 \

,Sponsor - .Vational Bureari of Standards.

11*

COORDINATED EVALUATION SYSTEM

Pa4ick CooM
.,Of ceV.Biiitiding Codes and Standards
S ervices - 301-9214447

Sponsor - AtationtilBureau of Stan dards '

e '

The building regulatory system, in..reasingly a State
function, represents the public interest in the design, con-
struction, and operation of the built environment. The
National Conference of States on Building Codes and
Standards ( NCSBCS) is a means by which' the Center's re-
search can reach the regulatory agencies with little delay.
NCSB.CS is a Vehicle ft)) helping the Center identify build-
ing research needs because State regulatory agencies are in
direct daily contact with building users and constructors.
This is an effective means for Cooperative pahticipation of
all levels of government in reaching decisions regarding
supportive technicqj assistance, research, and finance.

This year, the Center is providing NCSBCS withecon-
filming Secretariat assi-stance, as necessary: providing a
senior technicaladvisor to its Board of Directors: provid-
ing technical assistance and support to participating
organizations of NCSBCS; and providing liaison between
the States and the codes and standards generating organiza:
tions and the Federal Goserrtment. The Center is also
giNing direct technical input to NCSBCS standing com-
mittees.

..
' As requested b.- the National Conference of States on
Building Codes and Standards (NCSBCS), a Laboratory
Evaluation and*Accr.editation Program (LEAP) was estab-
lished to develop criteria and a methodology to determine
the capabilities of laboratories and agencies to perform the,
.engineering analysis, testing, and inspection required
building regulatory authorities. Tie LEAP project
developed specific.criteria and methodology documents for
such agencies to perform regulatory functions dealing with
the construction of manufactured buildings. Theso docu-
m nts have been reviewed. by NCSBCS and

buildings.,
been pro-

c sed by the American So ety for Testing and Materials .
as, ational consensus stand rds. Pilot projects with
individual States and with NCSBCS were underway to
demonstrate theprocedural mechanisms for laboratory
evaluation and accreditation be-sed on the LEAP concepts.

The operational concept of thee

System (CES) has been-addpted in-seVeralState agencies
'involved In the regulation of mobilghomes and ,manu-
factiffed buildings. Independent third-panty evaluation
agenciePand manufactured building produ?ers have also
incorporated CES-developed. model documents into their
activities relating to-institutional evaluation and ,regulatory
compliance funelion's. Computer hased-informat,lon sys-
tems,to summarize and report oic-the-itatus of State
building regulatory programs for mobile homes; manu-
actured buildings,alid-preemptive building codes and
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COORDINATED METRIC
DIMENSIONS FOR BUILDINGS

Charles Mahaffey ,
Office of Building Codes and Standards
Services - 301-921-3146

Sponsor - Nationaq3
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of Standards

"
standards for conventional construction have been
developed in conjunction with on-going data collection
activities. A study to determine the extent which the

. American NationajStandard4'Institute, Inc. (ANSI)
Mobile Home Construction Standard, ANSI A119.1, has
been modified by individual'Sfat4 amendments, was
completed. .

In FY75, the information on, mobile homes and.manu-
factuted building regulatory programs adopted by the
Stites-was significantly expanded and resulted in the publi-
catidnf two summary reports. A national survey on the

.-adoption of statewide building codes and building speciality
.costles *provided the first reliable data-on the number,
type, degree of preemption, and coverage Ed State building
regulatorLprograms, and the specific codes and standards
used. The CES final report,-on model documents for
regulation of manufactured buildings completes this, pect
Of project activity.

In FY76, this work was extended by a report on the
adoption of statewide building codes for conventional con-
struction. The and.,.project will also report on the status and
extent to which individual Stdtes have adopted and/or
modified codes andsl'andards dealing with the construction
of manufactured housing. The Center is-developing a

methodology to study the impact' of statewide building
codes oil costs and performance, inconsistent code provi-
sions on costs' and performance, and the extentof over-
lapping regulatory and their impact on per-
formance.

, oior

b.

