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ABSTRACT

KNOWLEDGE BASED EXPERT SYSTEM

TRUSS ADVISOR

Terry R. Stanton
Master of Science in Engineering

Youngstown State University, 1986

Recent successes of Applied Artificial Intelligence research in
areas such as Medical Diagnostics (MYCIN), Geology (PROSPECTOR) and
applied Mathematics (MACYSMA), has renewed the interest of people in
several different areas in this newly emerging discipline. One area of
much practical importance is the development of Expert System (ES)
using the domain specific knowledge of a human expert and coding it
in a form that is useable on a computer. These programs have proven
themselves very effective in handling ill-structured problems. However,
this process takes thousands of man hours and usually requires a team
effort.

On a smaller scale, ES programs which are highly task oriented
are known as Knowledge Based Expert Systems (KBES) and can be developed
for use on micro computers. This process can be speeded by the use of
a KBES building tool now available commercially. The objective of this
report is to develop a KBES prototype with applications in Civil
Fngineering. One such problem within the field of Civil Engineering
is the preliminary selection of a wooden truss type given the loading and
other design constraints. The prototype is developed using the KBES

building tool "Expert Edge'" which runs on the IBM PC AT micro computer: -
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Tools such as "Expert Edge" relieve the developer of the task of
constructing an inference mechanism. These tools offer many features
to assist in the development of a KBES. Some of these features include
an explanation facility, a footnoting facility and a facility for altering
data or entering data in advance.

The KBES prototype in its present stage can recommend a pre-
liminary configuration of a wooden truss for the detailed design. To
demonstrate the idea the prototype is confined to triangular trusses, but
the knowledge base could very easily be expanded to include various
other shapes of trusses by adding more rules to it. The information
contained within the knowledge base was provided by the courtesy of the

Inter-Lock Steel Company, Sharon, PA,



iv

ACKNOWLEDGEMENTS

I wish to extend my deepest gratitude to Dr. J. Alam and Professor
J. F. Ritter for their time and effort in the development and review of
this thesis. I also would like to thank Dr. J. D. Bakos for serving on
the review committee.

T would like to dedicate this thesis to my wife Terry, her under-
standing and encouragement has helped a great deal in the completion of

this work.



ABSTRACT « « & v o ¢ o &

ACKNOWLEDGEMENTS . . . . .

TABLE OF CONTENTS . . . .

LIST OF FIGURES

LIST OF TABLES . . . . . . .

CHAPTER

1

2

3

INTRODUCTION ., . . . .
1.1 General History .

1.2 Purpose . . . ..

1.3 Organization . . .

OVERVIEW OF KNOWLEDGE BASED EXPERT SYSTEMS

2.1

2.2 Knowledge Representation .

2,2.1

2.2.2 Semantic Networks .

2.2.3 Frames . .
2.3

2.4
Systems . . .

2.5

2.6 Applications Within Civil Engineering

BUILDING TOOLS . .

3.1

3.2 Expert System Building Tools (Shells)

TABLE OF

.

Production Systems

CONTENTS

Expert System Components . .

.

Inference and Control Strategies .

Existing Knowledge Based Expert Systems

General Purpose Programming Languages

Procedure of Developing Small Knowledge Based Expert

PAGE

ii

iv

vii

o viii

13

22

22

24



4 OVERVIEW OF EXPERT EDGE

4,1 System Environment .

4,2 Rules. v « o o o &

4,3 Text Information .

4.4 Other System Features

4.5 Summary . . . . .
5 PROTOTYPE DEVELOPMENT .
5.1 Scope « « 4 . .
5.2 Rule Development .
5.3 Sample Runs . « ...
5.3.1 Sample 1 . .
5.3.2 Sample 2 . .
5.3.3 Sample 3 .
6 SUMMARY AND CONCLUSIONS
6.1 Summary . .
6.2 Conclusion . . . .
APPENDIX A.
A.1 Rules .
A.2 Decision Tree .
APPENDIX B.

REFERENCES

PROGRAMMING CONSIDERATIONS

USER LANGUAGE FILE LISTING .

vi

PAGE
28
29
30
35
35
36
38
38
39
43
45
45
47

50

51
53
53
55

58

114



vii

LIST OF FIGURES

FIGURE PAGE
1-1. Artificial Intelligence Specializations and Areas of -———
Research Projects v v v o o v o o o o o « « o o o o o 2
2-1. Tdeal Expert System Architecture . . . « « « « « « « « . 9
2-2. Sematic Network Representation of Truss Information . . . 12
2-3, Classifications of Search Strategies . . + « ¢ ¢« « « « & 15
4-1. Expert Edge Menu Structure .« . ¢ ¢ ¢ ¢ ¢ « o o o o « o« & 31
4-2. Sample Name Tree for Truss Information . . . . . . . . . 33
5-1. Truss Configurations contained within the Knowledge Base. 40
5-2. Rules required to recommend a Fink Truss . . . . . . . . 41
5-3. Sample 1 Input Data . « ¢« ¢ ¢ ¢ ¢ v ¢ ¢« o ¢« o o o o o s & A
S-4., Sample 2 Input Data .+ v ¢« v v ¢ o o o 4 4 o 0 e e e 0 45

5-5, Sample 3 Input Data . « ¢« « v ¢ o o o o o & o o &« s o o 48



TABLE

3-1.

5-1.

LIST OF TABLES

Knowledge Based Expert System with Applications in Civil

Engineering . . v v« ¢ ¢ 4 ¢ ¢ o 4 e e s e e

A Partial List of Available Knowledge Based Expert System

Shells & & & o & ¢ o o o o o « o o o o o

Types of Lateral Support and Respective Trusses .

viii

PAGE

20

26

42



CHAPTER I

INTRODUCTION

Artificial Intelligence (AI) is defined as "that part of
computer science concerned with designing intelligent computer sys-
ems, that is, systems that exhibit the characteristics associated
with intelligence in human behavior, understanding language, learn-
ing, reasoning, problem solving and so on" (1). AI research is
currently sub-divided into several subject areas as shown in
Figure 1.1. This figure is not the only way to divide the compon-

ents of AI. Some topics may belong in more than one area.

1.1 GENERAL HISTORY

Research in AI for the most part began in the late 1940's.
The first systems were attempts to create computer programs that )
imitated the thinking processes of the human brain (2). The key
idea behind this approach was the analogy between the connection
wires providing input to the central processing unit (CPU), and the
nerves in the human body serving the same purpose (using the central
nervous system), to provide input to the human brain. The develop-
ment of these systems was eventually abandoned because the estimated
size of the required computer system far exceeded the capabilities
of the time. In 1955 McCarthy developed the LISP programming

language., This language is considered to be best suited for

programming in Al and is used extensively today. In 1956 McCarthy,
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Minsky, Shannon and Rochester organized the first conference in AI.
The goal of this conference was to blend the ideas of the various
researchers and to define the path of future AT research. During
the following years of research much time was spent trying to
develop domain independent methods of solving problems (3). These
systems were referred to as General Problem Solvers (GPS). GPS used
broadly applicable techniques of heuristic search and the strategy
of means end analysis. For the most part these systems did not
perform well and were restricted to solving simple problems. During
the 1960's the development of domain specific knowledge based systems
was first introduced. This led to the successful development of
Knowledge Based Expert Systems (KBES). The first of these to be
developed was the DENDRAL system. Other early systems included
MACSYMA, HEARSAY I and II and MYCIN (a brief review of some of these
systems is provided in a later section).

Major research following this was in the development of _
domain independent frameworks (also referred to as KBES building
tools). Examples of these general purpose building tools include
EMYCIN, KAS, EXPERT, and AGE. Early KBES were developed using large
mainframe computers or a special LISP machine, and involved signifi-
cant man hours to build. However, recent increased microcomputer
capabilities and the availability of building tools have made the

construction of KBES using microcomputers possible.



1.2 PURPOSE

The purpose of this report is to review the area of KBES
and to identify the current applications of this technology in the
field of Civil Engineering with an emphasis on the use of micro
computers. A secondary objective of this report is to review and test
the expert system building tool "Expert Edge'", by developing a KBES
prototype.

KBES have evolved from research in Artificial Intelligence
and have proven themselves very effective in handling ill-structured
problems., One such problem within the field of Civil Engineering is
the preliminary selection of a truss type given normal design para-
meters. This prototype in its present state does not attempt to
rival the decisions of experts in this field, instead it was
developed to demonstrate the usefulness of this technology. The
information contained within the knowledge base was provided by the

courtesy of the Inter-Lock Steel Company, Sharon, PA 16146,

1.3 ORGANIZATION

The remainder of this report is separated into six chapters
and two appendices. Chapter two provides an overview of expert
systems technology, some of the earlier developed KBES and some KBES
within the field of Civil Engineering. A discussion of system
building tools is presented in Chapter three, including general
purpose programming languages and expert system shells. Chapter four
contains an overview of the building tool (Expert Edge), used to

develop the expert system prototype. In Chapter five the development



of some of the rules and the decision tree used is discussed. Also
included in this chapter isa discussion of some sample runs of the
prototype. Chapter VI presents a summary and the conclusions of this
report. Appendix A presents some of the programming considerations
used in the development of the prototype. Appendix B contains a sample

of a user language file listing of a KBES developed using Expert Edge.



CHAPTER 1II

OVERVIEW OF KNOWLEDGE BASED EXPERT SYSTEMS

Knowledge Based Expert Systems (KBES), are a class of computer
programs that can advise, analyze, categorize, communicate, consult,
design, diagnose, explain, explore, forcast, form concepts, identify,
interpret, justify, learn, manage, monitor, plan, present, retrieve,
schedule, test and tutor (4). These expert systems have demonstrated a
proficiency in coping with unstructured and ill-defined problems.

That is, expert systems are best suited to address problems normally
thought to require human specialists or experts for their solution.
Individuals whose speciality is assessing such problems, acquiring
knowledge and building the KBES are referred to as Knowledge Engineers.
In this report the term 'expert system'shall refer to any computer system
that can perform at or near the level of a human expert and the term -
'knowledge based expert systert shall refer to any computer system that
contains knowledge of a difficult decision making situation that is
useful, but hardly equivalent of a human expert. There are several
basic differences between conventional programming and KBES. Conven-
tional programming is composed of algorithms and data. KBES are
composed of a knowledge base and an inference mechanism. The data base
of a conventional program is numerically structured and the programs
are oriented towards numerical processing. A knowledge base is symbol-
ically structured and these programs are oriented towards symbolic

reasoning., Conventional programs are sequential and batch processed



whereas, KBES are highly interactive with the user. KBES can also
provide explanations of its line of reasoning and of terms used by the
KBES at any time during a session. This is not easily accomplished

with conventional programming.

2.1 EXPERT SYSTEM COMPONENTS

Expert systems are composed of three general components,
the knowledge base (static memory), the context (dynamic or working
memory), and the inference mechanism (control mechanism) (5). Figure
2-1 shows the components of an ideal expert system (6). It should be
noted that actual systems usually do not contain all the features shown,
but one or more features are present in every system.

The knowledge base contains the encoded knowledge specific to
the domain of the problem. This is usually comprised of facts, heur-
istic planning and problem solving rules. The context or blackboard
accumulates the dynamic knowledge (intermediate results or current
state), of the problem at hand. Figure 2-1 shows the blackboard can
contain the three decision recorders plan, agenda and solution. Plan
refers to the knowledge that describes the strategy the system will
pursue for the current problem. Recording of the next action to be
executed is done by the agenda (usually knowledge based rules that seem
relevant to prior decisions placed on the context). The solution
represents the current hypothesis and decisions the system has gen-
erated. The inference mechanism refers to the components that mani-
pulate the context using the knowledge base. Usually the inference
mechanism is provided by the programming environment and contains no

domain specific knowledge (7). Any of the three modules shown in



Figure 2-1 may be contained in the inference mechanism. The schedule
maintains control over the agenda and determines which pending action
should be addressed next. This is performed by assigning a priority to
each agenda item according to its relationship to the plan. Execution
of the chosen agenda item by applying appropriate rules is controlled
by the interpreter. The consistency enforcer maintains a consistent
representation of the emerging solution. This is often performed by the
use of certainty factors, which are assigned according to the validity
of the statement.

The language processor (user interface), and the justifier are
desirable but not required features. The language processor mediates
information exchanges between the expert system and the user. The
justifier explains the actions of the system to the user. Generally
the more features included in the system the more user friendly the

system is.
2.2 KNOWLEDGE REPRESENTATION

Knowledge representation techniques involve routines for
manipulating the specialized data structures to make intelligent
inferences. The list of these techniques include state-space search,
logic, procedural representation, semantic net, production systems,
special purpose representation techniques and frames (1). From this
list production systems, semantic nets and frames are most commonly
used in developing exvert systems. However, before these are discussed,
a brief review of the other methods follows. The earliest represent-
ation formalism used in Al programs was the state-space representation.

The primary use for this technique was problem solving and game playiﬁg%
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programs. Logic is a representation method that relies on the rules of
symbolic logic. The advantage of this method is that deductions are
guaranteed correct to an extent that other schemes of knowledge repre-
sentation cannot match. Procedural representation uses explicit control
of the theorem proving process within a logic based system., A disadvan-
tage of this technique is the difficulty in verifying and changing the
procedural representations of an Al program. The special purpose
representation technique involves the development of a combination of
representation methods explicitly for the problem at hand. This tech-

nique is useful in large Al systems.

2.2.1 PRODUCTION SYSTEMS

Production systems are best described by the notion of condition-
action pairs, also referred to as production rules. A production rule
is a statement made up of an, IF this condition holds, THEN this action
is appropriate. The IF part of the rule, also referred to as the
condition part or left-hand side, states the conditions that must be
present for the production to be applicable. The THEN part, also
referred to as the action part or right-hand side, is then taken as an
appropriate action. An example of a rule that could be used to select a
Howe truss is:

IF: the intended class is residential

AND: the truss is triangular

AND: the truss is symmetrical

AND: the span is greater than 30 feet

AND: the span is less than or equal to 40 feet

THEN: the recommended truss type is a Single Howe
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During the execution of the production system if the IF clauses
are false the system stops. On the other hand if the IF clauses are
true, then the action part can be executed by the interpreter. Once this
is accomplished the interpreter then determines which rule to try next.

Production systems are most often used in AT programs to
represent knowledge about how an expert would perform a specific task.

An example of a production system in the Civil Engineering field is

SACON. It is a KBES designed to provide advice in the field of struct-
ural analysis (8). Some of the advantages of production systems include:
production rules can be added, deleted, or changed independently (chang-
ing one rule can be accomplished without having direct effects on other
rules), information must be encoded within a rigid structure of production
rules (making the information easily understandable), and its easy adapt-
ation to heuristic knowledge. Disadvantages of this type of
representation include inefficiency of program execution and poor
adaptation or flow of control in problem solving algorithms as compared

to conventional programming.

2.2,2 SEMANTIC NETWORKS

This scheme of representation takes advantage of knowledge that
can be grouped together because it shares a common notation. These are
usually illustrated by nodes and arcs, the nodes.representing objects,
concepts, or situations and the arcs representing relations between
them. Figure 2-2 shows how to represent a few simple facts using this

method:



FIGURE 2-2 SEMANTIC NETWORK REPRESENTATION OF TRUSS INFORMATION

Semantic networks as a knowledge representation method are
popular where it is possible to make use of the hierarchy of information.
An interesting advantage of the semantic network scheme is its ability
to represent knowledge about properties of objects. Some disadvantages
of this scheme include computational problems when the database becomes
very large, lack of ability to easily represent time dependent knowleage

and difficulties in representing uncertainty of the knowledge.
2.2.3 FRAMES

Representing knowledge about the objects and events typical to
specific situations is the focus of representation by frames., A frame
is a description of an object that contains slots for all the information
associated with the object. These slots may be stored values or expected
values. One of the significant advantages of frame representation is
the use of the default or inherited values. The following is an example

of a frame layout:
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REPRESENTATION OF A SISSOR TRUSS IN A FRAME TYPE LAYOUT

cype sissor

group triangular
class residential
symmetrical yes (default)
normal use church

roof pitch (value)
feature high ceiling

Frames are also being used where large amounts of knowledge is needed to
perform a task. Much research is expected in this area in the coming

years.
2.3 INFERENCE AND CONTROL STRATEGIES

Inference and control strategies guide the expert system as it
uses facts and rules stored in its knowledge base, and information
acquired from the user (9). The inference mechanism performs two
important tasks. First it examines existing facts and rules, and adds
new facts when possible. Second, it decides the order in which infer-
ence is made. The most common systems are either consequence-driven
(backward chaining), or antecedent driven (forward chaining). The
process of working backward through the rules from consequence to ante-
cedent to consequence in search of a casual chain that will satisfy
the goal is called backward chaining (4). Backward chaining systems
are very efficient if the possible outcomes are known and they are
reasonably small in number. A forward chaining system executes a

continuous sequence of cycles terminating when a rule's action dictates
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a halt. These systems are useful where the goal or solution needs to
be constructed or the number of possible outcomes is large.

The control portion of the inference mechanism must address two
problems. First, the system must have a way to start and second the
inference mechanism must resolve conflicts that occur when alternative
lines of reasoning emerge. Techniques used to resolve these problems
are depth-first search or breadth-first search strategy. In a depth-
first search, the inference follows one path until either a goal is
found or a dead end is reached. A breadth-first search looks at all
nodes (rules or conclusions) on one level before going deeper. The
breadth-first search will find the shortest path to the goal. However,
because depth-first search has the effect of pursuing a particular path
as compared to breadth-first search which appears to be jumping from
topic to topic, the depth-first search is the most common technique.
Figure 2-3 shows the major classifications of search and control
strategies used by inference mechanism (9). In this figure the darker
lines and numbered nodes refer to a path the inference mechanism would
follow for a particular strategy. Because backward chaining depth-
first search is the most common, a brief discussion of it is presented,
This strategy attempts to follow a path from a conclusion to the rules
that support it. If the inference encounters a rule it cannot prove
during this process, it backtracks to a previously proven evidence and
selects an alternate path (ie when rule #4 could not be proved the
inference backtracks to rule #3 and then tries rule #5). This is cont-

inued until all the rules in a path are proved or no more paths exist.
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2.4 PROCEDURE OF DEVELOPING SMALL KNOWLEDGE BASED EXPERT SYSTEMS

The purpose of this section is to review the steps involved in
building a small KBES. The following list shows six steps that are
recommended for this process (9):

-Selecting a tool and a commitment to a particular

problem solving strategy.

