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ABSTRACT 

K. Gowri 

Diagnosis of building envelope failures and design to overcome these problems require expertise 
and knowledge from many different disciplines. The present work is aimed at developing a 
systematic methodology to represent the knowledge required in the diagnosis and design 
processes to resol ve the rno; sture-induced probl ems. The symptoms, causes, effects, and 
remedial measures for commonly encountered problems are grouped for each building envelope 
component. Sample rules for diagnosis and design have been extracted from available literature 
and well-established methods. Information on most commonly used construction types, material 
propert i es, and bui 1 di ng code requi rements are al so made part of the knowl edge base. A data 
base of desi gn weather data is interfaced to the knowl edge base for estab 1 i shi ng the context of 
the problem. Psychrometry i nformat i on and the computat i on of temperatu re and vapor pressu re 
profil es are incorporated in the knowl edge base for verifyi ng the poss i bil ity of condensat i on 
due to vapor diffusion. This system will be a useful tool to novice designers, renovation 
contractors, building inspectors, and other professionals involved in the design and 
retrofitting of building envelope components. 

INTRODUCTION 

Building envelope problems are caused by many factors such as improper selection and design of 
materials, inadequate construction details, climatic conditions, and poor workmanship. The 
uniqueness of buil di ng defects makes the di agnost i c process diffi cult and often buil di ng 
science experts are required to perform the investigation (Fielding 1987). Research reports 
and documents from many sources (CMHC 1988; Amney and Jessop 1984; Beall 1989; Building 
Research Establishment Digest 1981) are available for diagnosing the causes of various bUllding 
envelope fail ures and design methods to overcome these problems. The number of parameters to 
be cons idered in the i nvesti gati on is 1 arge and requi res expert knowl edge, hence it is 
difficult for the designer to thoroughly analyze a problem situation. 

Knowledge-based system techniques can be used to develop computer programs that can 
capture the expertise and knowledge required to solve some of the difficulties in automating 
the di agnost i c and desi gn processes. Di agnostic problem-sol vi ng has been one of the most 
popular applications of rule-based system techniques, where the heuristics applied to diagnosis 
can be represented using simple production rule forms. Knowledge-based system techniques for 
solving building envelope failure diagnosis problems is an emerging concept with great 
potential for automating the process of information handling and enabling a wider distribution 
of the accumul ated expert i se. Thi s has been demonstrated by a number of recent prototype 
systems such as DAMP (Sachdeva 1985), AIROEX (Persily 1986), BREDAMP (Allwood etal. 1988), 
and WINDEKS (Ruberg and Cornick 1988). DAMP, AIRDEX, and BREDAr4P address the dampness problems 
in general, and WINDEKS addresses the moisture problems in windows. The primary objective of 
these systems is to capture the expertise available and required for solving diagnostic 
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problems encountered in specific situations. However, the use of knowledge-based system 
techniques can be better realized by developing software tools that incorporate the expertise 
in diagnosis as the basis for new designs as well. Such an approach will assist the designer 
in both the diagnostic and design processes. 

The objective of the present research is to unify and integrate the knowledge and 
information required in the diagnostic and design processes relating to moisture-induced 
problems in building envelope components. A prototype knowledge-based system has been 
developed to demonstrate the feas i bil ity and advantages of th i s methodo logy. The deta i 1 s of 
diagnostic and design processes, knowledge representation, and implementation of the prototype 
system will be discussed in the following sections. 

DIAGNOSTIC ANO DESIGN PROCESSES 

The diagnosis of building envelope failures in general consists of the following three stages: 
(i) collection of symptoms and observations, (ii) establishing the causes, and (iii) proposing 
remedial measures. The uniqueness of each building, its location, climatic conditions, and 
occupancy, etc., affect the interpretation of any given symptom. Additional information on 
materials used, their properties and construction detailing is required before making 
meaningful conclusions on the cause of the problem. Many case stUdies on the diagnosis of 
specific buil di ng envelope fail ures have been researched to develop general i zed procedures to 
assist in the investigation process. But the applicability of these techniques is limited and 
must be carefully used in practice. In the context of moisture-induced probl ems, the most 
common causes are condensation and bulk transport of moisture. There are a variety of symptoms 
for moisture-induced problems. For example, the rotting of exterior cladding, mold and mildew, 
deterioration of insulation material, staining of inner surface, and discoloration, etc., may 
be some of the external symptoms. The frequency of occurrence of the problem and the materials 
affected can be used to estab 1 il sh the nature of the problems and the correspondi ng remedi a 1 
measures. Hence it is possible to develop a knowledge base of diagnostic rules to determine 
the causes for certain categories of problems. 

