Building Performance Database
E.M. Sterling, J.F. Steeves, C.D. Wrigley

Theodor D. Sterling Ltd. . .
70-1507 W, 12th Avenue, Vancouver, British Columbia, Canada V6J 2E2

T.D. Sterling, J.J. Weinkam

Simon Fraser University :
Burnaby, British Columbia, Canada V5A 156

KEYWORDS
Building Performance, Indoor Air Quality, Ventilation

ABSTRACT

The Building Performance Database (BPD) is an on line collectiom of_Lnforma—
tion which allows researchers to consclidate large amounts o¥ d?ta from -
single or multiple buildings regarding su?h parameters as buleLngdmate:iicz,
energy use, ventilation, lighting, acoustics, pollutant lgvelsf ?F' rep.
effects on the health and comfort of occupants. ?PD pr?Vld?? de]ltecth’ e
engineers, epidemiclogists, hygienists, and bulld}ng scientists wf?h an inter
active archival and analytical tool for research into bul%dzng per ormancnw
The Database is intended as & clearing house fcr_1nfnrmnt10n on nnd‘r§sear?;d_
into effects of the multitude of variables‘that impact on each uthctdxn b:lthe
ings with the aim of improved building design. Widespread use shaud fopes -
lines of communication between engineers, designers and managers and focu

the most needed building performance research. We will describe the structure

and content of the Database, and give examples of investigations and analyses
ugers can perform.
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MOTCLEFS

le rendement des bAtiments, qualité de 1'air, la ventilation
RESUME

Le BPD (Building Performance Database) est un systéme d'exploitation des don-—
nées sur le rendement des bitiments qui permet les scientists de rassembler,
au ordinateur, beaucoup des données sur les bitiments (unique et multi) qui
touchent les paramétres comme les matériaux de la construction, 1'usage
d'énergie, la ventilation, 1'@clairage, 1'acoustique, les niveaux de pollution
et les effets rapportés sur la santé et le confort des habitants. Le BPD don
aux architects, ingénieurs, épidemiologues, specialists de hygifne et les
scientists un outil qui est intéractive, archival et analytique. Le BPD fone-
tion comme une maison d'expedier des renseignements et des &tudes qui touchent
les effets des paramétres diverses qui influence 1'un a 1'autre aux bAtiments.
Le BPD a pour objet 1'amelioration de la conception et le rendement des bAti-
ments. L'usage géneral doit créer les liens entre les ingénieurs, les
dessineurs, et les géstionnaires et faciliter les études sur le rendement des
batiments dont ils ont la plus grand besoin. Nous decrirons la structure et
la contenu de la BPD et donnerons les exemplaires des études et des actions
d'analyse possible.
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INTRODUCT ION

The Building Performance Database (BPD) is an open ended Database derived from
a large number of studies on the performance of office, commercial, institu-
tional, and residential buildings. Some of these buildings were studied in
response to occupant complaints; others, as part of ongoing investigations
into occupant health and comfort, the quality of indoor environments and the
performance of buildings in general. Investigations were conducted by public
agencies such as the National Imstitute for Occupational Safety and Health,
the Center for Disease Control, the Department of Energy, Public Works Canada,
as well as by investigator teams from universities and private organizations.
Relevant data were extracted from each report and entered into BPD. The Data-
base now contains nearly 300 reports, however, new studies are being added as
reports become available,

1. CONTENT AND ANALYTICAL CAPABILITIES

BPD contains hundreds of items of information related to building performance.
Some examples are:

1. Bibliographic information describing the organization(s) conducting or
sponsoring the study, names of the investigators involved, and complete refer-
ences to the reports and published work from which information was obtained.
2. Research report briefs including information on where to find the report,
summaries, descriptions of the initial motives for the study, conclusions,

and recommendations.

3. Architectural and engineering data giving detailed descriptions of the
buildings, their envirommental service systems, as well as the equipment and
materials in them.

4. Macro and micro geographic data.

5. Environmental measurements, e.g. ventilation, temperature, humidity, light=-
ing, acoustics, types and concentrations of pollutants, as well as information
on measurement methodology and equipment used.

6. Occupant health information recorded using International Classification of
Disease (ICD) codes.

7. Results of investigating factors relating to occupant comfort.

The Database is maintained on the Simon Fraser University mainframe computing
system and is accessed via the Multiple Attribute Retrieval System (MARS) .
MARS is a general system to store, organize, describe, manipulate and analyze
information.

Information in the Database is stored in files and described in terms of
attributes. Data may be retrieved according to some specific criterion or
combination of criteria and either listed on a terminal or placed in files or
arrays on which a variety of manipulations may be performed and to which
various types of multivariate analyses may be applied. Some examples of these
capabilities are:

1. Any item or items in the Database may be quickly retrieved and listed at
the user's terminal or on a printer.

2. Multidimensional cross tabulations of any attribute variables can be dis—
played in report form,

3. Multiplicative models may be fit to contingency tables to test for main
effects and interactions among variables,

4. The frequency with which any combination of attribute variables occurs may
be counted.

5. Data may be extracted from the on line Database, placed into user files,
and used as input to data analysis and graphing packages (such as BMPD and
TELLAGRAF) .