~Identify the problem and analyze the information to be
contained in the knowledge base.

-Design the KBES. 1In this step it is helpful to describe the
KBES or paper and to make a flow diagram of the possible lines
of reasoning.

-Develop the KBES prototype using the tool. This is best
accomplished by developing a small version first to be sure it
works and then gradually adding to it.

-Expand, test and revise the KBES prototype until it performs
the required task. )

-Maintain and update the KBES as needed.

The most significant of these steps is the first one. This is
because the tool selected will play a major role in the development of
the KBES (specific tools are designed to solve particular problems).

The steps listed above are only a suggested method of developing a
KBES. This technology lends itself to a wide variety of problems and an

alternative method may be better suited to others.
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2,5 EXISTING KNOWLEDGE BASED EXPERT SYSTEMS

This section contains a brief discussion of the more common early
systems. These discussions only consider the development of these systems
and some of the key characteristics of the systems. It does not describe
the system components, knowledge representation scheme or the inference
mechanism. An excellent outline of this information is presented in (10).
The KBES to be discussed include: DENDRAL, MYCIN, MACSYMA, PROSPECTOR and
PUFF.

DENDRAL was the first KBES to be developed and its developers are
credited with the discovery of knowledge engineering. This system
was developed at Stanford University in the late 1960's. DENDRAL
was designed to assist experts in the field of organic chemistry
in the task of identification of chemical compounds. This system
was constructed using the LISP programming language. DENDRAL is
currently maintained at Stanford University and has become a
standard tool for chemists to determine probable molecular struct—
ures.,

MYCIN is a KBES designed to diagnose certain bacterial infections
and prescribe therapy. This system was developed at Stanford
University in the mid 1970's. MYCIN is attributed as the first
large KBES to perform at the level of a human expert. Various
evaluations of this system suggested that MYCIN is as good as or
better than most human experts in this field (9). This system
also led to the development of the first expert system building
tool (EMYCIN). Some of the features of MYCIN are its ability to
provide the user with an explanation of its reasoning, the gbi}—

ity to work with unknown or uncertain information and the ability
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to easily add rules or modify reasoning. MYCIN was constructed
using the LISP programming language and uses a backward-chaining
control strategy. This system is maintained at a major medical
center and is continually wupdated with state of the art medical
information.

MACSYMA is a KBES used to assist in solving complex mathematical
problems. This system was originally developed at MIT in the
late 1960's and has been under continual development to date.
MACSYMA is considered to be the most powerful program in
solving complex algebraic problems with computers. It also
provides closed form solutions for complex differentiation and
integration problems found in calculus. This system was con-.
structed using the LISP programming language and is currently
being rewritten by its developers for use on personal computers.

PROSPECTOR is a KBES that was developed at Stanford Research
Institute in the late 1970's, to aid geologists in finding the
site locations of possible ore deposits (10)., Like MYCIN this
system was programmed in LISP and uses a backward-chaining
control strategy (many consider it to be a descendant of MYCIN).
However, this system differs from MYCIN in many ways, one of
which is the ability of the user to volunteer information
(usually at the beginning of the session). PROSPECTOR is
recognized as the first KBES to achieve a major commercial
success, It provided information to geologists that led to the
discovery of a previously unknown large ore deposit.

PUFF is an instrument driven KBES that diagnoses the type and

severity of respiratory disorders, Tt was developed at Stanfotrd
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University in the late 1970's using the EMYCIN building tool.
The primary purpose of developing this KBES was to test the
practicability of using expert system building tools and in-
particular EMYCIN. The success of PUFF and this method of
constructing KBES is demonstrated by the daily use of this

system in several hospitals.

2.6 APPLICATIONS WITHIN CIVIL ENGINEERING

This section presents the areas of application of KBES technology
within the field of Civil Engineering. Presently, several KBES are
constructed to address problems in this area. However, most of these
systems are confined to research projects and are not very well document-
ed. Table 2-1 contains a list of the related KBES found during this
project (10). The following is a list of some KBES designed for micro
computers that are currently under development or just being completed
(15):

PUMP PRO-diagnosing sewage and power plant pump problems

CHINA-designing highway noise barriers

HOWSAFE and SAFEQUAL-safety self diagnosis for contractors

DURCON-designing concrete mixes and concrete structures

(PROJECT DATA)- managing worldwide construction projects

Though these listsare not complete, they do exhibit that KBES are capable
of solving complicated problems across the gntire spectrum of Civil
Engineering. Areas of possible application in the future may include: the
evaluation of existing structures for alternate use, tutoring system for
design and analysis courses and systems designed to assist in the modeling

of complex engineering problems.



KBES

SACON

HYDKO

HI-RISE

CONE

SPECON

SPERIL

Table 2-1

PROBLEM ADDRESSED

Consultant for
structural analysis
using the Finite
Element program MARC.

Assist less exper-
ienced users of the
HSPF watershed manage-
ment system program.

Assist in the pre-
liminary structural
design of highrise
buildings.

Interpretes geo-
technical character-
istics of data from a
cone penetrometer.

Aids engineers in
checking of struct-
ural steel elements
for conformance with
AISC Steel Design
Specifications.

Assist in the
assessment of damage
to buildings after a
hazardous event.

DEVELOPER/YEAR

Stanford University
(1978)

Stanford Research
Institute
(Late 1970's)

Carnegie-Mellon
University

(1985)

Carnegie-Mellon
University
(1985)

Carnegie-Mellon
University

(product under
progress)

Purdue University

(product under
progress)

TOOLS

EMYCIN

Extension of
prospector

PSRL
(System represent-
ation, language also
developed at C-MU).

OPS-5

RESULTS

Performance is said to
match that of human expert
in the domain of Structural
Analysis.

Tested on several river
basins with known character-
istics and was reported to
perform fairly well.

No performance data found.

Reported to produce reasonably
high performance in the area
of soil analysis.

KNOWLEDGE BASED EXPERT SYSTEMS WITH APPLICATIONS IN CIVIL ENGINEERING

0¢



KBES PROBLEM ADDRESSED DEVELOPER/YEAR TOOLS RESULTS

DESIGNER Aids in the pre- by Mac Callon - -
liminary design of (produced under
ships. progress) .

Table 2-1 (cont.) KNOWLEDGE BASED EXPERT SYSTEMS WITH APPLICATIONS IN CIVIL ENGINEERING
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CHAPTER III

BUILDING TOOLS

This chapter provides a brief discussion of various KBES
building tools. The two types of tools to be considered are general
purpose programming languages and expert system building tool (also
referred to as expert system shells). General purpose programming
languages refer to tools such as LISP, PROLOG and PASCAL. These
languages are generally used by experienced programmers and can be
applied to a wide variety of problems. Expert system building tools on
the other hand refer to tools developed using these languages and can
be applied to problems within a specific problem domain (i.e.,, diagnoses,
consultation, etc). The latter method of development is usually the
faster of the two methods. In this report the expert system building

tools discussed shall be confined mostly to those used on micro computérs.
3.1 GENERAL PURPOSE PROGRAMMING LANGUAGES

Many programming languages are used for Al programs, among them
are: LISP, PROLOG, PASCAL, C, BASIC, FORTRAN and OPS-5. Because the two
most suited and most common languages for Al programming are LISP and
PROLOG, only these will be discussed., LISP stands for LISt Processing
language. This language was created by John McCarthy in the late 1950's,
and is based on Lamda Calculus, spite of few vendors promoting it and
the lack of software support, this language has remained very popular.

LISP has two data structures, atoms and lists (13). An atom is an
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element that cannot be divided any further and is either a number or a
name, A list is made up of atoms or other lists. The following is a
sample of some atoms and a list:

atoms:

5
John
dog
add
sum

list:

(this list contains five atoms)

Some of the attributes of this language include no essential difference
between the data and the programs, one LISP program can be used as another
LISP program's data. The data and programs are both represented as list,
and lists can be nested one within another (9). Some of the criticisms

of LISP are its lack of standardization (there is currently a variety of
incompatible dialects of LISP available), its inefficiency (LISP programs
require high amounts of CPU time and consume a great deal of memory), and:
its availability (each different dialect is available on only a small
number of machines).

PROLOG, which stands for PROgramming language for LOGic, was
developed in 1972 by A. Colmerauer and P. Roussel (9). This language is
closest to a true logical computer programming language because of the
implementation of a simplified version of predicate calculus in it.
PROLOG, like LISP is designed for symbolic computation rather than
numerical calculations. This language contains features that make it easy

to write programs that manipulate logical expressions. In a sense these
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programs are controlled logical deductions. To program in PROLOG the
following steps are carried out: specify facts about the objects and
relationships, and ask questions about the objects and relationships. An
example of this is
facts: grandfather (George, Terry)

grandfather (George, Mike)

grandfather (George, Tim)

then ask:

?-grandfather (George, Tim)

PROLOG would reply:

yes
The significant advantage of PROLOG is its availability for both main
frame and personal computers and a built in inference mechanism based upon

the resolution theorem by Kowakski (14).

3.2 EXPERT SYSTEM BUILDING TOOLS (SHELLS)

An expert system building tool or expert system shell (the former
referring to mainframe computer tools and the latter referring to micro
computer tools), can be thought of as the framework for building a know-
ledge base and control structure. These tools include an inference
mechanism capable of interconnecting facts supplied by the expert or user
of the tool in the form of rules for a specific problem. This frees the
expert or user of the tool from the task of programming the knowledge
representation and the inference mechanism., This in turn allows more
time to be spent on the knowledge acquisition necessary to solve the
problem at hand. This is a very attractive feature in the sense that it

facilitates a quicker development of KBES by a non-computer specialist.,
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EMYCIN was the first expert system building tool to be developed.
This tool was developed at Stanford University in the mid 1970's. It is
a domain-independent version of MYCIN and was created by removing the
knowledge from MYCIN. Other tools that have been developed in a similar
manner are: KAS developed from PROSPECTOR, EXPERT developed from CASNET
and AGE developed from HEARSAY II.

The early tools were developed primarily for use on mainframe
computers, but in recent years research has expanded their range to
personal computers. As mentioned earlier these tools are usually referred
to as expert system shells. For a summary of the common shells available
for personal computers refer to Table 3-1 (9). Expert system shells
used on personal computers are normally confined to about 400 rules.
Disadvantages of these tools include: poor portability (that is, tools
developed by suppliers usually only run on their machines), and each tool
is especially designed to perform a particular type of problem solving
(it is a waste of time to try to develop a KBES using an unsuitable toel).
Also, expert system building tools have a smaller range of applications
than the general purpose programming languages. However these tools are’
designed to facilitate the rapid development of KBES within a specific
class of problems (i.e.,diagnosing, identification, forecasting, selecting,

etc).
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LANGUAGE
/X
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EXPERT EDGE

IMPLEMENTATION

IBM PC (128k) DEC
Rainbow Victor 9000

PASCAL IBM PC (128k)
DEC Rainbow Victor
9000

PROLOG IBM PC (192k)

PASCAL APPLE II

PROLOG IBM PC (128k)

IBM PC (256k) or
compatible

IBM PC (256k) or
compatible

USER
INTEREACE

Prompted Menu Screen

Prompted: Menu Screen
(how, why, explain)
Knowledge Base
created w/word
processing software,
the compiled

Explanation (how &
why) Trace (and
panels) Knowledge
Base created w/word
processing software

Line oriented Know-
ledge Base created
w/regular word
processor software

Explanation (how, why,
expain) Prompted-menu
Screen Knowledge Base
created w/word

processor the compiled

Explanation
(how, why, explain)

Prompted Menu Screen
Knowledge Base created
w/word processing
software then compiled

APPLICATIONS

Small Knowledge
Systems

Small Knowledge
Systems

Demonstration Systems

Used by DEC to
develop a small
classroom assignment
program

Small Knowledge
System

Small Knowledge
System

Small Knowledge
Systems

Table 3-1 (cont.) A PARTTAL LIST OF KNOWLEDGE BASED EXPERT SYSTEM SHELLS

SUPPORT

Manual

Manual

4-day course, Manual,
Library of simple
systems phone-in-user
support

Manual

Manual
(Company Printout)

Manual
phone-in-user support
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DISTRIBUTOR
(Manufactors)

Expert software Int.

Level 5 Research

Teknowledge Inc.

J. Reiter,
S. Barth, and
A. Paterson

Expert System
International

Exsys Inc.

Human Edge Software
Corporation

INTRODUCED
(COST)

1983
($2,000)

1984
($95)

1984

($12,500) includes
all material (entry

cost $2,000)

1984
($1,895)

($295)

1984
($495)

CONSULTATION
PARADIGN

Example driven

Diagnosis/
Prescription

Diagnosis/
Prescription

Diagnosis/
Prescription

Automated text
(diagnosis/
prescription

Diagnosis
Indentification

Diagnosis/
Prescription

A PARTTAL LIST OF AVAILABLE KNOWLEDGE BASED EXPERT SYSTEM SHELLS

FEATURES

Example (one rule)
Decision tree algorithm

If-Then rules (+/- 400)
Forward & Backward
chaining certainty
factors

If-Then rules (+/- 200)
variable rules certain-
ty factors, Backwards
chaining depth first
modus ponens

If-Then rules Forward
chaining Bayesian
probability propagation

If-Then rules Backward
chaining depth first
resolution

If-Then rules Forward &
Backward chaining
probability certainty
factors

If-Then rules Backward
chaining probability
and certainty factors

LT
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CHAPTER IV

OVERVIEW OF EXPERT EDGE

Expert edge (also known as TESS),is an expert system building
tool designed to assist in the development of consulting or diagnostic
types of KBES (11). It is distributed by the Human Fdge Software Corp-
oration in the United States and by the Helix Expert System Ltd. in the
United Kingdom. Expert Edge is written in the C programming language and
runs on the IBM Personal Computer, PC XT or PC AT. It requires a dual
drive system and 256K bytes of RAM, however, 512K is recommended to take
full advantage of Expert Edge. The program is supplemented with a very
useful manual and a customer support phone service. The Expert Edge
program includes three disks, the Expert Edge Runtime Version Disk.

Expert Edge offers several features that make the construction
and understanding of a KBES much easier. A list of some of the key )
features includes:

—Rule based representation of knowledge

-Rules are easily entered (Expert Edge prompts the user to

enter rules step by step).

-Interfaces with other IBM software (DIF, SYLK, WKS and MEM

formats are supported for data entry)

-KBES rules can include equations and comparators (i.e., is less

than)

—Passwords can be installed to protect the resulting KBES

—-Automatic question generation facility (if not supplied by the

knowledge engineer)
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-KBES can be automatically demonstrated
" —Runtime version of Expert Edge is available for the builder to

distribute the KBES

-Special user language (knowledge base may be altered or created
using a word processor)

-Knowledge bases can be automatically checked for redundant and
conflicting rules

-Lines of reasoning can be traced during an advisor session for
easy debugging of the knowledge base

-Bayesian statistics are used to handle probabilities

—Certainty factors or crisp reasoning is available

-Format control (screens, windows, color, probability, data
format, and numeric punctuation can be altered easily)

This chapter reviews some of these features in more depth, that is, the

ones that are used frequently in constructing the prototype.

4,1 SYSTEM ENVIRONMENT

The user interface is based on the monitor divided into six
windows, These windows simultaneously display several pieces of inform-
ation. This information includes conclusions reached, user progress,
questions, answer, main menu, system status data and error messages. A
seventh window (displays HELP messages), is only viewed when the user
presses the F4 key (on the computer keyboard). The help message can be the
information entered by the knowledge engineer or default text. This text
is designed to provide instant help to explain any question asked by the

system.,
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The main menu mentioned above contains four commands. These
commands and their subsequent subcommands are shown in Figure 4-1 (11).
The Advise command runs any KBES that is currently loaded. Learn enters
the user into a mode where a system can be constructed, amended, or re-
viewed. The Change commands allows the user to alter various parameters
of the KBES., These include the system parameters (di.e ,probability
control), windows (ie, background color), and messages (ie. ,restore
default messages). The Disk command is used to perform actions such as
reading a stored KBES, writing the current KBES and reviewing the direct-
ory. Moving down in Figure 4-1 is accomplished by positioning the cursor
on the first letter (typing the first letter) of the appropriate choice
and pressing the enter key. To move up in Figure 4-1 hit the ESC key.
This menu provides an easy method of maneuvering the particular comand
required, however, it becomes tedious and time consuming.

Though not utilized by this author to its full extent, Expert
Edge offers.a special user language to build or modify the knowledge base
with a word processor. This method of constructing a KBES is reported to
be faster than the use of the menu technique and presents the structure of

the knowledge base in a much more concise and clearer fashion (12).
4.2 RULES

Knowledge bases created using Expert Edge consist of names,
rules and evidence. Names can have values that are non-numeric, numeric,
constant, variable and the result of an equation. Rules are used by the
resulting KBES to arrive at conclusions. These rules consist of a con-
clusion and optional evidence (that leads to the conclusion). Conclusions

are broken into two or more parts corresponding to a subject, verb, and
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optional objects. The evidence is displayed after IF/AND prompts and is
broken down in the same manner as the conclusions. An example of a rule

that could be used to select a sissor truss is:

sissor truss:selected IF class:is:residential
AND use:is:church

AND a high ceiling:is:desired

Rule may also be supplemented with help text, questions and answer, these
will be explained in more depth in a later section.