(-t
\-

A"1,:,.: -The-center_for Building- Technology (CBT) willyrovjde.
leaders* totbuilding community in jheinvestigation,,
planning and s eduling of a program guiding the, effective

. participation of all sectors orilie commun4 in a rational-
- izedin etric cortversiO,n of its measurement- sensitive design

'''"--co.iicepts;liuilding regulations, standards, :and related codes..-
of-p-ractioe. --

During FY76, CBT will maintain and expand its involve-. .
' ment in the activities o .theAmerith National Metric ..j

Comte') (ANMC), aria assist the ANMC Codes' and Stand:, V
ards-§keetor and selected other seeforsto develog: a U.S; \
Ptah for, the conveisionotbuilding,standaida and :Wes to \
'coordinate metric. dimenswits"intekedIor'ImplementatiOn

" efol!e start of the Offiial b-St Metrication.-prcagram; arida. .,.

; II-S:.plan -for the-converginn;of-.building'standards'and

coktocoordinate-metife*diinensiOna inieridedifor
. o

inPleipentaiiim'after-Start orthe ;14.S.1.114ilication
,

Ctrr -Wihu fah a -,x0i)iirl problems'prOtillepiS 'faeing
vario,usoeginenta..ofi,theconatrnetiOli:oommimitY .to assist'

ofinetrieitieii:forlleindual0. The-Center
o-

.
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METRICATION AND DIMENSIONAL
COORDINATION: A LITERATURE
SEARCH

Robert IVehrli
./Techntcal Evaluation and Application Division -

301-921-3595

Sponsor - National,Buredu of Standards

RESEARCH CONFERENCE ON THE
BUILDING REGULATORY PROCESS

James Gross
Office of Building Codes and Standards
Services - 301,921-3132

Sponsor - National Bureau Of Standards

TECHNOLOGY FOR BUILDING
StANDARDSANY'REGULATIONS

Patrick Cooke.,
Office, of Building Codayuld Standarca
Services- 301-921-3361

will telop talks individually tailored to each of several .

Ekey.groups, such as designers, contractors, product manu-. ,facturers, codes and standards organrhations, public build-
ing agencies (Federal, stale, and local), and labor, on their
involvement in coordinated metric dimensions for buildings.

There is a great deal -of literaiiiie and some biblio-
graphies on metrication and dimensional coordination.
However, much of the lifrature is obsolete (dalinOack to
the 1940's), derivative (simply referencing other primary
sources), or trivial' The pur se of this project is to pro,

duce a report suppling united number of abstracts that
address crucial issues. Typical issues are: How can stocks
of building materials wi h old "customary" sizes*
coordinated with. the new metric sizes? How can tradesmen/be taught the metric system? How can almensionsie
coordinated across types of products?

A series of biannual workshops on the many aspects of
the building regulatory processeach focused on a speci-
fied issue'provides a-forum foXresearcbers from inilus-
trial and academic organizations, as well as voluntary
association and public interest groups. The workshops
enable them to consolidat what i4nown and to write a
research agenda for what/ is not known. Findings win be
conveyed to the research community, to professionals in

-practice, to concerned industries, and to government
agencies. The workshops and associated publications pro-
vide visibility:to this important influence on the evolution -o

.of building pr etice.- The current lack of visibility has bred
widespread s picion about its legitimacy and its efficacy.

Building r
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lalions (i.e., buying codes and standards
cifications)-are the communications and
for much of 'thellinilding and construction

. The development of a- way to formulate
ecification proxigipns that are clear, com-

rect Would have many benefits. In particu '
be an aid to all Wilding officials,in 'developing

erstanding of theiimilding -iegulatory and -

generating process,es. Also, the fortnulation and
of speciicatiolt,istandard,,,and code=provisions
ally,a major eiPense in. the building and eon-

s ruction enterprisean enterprise that must 'absOrb su
st ntial losses if errorsdtie to ambiguity occur. . ,

Initially: project efforts will focus on the development of
interim gullies and'coMputer aids for specifications; stand

)
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APPLICATION OF DECISION TABLES
TO LIFE SAFETY CODE

Jarnes Gross
Office of But Cpdes andpatirfards
Services - 301.921-3447

Sponsor - Department
.1relfare

of Health, Education, and

0;

aids, an d codes along with prototype application' of the
technoiogy. The approach to,be used in this program will
include specific tasks, to be carrivl 'out between various
universities, architectural and engineering firms, and model
cede ant4tandards organizations.

Last year, .`a 'Contract "TeChnology for the Formulation
and Expression of Specification," was awarded too the Uni-
versity of Illinois. Four areas of work have been pursued:

, (1) prototype algorithms for preparing outlines of specifica-
tions; (2) decision-table analysis and concepts far thelogi-
cal formulation of specifications; 0) iietwork*represerita-
tion; and (4) development.of a user's manual for the
computer program.

