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An integrated building simulation environment. IISABRE. is introduced. IISABRE consists of
CABD. BTP and ISPAM. CABD is an AutoCAD-based building descriptor enabling users to
draw a building and define information. Some design tools are built into CABD, and a STEP-based
building darabase can be generated. which provides an open mechanism to share the building
database with other programs. BTP is a program for the detailed dvnamic simulation of building
thermal performance. With a PC 486DX50 (8M RAM) running in MS-Windows 3.11, BTP needs
about 40 minutes 10 calculate the annual hourly energy demand for a building with 20 zones.
HSPAM is a knowledge-based system for translating the STEP-based building database into
ASClI-bused daia files for BTP. I1SABRE can be widely emploved in the field of building environ-
mental engineering in order 1o improve the energy efficiency of buildings and the thermal comfort
of the indoor environment. ¢ 1997 Elserier Science Lid.

INTRODUCTION To encourage designers to use simulation programs self-

RESEARCH by the BRE (Building Research Establish- ~ COPs¢i0usly. an integrated building simulation environ-

o - ment (IBSE} {3] should be provided. which integrates
ment, U.K.) and others shows that about 50% of building d ams o b d for different at
failures originate from design. while 40% of failures are £00C programs 10 be used for dilerent purposes a

; . oL different design stages.
due to construction. An integrated approach to building ; ) i .
design is the key to the improvement of building quality IISABRE (Intelligent Integrated System for the Analy-

and the reduction of construction, maintenance and oper- III;S(]); dth? IBUI?LH:‘% ]:heHR\;I:lC IE)nvnronm?r}t) s hSUC}llJ an
ation costs. Despite the increasing use of computer-aided . ve;e or;]e‘ ‘h v ?. r CAIE;BIOE"I?P '513,5311151;A1r\1;-
design tools developed during the recent decades inside Vce;];% [. ]"W ;\L cgr:};lsbf) d ) d(ril 4 buildi :
and outside IEA (International Energy Agency) projects. D 15 an AutotAL)-based computer-aided bulicing
.. S s . descriptor, which provides users with a graphic interface
their integration into global energy analysis in design L L o E R .
practice has not been achieved untﬁ now “The main bar- to draw a building and describe its objective information.
riers to integration are the lack of a common model for SOT“G demgq tools are bu:l.t into CABD,'such as mst-
describing a building and its components and services, latloAn checking. condensatloq risk analygg and design
and a method for the exchange of geometrical as well as heatmg;c_oo'lmg load calculation. In addmgn.. a STEP-
non-geometrical data between different computer appli- bas.ed bmld}Hg database can be g<enerat'ed w1t‘hm CABD,
cations [1]. There is a quickly growing gap between what which prgwdes an open mechamsm- with \.VhICh to share
the scientists are offering as calculation and simulation the bu1ld1ng dutabase with othe'r 31mulatlo'n prograns.
tools and what is really used in current practice. BTP [.5] s @ program for\the detailed dynamic simulation
Simulation should be applied in all stages of the build- of bu.lldlng thermal pertormanc'e‘ BTP can generate the
ing design process. so that a quick feedback on design building thermal model, and simulate the hourl.y zone
implications can be given, IEA Annex 30 Bringing simu- temperatgre and the annual energy den}and of bu1'1dmgs.
lation to application™ will focus on the removal of tech- IISPAM is a knpwf'ledge-based system for translating the
nical and-or nontechnical obstacles in order to put simu- S‘TI?P-based building ?atab?se mto'/'\S(,ll-l.)ased dgtg
lation into a practical design process [2]. Good simulation files reqt‘nred by BTP. -slmultaneo.usly dppendmg empiri-
programs should be: cal coefhicients according to the simulation purpose and
knowledge base. The architecture of IISABRE is shown
® as correct as possible (by the use of guidelines and in Fig. 1.
rules);
e as appropriate as possible (fit the input requirements
of the models to the design practice);
® as easy as possible (through good training and a user

CABD: COMPUTER-AIDED BUILDING
DESCRIPTOR

interface). General information
~ o S o CABD is a computer support environment for archi-
*Department of Thermal Engineering. Tsinghua University, tects and HVAC engineers to draw an illustrative view
Beijing 100084. P.R.C. of a building and describe geometrical and thermal infor-
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Fig. 1. Architecture of IISABRE.

mation of the building. CABD is a four-viewport display
within AutoCAD, which shows the plan, front elevation,
side elevation and 3D model of a building. CABD is
implemented in C/C+ +, LISP, ADS, DCL and SQL. It
is easy to use, especially for AutoCAD users.