Rules are connected (or linked), to other rules in two ways. One
method is by matching parts of the rules. In this method a rule can be
used to prove the evidence of another rule. An example of rules that are

connected in this manner could be:

residential:recommended IF span:is less than:50
AND use:is:family housing

AND type:is:advised

(is linked to)

single fink:advised IF span:is less than:30

Notice that the verb (advise), in the evidence of the first rule and
conclusion of the second rule is identical. This is required to link the
two rules,

The other method of linking rules is through the use of a name
tree. This method consists of grouping specific names under general
names. Figure 4-2 shows how a name tree could be used in developing this

prototype:
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FIGURE 4-2 SAMPLE NAME TREE FOR TRUSS INFORMATION

Expert Edge offers the feature of specifying three types of -
rules. These include inquiry rules, answer rules and menu rules. An
inquiry rule provides the starting point of the KBES. At least one
rule of this type is required in a KBES, and only the top rule of the
KBES should be an inquiry rule. The question text of this rule will
be displayed at the beginning of the session in a menu form and is
selected to start the session. Answer rules are used to display
conclusions as they are proved by the KBES. At least one rule of this
type is also required in all systems. A menu rule displays its evidence
as a list of options. The program only attempts to prove rules that
follow from the option selected. This type of rule is particularly

useful in branching the knowledge base into separate lines of reasoning.rk
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An example of how part of the name tree shown earlier could be represented

using a menu rule is:

configuration:suggested IF triangular:selected
ANSWER triangular
AND bowstring:selected
ANSWER bowstring
AND parallel chord:selected
ANSWER parallel chord

QUESTION What type of truss do you wish to use?

Rules within the KBES may be any combination of the above types, but if
the rule is used only to provide intermediate conclusions then no type
need be specified.

Evidence is an optional statement that is used to prove the
conclusion of a rule. The evidence is displayed after an IF/AND prompt,
and should be broken into two or more parts corresponding to a subject,
verb and optional objects. Expert Edge offers many features for the
development of evidence. The most useful of theseare comparators, numeric
name values and identities. An example of evidence containing comparators
was shown in the rule linking example (span:is less than:50). The
comparators available include:"is less than'", "is greater than", "is equal
to", "is less than or equal to" and "is greater than or equal to". There
are three types of numeric names available. These are constants (value
is held permanently in the knowledge base), variables (KBES asks for the
value directly), and equations (values calculated from other variables
and/or constants). An identity of a name is another name with an ident-

ical value or meaning.
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4,3 TEXT INFORMATION

Expert Edge offers the knowledge engineer a variety of methods to
supplement the XKBES with useful messages. These include help, questions
and answers. Help text can be entered for conclusions and evidence, and
is used to provide the user with additional information about the current
rule. This information usually takes the form of definitions of terms.
Questions are used by the system to obtain information from the user dur-
ing the session. Answer text should be entered for the conclusion of a
rule, when the rule has been identified as an answer type rule., Answer
text is also used to form the list of options for a menu rule. Text
information can be entered by the knowledge engineer or default text

supplied by Expert Edge.
4.4 OTHER SYSTEM FEATURES

Expert Edge contains an explanation facility referred to as the
WHY function. This function permits the user to trace backward througa
the chain of reasoning. When prompted this function displays the con-
clusion and evidence used to reach the conclusion,

The user of a KBES created with Expert Edge can enter footnote
like messages to justify answers. To enter messages such as this the user
must enter the BUT function. When the message is completed the user may
continue to answer questions.

Expert FEdge can also handle probabilities (or certainty factors)
when answering questions. This is performed by moving the cursor along a
horizontal scale to the appropriate value and hitting the enter key. The

values of 100 (yes), 50 (maybe) and O (no) may be entered directly. A
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known value may be entered by using the value heading. An example of how

87 can be entered this way is:

press Vv

then enter 8 and 7

If the user wishes to ignore a question, Expert Edge accommodates this with
a don't know answer. Crisp reasoning is also available to the knowledge
engineer. This is useful if the answer to the questions will be only in
terms of 100/0 (true or false).

TELL is a function that allows the user or knowledge engineer to
alter answers, enter known answers in advance, perform a what if examin-
ation and ignore remaining questions. This function is particularly
useful in checking and debugging prototypes. The process of wading
through questions to check a solution path can be avoided using TELL
and entering known data. To check other possible solution paths, enter
TELL and alter existing answers. This is considerably faster than re—_
starting the system. The TELL function is a valuable asset to this tool
and should not be overlooked by the knowledge engineer or the user of a

KBES.

4,5 SUMMARY

Expert Edge is an excellent KBES building tool, especially for
problems of the following types: categorizing, consulting, diagnosing and
forecasting. This system offers many programming aids to assist the know-
ledge engineer and the user. Among them are the ability to easily alter
the screen format, the ability to handle probability of solutions, the

ability to perform mathematical calculations and the ability to add several
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types of helpful texts.

One drawback that was found with this system was its inability
to handle higher mathematical calculations such as square roots and trig-
onometrical functions. However, this can be overcome by developing a
library of special mathematical functions and incorporating them into an
empty advisor. Expert Edge is accompanied by a user manual that leads the
user through several demonstrations to explain the features of the tool.
The manual also includes discussions of these features and several exam-
ples are presented to demonstrate the use of these features. In addition
to this, Expert Edge offers a customer phone service support, but it was

not found to be of much help.
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CHAPTER V
PROTOTYPE DEVELOPMENT

The prototype developed in this report addresses the area of wood
truss design. The design process of wood trusses involves three major
steps (16). First is the gathering of information such as the span,
pitch, spacing, material, etc. Following this is the selection of feasible
geometrical configurations. This is followed by analysis of the truss
(determining all member axial forces). For the development of this proto-
type it is assumed that information concerning the first step is avail-
able. Further research in KBES technology could lead to the linking of a
prototype such as the one in this report to an analysis program. This
would assist in the third step of the design. The second step is where
the prototype becomes useful, the recommendation of a suitable geometrical
truss configuration. In the following sections the scope of the protdEype,
the decision tree, the development of some of the rules contained within

the KBES and some sample problems are presented,
5.1 SCOPE

This prototype was developed to assist in recommending feasible
wood truss geometries. For simplicity, this prototype was confined to:

-allowable stress increase of 157

—truss spacing of 24 inches on centers

—-design loads of 30 psf on the top chord and 10 psf on the bottom

chord
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-pitches of 3 to 12 and 4 to 12
~lumber species of No. 1 Southern Pine KD, Dense No. 1 Southern
Pine KD and Dense No. 2 Southern Pine KD
~top and bottom chord must be of the same species
~top and bottom chord lumber sizes of 2 x 4 or 2 x 6
-spans between 10 and about 50 feet (depending on the type of
lateral support)
-seven truss geometries refer to Figure 5-1
This figure does not contain all available trusses but does contain the
most commonly used. Other factors being equal, economy is the prime
consideration and therefore the truss geometry with fewer members or fewer
members in compression is recommended (compression members often require

more bracing).
5.2 RULE DEVELOPMENT

The rules used in the prototype were developed by organizing -
the available information into a hierarchial form, then creating rules to
maneuver through the branches of the decision tree. The best way to
explain the rules in the prototype is to follow one of the lines of
reasoning. F[igure 5-2 shows the rules required to recommend a Fink type
truss. The first rule the user encounters is an inquiry rule. This rule
is used to start the KBES and to select the preferred design loads (for
now 30 psf top chord and 10 psf bottom chord). It is linked to rule "pi'",
which is used to determine the desired pitch (3 to 12 or 4 to 12). This
rule is a menu type rule (recall from Chapter IIT that if the 3 to 12
pitch is selected, all knowledge concerning 4 to 12 pitch will be ignored).

This rule is linked to the rule used to determine the species (or type5 of
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Figure 5-1 TRUSS GEOMETRIES. CONTAINED IN KNOWLEDGE BASE
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lumber desired. It is also a menu type rule. The species the user may
select from are: No. 1 Southern Pine KD, Dense No. 1 Southern Pine KD,
No. 2 Southern Pine KD and Dense No. 2 Southern Pine KD (For this explan-
ation No. 2 Southern Pine KD will be followed). This rule is linked to
the rule used to determine the type of lateral support preferred. The
three choices are continuous lateral bracing, more web material and
reduced panel length of the bottom chord. Continuous lateral bracing
refers to bracing provided at the midpoints of the compression members

and perpendicular to the plane of the truss. More web material

refers to truss geometries that have shorter compression members. However,
as the name indicates, these usually require more web material. The third
choice is to reduce the panel length of the bottom chords. Table 5-1
shows the trusses that are grouped below these three categories. For this
explanation the more web material branch will followed. The next rule is
an answer rule. As mentioned earlier, the answer is only produced if all
the evidence is true. In this case the span would have to be greater than
or equal to 15 feet, less than or equal to 27 feet, bottom chord lumber of
2 x 4. If these conditions are met the answer is displayed (A FINK truss
is recommended), in the dialogue window. It is important to note that
there are several other lines of reasoning that would produce the same

recommendations.

CONTINUOUS MORE REDUCED
LATERAL WEB PANEL, LENGTH
BRACING MATERIAL OF BOTTOM CHORD
Kingpost Kingpost Kingpost
TRUSS Kingpost with Diagonals Fink Howe
Modified Queenpost Belgian Double Howe -~ -~

Table 5-1 TYPES OF LATERAL SUPPORT AND RESPECTIVE TRUSSES.
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5.3 SAMPLE RUNS

This section contains some sample runs of the prototype. These
samples are run by selecting the Advisor option from the main menu, then
answering the questions the prototype presents. The first example is a
consultation that recommends a Modified Queenpost geometry. The second
consultation recommends a Fink geometry and also demonstrates the use of
the WHY function., The third sample run recommends a Double Howe geometry.
However, at first no recommendation could be obtained with the information
provided. Following this, the TELL function was entered and the inform-

ation was modified such that a conclusion could be reached.

5.3.1 SAMPLE 1

The dialogue of the first consultation is presented below.
Figure 5-3 shows the freebody diagram used for the input data. Given
this data, very little time was required for the prototype to reach the
conclusion that a Modified Queenpost geometry is recommended. The té;t
that is underlined is the questions the prototype presents to the user.
The text following the dash marks are the input data. The information

contained in the brackets shows the conclusion the prototype has

recommended,



44

Spacing = 24" c¢/c
AST = 1.15

30 psft

12

10 psf

34"
e ' —

Try: No. 2 Southern Pine KD lumber
2 x 6 top chord
2 x 6 bottom chord
(lateral bracing preferred)

Figure 5-3 INPUT DATA FOR SAMPLE 1

LOADING 1 (70 pst top chord and
10 psf bottom chord) .,
The acceptance level is currently 7O
What wvalue of pitch would vou like™ -
o LD i
What species of lumber would viou like?
~ #2 scouthern pine (Fdy

Which would vou rather provide? -
continuous lateral bracing

What is the length of the 20TTOM
CHORD in feat?- 34,00

BOTTOM CHORD size 247 — &.00

TOF CHORD size 18 onrT— 4.00

- It ia 100 prercent certain that A
MODIFIED GQUEENFOST +truss is
recommendsd. :
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5.3.2 SAMPLE 2

This session demonstrates the WHY function and its use. Figure
5-4 shows the freebody diagram of the input data., With this data the
prototype recommends a Fink geometry. The information following the
recommendation is what appears in the dialogue window when the WHY
function is activated (pressing F6 on the computer keyboard). As
mentioned earlier, this function backtracks through the inference to
justify its recommendations. The messages presented are default messages

contained within the Expert Edge building tool.

Spacing = 24" c/c
AST = 1.15

t v+ ¥ ¥ § 7§

10 psf

26"
e t

Try: No. 1 Southern Pine KD lumber
2 x 4 top chord
2 x 6 bottom chord
(more web material preferred)

Figure 5-4 1INPUT DATA FOR SAMPLE 2
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The message shown above the dashed line is presented when the F6 (WHY)
key is pressed. This message is the conclusion and evidence of the
answer rule the session proved. The next message is obtained by pressing
the F6 key again. This is the rule that preceded the answer rule. The
next two messages are obtained in the same manner and represents other

rules used to prove the conclusion.

5.3.3 SAMPLE 3

This session recommends a truss geometry for the information
shown in Figure 5-5. Based on that information the prototype at first
could not make a recommendation (no conclusion could be reached). To
obtain a recommendation the TELL function was entered and then the
"modify an answer', branch (boxed text in printout). The top chord
lumber was then changed from 2 x 4 to 2 x 6, After this change was
completed and the Advise Mode was entered the prototype recommended
a Double Howe geometry. Other changes may have been tried such as the

species of lumber or the type of lateral support.



Spacing = 24" c/c
AST = 1,15

30 psf

12

10 pst

QO'

- P

Try: No. 1 Dense Southern Pine KD lumber
2 x 4 top chord
2 x 6 bottom chord .
(reduced panel length of the bottom chord preferred)

Figure 5-5 INPUT DATA FOR SAMPLE 3.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

6.1 SUMMARY

The main objectives of this report were to review the current
technology of KBES and their applications in the domain of Civil
Engineering. An additional objective was to review and test the
applicability of the expert system building tool Expert Edge in develop-
ing a prototype KBES using a micro computer. The prototype developed in
this report can recommend the geometry for a wooden truss. The word
geometry here refers to the configuration of the web material., It took
approximately four weeks to develop this prototype. This was accomplished
through a sequence of adding more rules at different levels in the
decision tree of the preliminary KBES. This process of development ..
gradually increased the complexity of the prototype and made it more
versatile. The end product is a prototype that contains approximately
three hundred rules and in its present stage can assist in the preliminary
selection of a wooden truss type.

-allowable stress increase of 15%

—-truss spacing of 24 inches or centers

-design loads of 30 psf on the top chord and 10 psf on the bottom

chord

-pitches of 3 to 12 and 4 to 12

-lumber species of No. 1 Southern Pine KD, Dense No. 1 Southern

Pine KD, No. 2 Southern Pine KD and Dense No. 2 Southern Pine KD
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-top and bottom chord must be of the same species
. —top and bottom chord lumber sizes of 2 x 4 or 2 x 6
-scans between 10 and about 50 feet (depending on the type of
lateral support)

-seven truss geometries (see Figure 5-1)
These limitations were based on information provided by Inter-Lock Steel
Company and (17). However, if needed any of these areas could be
expanded easily and with little time involved.

Further work on this prototype should include a default that
would produce a recommended lateral support type and possibly the species
and size of the top and bottom chord lumber. This improvement could be

accomplished by the use of certainty factors.

6.2 CONCLUSION

KBES have a place in the domain of Civil Engineering, especially
in the area of structural design. One such problem involves selecting
a suitable geometry of a truss prior to analysis. The building tool used
for the development of this prototype was Expert Edge. This building tool
is very useful, but like most of the KBES building tools for micro
computers on the market today it seemed to be oriented towards business
applications rather than engineering. There are building tools available
that are oriented towards engineering applications, two such tools are
INSIGHT ITI (an updated version of INSIGHT I) and EXSYS (13). However,
because a building tool such as this was used in the development, a
suitable prototype was constructed without any significant programming
and was completed in a relatively short period of time. This conclusion

in itself shows that micro computer applications of KBES technology



offer

an inexpensive alternative for small consulting systems.
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PROGRAMMING CONSIDERATIONS
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Rules used in the Expert Edge building tool are statements that

consist of a conclusion and optional evidence that is used to prove the

the conclusion (11).

The following is an example of a

within the prototype.

RULE
RULE
CconC

TYFE
LUSION

ANSWEF

FPRE

FRE
FRE

FRE
FRE

FRE
FRE

FRE
FRE

A rule such as this is entered using the

menu,

NO EVD
IF

IF CON
IFN CON
AND

IF CON
IFN CON
AND

IF COoN
IFN CON
AND

IF CON
IFN CON

bl12a

AMNSWER

belgian | recommended

A BELGIAN truss is recommended.
100

£pan + 1 greater than | 27

100

)

span 1 1s lees tham | 32

100

(®)

bottom chord size | is equal to
100

0

top chord size |
100

0

is equal to !

rule contained

4

4

"Learn" command from the main

The following steps are required to add a rule such as this one to

the knowledge base.

Select the "Learn" command from the main menu.

Select the "add a rule" option from the nest menu (navigate,

add a rule, delete a rule, rationalize knowledge).

Enter the conclusion (the program prompts for the subjectvfém
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be entered first). For this example the conclusion is
Belgian (type Belgian and press the return key).

4, Next enter the verb (Expert Edge also prompts for this).
The verb used in this rule is recommended.

5. Following this Expert Edge prompts for the first objective to
be entered. The conclusion of this rule does not have an
objective, therefore just press the return key.

6. The program now prompts the user to enter the evidence if
there is any. The example rule contains four pieces of
evidence., These are entered one at a time in a manner similar
to entering the conclusion (steps 3, 4 and 5). The following
entries provide the evidence for this rule:

—span

—-is greater than

-27

—-span
-is less than

-32

—-bottom chord size -
-is equal to

~4

—top chord size
-is equal to

4

7. The program continues to prompt the user for evidence until
the return key is pressed twice. When this is done the
program displays the message ¥¥#*END OF RULE**%%* in the out-
put window,

8. Probabilities associated with the conclusion and evidence
would be entered following this. However, the prototype
was developed using the crisp reasoning feature and truss,
These steps were omitted, ;
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9. Expert Edge now displays a menu for editing or entering
associated text for the evidence (questions, answers and
help). To enter this text select the option desired and
press the return key. The program then prompts for the
text to be entered. To leave this menu press the ESC
key. Since no text is associated with any of the evidence
in this example the ESC key was hit four times.

10. The program now asks the user for the name of the rule. The
name of the example rule is bl3a.

11. Expert Edge then displays a menu of rule types. To enter
the type select the appropriate type from the menu and press
the return key. To escape from this menu press the ESC key.
The rule in the example was an answer type rule.

12, The last information the program seeks from the user is the
text associated with the conclusion. This is entered
similar to text for the evidence (step 9). In this example
the text "A BELGIAN truss is recommended" is the answer to
be displayed if the rule is proved to be true.

Following this step press Fl to return to the main menu or ESC to

return to the Learn menu.

A-2 DECISION TREE

The decision tree is a method of organizing names, so that -
specific names are grouped under general names. Figure A-1 shows the
decision tree used to develop the prototype. This figure shows the paths
an inference may follow to produce a conclusion. The formation of this
tree is based on information provided by the Inter Lock Steel Company and
(17). The placement of the nodes (or names), is accomplished using the
"Learn" command from the main menu. The following is an example of the

commands to enter and place the name "pitch".