The need for clear, complete, and correct expression of
specifications is obvious. Some of' the agencies involved in
:he administration and.enforcement of the Life a(ety Code
have expressed interest in the development of improve-
ments to the code. Accordingly, the objective of this re- In
search is to determine the applicability of decision-table
analysis to the decision activities of the Prdgrarn for
Design COncept in the Center for Fire Research. .

The test project will address section 10-.D of the code,
"'Protection."' The methodology employed will be the
decision-table format using the decision-table algorithms
and related procedures developed by the University of
IllinOis. .

.or





HOUSING TECHNOLOGY

Thomas ,Faison.
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DEPARTMENT OF HOUSINWANI)
URBAN DEVELOPMENT LEAP PAINT

'HAZARDS As

Harvey Berger
Office of Housing ,ind Building Technology
301-921-32M

Sponsor Department of Housing and Urbdn
Development
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The-housing technology effort is directed toward ex- -

ploring those area most useful in meeting critical housing
needs They include: (1) a need fOr the identification of
research projects ota iigh-priority nature;'and (2) the.

-*A planning for research fforls to be undertaken in, support
.pf a'solar' energy piogr m. The 1.`'175 activities, concen-
trated on defining high-priority research iiroleets fOT

."'houiliij, advancing mobile home research planning, and
continuing investigations and planning, and residential appli.

'cations of solar energy. Continued liaison with the
Department of Heusing and Urban Development'and other

(organizations is instrumental in developing new high
priority projects* part-of a total research package for
housing technology.

Approximately 500,000 thildren,below the 'age of seven
years, have excessive levels of lead in their blood. Also
some 30 million dwelling units. currently occupied, were
built before 1940 arid probably contain some hazardous

dead -based paint. The cost of lead paint hazard,abatemeht
may range from S200-$2,000 per dttelling unit. Public. .
La'W,91-695. The Lead-Based Poisoning Prevention Act, re:

\.10"rres that the Department oThousing and Urban Develop- .

ment (HUMcarry out a research program to determine
the nature and extent of the lead-based paint poisoning

'Probleiti and means of iteelimination. The Bureau 'is pro-
viding technical assistance to HUD in carrying out that
program.

The lead pai4t poisoning project was established within'
the Center for Building Technology (CBT) bo-provide
managerrAt- for the overall effort. 'Personnel front CBT
and the B'ureau's Applied Mathematics Division are
assigned to the projedN The Bureau's Analytical Chem:

, istry DiviAion provides support in special areas. The wide
variety of 'technical activities requires a truly interdis-.
ciplinary team and the stiff includes professionssuch as:
chemistry, mathematics, Rperations research, architecture,
information science, engineering and others.,

In FY75_,the following major tasks were accomplished:
(1) monitored.a survey in Pittsjurgh of 3,600 dAllings
and 500 children living in those dnellings, for. lead paint
hazards and carried out data reduction. and preliminary
data analysis activities; (2) monitored HUD's field demon-
stration of lead hazard abatement methods in Washington,

Atlanta, Georgia, and evaluated the!_performance .
Olt'' he methods; (3)- de-Veloped meths+ of analysis for an
acerlko substance'for.use in paint as a deterent to ingeS-
tion; (4) carried out an information survey and developed

ia,library on lead painfpoisoning technology; (5) con-_
tracted for the design of a siirVerfor lead-paintin HUD's

(6).designed a field experiment to evaluate
04
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COMPENIki$1 OF TEST METHODS
USED If; OPERATION
BREAKTHROUGH

David Waksman.
Office of Hinging and Building Technology -
301- 921.3285

Sponsor - Department of Housing and Urban
. Development

4

4"" ./

alternative le,ad poisoning controisiritegies.
In FY76, the Bureau is: (1) 'evaluating a portable lead-

detection instrument being developed untler HUD con-
,

con -

acts; (2)/coihpleting the analysis 9f the Pit4sburgh survey
ireparing plans for additional surveys; (8),nconitoring

and evaluating con'tinuing field demonstrations of abate-
,ment methods and ,evaluating their cost-effectiveness; (4)
evaluating-additional acerbil; substances; (5) monitoring
CBT contracts for the preparation of survey and everi-
went designs and industry searchers for new abatement
methods; (6) carrying out physical tests of materials sub-
milled as potential abatement methods; (7) ploviding tech-
nical monitoring. of HUD development contracts; (8) pre:

-paring new information prototypes on various aspects Of
lead paint poisoning for dissemination by HUD; and (9)
designing an oxerall Clearinghouse Program.for HUD.