2, DATABASE STRUCTURE

BPD contains information representing various types of entities., FExamples of
entities are: a building, a measurement of a pollutant, or a specification of
a health complaint. Of course, different types of entities require different
descriptions. To cope with this diversity, the Database consists of several
logical collections of data called files, A file contains a number of records
each of which corresponds to a specific instance of the entity represented in
that file. In turn, each record contains a set of variables whose values
collectively describe the entity represented by that record. Figure 1 summ-
arizes the set of files of which BFD is composed and their relationahips. The
eight files of which BPD is composed are: REPORT, FACILITY, MODULE, AREA,
DATA, ENVIRON, HEALTH and COMFORT. (See Figure 1)

2.1 THE REPORT FILE

Studies and research usuvally culminate in a published report. BPD reflects
this by making the report the source of all data. Each distinct report from |
which information was obtained is detailed in a separate REPORT record; thus,
the set of all REPORT records is the REPORT file. Each REPORT record consists
of a number of variables containing information which describes, for example,
gha? the study is about, the investigators, summary findings, and recommen-—
ations.

2.2 LOCATION FILES: FACILITY, MODULE, AND AREA

BPD represents the actual locations studied using a three level hierarchy of
files: FACILITY, MODULE, and AREA,

FACILITY., The facility is the largest physical aggregation of buildings in
the Database. It can be a university, a hospital, a corner store, a shopping
centre, an office tower complex, or any other group of one or more related |
structures. The FACILITY file contains one record for each different facility |
reported upon. The variables within each FACILITY record contain geographic,

climatic, and other emvironmental setting information which has been drawn |
from the corresponding report(s). [

MODULE. The nmext largest level of aggregation is the module. A module is a

Sgbunit of a facility, for example, a single building within a university, a |
wing of a hospital, or a store in a shopping centre. The relationship between
facilities and modules is one to many, i.e., a facility may consist of many

modules, but a module is within only one facility., For example, J.C. Penny

and the Bon Marche could be separate modules in a shopping centre faecility.

The shopping centre may contain many stores, but each specific store can be in |
only one shopping centre. The variables in each MODULE record contain archi- |
tectural and structural data, as well as information specifying how the module |
1s linked to its faeility.




AREA. An area is a specific region within a module in which an investigation
was conducted. Each AREA record contains detailed information on the physical
environment. Typical examples of areas are an individual ward within a hospi-
tal and an office within an office building. An area may be as large as an
entire building or as small as a single room. The relationship between mod-
ules and areas is one to many, e.g., a hospital contains many wards, but a
ward can only be in one hospital.

2.3 INVESTIGATION FILES: DATA, ENVIRON, HEALTH, AND COMFORT

The actual measurements recorded by a study are contained in four files:
DATA, ENVIRON, HEALTH and COMFORT.

DATA. Each record in the DATA file can be considered as representing the re-—
sults of an experiment. An experiment is an investigation conducted within
an area which generated measurements and/or observations. For example, an
experiment could include measurements of several pollutants, measurements of
various ventilation parameters, and some health and comfort surveys. One
DATA record exists for each experiment.

ENVIRON. The ENVIRON file contains measurements of all types of environmental
attributes including temperature, humidity, noise, illumination, ventilation
levels, and types and concentrations of pollutants. Information about the
equipment used to gather observations and other background information regard-
ing the experimental setting are also included.

HEALTH, The HEALTH file contains the results of health surveys, question=
naires, or reports of health complaints made by the occupants of the area.
DATA record may refer to many HEALTH records. For example, if a study
investigates complaints of eye irritation, sore throat, and dizziness, surveys
of all three conditions might be undertaken. The results of each survey will
be recorded in separate HEALTH records and these records will all be linked to

the same DATA record.

A

COMFORT. The COMFORT file contains data on environmental complaints recorded
during the investigation and is constructed similarly to the HEALTH file.

2.4 SUMMARY OF FILE LINKAGES

1. Each FACILITY record refers to one or more MODULE records, while each
MODULE record refers to exactly one FACILITY record.

9. Each MODULE record refers to one or more AREA records, while each AREA
record refers to exactly one MODULE record.

3. Bach AREA record refers to one or more REPORT records, while each REPORT
record refers to one or more AREA records. This is called a many to many
relationship.

4. Each REPORT record file refers to one or more DATA records, but e
record refers to exactly one REPORT record.

5. Each DATA record refers to only one AREA record, but an AREA record may
refer to more than one DATA record.

6. FEach DATA record refers to zero or more records in each of the ENVIRON,
HEALTH or COMFORT files, however, each ENVIRON, HEALTH or COMFORT record
refers to exactly one DATA record.

ach DATA
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These relat%onships are shown in figure 1 by the arrows connecting the file
names. A single arrowhead is the one and the double arroshead the many in a
one Lo many relationship.