Commands Form Main Menu To Enter A Name

-Learn (menu selection)

—Navigate (menu selection)
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-Specify The Rule or Name Directly (menu selection)
- -Pitch (typed input)

~Look More Closely (menu selection)

-Position In The Tree (menu selection)

~Sideways (menu selection)

~Noun (menu selection)

-Downward (menu selection)

-Loading 1 (menu selection)

~**¥ADD** (menu selection)

This example assumes that the name "pitch" has not been placed

previously in the tree.
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MAME
SUFERSET
VALUE
MNAME
SUFERSET
VAL.UE

MAME
SUFERSET

MNAME
SUFERSET

NAME
SUFERSET
MAME
SUFERSET
MAME
SUFERSET
VAL UE

NAME
SUFERSET

NAME

SUFERSET
ValL UE

NAME
SUFERSET
NAME
SUFERSET

MAME
SUFERSET
MAME
SUFERSET

MAME
SUFERSET
VALUE
NAME
SUPERSET
VAL UE

MAME,
SUFPERSET

MAME

"SUFERSET -

MAME.
SUFERSET

double howed
reduced pannel length2

43
constant

win

kingpostl4

wely material?ia
lateral bracing3s
lateral supportisg
53

constant

53,00

24

constant

2 )0

&t a

lateral support44
Mo 1 DEM SF KD4

kingpost24b
reduced panel length4

three to twelve
pitch

lateral bracing44
lateral support44

X4
constant

. -

kingpost44
web materiald4d

3
gongtant

Wt n

kingpost w diag2
lateral bracing2

kingpost w diagl
latggal braciné

kingpost w diag4
lateral bracing4

kingpost w diag3
lateral bracing3

44

constant
4.00

constant
4.00

web materiall4é
lateral support24

mod gueenpost?

“lateral bracingd

mod queenpostl
lateral bracing
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MAME
SUFERSET
VALUE

NAME
SUFERSET

MAME
SUFERSET

NAMIZ
SUFERSET

MAME
SUFERSET

NAME
SUFERS
VAL UE

NAME
SUFERSET

MAME
SUFERSET
VALUE

MAME
SUFERSET

NAME
SUFERSET

NA
SUFERSET

NAME
SUFERSET
VAL UE

MAME
SUFERSET
MIMIMUM
MAX T MLIM
QUESTION

MAMIZ
SUFERSET

NAME
SUFERSET

MAME
SUFBﬁﬁbT

60

Mo 1 SF KD
type

kingpost44h
vediuced panel length44

nod queenpost4
lateral bracings

"‘;l

wd
ronﬁtant
25,00

nod queenpostd
lateral hrac1ng§

web material34
Mo 1 SF KD4

Mo 2 SF KD
type

finkl
web material

é
constant
6)" ()

reducead Ranel length34
Mo 1 $F KD4
";I‘
constant
5. 00

kingpost34b _
reduced panel length34 —

fink?2 o

web materiall -
45

canstant

45,

fink3 R
weh materiald

148
constant
éa. 00

LY

span
conatant

10.00

100. 00 ‘
What is the length of the ROTTOM CHORD i
n feest?

fink4
web materiald

t(r@e to twelve

26
constant
00

' - ——



MAME
SUF|
MIN]
MAX I
QUES

MAME
SUFERSET
ValUE

MAME
SUFERSET
VALUE

RSET
MLIM
MUM
TI0

")

M

MAME
SUFERSET
VAL UE
NAME

SUFERSET
YALUE
NAMIE
SUFERSET
VALUE

MNAME.
SUFERSET

NAME
SUFERSET

MAME
SUFERSET

NAME
SUFERSET

MAME
SUFERSET
VALUE
NAME
SUFERSET

NAME
SUFPERSET

MAME
SUFPERSET

NAME
SUFERSET

MNAME
SUFERSET

NAME
SUFERSET

hottom chord size
constant
4.00

Ga 00
BOTTOM CHORD sixe

36

constant

46

constant
4. 00

17

constant
7.00

5é

constant

56.00

27

constant

27.00

belgianl
web matervial

belgiand
web materiall

belgiand
web material3

web lumber
lateval support

37
constant

belgiand
web materialdg

Mo 1 DEM SF KD4
SpPaC

Mo 1 DEM SF KD
type

web materialss
lateral support44s

Ma 2 DEM $F KD4
spec

Mo 2 DEM SF KD
type
18

constant
18.00

web material
lateral support

spec
four to twelve

Ax?
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MNAME
SUFERSET

NAME
SUFERBET
VALUE

MAME
SUFERSET

NAME
SUFERSET
ALUE
AME
SUFERSET
MAME

SUFERSET
VAl UE

NAME
SUPERSET
NAME

SUFERSET

MAME
SUPERSET

MAMIZ
SUFERSET

MAME
SUFERSET

MAME
SUPERSET

3

u')Z <

NAME
SUFERSET
MINTMUM
MAX IMUM
QUEBTION

NAME
SUFERSET

NAME.
SUFRERSET

b2 Sk
Val.UE

NAME
SUFERSET

MAME
SUFERSET
VAL UE

NAME
SUFERSET
VAL DE

MAME
_SUPERSET

webh material?
lateral support2
57

constant

57.00

web materialld
lateral support3

29
constant
141¢)

i

kingpostl
web mateyial

40
constant
40.00

klnngbth
web materiall

lateral bracing?
lateral support?

lateral deClﬁﬂ
lateral suppor®

web materiald
lateral support4

kingpost3
web matevial3

lateral bracing4d
lateral supportsa

top chord length
constant

10.00

80.00

whaf is the length of the TOF CHORD in

eet?

kingpost4a
webggat911a14

lateral bracing3
lateral suppor¥®3
20

constant

30

lateral bracingls4
lateral supportisg

38
constant
38. 00

50
constant
50400

Mo 1 SF KDh4
Spec

.f‘
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MNAME
SUFERSET
Val.UE

NAME
SUFERSET

MAME
SUFERSET
VAL UE

NAME
SUFERSET

MAME
SUFERSET

MAME
SUFERSET
VALUE

MAME
SUPERGET
ValLUE

NAME
SUPERSET
VALUE
NAME
SUFERSET
QUESTION

MAME
SUPERSET
A
J

X
im

mm Cmin min
X m

43

M

—

b
53
m
-

NAME
SUPERSET

NAME
SUFERSET

NAMLE
SUFERSET
VAL UE

MNAME
SUFERSET

MAME
SUFERSET

63

top chord size
constant

6. 00
TOF CHORD size is 2x7?

44
constant

"

web materiall4
lateral supportl4

21
constant
31.00

Mo 2 GF KDA
spec

reduced panel length44
lateral support44

29
constant
0O

41
constant

CRRY

39
constant
K 00

.

itch

oading 1 )
What is the vertical component of the rao
of slope(ie. 3,4,9,4)7

loading 1
noun

22
constant
22.00

loading 2
noun

reduced pamel length
lateral support

reduced pannel lenagth4
lateral support4d

kingpogstlda )
lateral bracinglida "~

reduced panel lengthlA4
lateral supportl4

49
constant
49.00

kingpost3da
lateral bracing34

reduced pannel lengthd
lateral supportd



NAME
SUFERSET

MAME
SUFERSET
NAME
SUFERSET
VAL UE

MAME
SUFERSET

NAME
SUFERSET
NAME
SUPERSET
NAME
SUPERSET
NAME
SUFERSET
MAME
SUFERSET
NAME
SUFERSET
NAME
SUPERSET
NAME
SUFERSET

NAME
SUFERSET

Nz
D
X
m

SUFERSET

Zz <NXE

D> »C

-
132
—

SUFERGET

MAME
SUFERSET

NAME
SUPERSET

MAME
SUFERSET
MAME
SUFERSET

MAME,
SUPERSET
VALUE

MNAME
SUFPERSET

NAME
- SUFERSET

64

kingpostl4a
lateral bracing24

kingpostis
web materialls

32
cgnstant

A N

reduced pannel length2
lateval support?
lateral supportl4

Mo 2 SF KD4

lateval support
Mo 2 SF NDpp

lateral suPportE
Mo 2 DEM S KD

lateral support3

Mo 1 SFP KD

kingpostib

reduced pannel length
ingpostla

ral hbracing

e
ingpostla

lateral support4
Mo 1 DEM SF KD

kingpostab _ .
reduced pannel length2

ingpost3a
ateral bracing3 -

k

1

42
constant
42.00

kingpost3b
reduced pavwnel length3

kingpostd4a
lateral bracing4

kingpostab )
reduced pannel length4

kingpost34
web materiali4

howel .
reduced pamnmmel length

23
constant
23.00

kingpost44a
lateral bracing44

reduced panel lengthl4 .
lateral support24



MAME
SUFERSET

MNAME
SUFERSET

MAME
SUFERSET

MAME
SUFERSET
Val.UE

NAME
SUFERSET

NAME
SUFERSET

HAME
SUFERSET

MAME
SUFERSET

MAME
SUFERSET

NAME
SUFERSET

NAME
SUFERSET

NAME
SUFERSET

RULE
RULETYPE
CONGLUSTON
AUESTION

ANSWER
FRE NO EVD

IF
QUESTION
PRB IF CONM
FRR

RULE
RUCETYFE
CONCLUSTON
QUESTION
FRE MO EVD

IF

ANSKWER
FRE IF CON
FRE IFN CON
AND

ANSWER

FRER IF COMN
FRE IFNM COM

3

IFN CON O

65

kingpostléeb
rediaced panel lengthl4
howe?

reduced panmel length2

lateral suPport24

Mo 2 DEM SR KDa

33

constant

33.00

howed

reduced pannel length3
lateral supporti4

Mo 1 &P KD4

double howel

reduced pannel length
double howsd

reduced pannel length4
four to twelve
pitch

lateral bracingl4
lateral support24

double howel
reduced pannel length3
howe4

reduced pannel length4

ol
ENMQUIRY
loading 1 '
LOADING 1 (30
%ttmm chard) .

100
ﬁitch i selected
lggt value of pitch would you like?

suggested i
pst top chord and 10 psf b

D i
&ENU

itch | selected

gst value of pitch would you like?

three to twelve ! desired
3 to 12

160

Q

four tao twelve | desired
4 to 12

100

0
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RULE tr
RULETYFE M NU
CONCLUS TN { 1 desired ,
QUEST ION What species of lumber would you like?
FRE NO EVD 100
IF Mo 2 SFP KO | advised
ANSWER $2 southern pine (k)
FRE IF COM 100
FRE IFN COMN O
ANMD Mo 2 DENM SF KD | advised
ANSWER #2 dense southern pine (kd)
FRE IF CON 100
FRE TFN CON O
AMD Mo 1 SF KD 1 advised
ANSWER 1 umuth@rn pine {(kd)
FRE IF COM 1
FRE TIFN CON
AND No 1 DEN SF KD | advised
ARSWER #1 dense southern pine (kd)
FRE IF CONM 100
FRE IFN CON O
RULE SP
RULETYFE MEMU
CONCLUSTON spec | desived o
GUESTION What species of lumber would you like?
FRE MO EVD_ 100 o _
IF Mo 2 8F KD4 | advised
ANSUWER #2 southern pine (kd)
FRE IF CON 100
FRE IFN CONM © ) )
AND Mo 2 DEM SF KD4 | advised
AMSUWER #2 dense southern pine (kd)
FRE IF CON 100
FRR IFM CON O ]
AND Mo 1 GF KD4 | advised
ANSWER #1 southern pine (kd)d -
FRE IF COM 100
FRE IFN CON O
 ANMD No 1 DEM SF KD4 | advised
ANSWER #1 dense southern pine (kd)
FRE IF COM 100
FRE IFM COM ©
RUL.E by 4
RULETYFE MEMU
CONCLUSION  lateral supportd4 | advised
RUESTION Which would you vrather provide?
FRE MO EVYD_ 100
IF lateral bracinagd4 | recommended
ANSWER continuous lateral bracing
FRE IF COM 100
FRE IFN COM O
AND web materiald | recommended
ANSWER movre web material
FRE IF CONM 100
FRE IFN CON ©
AND reduced pavmel length4 | recommended
ANSWER reduced pannel length of the bottom chor
FRE IF COM 100

FRE

IFN CON O



RULE by 2
RULETYFE MIEMU
COMCLUSTON lateral suppovtd | advised )
QUESTION Which would you rather provide?
FRE NO EVD 100

- lateval bracing2 | vecommended
ANSWER continuous latérval hracing

FRE IF CON 100
FRE IFN CON O
AMD web material2 | vrecommended

ANSWER more web material
FRE IF CON 100
FRE IFN COM O

_ AMD reduced pannel length2 | recommended
QUESTION reduced pannel length of the bottom char

d
FRE IF CON 100
FRE IFM CON O

RULE byl
RULETYFE MEMU
CONCLUSTIONM  lateral support | advised

GULSTTDN Which would you rather provide?
FRE MO EVD 100

IF lateral bracing | recommended
AMSWER cantinuous lateéral bracing

FRE IF CONM 100
FRE TFN CON O 4
AND web material | recommended
ANSUWER more web material
FRB IF CON 100
FRE IFN CON O
AMD reduced pannel length | vecommended
QUESTION Eedured pannel length of the bottom chor

FRR IF CONM 100
FRE IFM COM O

RULE br3

RULETYFE MEMU

COMCLUSION lateral support3 | advised
QUESTIOM Which would you rather provide?

FRE NO EVD 100 L i
IF lateral bracing3 | recommeénded
ANSUWER continuous lateral bracing
FRE IF CONM 100
FRER IFN COM O
. AND web materiald | recommended
ANSWER more web material
FRE IF COM 100
FRR IFN CON ©
) AND reduced pannel length3 | recommended
QUESTION ﬁeducod pannel length of the bholtltom chor

FRE IF CON 100
FRE IFM CON O



RULE
RULETYFE
CONCLUSTOM
QUESTION
FRE NO EVD
IF
ANSWER
FRE IF CON

FRE IFN CON O

AMD
ARNSWER
FRROIF COM
FRE IFN COM

AMD
ANSWER
FREB IF CON
FRE IFN CONM

RULE
RULETYPE
CONCLUSION
QUEST I OM
FRE NO EVD

IF
ANSWER
FRER IF COWN

FRE IFM CON

AMD
FRE IF CON
FRE

IFN CoN
_AND

IF CON

IFN COM

FRE
FRE

RULE
RULETYFE
CONCLUS oM
QUEST 10N
FRE NO EVD
ANSWER

FRE 1F CON
FRE IFN GON

AND
ANSWER
FRE IF COM

68

by 14

MENL)

lateral supportld | advised
TB%CH would you rvather provide?

lateral bracingl4 | recommended
continuous latevral hracing

100

web materialld | recommended
moye webh matevyial

100

0
reduced panel

lengthld | recommended
r?ducad panel
)

length of the bottom chovd

0

br24

MENL

lateral support24 | advised
?%%ch would vou rather provide?

¥

lateral bracing24 | recommended
cggtlnuoug lateral bracing
1

O

weh orecommanced

100

reduced
10
0O

materialls

panel length24 | recommended

fod

Dy 44 -
MIERL)

lateral support44 | advised

?88Ch would you rather provide?

lateral bracing44 | recommended
iggtinuouﬁ lateval bracing

0

webh materialdd |
more web material
100

recommended

FRE IFN COM O

AND
ANSWER
FRE IF CON
FRE IFN CON

reduced panel length44 | vecommended
Egguced panel length of the hottom chord

0



ANSWE]
IFM CQN 0

RULE
RULETYFE
COMCLUSION
ANSWER

FRE
FRE
FRE
FRE
FRE
FRE
FRE
FRE
FRE

IFN CON

69

hr34

MEML

lateral support34 | advised .
Which would you rather provide?
100

lateral bracing34 ! vecommended
?qgtinMOU§ lateral bracing

10

web material34 | recommended
more web material
100

0
reduced panel length34 | recommended
{gguced panel length of the bottam chord

0

ha3c

AMSWER

howe?2 | recommended

?ogIMGLE HOWE truss is recommended.
span | is greater than | 24

100

1

ran 1 1s less than or equal to | 42

o
o

yttom chord size | is equal to | 4
(

chord size | is equal to | 6

CRAO=ETORAD
oa P R ]
&ST

h23d

ANSWER

howel | recommended

A glNGLE HOWE truss is recommended.
10

span 1 is greater than | 24

100

0

sPan i is less than or equal teo ! 42
é)o

bottom chord size ! is equal to ! &
100

0 . . .

tog chord size | is equal to ! &

%0



FRE

IF COWN
IFN CON 0O

70

RULE hZ23a
RULETYFE ANS wen
CONCLUSIGN howe? | recommended -
AMSUWER A SINGLE HOWE truss is recommended.
CFRRE MO EVD 100 ‘
) IF span | is greater than or equal to ! 17

FRE IF COM 100
FRE IFM CON O
o AMD span | is less than | 29
PRI IF CON 100
FRE IFN COM O

AND bottom chord size | is equal to | 4
FRR IF CON 100
FRE IFN COM O i

AND top chord size | is equal to | 4
FRE IF CON 100
FRR IFN CON
RULE h23b
RULETYFE ANSWER
CONMCLUSIOM howel | recommended
ANSWER A STNGLE HOWE truss is recommendsd.
FRE MO EVD 100

IF span | is greater than or equal to | L7

FRE IF FDN 100
FRE IFN COM ©

AMD span i 1s less than or equal to | 29
FRE IF COM 100
FREBE IFM CON O

ANMD bhottom chord size | is equal to | 4

CFRE OIF COM 100
FRE IFN CON O )
i AND toP chord size | is equal to | 4
FRE IF CON 100
FREB IFM CON O
RUL.E m23a -
RULETYPE ANSWER
COMCLUSION mod ueen?ostﬁ L recommended
ANSWER ? MODIFIED QUEENFOST truss is recommende
FRE MO EVD 100
IF span | is greater than | 24

FRE 100

) AMD span | is less than | 35
FRE IF CON 100
FRE IFM COM O
. _ _AND bottom chord size | is equal to | 4
FRE IF COM 100
FRE IFN CONM O ‘ .