This project i, identifying laboratory test methods jised to
evaltiate the innoyative housing syverns proposed for
Operation Breakthrough and to pt' patle a documenlde-

, scribing theslesemethods.iir such a Manner that they
would be of use to the klOusing indbstry. Operation Break-
tprough was establishes:thy the Department of Housing and'
Urban Development to stimulate therdevelopiTent of

"residential construction concepts tral'wonld increase the
housing productiqn.rate and thus assist in meeting the
Nation'shousing needs. Since many of the 'systems pro-
posed by industry were innovative, extensive laboratory
testing was required during the design and detzelopment
phase of the Breakthrough Program. to iudgeivhetlyr '

vative desigds would provide satisfactory performance
during the life dthetructure. In many cases, existing
standard test methnd's could not }Wined and it was neces-
sary to develop new lalioratery.procedures.

proieict felt' reports, and.a compilation
of testnethods was developed.- Test Methods were organ-
imtby function'anddisciplihe,'and the testing philosOphy
and were included along with 'the specific test
descriptions in the c'onindium:

PERFORMANCE STANDARDS FOR
SPECIAL AND ,INNOVATkVE
CONSTRUCTION

rkwila=5 Faison
Office. of Housing ond:Buildirig Technology -
301' -921' -4:31

.

In sum of the Depa'rtment pf Housing.and urban
cipnient's (HUD) mortgage insurancelprogram, there

is eneedgtor,thdevelopment of, perfprmance-based,stand-
ards 'ta allow for the Thitroduction Of.new_materials "and:,
.litinov ativesiesigns in the construction rOcess. Sped lc

Pf` research, wire identifiA-asa reLltetifPperation
Breakthrough. Current 11(10j-sponsored
are oriented' oWard development of britetia_.-
and..inethodaevaluation." .Theyare.feraffectly into
'draft, perfortwce standards. The performande standards

I
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- -are intended to be responsive to HUD's needs and to pro:

METHODOLOGY HANDBOOK FOR
HOUSING SURVEYS .

Stephen Margulis
Technical Evahlation bn4Application Division -
301. 921-3595

Sponsor Department of Ho tug ihAcut
Development

FIRE CMIPENDIUM.FOR OPERATION
BREAKTHROUGH

Avid laksman
Office of Housing and Building Technology
301.921-3285

vide equivalent performance as would be expected from use'
of the HUD Minimum Property Standar& foianventional )..cons rAction.

1
Al raft of theverformatice standards it the format

determined by HUD has been submitted for HUD's
approval.

,

onducting fin* surveys of the. Department of-
Housing and UrVan Development's (HID/Operation
Breakthrough housing; the Center has developed a series of
questionrialr s. Th'e four surveys are (.1) work betters, (2)
visitors, .(3 "exit". (people moving away from Operation
Breakthro gh homes).- and (4) occupants. Since it is

_apparent- hat these surveys would be useful for many
other ty es of.honsi g, this project will assemble these
materilis into a metljodology handbook for use by others
who may wish to CorCluctosurfells. In some cases, the

`survey's could be used for basic information, with new_
sections added to give greater emphasis to a specialTaTic-
sucli'as security, safety, or lead paint poisoning; in other,

.cases, the documents and met
of er uilding types such ast mobile homes, hospitals, or4 4
offices.

.

'Sponsor Department of Housing and Urban ,
a Development r

. COORDINATING FIRE STANDARDS
RESEARCHrSUPPRESSION

HarryThompsod
Off tie 'of Sousing and BuilIngT;chnology
301. 9213231§ r,

Sp,onsor - Department,of Housing and Urban _

Development .