3. SAMPLE APPLICATIONS
In the following examples the actual command language has been omitted.
3.1 SAMPLE l: FROM GENERAL TO PARTICULAR

A user interested in the performance of hospital facilities may first wish to
know which hospitals have been studied and reported upon in BPD?

Given the proper commands, the system would respond:

MODULE RECORD 7:

MNAME = Beth Israel Hospital

MODULE RECORD 47:

MNAME = Beth Israel Hospital

MODULE RECORD 51:

MNAME = Ellis Hospital

etc.

Next th? user would want to find out in which hospitals were the anaesthetic
gases nitrous oxide and halothane measured?

Given the proper commands, the system would respond:

MODULE RECORD 63:

MNAME = Boulder Memorial Hospital

MODULE RECORD 64:

MNAME = Porter Memorial Hospital

ete.

Wﬁat complaints led to these investigations being conducted?
Given the proper commands, the system would respond:

HEALTH RECORD 362:

HCOMP = 784 - Headache

HEALTH RECORD 363:

HCOMP = 780.4 = Dizziness and giddiness

etec,

What'other pollutants besides anaesthetic gases were measured in these
hospitals? Response:

ENVIRON RECORD 480: QTY: ENF -~ Enflurane

ENVIRON RECORD 487: QTY: ETR - Ethane etc.

How many N,0 measurements were taken in these hospitals and what was the mean
and standard deviation?
Response: 6 mean = 35.7 std = 26,7136

Which hospitals had measurements of N,0 exceeding one standard deviation from
the mean? Response:

MODULE RECORD 63:

MNAME = Boulder Memorial Hespital

What were the report's comments regardin i
i 4 £ this module? R s
REPORT RECORD 57: gariing ule? Response
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SREQ = Request by hospital administration :
CAUSECOMP. = No complaints - Study found inadequate exhaust of gases, conse- 3 3 N ) i

quently worker exposure was greater than necessary. 4 E TABLE I. €O, concentrations (ppm) vs total air supply per person (cfm)
RECOMMEND = (1) Install non-recirculationg air conditioning system, (2) Edu-

cate staff on pot?nt%al hazards, (3) Set up air monitoring program, (4) CFM 0~149 1505299 T
Improve workpractices
GCOMM = Study instigated through concern over danger of exposure to anaes-— co
- i - 2
thetic gases. 0-399 4 1 0
. ROW Z 80,00 20.00 0.00
PR " LN ' =
3,2 SAMPLE 2: PREPARING A TABULATION coL % 30.77 12.50 0.00
A table comparing levels of CO, and cfm/person (total air supply) can be con- 400-799 6 6 1
structed (to determine perhaps, the effect of ventilation on indoor levels of
C0,). However, before proceeding some additional information is needed to ROW Z 4659 46,15 7.69 |
iy TN AT COL % 46.15 75.00 100,00 |
construct the table properly. |
i What is the range, mean and standard deviation for total air supply in cfm? 800+ 3 1 0
Given the proper commands, the system would respond: Row 2 72,00 23,00 D, 00 I
. coL % 23,08 12.50 0.00 |

23 cfm summary: min ~ 12.2 mean = 118.261 std = 108,071 max = 389
Note that in addition to the frequency the display shows row and column

| What is the range, mean and standard deviation for €0, in ppm? Response:
: percentages.

58 CO, summary: min = -2 mean = 544.366 std = 375.34 max = 1437.5

Now the user may decide to construct a table to show the relationship between
different levels of €O, and total air supply. Here the commands could state
the ranges of values of C0, and total air supplies that are to be grouped for
constructing a two dimensional table, cross tabulating CO, concentrations in
ranges of 0-399, 400-799, and 800 or greater (ppm) along the vertical axis
with total air supply in ranges of 0-149, 150-299 and 300 or greater (cim)
along the horizontal axis. (See Table I)
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4. DISCUSSION

By learning a small set of commands and the basic structure of the Database
users may search for significant relationships, locate reports which deal with
building performance problems similar to those they regularly face, and deter-—
mine what other studies of interest have been done. In short, BPD provides a
tool to enable technical and scientific design professionals to investigate

T T

-

e ) Variable
A,-’ Identification

<~ characteristics

| relationships between such variables as indoor air quality and ventilation
| I that impact building performance. Documentation necessary to use BPD consists $?ENUm0N
of the Annotated Dictionary, User's Guide and Mars Manual, ¥ Y
To obtain documentation and further information write to BPD/Theodor D. (FACHJTY<%§HWODULE€—%»AHEA|\ DATA HEALTH '
Sterling Ltd., 70-1507 W. 12th Avenue, Vancouver, B.C., Canada V6J 2E2 or \
telephone (604) 733-2701. \  COMFORT / |
\~ S /
“ 3 -

FIGURE 1. Overview of BPD Structure
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