AMD top chord size ! is equal to | 4

FRER IF CONM 100
FRE IFM CONM O



RULE

RULE

CONC
ANMS W

FRE
FRE
FRE
FRE
FRE

TW U
by

iz
[ruls B s alse

RULE
RULE
CONC
ANSW

PRE

RULE
RULIE

TYFE
LUSTON

ER

MO EVD
IF

IF COM
IFM CON
AND

IF COM
IFN CONM
AN

IF COn
IFM CON
AND
IF CON
ITFM COW

TYPFE
LUSION
ER

MO EVD

I
IF CON
IFM. CON
AN

IF CON
IFM CEN

TYFE

COMCLUSTON

ANSY
FRE
FRE
FRE
FRE
PRE
FRE
FRE
FRE
FRE

ER
MO EVD
T

D po?tom chord size |

F span |

N 0

sSpan

180
0

D bottom
0O

F ospan |

D bottom chord

71

m23h

ANSWER

mod queengo
3 MODIFIE
100
span |
100

0
span |
100
0

st? |} recommended

QUEENMFOST truss is recommende

is greater than | 24

is less than or equal to | 3%

is equal to |

is equal to | 4

m23c

ANSHER

mod gqueenposts | vrecommended
Q MODIFIED QUEENMFOST truss is

100

recommende

is less than or esqual to | 4%

100

-

i is greater than | 33

chord size | is equal to |

chord size | is equal to | &

e S
O

06

o

m23d

AMSUWER

mod queenpostl | recommended
g MODIFIED QUEENFOST truss is

100

recommende

is less Tthan or equal to | 45
100

0
span |
100

0

is greater than | 33

size | o o

is equal
0o

88 chord size | is equal to ! &

OO



RULE
RULETYFE
CONCLUSTION
ANMBUWER

FRR NO EV%I

FRE IF CON
FRE IFM COM

FRE
FRE

IF
IF
FRE I
FRE I
I

IF

FRE
FRE

PRE
FRE

I

[
FRE I
FRE I
FRE I
FRE I

RULE
RULETYFE
COMCLUSTION
ANSWER

FRE NO I:'_VDF

FRE IF CON
FRE IFN CON
FRE I

FRE T

FRE I

FRE IFM COMN
FRE I

FRE IF

T
o
1O
z

"N COW

72

dh23a

AMNGSUWER

double howe? | recommended

5—\080111%_' HOWE truss is recommended.
s?an i de greater than or equal to 29
100

0

gspan 1 is less than or squal to 1 34
éOO

bottom chord size | is eqgual to | 4
100

0 N
top chovd size | is equal to 174 7 i
100

0

dh23b

AMSWER

double howe? | recommended

TO%UUBLE HOWE truss is recommended.
span | is greater Than | 29

1%0 ar

Q

s?un Vs less than | 38

bottom chord size | is equal to 1 4
éOO

top chord size | is equal to | 4
%0)

dh23c

ANSUWER

double howe2 | recommended

?080UHLE HOWE truss is recommended.
an 1 is greater than 1 42

1X

O e

gpan | is less than or equal to @ 50

100

0

bottom chord size | is equal to | 4
100

% ‘ ‘

top chord size | is =qual to | 6
()()()



mxu‘»m R
FRE MO EVD

I
FRE IF CON

73

dh23d

ANSWER

double howe2 | recommended

A DOURLE HOWE truss is recommended.
100

FRER IFM COM O

AMD
FRE IF COWN
FRE

I
FRE IF C
FRE TFN COM

I
[

FRE
FRE

RULE

RULETYFE

CONCLUSION

ANSWER

FRE NO EVD
IF

FRE IF CON
FRE IFN CON

FRE IF COWN
FRE IFN CON
AND

FRE IF CON
FRE IFM CON

FRE: IF COMN
FRE TIFN COM

RULE
RULETYFE
CONCLUSION
AMNSUWER

FRE NO EVD

IF
FRR IF COM
FRE IFM CON
FRE IF COM
FRER IF .
FRE I
FRE® IF
FRE I
FRE I

F 5%%n vois greater than 42
sgan 1ois less than or equal teo | 50

IFM CON O

bottom chord size | is equal to | &

0

toP chovrd size | is equal to | &
100

0

dhl3c

ANSWER

double howel | recommended
?080UPLI HOWE truss is vecommended.
?88n i is greater than or equal to | 40
0

span 18 less than | 44

éOO

bottom chord size | is equal to | 4
100 ‘

0 . .

top chord size | is equal to | &
100

0

dhl3d

AMSWER

double howel | recommended
?ORUUBLE HOWE truss is recommended.
épén voise greater than | 40

100

0

ﬁgan v is less than | 44

% ¢

bottom chord size ! is equal to | &
(1500

tog chord size | is equal to | &
éo



RULE
RULETYFE
COMCLUSTON

74

dh13b
AMSWER

double howel | recommended

ANSWER A DOUBLE HOWE truss is recommended.
FRR MO EVD 100
IF span | is greater than | 27
FRE IF COM 100
FRE IFN CON O
AMD span | is less than or equal to | 32
FRE IF CONM 100
FRE IFMN CONM O _
Al bmkknm chord size | is equal to ! 4
FRE IF COM 100
FRE IFNM CONM O .
AND top chord size | is equal to ! 4
FRE IF COM 100
FRE TFN COM O
RULE dhl3a
RULETYFE ANSWER
COMCLUSTION double howel ! recommended
AMSWER A DOURLE HOWE truss is recommended.
FRE NO EVD 100 ]
] IF span | is greater than or equal to | 27
FRE IF COM 100
FRE IFN CON O
] AMND SPan i 1% less than | 32
FRE IF COMN 10
FRR IFN COM O )
AMD bottom chord size | is equal to | 4
FRE IF COM 100 A
FRE IFN CDN 0
] ND top chord size | is equal to | 4
FRE IF [ON 100
FRE IFM COM O
RUL.E h33a
RULETYFE ANSWER
CONCLUSION belgian3 ! recommended
AMSWER A BELGIAM truss is recommended.
FRE MO EVD 100
o IF Sgan rois greater than or equal to | 30
FRE IF COM 100
FRE IFN CON O
__AND ;pan i 15 less than or equal to | 35
FRE IF CON 100
FRE IFNM CON O
AND bottom chord size ! is equal to ! 4
FRE IF COM 100

FRE
FRE

1
I
FRE IFM CON ©
I
I

top chord size | is
éOO

gqual to | 4



RULE h33c
RULETYFE AMEWIER
CONGCLUSTION belagiand | recommended
ANSWER A BELGIAN truss is recommended.
FRE NO EVD 100
span | is greater Than or egual to | 44
FRE IF CON 100
FRER IFM COM O
} AND span ¢ is less than | 93
FRE IF CON 100
FRE TFM CON © .
AMD bottom chord size | is equal to | 4
FRE IF COM 100
FRE IFN CONM O _
. AND toP chord size | is equal to | 4
FRE IF COM 100
FRE IFM CONM O
RULLE b33
RULETYPE ANSWER
FONCLU&IOH belgiand | recommended
MSWER i U LGIAN truss Qs recommended.
FRB NO EVD 1 .
] IF an 1 is greater than or equal to @ 44
FRE IF CON 1)0
FRE IFM CON O
AMD span | is less than or equal to | 5%
FRE IF COM 100
FRE IFN COM O )
AND bottom chord size | is equal to | &
FRE IF CONM 100
FRE IFM CON O _
AND to p chord size | is equal to | &
FRE IF CONM 100
FRE IFN COM O
RULE bh33h
RULETYFE AMSWER
COMCLUSION belgiand | recommended
ANMSWER A BFLG]AN truss is recommended.
FRE NO EVD 100
IF apan i is greater than or s2qual to ! 30
FRE IF CON 10(
FRE IFN CON
] _AND sban iis less than | 36
FRE IF CONM 100
FRE IFM CON O
AND bottom chord size ! is equal to | &
FRER IF COM 10
FRE IFM COM O
AMD tog chord size | is equal to | 4
FRE IF CON 10
FREB IFM CON 0O



RULE h33b
RULETYPE AMSWER
CONCLUSION  howeld | recommended
AMSUWER A SIMGLE HOWE truss is recommended.
FRE MO EVD 100

LIF span 1 dis greater than or equal to |
FRRER IF CON 100
FRE IFM COM O

AMD span | is less than or equal to | 29
FRE IF COM 100
FRE IFN COWN © i

AND bottom chord size | is equal to t &
FRE IF COM 100
FRE IFM COM O .

AND top chord size | is equal to | 4
FRE IF COM 100
FRE ITFM CONM O
RULE h33a
RULETYFE AMSWER
CONCLUSION howed | recommended
AMSWER A SINGLE HOWE truss is recommended.
FRE NO EVD 100 )

IF span | is greater than or equal to |

FRB IF CON 100
FRE IFN CON © i

AMD span | is less than or equal to | 29
FRE IF CON O
FRE IFM COM . _ _

AND bottom chord size | is equal to | 4
FRE IF CONM 100
FRE IFN COW O

AMD tog chovd size | is equal to | 4
FRE IF CONM 100
FRER IFM CON O
RULE h33c
RULETYFE NSNER
CONCLUSTION ed | recommended
AMSWER A [NHLE HOWE truss is recommended.
FRE MO EVD 100

IF span | is greater than or _equal to |

FRE IF CON 10«
FRE IFM CON O
: . AND span | is less than or equal to | 43
FRR IF COM 100
FRE IFN COM O

AMD bottom chord size | is equal to | 4
FRE IF CON 100
FRE IFM CON © ) ‘ )
;  AND top chord size | is equal to | &
FRE IF CON 100
FRE IFM COWN ©

Yz

L



RULE
RULETYPE
CONCLUSION
ANSUWER

FRE
FRE
FRRE
FRE
FRE
PRI
FRR
FRE
FRE

MO EVD
IF

IF COHN
TFN CON
ND

RULE
RUCETYPE
CONCLUSIOM
ANSWER
FRE NO EVD
IF
FRE IF COM
FRE IFN COM
AND
FRE IF CON
FRE IFM COM
AND
FRE IF COM
FRE IFM COM
AND
FRE IF COM
FRE IFN CON
RULE

RULETYFE
CONCLUSTION

ANSWER A DUUBLh HOWE truss is
FRE MO EVD 100
o } F span | is greater
FRE [F C 100
FRE IFN CON O
AMD span ! is lews than |
FRE IF CON L O0
FRE IFM CON O
AMD bottom chord size
FRE IF COM 100
FRE IFN CON O
AND tog chord sire |
FRE IF CON 10
FRE IFM COM O

h33d
AHbNEh
howed |

recommended

aqual

to

o

)

To

truss is recommended.

equal

o

A qlNGLE HOWE truss is
100 _
wpan ! s greater than or
10

an |t is less Tthan 1 44
1)0
0 .
bottom chovd size | is equal
100
4]
top chord size | is equal
140
0
dh33d
AMSUWER
double howe3 | recommended
A DOURLE HOWE
100
span | is greatev than ovr
100
0 - v,
span | is less than 1 53
100
0
bottom chord size | is equal
100
0 . A
top chord size | is equal
100
0
dh33h .
ANMSWIER
double howed | lerommendpd

than

36

is equal

ioisn equal

to

o

to

&

4

o

1
H

recommended.

o,
3

recommended.

29

&

1
1

44



RULE
RULLETYFE
CONCLUSTON
ANSHER

FRE NO EV?

FRE IF CON
FRER IFNM CON

AND
FRE CON
FRE

FRE

{
[
AMD
I
FRE IF
[
[

CON

M COM
AND
CON

FREOIF
IFN CON

FRRE

RULE

RULETYFME

COMCLUSTON

AMBSWER

FRE NO EVD
IF

FRE IF COM

FRE IF

FRE

FRR I
FRRER 1
T
[

-
m
-
-
g
o
-

FhB

TON
MO Ev¥_

IF CON
TFM cog

AN

FRE IF CON

FRE IFN CON
F'

I
I
AMD
FRE 1
{
I
I

FRE
FRE

CON
FRR IFM CON
AND

FRE IF CON
FRE IFN COM

F span i ls
100

IF
IFM CON O
F'
I..

78

dh33a&
AMBWER
double howed | vecommended
?(SOUBLE HOWE truss is recaommended.
10

greater than | 29
0
span |
100

is less than or equal to 1 35

bottom chord
100

gilwe | is to | 4

equal

o

gize |

chord is equal to 4

top
100
0

dh33c

AMBUWER

double howa3 |
A DOURLE HOWE
100

span i is greater

recommended
Fruss is recommended.

than | 43

is less than | 53

P
=]

~tom chord size | is equal to | 4

O'T Cis

size | is equal to 1 6

SO S0
e

P chovd

Ot ST O Ot
[e]

wa 3
ANMSWER
fink4 | recommended
A FIMK truss is recommended.
100
26

sgan Vois greater than |

?n Vis less than or equal to | 46

tom chord size | is equal to | &

chord size | is equal to 1 &

Ot O T O ifi O



RULE w4ia
RULETYFE AMSWER
COMCLLUSION ™ fTink4 5 recommended -
ANSWER A F]ﬂh truss is recommended.
FRE MO EVD 100
. IF span | is greater than or equal to |
FRE IF COM 100
FRER IFN CON O ]
) AND span 1is less than or equal to 1} 31
FRER IF CON 100 ,
FRE TFM COM O
ANMD bottom chord size | is equal to | 4
FRE IF COM 100
FRE IFN COM ©O
AMD toP chord size | is equal to | 4
FRE IF CON 100
FRE IFNM CON O
RUILE w43h
RULETYPE ANSWER
CONCLUSION finkd4 | vecommended
ANMSWER A FIMK truss is recommended.
FRE MO EVD 100 _
IF span | is greater than or equal to |
FRE IF CON 100
FRE IFM CON O
AMD span | is less than or equal to | 31
FRE IF COM 100
FRE TFM COM 0O
AND boltom chord size | is equal to | &
FRE IF CONM 100
FRE TIFNM CON © ) )
_ _AND top chord size | is equal to | 4
FRE IF CON 100
FRE IFN CON ©
RULE w43
RULETYFME AMSWER
COMCLUSION  fink4 | recommended
ARNSWER A FINK truss is recommended.
FRE MO EVD 100 o
IF span | is greater than | 24
FRE IF COM 100
FRE IFN COM
AND s?an i is less than | 46
FRE IF FON 10
FREB IFNM CON ) )
AMD boftom chored size | is equal to | 4
FRE IF GCON 100
FRE IFN CON 0 ]
Ak toP chord size | is equal to | &
FrRE IF CONM 100
FRE IFM CON O

1e
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RULE
RULETYPFE
COMCLUSTON
ANSWER

FRE MO EVD

IF
FRE IF UN
FRE IFM COMN

ma3a
ANSWER
mod ueen?05t4 Corecommended
MODIFIED QUEENMFOST truss is rvecommende

100 o
gpan | is greater than 27
100

1]

<

AND span 1 18 less than or equal to § 3@

RULE
RULETYPE
CONCLUSTON
ANSUWER

FRE NO EVDr
FRE IF CON
FRE IFM CU?
FRE IF COM
FRE IFM COM

oot

=
-
fraken)

*
3¢

©T
-ﬂ-n
ks e

RULE
RULETYFE
CONCLUSTON
ANSWER

FRE MO EVD

I
FRR IF CONM
FRE IFN CON

AND
FRE IF CON
FRE IFNM CON

AMD
FRE IF CON
FRE IFM CON

AMD
FRE IF CO

20ON
FRE IFN COM

<

100

bottom chord size | is equal to 1 4
(l 00

S

08 chovrd size | is equal to | 4
L0

Ot

m43d

ANSWER

mod ueenpostd | recommended

j MODBIFIED QUEENFOST truss is vecommende
( n

100 .

i%an ! is less than or equal to 1 34

sgar I is greater than | 40

bottom chord size ! is equal to 1 6
100

0

top chord size | is equal to 1 6

10
0

m43h

ANSUWER

mod ue 1% i recommended

MODIFIE UL!NF)QI truss is recommende

F 100 i t b} 27

%pan ' dis greater than o 27

10 J

s?an ! is less than or equal to | 38

35 30

bottom chord size | is equal to 1 64

100

0

to? chord size | is equal to | 4

%0)

80



RULE m43c

RULETY ANJwER
LDNCLU%IUh nud gqueenpostd | recommended
AMSWER ‘ MODIFIED QUEEMFOST truss is vrecommende
FRE NO &VD 100
gpan | is less than or equal to | 54

FRE IF LUN 100

FPRE IFN COW
AMD span | is greater than | 40

FRE IF CON 100

FRE IFM COM . .
AMD hottom chord size | is equal to | 4

<

<

FRE IF COM 100
FRE IFM CON O
ANMD top chord size | is equal Fo T76&
FRE IF CON JOO
FRE IFN CON
RULE dh43h
RULETYFE ANMSWER
COMCLUSION double ho vorecommendead
ANSWER A DOURLE OUF truss 1s recommended.
FRE MO EVD 100 .
_ IF span | is greater thawn | 31
FRE IF CON 100
FRE IFM COM 0O
AND span | is less than | 38
FRE IF CON 100
FRR IFNM COM O . _ _ .
AMD bottom chord size | is equal to | &
FRR IF COM 100
FRE IFM CON © .
AMD top chord size | is equal to | 4
FRE IF COM 100
FRE IFN COM O

RULEE dh43a
RULETYFE AMSUWER
CONCLUSION double howed | recommended
ANSUWER A DOURLE HOWE truss is recommended.
FRE NO EVD 100
. IF span | is greater than | 31
PRI IF CON 100
FRE IFN CON O
] AMD S?an i is less than | 38
FRE IF COM 100
FREB IFM CON O )
AND bottom chord size | is equal to | 4
FRE IF COM 100
FRRE IFM COM 0O .
) AND tog chord size | is equal to | 4
FRE IF COM 10
FRE IFM CON O