'ii

A compendium summarizing the fire testing performed
undqr the auppias of Operation Breakthrough was pre-
pared for pubTication.byt10 Department of Housing and
Urban Development. This document deScribes in detail.
the materials and system designs evaluated and the types, of
tests perform-ed. Since many of the systems evaluated-and
tests performed were innovative, the compendium is of-
value to both tbe'home building industry and organizations
more directly concernedwith fire hazards. The test
descriptions were organized by typeof test and hoitsing
system component; test methods and retults plusArampo-
nent descriptions were included in the'eompendiu6a,._

0 :
The Center for Building Technology is.coordinatini *Lb

- the Center for Fire Research a_project of.fire standards--
research for suppression. This pi-eject jpaeyefrip
formance and engineering,design data for'automatie
sprinklers to,prodUce.thre'cost effective design approach.
forroncommercial/incWstrial applications -and' to enhance-

,
tlit'attractiveniss of anto2tomaticsprinkler for Ike safety.
Autonatic spinikler systbrno are one (iffir, bearioolvavail. -

ablejfor the protection_ Otpoople_fr,ohiltre. Cu.rren try7the
cost rif'sprinkler systems fth)ife safety-ia .exc-eisTv--aaoa,
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BUILD6G.JECHNOLOGY
INFORSIATION

Arneusaufasti,

Center for Building Technology Headquarters
301-921-3106

-

, Sponsor National Bureau of Standards

(

FEDERAL BUILDING TECHNOLOGY

Harry Thompson 301-921-3233 , ti
Office of Housing and Building Technology -
301-92A-3233m,,

,,"-

1 oba,

result of the over design developed for..ommercipl and
industrial applications. st

The objectives of this project are: (1) develip dt. ; 1 .
1criteria for corridor sprinkler systems for fire containment;

(2) exadiThe existing perforinab4 specifications fer
sprinkler systems and components for potential cost 're-
ductittns; and(3) study effects-of automatic sprinkler.-
operation on the physical and chemical (toxic) properties
of fire effluent. ` .

1 .
..

Work hasjbeen completed on the,' distribution of.
sprinkler ter spray through door openings. 'A driftw .

report has been prepared. Full-scale fire expo,sur.e tests
'als,co have "been completed and the results are being
analyzed for prepeation of interim lerformance,criteria
sprinkler systems._ Groundwork has been laid for sprinkler
piping criteria by complete treview of existing piping
standards. Ye"

"lnforMation is the Center's ultimate product. I his pro-
ject isalined at effective product delivery through skillful
dissemination trimiques_apiLan_undorstanding-of the
information needed by 'the'building community. .To. this
end, the Center has established a multidimensional info:-

,mation progrwn. It broadcasts...research findings, aceom:
modates.specificinquiries, and interacts witlohe building,
community through liaison activities with building groups,
the hostingTf tors andtonferehces a.t=the Btireau, and
attendance at Meetings and conventions of building organ-

, izations. permits'a two-way information flow; feed-
back assists the information program in meeting the needs
of the building:commhnityls research, policy-making, appal
cation, addconsuming sectors. .

Spon.wffriiional Bureciu of Standards

a
.

This 'project is designed to effectively disseminate
research to the Federal agencies, to coordinate-federal-
kctivity in 'building research, and-to provide technology to
ssistFederal agencies:' These objectives are met lax IC

Otloring.monthly workshops on hoildingtechnology for
&delal represent alixest participating.in tliieaeral Con-
struction Counetmeetings(disseminating research
cults and rep-ortS; maintaining liaison with_otherfr:tederal

'S agencies, developing-new techniques:fp(usehy_othcrt
agencies, participating in committegs,-Seminais,and
shops.o-naiWaininga-Fdderal building.criteria reference
service. -,.

4,0
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BUILDINGTROCUREMENT
WORKSHeiPS.. - .°

Barry Thompson - 301-921.3233
. .

Sponsors - National Bureau of Standards;
Department of Health, Education, and
Welfare;
General Services Administration;
Veterans Administration;
Department of the Army;
Office of ilkuthgement and Budget;

_National Aeronautics and Space
Administration;, and
United States Postal Service

TECHNICAL AND SCIENTIFIC
SUPPORT TO THE OCCUPATIOrAL,
SAFETY AND HEALTH
.ADMINISTRATION

Brian Pierntan
Office of Mousingoitsihg and Buildi4 Technology -

301-92r-3231

Sponsor - Occupattonal Safety and Health
Administration

°

r

4.