Information definition

All Information defined in CABD is physical and
objective; users don’t need to input empirical coefficients.
The information can be grouped into three catalogues:
Geometry and Topology, Thermal, and Environmental.

o Geometry and Topology Information. This describes the
shape of rooms, the dimension of enclosures and
balcony, the adjacency of rooms, the location of out-
door shadings such as trees and other buildings, and
the orientation of buildings.

o Thermal Information. This describes the type of enclos-
ures, the function of rooms, the schedule of air con-
ditioning, the amount and profile of indoor casual
gains including occupants, appliances and lighting. and
the shading of windows cause by curtains and blinds.

e FEnvironmental Information. This describes the type of
the exterior ground of a building, such as earth,
concrete, grass, water, the density of buildings sur-
rounded, which ranges from dense to loose, and the
location of buildings.

Built-in utilities
Some design tools are provided within CABD.

(1) Calculation of U-value of building envelopes.

(2) Insulation checking based on China’s building regu-
lations.

(3) Condensation risk analysis.

(4) Heating/cooling, load estimation based on load
index.

(5) Design heating load calculation based on China’s
HVAC standards.

(6) Design cooling load calculation based on China’s
HVAC standards.

CABD will extract most data. including weather con-
ditions for these tools, and the user only needs to confirm
or change some default values such as the temperature
and humidity setpoints for every zone. Calculation results
will be tabulated in a dialogue box. visualized in figures,
and stored in ASCII files.

Default values and database management

CABD has a series of default values, such as the type
of enclosure, the amount of indoor casual gains, the
surface condition (coarseness and colour), and the ambi-
ent information. If users do not want to take the default
values, they can make a detailed definition, and the
default values can also be updated. A database man-
agement system is also provided on-line for users to main-
tain the building fabric library and material library. A
user can add, delete and modify a structure or a material.

Data sharing mechanism

CABD can generate a building database in STEP
(Standard for the Exchange of Product Model Data, ISO
10303) [6] format, which contains physical and objective
information of a building. The STEP file is in neutral
format; it can be transformed into any type of data files
required by different building performance evaluation
programs with specific purposes, such as BTP for
dynamic simulation and STOAN [7] for stochastic analy-
sis.

An interface to import an exterior building database is
a further crucial task in order to enable CABD to exch-
ange information with other similar platforms. There
are two important technical problems to be solved, as
follows.

(1) How to transfer other building databases, such as
those created by the COMBINE [8] project, into
CABD’s building database.

(2) How to extract the geometry and topology infor-
mation from a building drawing file such as a DWG
AutoCAD file, and then enable the user to define
thermal information of the building.

Integrated Data Model of buildings (1DM)

The IDM is a conceptual model for describing a build-
ing and its components. The IDM should he general
enough so that the data required by different design tools,
each of which has its own specific view of the building,
can be extracted from it. Different software can exchange
data through this generic data model. In developing the
IDM, the main effort has been expended on the definition
of entities. CARD has an IDM written in EXPRESS
language; the schema has 54 entities. The root entity is
building:
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ENTITY building;
id name: STRING;
building_name: STRING;
is_type_of: building type;
completeness: BOOLEAN;
has_environment: environment;
is_composed_of: SET OF

element;
contains: SET OF space;
is_used_for: usage;
working_schedule: schedule;
total_floor_area: REAL
ground—area: REAL;

END—ENTITY;

enclosure_

The STEP physical file format is the format defined
for the actual exchange of product data for which the
structure has been defined in EXPRESS. The STEP file
for a building with 80 rooms is about 5000 lines and 340
KB in size.

BTP: BUILDING THERMAL PERFORMANCE

General information

BTP [5] is a detailed program for the dynamic simu-
lation of building thermal performance, which is based
on a new multizone model [9]. BTP has been developed by
Tsinghua University since 1990. BTP can handle building
types ranging from simple residential to large commer-
cial.