82

RULE dh4~
RULETYFE ANSWER
CUNCLUSIUH dout le howed | recommended
ANSWE DOURLE HOWE truss is recommended.
FRE NU LVD 100
. span @ is greater than or equal to | 46
FRE IF CUH 100
FRE IFM COM O i
AND span | is less than | 56
FRE IF CON 100
FRRE IFM CONM © ‘
AND bottom chovd saize | is equal to 1 4
FRE IF COM 100
FRR IFM CON O o ‘
AMD top chord size | is equal to | &
FRRBOIF CONM 100
FRE TFN CON ©
RULE dh43d
RULETYPE ANSWER
CONFLU“]HN double howed | vecommended
ASNSWER A DOURLE HOWE truss is recommended.
FRR NO EVYD 100 :
IF span | 1s greater than or equal to 1 46
FPRE IF CON 100
FRE IFN COM O
AMD span 1 is less than or equal to | 34
FRE OIF CON 100
FRE IFM CON © .
AMD battom chord size | is equal to | &
FRE IF COM 100
FRE TFN CON O
AMD top chovd size | is equal to | &
FRE IF CONM 100
FRE IFM CON O
RULE d23a -
RULETYRE Aqubb
CONCLUSTONM  kiy %Rogf w di h Forecommendead
AMSWER A IGFOST WI DIQGONALS truss 1 recom
mended.
FRE MO EVD 100
: IF span | is greater than or equal teo | 17
FRE OIF CON 100
FRE IFM CON © ) .
ANMD span iois less than or equal to | 24
FRE IF CON 100
FRE IFNM COM O
AND bottom chord size | is equal to | 4
FRE IF CON 100
FRE IFM CON © . . ]
AND to? chord size | is equal to | 4
FRE IF CON 100
FRE IFM CONM O



RULE f23hb
RULETYPE ANSWER _
COMCLUSTON kln% ost w diagld | recommended
ANMSWER MGFOST WITH DIAGOMALS truss is
mended.
FRE MO EVD 100
IF span | is greater than or egual to
FRE IF CON 100
FRE IFN CON O _
AMD span | 1s less than or equal to !
FRE IF COM 100
FRE IFM CONM O _
) AMD bottom chord size | is equal to |
FRER IF COM 100
FRE IFN CON ©
ANMD tog chord size | is equal to | 4
FRE IF CON 10
FRERE IFM CON 0O
RULE d23c
RULETYPE AMSWER
CONCLUSTION  kingpost w diag?2 | recommended
AMSWER A RIMGFOST WITH DIAGONALS truss is
mended.
FRE NO EVD 100 .
] IF span | is greater than | 24
FRE IF CONM 100
FrRE IFM CON O o C
AMD span | is less than or equal to !
FRE IF COM 100
FRE IFM COM 0O ‘ )
... ANMD bottom chord size | is equal to |
FRE IF COM 100
FRR IFM COM © A
o AND to? chord size | is equal to | &
FRE IF COM 100
FRE IFM COM O
RULE d23d
RUETYPE ANMSWER
CONCLUSTION kingpost ( 1ag2 1 recommended
ANSWER A KIHGP( T ITH DIAGONALS truss is
mended.
FRE NO EVD 100
] IF span | is greater than | 24
FRE IF COMW 100
FRE IFM CObW
AND sPan i i1s less than or equal to |
FRE IF CON 100
FRE IFM COM
AND hoftnm chord size | is equal to |
FRE IF CON 100
FRE YIFN COM O
AND toP chord size | is equal to | &
FRER IF COM 100
FRE IFM COM O

rECcom

vECcom

d
oY

recom
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RULE k23aa
RULLETYPE AMSWER
LUNLLU I0ON kln%R et | recommended
AMSWER IGROST truss is recommended.
FRE ND EVD 100
] IF sPan i is less than 1 17
FRER IF (ON 100
FRE IFNM CONM O
AND bottom chord size | is equal to |
FRE IF CONM 100
FRE IFN CON O ) ) .
AND tap chord size | is equal to © 4
FRE IF COM 10
FRE IFM COM O
RULE k23ba
RULETYFE AMSWER .
COMCLUSTON klnqﬁnf“‘ i recommended
ANSWER IGRFOST truss is recommended.
FRE MO EVD 100
) IF span | is less than 1 17
FRE OIF COM 100
FRE IFNM CONM O
) AND bottom chord size | is equal to .
FRE IF CON 100
FRE IFN CON O
aMD tO? chovrd size | is equal to 1 4
FRE IF CON 100
FRE IFM CON O
RULE k23ca
RULETYPE AMSUWER
CONMCLUSION kln?ﬁ t2 1 recommended
ANSUWER IGF(ST truss is rvecommended.
FRE MO EVD 10(
IF span | is less than or equal to 1
FRE IF COW 1 0
FRE IFW CON O ,
~_AMD bottom chord size | is equal to |
FRE IF CON 100
FRE IFN CON O _
~_AND to? chovrd size | is equal to | 6
FRE IF CON 100
FREB IFM CONM O
RULE k23da
RULETYFE SWER
CONCLUSION klnqﬁor.? P recommended
ANGWER A RIMGFOST truss is recommended.
FRE NO EVD 100
IF span | is less than or equal to |
FRE IF CON 100
FRE IFM CON O 4
AND bottom chord size | is equal Ta |
FRE IF CON 100
FRE IFN CON O
} AND top chord size | is equal to | &
FRE IF CONM 100
FREB IFN CON O

84
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RULE
RULE
CONC
ANSH
FRE

FRE
FRE
FRE
FRE

FRER
FRE

£0mm

khﬁnb

TYPE AMSWER
LUSION kln%?ost’b i recommended
ER A KIMGFOST truss is recommended.
MO EVD _ 100 )
IF %Paﬁ i is less than | 17
IF CONM 100
IFM CON 0O
AMD bottom chord size | is equal to |
IF CON 100
IFNM CON O '
ANMD to? chord size | is equal to | 4
IF CONM 100
IFM CON O
k23hh
TYPE AMSWER
LUSTON kln?hostﬁb iorecommended
ER GROST truss is recommended.
MO EVYD 100
IF span | 18 less than | 17
IF COM 100
IFM CON © _
AMD bottom chord size | is equal to |
IF CoM 100
IFM COM 0O
AMD to? chord size | is equal to | 4
IF CON 100
IFMN CON
k23ch
TYFPE ANSWER
LUSTON kln%ﬂ 2b 1 recommended
ER &P]S truss is recommended.
MO EVD . .
. IF span i is less than or equal to |
IF COM 100
IFM CON 0
... AND bottom chord size | is equal to |
IF CON 100
IFM CON O
AND fO? chovrd size | is equal to | &
IF CON 100
IFM CON O
k23db
TYFE AN%NER
LUSTON kln?P I i recommended
ER MGFOST truss is recommended.
MO EVD |
IF an 1 is less than or equal to |
IF CON l 0
IFM CONM 0O
ANMD bottom chord size | is equal to !
IF CON 100
IFN CON O
AND toP chovd gize | is equal to ! 6
IF CON
IFN CONM O

85
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RULE wl3a
RULETYPE ANMSHER
CONCLUSTION  Tinkl § recommended
ANMSUWER A FINK truss is recommended.
FRE NO EVD _ 100 .
-, IF span | is greater than or equal to |
FRE IF COM 100
FRE IFM COM
AND span | is less than or equal to 1 27
FRE IF COM 100
FRR IFM COM 0O
AMD bottom chord size | is equal to | 4
FRE IF CON 100
FRE IFNM COM O
o _ AND top chord size | is equal to | 4
FRE IF COM 100
FRE IFM CON ©
RULE wllc
RULETYPE ANSWER
CONMCLUSTON  finkl | recommended
AMSWER A& FINK truss is recommended.

FRE NO EVD

IF
FRE IF CON
FRE IFN COM

AMD
FRE IF CON

span 1 1s greater than or equal to |

FRE IFM COM O

AND
FRE IF CON
FRE TFN CON

AMD
FRE OIF CORN
FRE IFM CONM

P\LJ[ I
ULETYFE

LONCLU% OM

ANMSUWE R

FRERE NO E:Vl]):l_

FRE IF COW
FRE IFM CON
FRE

F

AND
“REBOIF COM
‘RE TFM CON

AND
FRE IF CO
FRE IFM CON

AMD
FRE IF COM

FRE IFM COW

span 1 is less than | 38

100

bottom chord size | is equal to | 4
100

0 B

toP chovd size | is equail to | 6
100 -

0

wlXd

ANMSUWER

finkl | recommended

?OSINK truss is recommended.

sgan i is greater than or equal to |
100

0

span | is less than | 38

%00

bottom chord size | is equal to | &
100

0

top chovd size | is equal to 1 &
éOO

1 x'f))

86
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RULE wl3b
RULETYFE AMBWER
COMCLUSTION  finkl | recommended
ANBWER A FINMK truss is rvecommended.
FRE MO EVD 100
o TF span 1 is greater than or equal to 1 146
FRE IF COM 100
FRE IFM CON . )
AMD Pan i less than or equal to I 27
FRE IF CON 1)
FRE IFNM CON ) . )
AMD boanm chord size | is equal to | &
FRE IF CON 100
FRE IFN CON O ]
AND top chord size | is equal to | 4
FRE TF COM 100
FRE IFM CON O
RULE bl3c
RULETYPE ANSWER
CONMCLUSION belgianl | recommended
ANSWER A BE Lb[hN truss is recommended.
FRE NO EVD _ 100 . )
~ IF sgan I is greater than or equal to 38
FRE IF COM 100
FRE IFN COWN :
AMD %pd tois less Tthan ov equal to 1 42
FRE OIF CONMN 100
FRE IFN CON ©
AND bottom chord size | is equal to | 4
FRE IF CON 100
FRE IFM CONM O
___ ANMD top chord size | is equal to 1 &
FRE IF CON 100
FRE IFN CON O
RULE b13d.
RULETYFE ANSWE : L
CONMCLUSION belglan] i recommended
AMSWER A BELGIAN truss is recommended.
FRE MO EVD_ 100 .
y - IF span | is greater than or equal to | 38
FRE IF CON 100
FREB IFN CON O
AND sgan i is less than or equal to @ 42
FRER IF COM 100
FRE IFM COM O ‘
) AMD bottom chord size | is equal to | 6
FREB IF CON 100
FRE IFN CONW O
AMD toP chord size | is equal to | &
FRE IF COM 100
FRR IFM COM ©
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RULE bl3a
RULETYPE AMSWER
PONCLUSIUN belg ianl | recommended

ANSUER A LGTAN truss i vecommended.
FRR MO EVD 100

. IF ﬁgan vois greater than | 27
FRB IF COM 100

FRE IFN CON .

AMD %pan i is less than | 32
PRE IF COM 100
FRE IFN CON O

AND bottom chaord size ! is equal to | 4
FRE IF COM 100
FRE TFNM COM O _

AND top chord size | is equal to | 4
FRE IF CON 100

FRE IFN COM O

RUL.E blZh

RULETYFE AMSUWER

CONCLUSTON bel ianl | recommended

ANSWER A BELGIAM truss is recommended.
FRE NO EVD 10 _ o

) ?[d i is greater than 1 27
FRE IF FON 100

FRE IFN CON O

AND span | dis less than or equal to | 32
FRE IF COM 100
FRE IFM COWM O ) .
AND bottom chord size | is eqgual to | &
FRE IF CONM 100
FRR IFM CON O ) ) .
] AND toP chord size | is equal to | 4
FRE IF CON 100
FRE IFM CON O
UL.E dl3a
ULETYPE AMSKWER
OMCLUSION kln%&ost W agl | cawwondfd
SWER GFOST TH DIAGOMNALS truss is vecom

mended.
MO EVD 100
IF g%gn i is greater than or equal to ! 1é&

T =
oW

RE IF CON
RE IFM COM O .
AMD span | is less than or equal to | 22
FRE IF CON 100
FRE IFM COM O
AND bottom chord size | is equal to | 4
FRE IF CON 100
FRER IFN CON © ]
AMD toF chord size | is equal to | 4
FRE IF CONM 100
FREB IFM COM ©



89

RULE dl3b
RULETYPE AMSWER
CONMCLUSTOM knn?pnst w diagl | recommended
ANMSWER IGFOST WITH DIAGOMALS truss is recom
mended .
FRE MO EVD 100 )
IF span | is greater than or squal to | L&
FERR IF CON 100
FRE IFN CON © o o
AMD sgan i is less than or equal to | 22
FRE IF CON 1
FRE IFM COM O .
AND bottom chord size | is equal to | 4
FREB IF CON 10
FRE IFM COM O
AND top chord size | is equal to | 4
FREB IF COM 100
FRE IFM COM O
RULE dl3c
RULETYFE AMSWER
CONMCLUSION kln%ﬁ w diagl | recommended
AMSUWER lh#('T WITH DIAGONALS truss is recom
mended.
FRE MO LVD 100
. . span 1 18 greater than or equal teo | 23
FRE IF CON 100
FRR IFN COM © _
AMD span | is less than or equal to | 30
FRE IF CONM 100
FRE IFM COM 0O _ A
AND bottom chord size | is equal to | 4
FRE IF CON 100
FRE IFN COW O
o AMD to? chord size | is equal to | &
FRE IF COM 100
FRE IFM COM O
RULE o1 3d
RULETYFE AMSWER _
CONMCLUSTON klh%ﬁ st w diagl | recommended
ANSWER GFOST WITH DIAGONALS truss is racom
mended.
FRE MO FVD 100
B span | is greater than or equal to | 2
FRE IF CON 100
FRE IFM CON ©

AND span i is less than or equal to | 30
FRE IF CON 100
FREB IFNM COM 0O

AMD bottom chord size | is equal to | 4
FREOIF CON 100
FRE IFN COM © ]

AND top chord size | is equal To T -
FRE IF CONM 100
FRE IFM COM O



RULE o

RULETYFE

CONCLUSTON
SWER

ANS
MO FVD

FRE
FREB IF CUN

FRE
FRE
FRE
FRE
FRE
FRE
FRE

AND
IF CON
IFN COM
AN

IF COM

IF C
IFM COM

3T

ETYRE
SLUSTON
ER
MO L'VDr
IF COW
IFM CON
AMD
IF COW

y—
&

T TDOAR
TETOCC
mnZTr

AT
m W

=
A

iy
i

TT Tm
i
-

Bl

r

o

z

24

-5
—m

2y
o < O
Z

jis}

M O~

D hottom chord

hi3a
ANMSWER
howel |
A SINMGLE
100
sSpan |
100

recommended
HOWE truss

areatey

16

L8

IFM CON 0O

Jpan i1s less than |

100
0

1

SiLTEe  1s

100

IFM CON ©

top chord size |
%OO
.

h13b

ANSWER

howel | rvec ommﬁnded

A STNGLE HOWE fruss

100 )

span | 1S

1%0

0

sPan i is less than or
30

18

greatar Than

IFN COM 0O
D hottom chord

gize | is
100
0

to? chord size |
éO)

is

hl3c
AMSWER
howel |
A SINMGLE
100
s?an i
30

recommended
HOWE truss

18

less than |

ftom chovd size | is

slize |

than or

egual

is greater than or

is equal

recommpended.

equal

27

equal to |

is equal to 4

to

4

recommended.

ar equal to
equal to |
equal to |

to | 4

recommended.

equal

40

equal to |

to | 6

to

t
i

4
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RULE hl3d
RULETYFE AMSWER
CONCLUSTON  howel | recommended
ANSWER A SLNQLE HOWE truss is recommended.
FRE MO EVD 100
) ] IF »pan V is greater than or equal to | 23
FRE IF CON 100
FRE IFN CON O
! AMD ﬁpan i is less than or equal to 1 40
FrE IF CON 100
FRE IFNM COM
AND bottom chord size | is equal to | 4
FRE IF CON 100
FRE IFM CON O
AND th chord size 1 is equal to 1 &
FRE TF COM 100
FRE IFM COM 0O
RULE k33a
RULETYFE AN%wEh
CONCLUSION kLH? ostda | vecommended
ANSWER A KIMGFOST truss is vecommended
FRE MO EVD
I %Pa 1 is less than | 17
FRR IF COM 100
FRE IFM COM O
AMD bottom chord size | is equal to | 4
FRE IF COWM 100
FRE IFN CON ©
AND top chord size | is equal to | 4
FRE IF CON 100
FRE IFM CONM O
RULE k33Zh
RULETYPE AMSUWER
CONCLUSlUN kingpost3a | recommended
ANSWER A KINGFOST truss is recommended -
FRE MO EVD 100 ‘ .
IF sgan v is less than 1 17
FRE IF LON 1
FRE IFM CONM O .
. __AMD bottom chord size | is equal to | &
FRE IF CON 100
FRE IFN CON O
AND toP chovd sizxe | is equal to | 4
FRE IF CON 100
FRE IFM COM
RUL.E ) k33c
RULETYPE AMSBWER
CONMCLUSTOM k1n§ﬁ0$t3a Porecommended
AMSWER GFOST truss is recommended
FRE NO EVD
IF an Pois less than 1 25
FRE IF CON 1)0
FRE IFM CONM © )
o _ _AND bottom chord size | is equal to 1 4
FRE IF CON 100
FRE IFM CON ©
AND top chord size | is equal to | &
FRE IF CON 100
FRE IFM COM O
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RULE k33d
RULETYFE AMBSWER
CUNLQQ » YO klﬂ%PO* - 3a 1 recommended
AMSRER NGROST truss is recommended
FRE HO VD
] IF 5Pan iois less than 1025
FEER IF CON 100 ,
FRE IFM COM O
. . AND bottom chord size | is equal to | &
FRE IF CON 100
FRE IFN COM ©
o _AND tog chord size 1 is equal to | &
FRE IF COM 10
FRE IFNM COM O
RULE w33a
RULETYFE ANMGSWER
CUNLLU IO Tink3 | recommended
MSWER A FINK truss is rvecommended.
FRB NO EVD 1060
IF Pan idis greater than or equal to | 17
FRBOIF CON 100
FRE IFM CON ]
AMD »pan ' is less than | 30
FRE OIF CON 100
FRE IFM COM O
AND bottom chovd size | is equal to | 4
FRE IF CON 100
FRE IFM COM O )
o .. AMD top chord size | is equal to | 4
FRE IF COM 100
FRE IFNM CON O
RUL.E w3dh
RULETYPFE ANSUWEER
COMCLUSION  fink3 | recommended
ANSWER A FINK truss is recommended. -
FRE MO EVD 100 i}
) IF span | is greater than or squal to | 17
FRE IF CON 100
FRE IFN CON
] AMD S?an ¢ is less than | 30
FRE IF CON 100
FRE TFM CONM O , . X
AMD boattom chord size | is equal to | 6
FRE IF COM 100
FRE IFN CON O .
- AND to? chord size | is equal to | 4
FRE IF CON 100
FRE IFM CON ©



RULE
RULETYFE
CUHCLUSYUN
ANSUWE

FRE NU EVD

IF
FRE IF COM

93

wA3c

AMSWETR

fink3 | recommended

?OEINK truss 1s recommended.

span 1 1s qreater Tthan or equal to | 25
100

FRE IFM CON O

AND
FRE IF CON

apan » is less than | 44
100

FRE IFN COM ©
AMD bottom chord size | is equal to | 4

FRE IF CON

FRE IFM CON O

AND
FRE IF CON
FRE TFN COW

RULE
RULETYFE
CONGLUSTON
ANSWER

FRE MO EVD

FRE IF CON
FRE IFN COM
AMD

FRR IF CONM
FREB IFM CON

FREOIF LUN
FRE IFN COM
AN

FRE IF COWN

Q0

1
top chord size | is equal to | 6é
(’%0()

P recommended
K truss is recommended.

span 1 Ls greater Than ov equal to | 29
)

an | is less than | 44

MD bottom chord size | is equal to | 4
100

0

D top chord size | is equal to | &

100

FRE IFM COW O

RULE k33aa
RULETYPE ANSWER -
COMCLUSTION k1n%a0%t3 i recommended
ANMSWER A GLPOST truss is vecommended.
FRE NO EVD 100
IF sPan il less than | 17
FPREB OIF COM 100
FRE IFNMN CONM O )
) _ AND bottom chord size | is equal to | 4

FRE IF CON 100
FRE IFN CON © .