Design of building envelope components is usually done at the preliminary stages of a 
building project, and often the lack of information, time constraints, and priorities of the 
owner infl uence the deci s ions on the se 1 ecti on of materi a1 s and construct i on systems. These 
deci si ons, along wi th the buil di ng code requi rements and const ructabil ity aspects, become the 
constrai nts with whi ch the detai 1 ed des i gn is ca rri ed out. Hence the quality of the fi na 1 
design can be greatly improved by making knowledgeable decisions at the preliminary design 
stage. In the present study, an attempt is made to consider some of these requirements in 

detail by performing a check on the compatibility of materials, verifying the possibility of 
interstitial condensation, and applying design rules to avoid moisture-induced problems. The 

,knowledge required for building diagnostics may also be applied to check new designs for 
,sat i sfactory performance (Bui 1 di ng Resea rch Boa rd, 1985). A knowl edge base of di agnosti c 
!rules, once developed, may be used for such design verifications. 
t 

t 
,KNOWLEDGE REPRESENTATION AND IMPLEMENTATION 

IThe knowledge required in diagnosis and design can be represented as structural and functional 
descriptions correspondi ng to des i gn data and heu ri sti cs (Sugaya, 1987). Such an app roach to 
building envelope problems consists of the following information: (i) design weather data, 
'(ii) indoor design conditions, (iii) construction types, (iv) material properties, (v) 
.computational procedures, (vi) building code regulations, and (vii) heuristics and experiential 
knowledge. A prototype system has been implemented by developing a framework to integrate all 

·these types of information. The scope of design and diagnosis in the present work is limited 
to moisture-induced problems, in particular to avoid interstitial condensation. 

Figure 1 shows the software architecture of the prototype implementation. Knowledge 
,representati on for this system consi sts of structured asserti ons us i og frames and instances) 
product i on rules, procedural functions, and a" data base interface. DesT gn weather data for' any 
given location can be obtained from the Supplement to the National Building Code of Canada (NRC 
1985) and these are stored in spreadsheet data files. There are about 10 such files classified 

'according to provinces and territories in Canada. By specifying the city name for the building 
in the problem context, the outdoor temperatures1" relative humidity, and degree-days for desi9n 
can be retrieved. This facility permits the maintenance and updating of the weathel' data 
information independently of the knowledge base. 
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The construction types and material properties data essentially provide the information 
for wall and roof types to be used in design. Details of 17 wall and roof types are currently 
available in the prototype and this information has been obtained from the AlA (1982). 
Structured assertions of the construction types are defined by frames with the necessary slots 
and specifying instances of this frame to consist of the values describing the characteristics 
of each type. Thus the user may easily add new construct i on types to the knowl edge base. 
Figure 2 shows the frame "BASIC-WALL-TYPE" and an example of its instance "BRICK-ON-CONCRETE
BLOCK-WALL" for defining a wall type. The slot "NAME-OF-COMPONENTS" specifies a list of 
various materials used for each layer of the wall assembly. The value "INSULATION" in this 
list corresponds to the location of insulation, and the system will find an appropriate 
insulation material and thickness to satisfy the design requirements. Most commonly used 
building materials corresponding to each function such as cladding, structure, insulation, and 
vapor barrier:. and their properties for thermal and vapor resistance, cost, and thickness are 
currently available in the prototype system. The material properties representation is similar 
to that of the construction types as described above. During the diagnostic or design process, 
the user can select any of the available construction types, define a new construction type 
using the materials available, or specify new materials and their properties. Thus the 
knowledge base can be easily extended by the user, depending on the necessity. 

The diagnosis and design in the prototype system requi re the computation of temperature 
and vapor pressure profiles across the envelope assembly. A procedure to calculate these 
gradients is implemented using the simple static condenstaion analysis (Fazio and Gowri 1988). 
These procedures are developed separately and are interfaced with the knowledge base to advise 
on the location of the problem, if encountered. Such an approach is found to be useful in the 
preliminary design stage of verifying the proper location and combination of materials in an 
assembly (Szokolay 1988). 

The building code requirements, design heuristics, and experiential knowledge are 
represented using the production rule form. Basic information required in diagnosis consists 
of observati ons, symptoms, frequency of occurrence, and materi al s affected for a fa il ure 
prob 1 em. Representati ve knowl edge for the prototype system is acqui red from CMHC (1988) and 
Mattar and Morstead (1985), which provide the symptoms, causes, effects, and solutions to 
commonly encountered moisture-related problems. Figure 3 shows an example of a production rule 
for determining one possible cause of moisture problems. This rule is executed when staining 
due to condensation is observed in the exterior panel of a wall assembly during the winter 
season. The possibility of air leakage and poor insulation value for the envelope assembly are 
inferred as the causes for the problem, and the user is informed of the remedial measures. A 
number of such general rules for making recommendations on remedial measures are present in the 
system. 