-

- TECHNICAL AND2SCIENTIFIC
-SUPPORT TO THE TRI-SERVICES.
COMIVIIITTEE

BriarkPierV

In the past ten years. the Feder4 design and construc-
tion agencies, as well as others in The building community,
have gone through a period of change that has seen new
disciplines and, management -processes enter into the
building( community. Now that the-building cornmUnity
has been in this transition period for a tw years;the
Federal agencies can evaluate the benefits of these acti-
vities and be ready to use and optimize 'them in making
future choices. The.need for evaluation of old and new
methods has been expressed by Congress and the Comp-.
troller General in some of their recent 'reports a'hd legisla-
tion.'\*

-
As a result, this project consisted of a jointly sponsored

series_ofrkshops entitled, "Answe'rfr for the Building
Community." The specific workshops were: (1) The
Nev Connection: Owiters-&.Manufacturers, University of
Wisconsin. Sept. 10 -12, 1975; (2) Long Term Economy: A
Systematic Basis for the Construction. Operation and °
Reuse of Buildings, Harvard University, Nov. i.4, J975;
(3) Alternative Processes in building Procurement, Uni-
versity of Illinois, N'6v. 16.19, 1975; (4) -Optimizing the
Choices: A National Symposium. National Bureau of
Standards, Mar. 24.25, 1976.

\.__ I

It is important that tJ1 Ncupational Safety and 11talth
. .

Administration (OSHA) standards be based on data, ott;er-
vations, and research that teelinically substantiates a safe
working environment. When.this technical substantiation
is not available, thef-e are-increased delays in issuing
OSHA standards.

The diverse expertise, equipment, and laboratories of the
Center for Building Technology (CBT) are thus being usee:,40*,,
to develop performance criteria-and supporting research to
meet OSHA objectii,es. In many instances, the identifica-
tion of problem areas.will result from discuslion, con-
sulting, and advisory assistance with CBT.'.. In addition,
CBT prdvides overall program management by providing a
central focus between OSHA and the National 13ureau of
StaritlardANBS) research community: s implied in the'
interagency agreement between OH
through' this central fo6us, pniide Ii
tion, and dissemination,of,research
routine basis and witl rfignitdr the

O:ffiee of -11:a4sitw and Bitildi*Technology---,:'
301:921-323)1'

'Sponsor- Di -Services Committee

1

and NBS. CBT *ill,
ison, communio-

nformatiori as a .

ogrdss,uf; the work.

. .

This`project assists the Tri-Services CoMmittee in, their,
rch4and'devilopment,of criteria and specifications. It

oyides,practical support. to complete Meaningful civil
ring.taskS. 7 . 4

FY7$ hi other building resech._tasccs were
ullYbr:isMpleted for the Trr-S4rvices Cdnimittee, In

res
*IQ
efigkqe,

Dun

success
FY76, the:foilowing:renkrch, projectsyd been: fu njed (1)
Eaiihquake-liesistani-ISOigkafigasorgY Struetiffes;' (2).
Evaluation ;of klastorneriellimfirig;,(3) Inypitigation of
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Waterproofing.practices; (4) Building Joint Sealants; (5)
Ahiminum Wiring in Branch Circuits; 16) Ukiderground
Chilled Water and Heat Distribution Systems; (7) Field
Testing of Reduced Size Venting; and (8) Consultative

)Services. Each of these studies has been described else-....
where in this' report.

The Center's professional staff daily receive telephone
calk-Trom Tri-Services 'Committee personnel requesting

, ,.-advice. Typical of such requests are Calls about the,
k I" durability of Calcium silicate and the heayrinsfer of

calcium silicate, suitability of using protexluates- (insuld
ti`on), underground. pipe criteria, hydaulic criteria, paints,
coatings, adh4sives and on structural related problem..

INTERNATIONAL BUILDING
RESEARCH

Noel Bagasse.
Center for Blinding Technology Headquarters -
301- 921.3106

Sponsor = National Bureau of Standards

CENTEit,FOR ;BUILDING "-
TECHNOLOGY/BRAZIL
COOPER-41YE TRAINING
P.I14kRWN .t ,

Harry
,Office of,"'e.deralBuildifteTechlrikiy -
.301=92-143i33
-4,

osisi)r4taie of Sao paulo":Brazn ,

The. International Building Rdsea-rch Projects respond
to foreign requests for technkcal literature on building re-
search. The program supports complementary research
pr'ograms, and exchangits of technical 'staff, provides parti-
cipation* in inprational confereices, and provides tech-
nical assistance to developing c9untries.