AMD to? chord size | is equal to | 4
FRE IF CON 100
FRE IFN CDN ©
RULE k33ba
RULETYPE AMSWER
CONMCLUSTON kln%ﬂoth Vorecommended
AMSWER IGFOST trusse is recommended.

FRE MO EV?F
FRE IF CON

;%gn 1 is less than | 17
.

FRE IFM CON O

ANMD
FRE IF COM
FRR IFM CON

AMD
FRE IF COM
FRE IFM COM

?)ttom cthord siwe | is equal to | &

) .
top chord sirze | is equal to | 4
g)>? ?

P



RULE
RULETYFE
COMCLUST OGN
AMGWER

FRE NO EVD
FRE IF CUN
FRE
FRE IF CON
FRE TFN [DN

FRE IF CON
FRE

RULE

RULETYPE

CUNCLU&IUN
ANSHER

0
it

IFM CON O

k33¢a
AMSWER
kln%ﬁomfd Vorecommended
GFROST truss is recommended.
100 coT
span ¢ 18 less than | 295
100
O

size |

bottom chord
100

chovd

k33ca
AMSWER

Bive | is

than or

is equal to

egqual to |

recaommendead

kln%goc i .
& leOST truss is recommended.

[ T
i '2 Wt

is equal to

eaunal to |

ecommondhd

FRE MO EVD
) IF ?dn is less than
FEER IF CON 100
FRE IFN COM O
AND bottom chord size |
FRE IF CON 100
FRE IFNM CDON O
AMD toP chord size | is
FRE IF CON 100
FRRE IFN CON O
RULE d33a
RULETYPE AMSWER
FUHLgUbION k1n%P w di ﬂ3 ;
AMSWER i (~T WI DIAvUNﬁL& trus
mvnded
FRE MO EVD 100
IF span | is greater
FRE IF COM 100
FRE )

FRE
FRE

IF CON

IFNM CON <
AMD SPaﬂ 1 is less than | 25
100

IFM CON O

ANMD bottom chord size |
FRE IF CON 100
FRE IFM CON 0

AND ? chord size |
FRER IF LUN 10
FRE IFNM COM O

18 equal to

18 equal to |

equal

1
t

t
1

ig

VEoom

]
+

17

94



RULE
RULETYFE
CONCLUSTON
ANSWER

FRE MO FVD

FRE IF FUN
FRE TFN CONW

FRE IF CON
FRE IFM COWN

FRE IF COM
FRE IFM COM
AND
FRE IF CON
FRE TFM CON

RULE

RUCETYFE

CONCLUSTON
S 0

ANSWIE]

FRE MO EVD
IF

FRE IF CON

FRE IFN CON
AND

FRE IF CON

FRE IFM CON
AND

FRE I COM

FRE IFN CON
AMD

FRE IF CON
FRE IFM COM

RULE
RULETYPE
CONCLUSTON
ANSUWER

FRE NO EVD
IF

FRE IF CON

FRE TFN CON
AMD

FRE IF CON

d33h

AMSWER

kinqpnﬁf w o diagd | recommended

A hTIGPUmT WITH DIAGOMNALS truss is recom
mended

100 ]

span 1 is greater Than or equal to | {7
100

0 )

3Pan vois less than | 25

100

bottom chord size | is equal tao | &

(1) Q0

JO

(o R gt

P chord size | is equal to !

O

d33c

ANSWER

kingpost w d1a?3 1 recommendad

A KIMGFOST WITH DIAGOMALS truss is recom
mended.

100

?%Sn Pods greater than or equal to | 25

0

span | 1s less than | 37

100

0

bottom chord size | is equal *to | 4
100

0
tog chord size | is equal to | &
10

0

d 3%

ANSWER

kinqg 30 rpcnmmrnded

A KT GP( T 4 DIAGONALS truss is recom
mended.

100 ]

span 1 is greater than or equal to | 2%
100 :

0

SPan 1 1s less than | 37

10

FRE IFM CON O

AND

FREB IF COM
FREB IFM CON
AND

FRE IF CON
FRE IFM COM

ggttmm chord size | is equal to | &
0

top chord size | is equal to | &
50)



RULE

RULETYPE
CONCLUSTON

96

m33a
AMDBWER
med r;ueen'

ostd | recommended

ANSKWER ? MODIFIED QUEEMFOST truss is vecommende
FRE MO EVD 100
IF span | is greater than or equal to | 25
FRE IF CON 100
FRE IFM CONM © . ~
AND spaﬁ 1 is less than or equal to | 35
FRE IF COM 100
FRE IFM CON 0O
AMD hottom chord size | is equal to | 4
FRE IF CON 100
FRE IFN COWN O ‘ ]
AND top chord size | is equal to | 4
FRE IF COM 100
FRE IFM COM O
RULE M3Zh o
RULETYPE AMSUER o
CONMCLUSION mod queenpost3 | recommended
ANMSHER g MODIFIED QUEENFOST truss is recommende
FRE MO EVD 100 ) -
IF span | is greater than or equal to | 25
FRE IF CON 100
FRE IFN CON O o
AND SFan iis less than or equal to | 35
FRE IF CONM 100
FRE IFM COMN ©
AMD bottom chord size ! is equal to | &
FRE IF CON 100
FRE IFN CON ©
] AND tog chord size | is equal to | 4
FRE IF COM 10
FRE IFM COM
RULE ) m33c
RULETYFE AMSWER
COMCLUSION mod queenpost3 | recommended
AMSWER Q MODIFIED QUEENFOST truss is recommende
FRR MG EVD 100
IF span | is less than or equal to ! 53
FRE IF COM 100 :
FRE IFN CON _
AMD sPan iois greater than or equal to | 37
FRE IF COMN
FRB IFNM CON
AND bnkkom chord size | is equal to | 4
FRE IF COM 100
FRE TFN CON O
] AND toP chord size | is equal to | 6
FRE IF CON 100
FRE IFM CON



RULE
RULETYPE
CUNCLU%IDN

ANSWER ? MODIFIED QUEENFOST truss is recommende
(‘ "
FRE MO EVD 100 ) . ..
IF span | is less than or equal to | 53
FRE IF CON 100
FRE IFNM COM O
AND SPan ¢o1ls greater than or equal to |
FRE IF CONM 100
FRE IFM CON O ,
AND bottom chord size | is equal to ! &
FRE IF CONM 100
FRE IFM CON O
_AMD tog chord size | is equal to | 6
FRE IF COM 10
FRE IFM CON 0O
RUILLE k434
RULETYPE AMBSWER
CONCLUSION k1nganu#4a i recommended
ANSWER GFOST truss is recommended.
FRR MO EVD 1
IF span i is less than | 18
FRE IF CON 100
FRE IFM (DN 0
MD bottom chord size | is equal to | 4
FRE IF CON 100
FRE IFN COM © )
AMD toF chord size | is equal to | 4
FRE IF COM 100
FRE IFN CON O
RULE k43h
RULETYPE ANSWER
COMCL.USION k1n%ﬂost4a i recommended
AMSUWER GFOST truss is recommended.
FRE NO EVD 1 .
IF sgan 1 is less than ! 18
FRE IF CON 100
FRE IFM CON 0O
AND bottom chord size | is equal to ! &
FRE IF COM 100
FRE IFN CON O
-AND to? chord size | is equal to | 4
F&B IF COM 100
FREB IFM COM 0O
RULE k4Xc
RULETYPE ANSWER
CONMCLUSION klncE stda | recommended
AMSWER A flh FOST truss is recommended.
FRE NO EVD ]
IF an i is less than or equal to | 26
FRE IF CON 1)0
FRER IFM CON O ]
AMD bottom chord size | is equal to ! 4
FRE IF CON 100
FRE IFN CON © ]
AMD to? chord size | is equal to ! &
FRE IF CON 100
FREB IFNM COM O

m33d
AMSWIER
mod ?ueen

ostl | recommended



RULE k43d
RULETYPE ANSWER
COMCLUSTON k:r%Eo$t9a i recommended
ANSWER A KINMGFOST truss is recommended.
FRE MO EVD
IF %qu i is less than or equal to !
FRE IF COW
FRE IFM COM ) .
ANMD botfmm chord size | is gqual to |
FRE IF CON 100
FRE IFM CON © ]
AND top chovd size | is equal to | &
FRE IF CONM 100
FRE IFNM COM 0O
RULE h43a
RULETYPFE ANSWIER
COMCLUSTOM belgiand | recommended
ANSWER A BELGIAM truss is recommended.
FRE NO EVD 100
CIF span 1 odis greater than | 31
FRE IF COM 100
FRE IFM CON O
. AMD span | is less than | 38
FRE IF CON 100
FRE IFM COM O
: JAMD bottom chord size | is equal to |
FRE IF CONM 100
FRE IFN CON O
o AND top chord size | is equal to | 4
FRE IF CON 100
FRER IFNM CON O
RULE b43bm.
RULETYFE ANSUWIER
COMCLUSIOM belgiand | recommended
ANSWER A BELGIAN truss is recommendad.,
FRE MO EVD 00
IF span | is greater than | 31
FRB IF CONM 100
FRE IFN COM O
] AND span | is less than or equal to |
FRE IF CON 1)0
FRER I(FM CON
AND boftom chord size | is equal to |
FRE IF CON 100
FRE IFM COMN O
) ANMD toP chord size | is equal to | 4
FRE IF CON
FRE IFM CON

98

26

&
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RULE h43c
RULETYPE AMSWER
CONMCLUSION belgiand | recommended
ANSHWER A BELGIAN truss is recommended.
FRE MO VD 100
] e?an i is greater than or equal to
FRE IF UN
FRE IFM COM

AND Ppan iis less than or equal to |
FRE IF CON 100
FRE TFN CON O

ANMD hottom chord size | is equal to |
FRE IF COM 100
FRE IFM CON 0O
) AMD top chord size | is equal to @ &6
FRE IF COM 10
FRE IFN CON O

b43d

RULE

RULE
RULETYPE
CONCLUSTO
ANSWER
FRE MO EV?I
FRE IF COM
FREB IFM COM
AND
FRE IF CON
FRE TFN CON
AMD
“RE IF COM
FRECIFNM COM

b i o]
i

RULE
RUCETYPE
CONCLUS TOM
ANSWER
FREHO EVD 1

FRE IF COM
FRE IFM CON

ANMNSWER
belgiand | reco
A EBELGIAN truss
100
gpan |
100

0
5Pan I
100

O

bottom chord
100

4]

to? chord size |
100

0

ommended
is vrecommended.

is greater than | 46

less than or equal to |

sliee | 1% equal to |

’

is equal to | &

kd4Zaa

AMSWER

kln%P 2et4 1 recommended

o MGFOST truss dis recommended.
(

span HE
100

0

bottom chord
100

0
tog chord size | is equal to | 4

0

less than | 18

size |

is equal to |

k43ba
ANMSWER
ki

n%% st4 | recommended
GFOST truss is recommended.

an i is less than | 18
1)0
0 .
bottom chord size | is equal to |
100
0
?89 chord size | 1s equal to | 4
0

36

4

i
28

£~

&

99



RAULE k43ca
RULETYFE ANSWER
CONCLUSTION kin%go$t4 Vovecommendead
ANBUWER A KINGFOST truss is recommended.
FRE MO EVD 100
IF span } is less than ov equal to
FRE IF COM 100
FRR OIFWM COM O

AND bottom chord size | is equal to
FRE IF CON
FRE IFNM CON O _ )
AMD to? chord size | is equal to 1 &
FRE IF CON 10
FRE IFM COM ©
RULE k43cda
RULETYPE AMSWER
COMCLUSION  kingpostd | recommended
ANSWER a4 KIMGROST truss is recommpended.
FRE MO EVD 100
IF span | 13 less than or equal to
FRE IF COM 100
FRR IFM COM O
AND bottom chord size | is equal to
FRER IF CON 100
FRE IFN CON O o S
AMD top chord size | is equal to | &
FRE IF COM 100
FREB IFM COM O
RULE d43a
RULETYPE ANsubh
CUHCLU%IOM klnqp w diagd | recommended
AMSBWE IhF ST WITH DIAGOMALS truss
mendpd.
FRE NO EVD 100
o ; IF span I is greater than ov equal
FREB IF CON 10
FRE IFN COM
] AND %?an i is less than or equal to
FRE IF COM
FREB IFM COWN
AND bottmm chord size | is equal to
FRE IF COM 100
FRE IFM CON 0
] AND b chovd size | is equal to 1 4
FRE IF CO 10
FREB IFM COM O

100

-
2

TECOm
T
0
4



RULE
RULETYPE
CONCLUSTOM
ANSWEFR

FRE MO EVD
IF

FRE IF CON
FRE IFN COM

AN
FRE IF COM

101

d43h

AMSUWER

kingpost w diaﬂ4 1 orecommended

A KIMGFOST WITH DIALOMALS truss is vecom
mended.

100

span | is greater than or equal to | 12
(130()

D SPaﬁ 1 is less than or equal to 1+ 27
100

FRE TFM COM 0O

AMD
FRE IF CON
FRE IFN CON

AND
FRE IF COM
FRE IFN COM

~—ry
-

—
A
r

FRE MO EVD
IF

FRE IF COMN
FRE TFN CON
AN

FRE IF, GO
FRE IFM CON
AND

FRE IF COM
FRE IFN COM
AND

FRE IF COM
TN COM

RULE

RULETY
conNcLy
ANSKWER

FRE MO EV?

FRE IF COM
FRE TFN COM

FE
SION

E
AND

FRE IF CON

FRE IFNM CONM

FRE

FRE

{
I
I
I
FRE IF CON
I
I
FRE I

bottom chord size | is equal to | &
100

v
P chovd size | is equal to | 4

30)

0

d43c

AMNSWER

kingpost w diaa4 Porecommended

A KI%GP(ST WITH DIAGONALS truss is vecom

mended.

e t th 26

span | is greater than 1 26

100

D s?an ! is less than or equal to | 40
100

t

~tom chord size | is equal to | 4

chord size | is equal to | &

d43c
ANSWER
k]n%h W dia?4 1ovecommended
FOST WITH DIAGONALS truss is recom
mend@d.
100

F span i is greater than | 26

1(0

swaﬁ i is less than or equal to | 40
100

hottom chord size | 1s equal to | 6
éOO
t?B chord size | is equal to | &

<



RULE
RULETYFE
CONCLUSYON
ANSWER

FRE NO EVD_

FRE IF COM

102

h4Xa

HMSWLR

howed | recommended

?O)INQIE HOWE truss is recommended.

L (¢

?)8n ! is greater than or equal to i 18

FRE IFNM CONM O

AND
FRE IF CON

FRE IFN COM O
AMND

FRE IF COM
FRE IFN COWM
AND

FRR IF CON
FRE TFM CON

RULE
RULETYFE
CONCLUSTION
AMSWER

FRE MO EVD

IF
FRE IF CON
FRE IFM CON

AMD
FRE IF CON
FRE IFM gDN

ND
FRE IF CON
PRE IFN CON

FrRE IF CON
FRE IFM CON

RULE
RULETYFE
CONELUSTON
ANSWER

FRE NO EVD_

FRR IF COWN
FRE IFM COM

' AND
FRE IF CON
FRE IFN CON

AND

FRE IF COM
FRR IFM CON
o AND
FRE IF CON
FRE IFN COM

span | is less Tthan or equal to | 31
100

bottom chord size | is equal to | 4
23()()

top chord size | is equal to | 4
100

0

h43h

ANSWER

howed4 | recommended

? %lNhLE HOWE tvuss is recommended.
0

span | is greater than or equal to | 18

%%O 9 q

sPan ! is less than or equal te 1 31
%))0

bottom chord size | is equal to | é
100

0

tog chord size | is equal to | 4

10

0

h43c

AMSWER

howed | recommended
?ogINGLE HOWE truss is recommended.
sgan tois greater than P26

»pan ! is less than | 46

éOO

bottom chord size | is equal to | 4
2)()0

top chord size | is equal to | 6
(1)0()



RUILE

RULETYFE

COMCLUSTON

ANSWER

FRE NO EVD
IF

FRE IF CON
FRE IFM CON

FRER IF CON

103

FRE IFM CON 0O

FRE IF COM
FRE IFM COM
AND
FRE IF CON
FRE IFM COM

RULE
RULETYPE
CONCLUSTON
AMSWER

FRE NO EV?I

FRE IF CON
FRE IFM CONM

AND
FRE IF COM
FRE IFN COM

AND
FRE IF COM
FRE IFN COM
B ~ AND
FRE IF CON
FRE 1FN CON
RULE
RULETYFE
CONCLUSTON
ANSWER

FRE NO EVD

IF
FRE IF COM
FRE IFN CON

FRE IF CONW
FRE IFNM COM

FRE

FRE
FRE

I

FRE IFM CON O
I
I

h43d
AISN
howed ! recommended
A SlN(LF HOWE truss is vecommended.
100 )
spdn iois greater than | 246
100
4]
s?an i is less than | 46
100
bottom chord size | is equal to | &
100
? I { ] L é
top chord size | ie equal to | 6
108 4
0O
hl3a
AMSWER

belgian2 | recommended
A BELGIAM truss is vecommended.