Characteristics

e State-of-the-art simulation strategy. The simulation
process within BTP can be grouped into three stages.
Firstly, BTP generates the building thermal model, i.e.
calculates the series of room thermal response vectors
for all heat disturbances, including outdoor air tem-
perature, adjacent zone temperature, solar radiation
through and absorbed by windows, indoor casual gains
and space heating/cooling. These series of vectors
determine the thermal behaviour of buildings; they
depend on the building structures and thermal bound-
ary conditions, but not on the values of all heat dis-
turbances. Secondly, BTP calculates the sealed zone
temperature [10] caused by the outdoor climate, indoor
casual gains and adjacent zones, assuming that there
is no HVAC system and no air flow from outdoor
and adjacent rooms. The scaled zone temperature is a
natural property of the building and the outdoor cli-
mate alone. Finally, BTP calculates the rise of zone
temperature caused by air flow, and combines this rise
and the scaled zone temperature with linear super-
position together to give the natural zone temperature.
which is the temperature of zones with no mechanical
heating/cooling equipment. The temperature and load
of the air-conditioned zone can be calculated similarly;
the difference is that the rise of the zone temperature
caused by HVAC equipment is considered.

The interactions between the building and its HVAC
systems are now decomposed into the scaled zone tem-
peratures regardless of HVAC systems. and room ther-
mal response vectors for HVAC systems, which only

depend upon the type of HVAC terminal, such as air
diffuser or radiators, because different type of ter-
minals will have different proportions of convective
and radiative heat released. The sealed zone tem-
perature and these room thermal response vectors do
not need to be re-calculated in the simulation of HVAC
systems’ performance or the study of control strategies
of HVAC systems. The building model provided by
BTP is like a component in HVAC systems; it can be
easily included in other simulation programs such as
HVACSIM* and TRNSYS.

e Detailed description of dynamic heat balance of zones.
Within BTP. a building is represented as temperature
nodes located within all building structures including
walls, windows. doors, floors, ceilings, and tem-
perature nodes for the uniform zone temperature. BTP
models the heat transfer among these nodes as a ther-
mal network, inciuding a detailed description of heat
conduction, heat convection, long wave radiation,
solar processes of windows, air flow between zones, air
infiltration between indoors and outdoors, distribution
of indoor casual gains, shading for external walls and
windows, etc. Boundary conditions, such as isothermal
boundary, adiabatic boundary and symmetric bound-
ary, can be easily considered. The initial condition
for the simulation can be taken as periodic, i.e. an
analytical method will be used to obtain the same effect
as simulations being performed long enough based on
the conditions of the first day. The technique of per-
iodic initial condition can shorten the pre-calculation
period.

o User defined schedule. The user can define non-working
days when the HVAC system is shut down, daily air
conditioning schedule, daily air flowrate among out-
doors and zones.

o User interface. Although BTP can be run under MS-
DOS. it is highly recommended to be used under Mic-
rosoft Windows, where BTP provides a user-friendly
interface enabling the user to define and pick up infor-
mation easily and quickly. and to browse the visual
simulation results.

e Time step. Simulation time step can range from 1
second to 1 hour, depending upon the purpose of the
application. For example, the time step may be set to
1 hour for the simulation of the sealed/natural zone
temperature, and it may be set to 10 minutes for the
simulation of the zone temperature with HVAC
systems. For different time steps, room thermal
response vectors can be easily and quickly converted,
not necessarily re-calculated from the beginning.

Main functions

e Generation of building thermal model. i1.e. room ther-
mal response vectors for each heat disturbance.

e Calculation of the hourly sealed zone tem-
perature/humidity.

e Calculation of the hourly natural zone tem-
perature/humidity.

o Calculation of the hourly zone temperature/humidity
and heating/cooling loads.

e Calculation of the annual energy consumption of a
building.
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Resource desktop

o Hardware requirement (minimum): IBM PC486 or
higher compatible, at least 8MB of RAM, 10MB of
free disk space.

e Software requirement: MS-DOS or PC-DOS 5.0 or
higher, Microsoft Windows 3.1 or higher.

Evaluation status

BTP, together with other 25 well known programs.
was tested within IEA Annex 21 “Calculation of energy
and environmental performance of buildings™ with the
method of intermodel comparison [11] and empirical
comparison [12]. The results from BTP were regarded as
one of the best sets of results [12].