The design process is broken down into an alternative generation stage and an evaluation 
stage. The design alternative generation stage examines all the basic wall and roof types, the 
corresponding insulation materials, etc., to obtain a combination of materials to meet the 
thermal resi stance requi rements and be free from condensati on problems. ASHRAE Standard 
90A-1980 ASH RAE 1980 specifications are incorporated in the knowledge base to establ ish the 
thermal resistance requirements for the envelope components. The design alternative generation 
process considers the rules for diagnosis to make sure that a feasible alternative is free of 
interstitial condensation problems. Also, a list of recommendations to be considered in the 
choice of that alternative is generated and provided to the user. 

The production rules present in the prototype are grouped according to each envelope 
component and for the diagnosis and design separately. Each group is attached to a sponsor 
whose state may be enabled to disabled appropriately to consider the rules required during a 
consultation session. Figure 4 shows the sponsor hierarchy used in the present implementation. 
Meta-rules are attached to the "TOP-SPONSOR" to activate the child sponsors such as for 
diagnosis or design and for walls, roof, Dr a combination of envelope components and so on .. A 
commercially available knowledge-based system development tool (Gold Hill Inc. 1987) is used in 
the present work. The reasons for selecting this tool and the evaluation process are reported 
in Gowri et al. (1988). 

USER INTERFACE 

A screen tool kit of predefined frames and utilities provided by the development environment is 
used in creating a menu-driven window user interface. Both the design and diagnosis options 
take the user through a number of questions to adequately describe the context of the problem. 
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These are limited to basic design data such as the city name, geometry, and other details of 
the envelope components. Each input request appears in a temporary window, optionally with a 
list of possible answers from which to choose. The user response is added to the assertion 
base and the inference mechanism decides the course of the consultation process. A sequence of 
user input required in the design of a building envelope assembly is given below: (i) the 
province and city name of the building, (1i) area of external wa1ls, roof, and fenestration, 
(iii) preference of basic wall and roof types, (iv) priorities on performance attributes. 

The results of a design are d"isplayed as shown in Figure 5. This design screen consists 
of a command 1 ine at the top of the screen, a status 1 ine at the bottom, and the rest of the 
screen is filled with windows for displaying the user input, design context, and the details of 
suggested alternat i ves. The command 1 i ne provi des i cons for pop-up menus to modify the user 
input parameters, obtain explanations and recommendations, and perform other operations for 
saving/printing the results, etc. The design context window provides the quantitative 
performance requirements for the design. The suggested design details window provides the 
construction type, materials used, and the performance characteristics of the suggested 
envelope components. A similar screen facility is also provided for diagnosis. 

CONCLUSION AND FURTHER RESEARACH 

A knowl edge-based system framework has been developed to demonst rate the feasi bi 1 ity of 
assisting in both the diagnosis and design of building envelope components. This approach 
reduces the difficulties of information handling and facilitates the use of expert knowledge in 
the design and diagnostic processes. A software tool of this nature will enable successful 
technology transfer and dissemination of available expertise in a form that can be easily used 
by the industry. 

The prototype system attempts to address the moi sture-induced problems to ali mited 
extent. Further research is being carried out to extend the knowledge base for considering 
other causes of building envelope problems and performance attributes such as structural, fire, 
and acoustic resistances. Efforts are made to formalize the building envelope design process 
and to assist in the preliminary design stages (Fazio et a1. 1989). These techniques will help 
the des i gners to make knowl edgeab 1 e deci si ons in the sel ect i on of materi al s, const ruct ion 
types, and design alternatives. 

REFERENCES 

"AlA. 1982. Analysis: thermal transfer through the envelope, architect's handbook of eneroy 
practice. Washington, DC: The Amer";can Institute of Architects. 

'Allwood, R.J.; Shaw, M.R.; Smith, J.L.; Stewart, O.J.; and Trimble, E.G. 1988. "Building 
dampness: diagnosing the causes." Building Research and Practice, pp. 37-42. 

Amney, P.; and Jessop, E.L. 1984. "Masonry cladding: a report on causes and effects of 
failure." Calgary, AB: Centre for Research and Development in Masonry. 

,ASHRAE. 1980. ASHRAE Standard 90A-1980, "Energy conservation in new building design." New York: 
American Society of Heating, Refrigerating, and Air-Conditioning Engineers Inc. 

(Beall, C. 1989. "Weatherproof masonry walls." Architecture, Vol. 78, No.3, March, pp. 133-136. 

Building Research Board. 1985. Commission on Engineering and Technical Systems. Building 
diagnostics: a conceptual framew"o~. Viashington, DC: National Academy Press. 

'Building Research Establishment Digest_. 1981. !lRising damp in walls: diagnos"is and treatment~" 
No. 245, U.K., January. 