Liaison'with the following organizations continues (1)
U.S./French Cooperative Program, centre for Scientifiqu'e ,

et Technique du Batiment/Center for Building Technology;
(2) Joteinational 'CoZincil for Building Research Studies

-'..,#nd Documentation (durability of materials, hind load, fire
research, medical facilities); (3) cooperative program with
the Building Research Estabtishmerit, United Kingdom
(water supply and drainage, hear. pumps, lighting standards
for office building, and wal loads); (4) Ministry of Con-
struction, japan (U.S./Ja-pan,Panel' nil-Wind and Seismic
Effects); and (5)1Institute of Research Technology, Brazil
/traininglMiilding technology!. The Center for Building
Technology (UT} provided techniC11 evaluation assistance_
,iv an National' Bureau of Statipiards/Agenty for Inter-
nationaDeyelopmeni survey.orthe.state-o- f-the-art-of

.PhilipPirie building technology..CBT participated in inter-
.national organizations such as the tnternatiot-il Council

= for Building-Research Studies and DOeurne4tation, Inter-
national Organization for Standards, the International.

'Union of Testing and Researchtaboratories for Materials
and Structures, and thd International Institute of Refriger-

Q.

,' e- -

The Center tor-131,111ding Technology-is_providing,

4
through a training program fora staff ,member of the
Institute of Research 'Technology (IPT); Brazil, advice and

,.'Assistance,ip`incroasern'ehnical
technology:- As.a.testili*Oehistwoyear training progr
.ihrO;40.04-6.4infolvement.,i7 reseatchatthe`Center4fhis
'ft's-staffer' is 'expected to.contribute tosthe-improveinent of
building technOlbgrin. the state of Sao "Paulo,

.

1
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CJOINT US/EGYPTIAN

OOPERATIVE PROGRAM

James Hakker
C Office of Housing and Budding 7`echnology

01-921-3126

Sponsor - National Bureau of Standards

PROGRAM EVALUATION-
AND PLANNING

. Noel RaufaS te .

it* center for Building Technology Headquarters -
301-921-3106

' 'I Sponsor - National Bureau of Standards

4

;".---

c
_:This project is tci assist the Joint U.S./Egyptian GoOpera-

.

tive Commission bfleveloping a cooperative pfogram in
building materials and building technology. The U.S./

pan Joint S udy Group was formed and a meeting was
held in Cairo in Ja .1975. A report of the Working
Group on Technology, Research, and Development was
published containing 29 projects to be considered. An
Egyptian technical advisory committee was established and
an introductory meeting was held with the Mint Study'
.Group. The idtcntifieation of US: and Egyptian profes-
sionals will continue for specific areas of technical ex:
change. The first visit of Egyptian team members in
Building Materials and Technolo was in May 1975. 41n
addition, a Natiorial Bureau of tandaids special Foreign
Currency Program( Grant was ued for a building irifi21:
mation program.

This project series as a focal 'point for liaison and
planning coordination among the many Center for Building
Technology (CBT) and other National Bureau of Standards
(NBS) units invglved inbuilding research. This project
includes such components as: Ordireet assistance to CRT
and NBS on planning building technolOgy activities; (2)
advisory and technical evaluation committee activities;
(3) pioject/program reviews to assess-priority activities;
and (4) graphic assistance to better communicate technical
issues. It is expected tn.provide CBT and NBS with new
directions in building researCVactivities by developing
improved research plans.

Also covered is industrial liaisoi;. with the building corn:
munity. This includes the Center for Building Technology-

; Advisory Committee, the identification of industrial're-
search that shapes and influences the building process, and..

. tlleedevelopriient of an efficient and acceptable method for
continued. liaison.with indni-try- research directors and the
managenient and technical staff of the Center for Building
Technology. As part of this liaison, CBT staffers partici,
pated in scientific andprofes:sional conferences and ' ,
seminars at NBS, National Aca" clemy-of Sciences, National
Science Foundation, Americaens. tilutepf Architrcts,,anld
various NBS information eacchinge-seminars.

Puring FY76, an increasedemphasis was-placed on.
developing a Long range-plan and on liaison and-research
coordination,betweenCBT and other.NBS organizations
concerned with buildings ((fenter..for Fire ResearchaSenter
for:Consumer PrOdatt Teclittology, StandardsAnalYsis
and Applications Division, Office of International Rela-
tions, Office of Inf.-on-nation Activities, and others). 1-

,-.. t"' . <""
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