Applicability

BTP has been applied to the study of night ventilation,
energy cfficient buildings, thermal storage systems.
assessment of indoor thermal environment. and some
other applications related to building environmental
engineering. It takes a PC 486DX/50 (8M RAM) about
40 minutes to do the annual hourly calculation of zone
temperature and heating/cooling loads for a building
with 20 zones.

Visual simulation results

Besides traditional ASCII files of simulation results.
BTP provides visual results. Figures 2--6 show examples
of visual simulation results.

Fig. 3. Histogram of hourly zone temperature frequency.
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Fig. 6. Histogram of yearly building load frequency.

IISPAM: KNOWLEDGE-BASED SYSTEM

General ideas

The main task of [ISPAM is to translate the STEP file
created within CABD into the data files required by BTP.
To implement [ISPAM, three critical problems have to
be solved, as follows.

o Information trunslation. The STEP file is the general
database of a building; it contains only geometry, top-
ology and objective thermal information of a building.
For example, the building geometry data are rep-
resented with the coordinates of points, lines with two
points. However, the data required by BTP is the area
of surfaces and the volume of zones, so this kind of
calculation has to be done.
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o Concepts reformation. Different CAD systems may
have different conceptual models of a building. For
example, a building may be regarded as the com-
position of points and lines; surfaces: walls; or zones.
IISPAM has to understand the building model (IDM)
of CABD and that of BTP in order to exchange data.
The mapping between two different building concept
models is sometimes hard to implement because it
relates to knowledge representation. implementation,
and transformation in the field of artificial intelligence.
Some improvement of HISPAM is needed if other simu-
lation programs are to be integrated within IISABRE.

e Empirical coefficients determination. Simulation pro-
grams often require some empirical coefficients, such
as the surface convective coefficient, the distribution of
indoor casual gains and solar gains, the thermal effect
of furniture, the convective and radiative part of heat
gains, the air flowrate between zones, the ground
reflectivity, the thermal properties of a surface, etc. All
these empirical coefficients will be determined accord-
ing to the simulation purpose, the objective infor-
mation provided in the STEP file, and the knowledge
base provided by field experts.

Knowledge representation

The knowledge base is represented with EXPRESS
language and stored in a STEP file. The schema has 15
entities. For example, the surface convective coefficient
depends upon the location and orientation of the surface:
the assigning rules are as follows:

#101 =set—alpha
23.0);
#102=set-alpha
4.0);

#103 =set-alpha ((.a_floor_face.), 1.0);
#104=set-alpha ((.a_vertical_internal_
face.), 3.5);

((.a_external—face.),

({.a_ceiling face.),

The ground reflectivity of solar radiation depends upon
the properties of the ground; the assigning rules are as
follows:
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#132 =set_ground reflect ((.grass_
ground.)}, 0.17);
#133 =set_ground_reflect ((.water_
ground.), 0.09);
#134 =set_ground_reflect ((.earth_
ground.), 0.2);
#135=set_ground reflect ((.sand_
ground.), 0.16);
#136 =set _ground_reflect {( {.common__

ground.), 0.2);

Currently 1ISPAM only serves BTP; more knowledge
and rules will be supplemented in order to make ISPAM
more general and flexible. Performance assessment
methods from IEA Annex 21 Subtask B ““Applications
guide™ can be introduced for this purpose [13].

STEP file mapping

IISPAM reads the STEP file and other information
defined in the user interface of BTP. then translates and
reforms information, and finally creates input data files
for BTP. A STEP file containing all information required
by BTP is also created.

Appending of empirical coefficients

A knowledge base is needed to represent the empirical
coefficients and the assigning rules. The MIS system from
IEA Annex 2] Subtask A “Program guide™ [14] can be
very useful for this task.

CONCLUSION

IISABRE is an open, integrated and user-friendly plat-
form for building simulation. With the AutoCAD-based
drawing environment. the support of a knowledge-based
system, the built-in design tools and the STEP-based
building database which can exchange data with detailed
simulation programs, [ISABRE represents one of the
state-of-the-art new generation simulation support
environments; it can be widely employed at different lev-
els of simulation to provide results of acceptable accuracy
at different design stages in order to improve the design

#131 =set_ground_reflect {(.concrete_ quality of buildings regarding thermal comfort and
ground.), 0.3); energy efficiency.
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