'CMHC. 1988. f40isture problems, builder's series. NHA 6010. Ottawa, ON: Canada Mortgage and 
" Housing Corporation. -

Fazio, P.; Bedard, C.; and Gowri, K. 1989. "Knowledge-based system approach to building 
envelope design." Accepted for publication in Computer Aided Design, U.K., Narch. 

509 



Fazio, P.; and Gowri, K. 1988 "Temperature and vapor pressure gradient through wall assemblies 
using microcomputer graphics." Microcomputers in Civil Engineering, Vol. 3, pp. 167-171. 

Fielding, J. 1987. "A kind of detective story: diagnosing building defects." Building Research 
and Practice, March/April, pp. 93-96. 

Gold Hill Inc. 1987. GOLDWORKS: expert system user's guide. Cambridge, MA: Gold Hill Inc. 

Gowri, K.; Bedard, C.; and Fazio, P. 1988. "Evaluation of knowledge-based system development 
tools for building engineering design." Proc. of the Third International Conf. on Computing 
in Civil Engineering, University of British Columbia, Vancouver, B.Co, August. 

Mattar, S.G.; and Morstead, H. 1985. "A survey of wall failures: design, construction and 
service. lI Building Envelope Failures: Causes and Remedial Measures, Seminar Noo 1 - Wa1ls, 
Alberta Building Envelope Council, March, pp. 14-86. 

NRC. 1985. Associate Committee on the National Building Code of Canada. "Supplement to the 
national building code of Canada." Ottawa, ON: National Research Council of Canada. 

Persily, A. 1986. "A prototype expert system for diagnosing moisture problems in houses." 
Proc. of the Symposium on Air Infiltration, Ventilation and Moisture Transfer, BTECC, Fort 
Worth, TX, December 2-4. 

Ruberg, J.; and Cornick, S.M. 1988. "Diagnosing window problems: building an expert system." 
Proc. of the Fourth Conf. on Building Science and Technology, Toronto, ON. February, 
pp. 101-120. 

Sachdeva, P. 1985. "DAMP: a diagnostic system for architectural moisture damage problems." 
The Australian Computer Journal, Vol. 17, No.1, February, pp. 27-32. 

Sugaya, H. 1987. "A prolog frame system for knowledge-based design and diagnosis." In: 
Knowledge-Based Expert Systems in Industry, pp. 117-129, ed. J. Kriz. Chichester, UK: Ellis 
Horwood Ltd. 

Szokolay, S.V. 1988. "Interstitial condensation - a design tool." Architectural Science Review, 
Vol. 31, March, pp. 29-34. 



DESIGN HEURISTICS CONSTRUCTION TYPES & 
MATERIAL PROPERTIES 

DIAGNOSTIC KNOWLEDGE 

DESIGN CONTEXT DESIGN WEATHER DATA 

Figure ,. Software architecture .Of the knowledge-based system 
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Figure 2. Example of an instance of 
"basic-walL-type" frame 
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Figure 3. Example of a production rule 



DIAGNOSIS-SPONSOR 

TOP-SPONSOR 

DESIGN -SPONSOR 

Figure 4. Sponsor hierarchy for rule grouping 

Modify Explanations Recommendations Print Save Exit 

- • USER INPUT' r- • DESIGN CONTEXT' 

City name: ST-JOHNS Design degree days: 4824 
Building type: 2 Design outdoor temp.-winter ( C): -16 

Area of external wall (sq.m): 2000 Design indoor temp. , winter ( C): 22 
Area of roof (sq.m): 1200 Relative humidity outdoor (%): 90 

Area of fenestration (sq.m): 500 Relative humidity indoor (%): 40 
Maxm. permissible wall thickness (nun): 200 Reqd. Uo for wall (W ImA2 C): 1.290 

Maxm. permissible roof thickness (mm): sea-- Reqd. Uo for roof (W ImA2 C): 0.187 
Energy budget (WI C): 2803.07 

..- • SUGGESTED ENVEWPE DESIGN DETAILS • 

Basic wall type: WOOD-SlDING-ON-SHEATHED-STUD-W ALL Total thickness (nun): 120 

Wall insulation: ISOCYANURATE-OR-RIGlD-URETHANE-BOARD Thickness (nun): 51 

Basic roof type: BUlL T-UP-OR-SINGLE-PL Y-ON-GYPSUM-DECK Total thickness (mm): 136 

Roof insulation: EXPANDED-POL YSTYRENE-TYPE4 Thickness (mm): 51 

Fenestrations: DOUBLE-GLAZING 

Energy consumption for the envelope (WI C): 2765.5 

Total material cost ($): 210 850.00 

Figure 5. Example -of a design screen 

512 

WALL-DIAGNOSIS 

ROOF-DIAGNOSIS 

WALL-DESIGN 

ROOF-DESIGN 

SELECfION
HEURISTICS 

. 

..... 