100

;Pdﬁ i is greater than | 29

0 B

span | is less than | 35

100

0

bottom chord size | is equal to | 4
100

0 . , .

top chovrd size | is squal to | 4
100

O

h23hb

AMNSWER

belgian | 1@cnmm9ndpd

AORFLEJAN truss is recommended.

1

span 1 1s greater than | 29

lOO 9

t X

sgan i is less than | 35

D bnttom chord size | is equal to | &

100
tog chord size | is equal to | 4
%0



RUL

RULC
CON
ANS
FRE

FRE
FRE

FRE
PRE

FRE
FRE

FRE
FRE

RUL.
RUL
CON
ANS
FRE

FRE
FRE
FRE
FRE
FRE
FRE
PRE
FRE

E

ETYFE
CLUSTON
WER

MO EV?

IF CON
IFM CON
~iNMD
IF CON
IFM CON
AMD

[
ETYFE
CLUSTON
WER
MO EVD
IF

IF CON
IFM COM
AND
IF o
IFM CON
AMD
IF CON
IFM CON
AND
IF CON
IFM CON

RUILE

RUL
CON

ETYFE
CLUSTON

ANSWER

FRE
FRE
FRE
FRE
FRE
FRE
FRE
FRE
FRE

NO EVD
I

i
O
]
=

IFN CON

F s LS
gbo !

0
D bottom chord

104

08 chord size |

ba3c

AMSWER

helgian2 | recommended

?OgElG[hN truse i1s recommended.
s?an ois greater than | 42

100

0

span 1 i1s less than or equal to | 48
é 00

bottom chord sive | is equal to | 4
100

0

top chord size | is equal to | &
100

0

ha3d

ANSWER

bPl?ldnu i recommended

A BELGIAN truss is recommended.

100

span | is greatev than | 42

100

0 -
s?an v is less than or equal to | 48
é)

bottom chord size | is equal to | &
100

0

t i is equal to | 6

10

0

w2la

ANSWER

fink2 | recommended

A FINK truss is recommended.

100 ‘

i greatey than or equal to © 17

R T~
oo IJ

is less than or squal to |

gspan
100

size |

is equal to | 4
100

0
fnp chord
10

size | is equal to | 4



RULE wadh
RULETYFE ANSWER
CONCLUSBION finikd | recommended -
ANSUWER A FINK truss is recommended.
FRE MO EVD 100
. ~_IF span i is greater than or mouwal to
FRE IF COM 100
FRE IFN COM O
AMD sPan I is less than or equal to |
FRE IF COM 100
FRE IFN FOM 0 ]
AND bottom chord size | is equal to |
FRE IF CONM 100
FRE IFN COM O
o AMD to? chord size | is equal to + 4
FRE IF CONM 100
FRE IFM CONM O
RUL.E wl23c
RULETYPFE ANSUWER
COMCLUSION fink2 | recommended
ANMSUWER A FIMK truss is recommended.
FRE MO EVD 100
IF a? b is areater than | 24
FRE IF COM 100
FRE IFN CONM
AND qpan i is less than or equal to |
FRE IF CON 100
FRE IFN CON O
AND bottom chord size | is equal to |
FRE IF COM 100
FRE IFM CONM O ) )
] AMD top chord size | is equal to | 6
FRE IF CONM 100
FRE IFN CONM O
RULE w23Xd
RULETYFE ANSWER
COMCLUSION fink2 | recommended
ANSUWER A FINK tlu%s is recommended.
FRE MO EVD 100
] span | is greater than i 24
FRE IF CON 100
FRE IFM COM O
AND span | is less than ov equal to |
FRE IF CONM 100
FRE IFM CONM O , i
AND bottom chord size | is equal to i
FRE IF CON 100
FRE IFN COM O . . ]
o ANMD tog chord size | is equal to 1 &
FRE IF COM 10
FRE IFM COM O

P
Lte]

42

105



RULE
RULETYPE
COMCLUSION

k23a
ANSWER )
klnghof ztZ2a 1 recaommended

ANSWER A RIMGFOST truss is recommended.
FRER MO EVD _ 100
IF %Pan i is less than 1 17
FRE IF CONM 1060
FRE IFM CON
AND bntfmm chord size 1 i1s equal to |
FRE IF COM 100
FRE IFN CON O
AMD top chord size | is equal to | 4
FRE IF COM 100
FRE IFM COM O
RULE k23b
RULETYFE AMSUWER
CONCLUSTOM kin%ROQT’a Porecommended
AMSWER NIMGFOST truss is recommended.
FRE NO EVD 100
I :Pan 1is less than | 17
FRE IF CON 100
FRE IFN CONM O ‘
AMD bottom chord size | is squal to |
FRE Il CON 100
FRE IFN COM ©
AMD to 8 chord size | is equal to | 4
FRE IF COM 10
FRE IFM CON O
RULE k23c
RULETYPE AMSUWER
CONCLUSTION kln%§0q?’a 1 recaommended
AMSWER IGFOST truss is recommended.
FRE MO EVDw'
IF Pan i is less than or equal to |
FRE IF CON 1)
FRE IFM COM _ ' _
} AND bokkom chord size | is equal to |
FRR IF CON 100
FRE IFN COM O
AND i to 1 &

FRE IF COW

top chord size | is equal
100

FRE IFM CON O

RUILLE k23d

RULETYFE A%:w[h

CONCLUSION  kiy %goqt&a 1 recommended

ANSWER A IGFOST truss is recommended.
FRE MO EVD

IF an 1 is less than or equal to |
FREB IF COM 1)0
FRE IFM COM O )
AND bottom chord size | is equal to |
FRE IF CON 100
FRE IFN CON ©
] AND tog chord size | is equal to | 6
FRE IF CONM 10
FRE IFM COM O
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-
pea]

= NDOAE

TYIE
LPSIUN

A

MO EVD
F
F

WETT
Eﬁ",‘n‘“
H

ARZCCCT

iy
COn
N COM
AND
COM
Fi COM
AND
IF COM
IFM CON

T
mm

I
I
IF
IF

-7 TWT o,
SR
ooy

o
i

RULE
RULETYFE
COMCLUSION
AMSUWER

FRE NO EVD

F.
FRE IF COMN
FRR IFM CON
AND
FRE IF COM
FRR IFN CON
A
F
!.

'RE IF CON
FREOIFN CON

RULE

RULETYPE

CONCLUSTON

ANSWER

FRE NO EVD
IF

107

klda

ANMSWER

kingpostla | vecommended

?(SI GFOST truss is vecommended
16

F ﬁ?an io1s less than | 16
1)0

bottom chord size | is eqgual to | 4
100

0
top chord size | is equal to ! 4
2}()()

k13h
ARSWE
kln%305t1a I recommendad
IGFOSBT trusse is recommended

sPan vois less than | 1é
100

?gttom chovd size | is equal to | 4
0
MD top chord size | is equal to | 4

100

0

kl3c

AMSWER

klﬁ%FQﬁ P recommended

: MG FQ truss is recommended

sPan v 16 less than 1 23 -
10

FRE IF COMN
FRE IFN COM
) AND
FRE IF COM
FRE IFN CON
AND
FRE IF COM

boftom chord size | is equal to | 4
100

0
to? chovd size | is equal to | &
100

FREB IFM CON O

RULE
RULETYPE
CONMCLUSTON
ANQNhH

FRE MO EV?F
FRE IF COM

k13d

AMSWER

kln%ﬁo§fla 1 recommended
?og.l&FOST truss is recommended
span | is less than | 23
100

FRE IFM COM O

AND bottom chord size | is equal to | &
FRE IF CON 100
FRE IFN CONM O . _
) AMD to? chord size | is equal to | 6
FRE IF CONM 100
FRE IFM COM O



RULE
RULETYFE
CONCLUSTON
ANSUWER

FRE NO EVD
TF

FRE IF CON
FRE TFN CON
AND
FRR IF COM
FRE IFNM CON
AMD
FRE IF CON
FRB IFM CON
AMD

FRE IF CON

108

ml3c

ANSWER

mod gqueenpostl | recommendead

? MODIFIED QUEEMNMFPOST truss is recommende
100

span | 1s less than | 40

100

0
gpan 1 is greater than | 30
160

bottom chord size | is equal to | 4
100

0
toP chord size | is equal to | &
100

FRE IFM COM O

RULE
RULETYPE
CONCLUSION
ANSWER

FRE MO EVD
FRE I
FRE I

FRE I

FRE I

FRE IF CON
FRE IFM C
FRE I

FRE I

COon

RULE
RULETYFE
CONCLUSTON
ANSUWER

FRE NO EVD_

IF
FRE IF COM
FRE IFN CON

AND
FRER IF CON
FRE IFN CON

FRE IF COM
FRE IFM CON

AND
FRE IF COMN
FRE IFM CON

m13c

ANSWER

mod gueenpostl | recommended

Q MODIFIED QUEENFOST truss is vecommende
100

F span 1 is lass than | 40

span | 15 greater than | 30

100

0 v
bottom chord size | is equal to | &
100

O
tog chord size | is equal to | &
10

0

ml3a

AMSWER

mod queenpostl | recommendad

3 MODIFIED QUEEMFOST truss is recommende

100 . " .
apan | is greater than | 22
100 ¢

O
span | is less than or equal to | 31

S

gttom chord size | is equal to | 4
100

'08 chord size | is equal to | 4
O

Ot OO



to

to

to

o

to

+
t

4

4

4

&

RULE m13h
RULLETYPE AMSUWER
CONCLUSTON  mod que@n?oqt i recommendaed
ANSUWER ? MODIFIED QUEEMFOST truss
FRE NO EVD 100 .
IF span | is greater than | 22
FRE IF CONM 100
FRR IFM CON O
AMD span | is less than or equal
FRE IF CONM 100
FRE IFM COM O )
AMD bottom chord size | is equal
FRE IF CON 100
FRE IFN COM O §
AND top chord size | is equal to
FRE IF CONM 100
FRE IFM COM ©
RULE kl3aa
RULETYFE ANSUER
COMCLUSTON klﬁ% ostl | recommended
ANMSWER IGFOST truss is recommended.
FRE NO EVD 100 A
IF span | is less than | 16
FRE IF COWM  1v
FRE IFM COM O
AMD bottom chord size | is equal
FRE IF CON 100
FRE IFN COM O
AMD top chord size | is equal to
FRE IF CON 100 7
FRE IFN COM 0O
RULE ki3ha
RULETYPE AMSUWER
COMCLUSION  kingpostl | recommended
ANMSWER A KINGFROST truss iz recommended.
FRE NO EVD _ 100 _
o [F sPan i 1s less than | 16
FRE IF FUN 100
FRB IFM COMN O ‘
AMD bottom chord size | is equal
FRE IF CON 100
FRE IFN CON O
AND toP chord size | is equal to
FRE IF CON 100
FRE IFM COM O
RUL.E kl3ca
RULETYFPE ANSWER
CONCLU%lON kinqnostl i recommended
ANSWER A KINGFOST truss is recommended.
FRER MQ EVD 100 _ ]
] sgan i dis less than | 23
FRE IF CUN 100
FRE IFM CONM O ) )
. ANMD bottom chord size | is equal
FREB IF CON 100
FRE TFN CON © ) .
AMD toF chord size | is equal to
FRRE IF COM 100
FRR IFM COM O

t
i

'
t

t
H

is rvecommends

4

&

4
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RULE k13da
RULETYPIEE ANSWER
COMCLUSION kln%)osk yorecommended
ANSWER IGFOST truss is recommended.
FRB NO EVD

_IF bPun ¢ is less than | 23
FRER IF COM 100
FRE IFM COM ©

AND bottom chord size | is equal to | &
FRE IF CON 100
FRE IFNM COM O

. _AND toP chord size | is equal to | &

FRE IF COM 100
FRE IFM CON O
RULE kd43Zab
RULETYPE ANSWER
CONMCLUSION kln%?aﬁt4 Porecommended
ANSWER A IGFOST truss is vecommended.

FRE MO EVII)F
FRE IF CON

FRE IFM CON O
AMD bogtom chord size ! is equal to ! 4

N
FRE IF CON
RE IFN COM
AND

B IF CON
'RE IFM CON

RULE
RULETYPE
CONCLUSION
ANSWER

FRE NO EV%

FRE IF CON

100

- s?an Pois less than | 18
30

¥

T
~~
S

top chord size | is equal to ! 4
190

0
y
k43bhh
ANSUWER
knn%ﬂoqt4b i recommended
B GFOST truss is vecommended.
an | is less than | 18
1)0

FRE IFM COM O

A
FRE IF CON
FRE 1

1F
FRE IF CON
FRE I

RULE
RULETYFE
COMCLUSTION
AMSWE

FRRE MO Evgl

hottom chord size | is equal to | &
100

0
to? chord size | is equal to | 4
100

k43ch
ANSUER
kln%P t}h ' acommend@d
MGFOST tr
e

te

t658 is recommended.

an iois less than or equal to | 26

FRE IF COM 1)0
FRE IFM COM O
AND bottom chord size | is equal to | 4

FRE IF COM 100

FRE IFN COM ©

! AND to? chord size | is equal to | 6

FRE IF CON 100

FRE IFM CON O

110



RULE
RULETYFE
CONLLUSIUN
ANSWER

FRE MO EVD

FRE IF CON

k43cdh
AMSUWER
k1n%10ﬁ Ah 1 vecommended
IGFOST truss is vecommended.
dﬁ vois less than or equal to |
1)0

FRER IFNM CON O

FRE IF CON

bnt om chord size ' is equal to |
100

FRE IFM COW 0

FRE IF CON
FRE IFM CON

RULE
RULETYFE
CONCLUSTON
ANSWEF
FRENO EVD
FRE IF CON

tap chord size | is equal To 1747

100
0

k33ab

ANSUWER

knngPostdb i recommended

?08 MGFOST truss 1e vecommended.
span iois less than | 17

100

FRE IFM CON O

AMD
FRE IF COMN
FRER IFN COM
AN

FRE IF COM

bottom chord size | is equal to |
300

D toP chovrd size | is equal to | 4
100

FRE IFM COM 0O

e
RULE k33bb
RULETYFE ANSWER
COMCLUSION klnggoardb Vorecommendead
AMSUWER A RKINGFOST truss is recommended.
FRE NO EVD 10 A .
IF rPsn i is less than | 17

FRE IF CON 10
FRE IFN COM O ) ) _

) ) AMD bottom chord size | is equal to |
FRE IF CON 100
FRE IFNM COM O

AMD to? chovrd size | is equal to | 4

FRE IF COWM 100 .
FRE IFM COM 0O
RULE k33ch
RULETYPFE AMSWER
CONMCLUSTON kln%ﬁostﬁb vorecommended
ANSWER A KIMGFOST truss is recommended.
FRR MO EVD )
. s? v is less than 1 25
FRE IF LON 100
FRE IFM PUN )

) AND botfom chord size | is equal to |
FRE IF COM  10(€
FRE YFN CON © .

] AND top chord size | is equal to | 6
FRER IF COM 100
FRE IFM COM O
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RULE
RULETYFE
CONCLUSTON
ANSWER
FRECNO EVD
FRE IF CON
FRE TFN COM
ARD
FRE IF COM
FRE IFN CON
AND
FRE IF CON
FRE TFM CON
RULE
RULETYFE
CONCGLUSTON
ANSUWE
FRECND EVD
FRE IF CON
FRE TFN COM
ARD
FRE IF COM
FRE TFNCON
AND
FRE IF CON
FRE CTFN COM
v
RULE
RULETYFE —
CONCLUSTON
ANSWER
FRE NO EVD
1F
FRE IF CON
FRE TN COM
AND
FRE IF CON
FRE TFN COM
AND
FRE TF CON
FRE TFN COM
RULE
ROCETYFE

COMCLUSION
AMNSWER
FRE NO EV?{

FRE IF COMN
FRE TFM CON
AND
FRE I CON
FRE IFN CON
AND
FRE IF COW
FRE IFM COM

k3Xdh
ANSWER
kinLP05t3b i recommended
?0§ NGFOST truss 1s recommended.
%Pan iols less than 1+ 295

100
hnftom chord size | is equal tTo |
100
0

to 1 6

tgp chovd size | is equal
0

kl3ah
ANMSWER
kln%?oetlb ¢ recommendead
A MEFOST truss dis vecommended.
SPGH ¢ois less than 16
100
0
bottom chord size | 1s equal to |
160
0
tep chord size | is equal to | 2
1060
0
k13bb
AN%NFR
kingpostlb | recommended
?OFT GFOST truss is recommended.
span i is less than | 16
LOO
0O
bottom chord size | 1s equal to |
10D
0
pois equal to 4

chord size |
108

kldch
ANMSWER

kingpostlb | vecommended
?OrTth06T truss Is recommended.
span ; is less than 1 23

100

0

bottom chord size | is equal to |
100

0

;? chord sixe 1 is equal to 1 6
)

0

112
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FrULLE ki13db
RULETYRE ANSWER
CONMCLUSTON  kingpostib | recomnmendad
ANGSWER KIMGFROST truss 1 rvecommended.
Ha}{ MO EWD 1 (;()
] IF ﬁPan iois less than o 23
FRE OIF CONM 100
FRrRE IFM COM O
AND bottom chord size 1 is eqgual to |
FRE IF CON 100
FRE IFN CONM O _
AMD top chord size | dis equal To 1 &
FRRE IF CONM 100
FRE IFM COM O
RUILE k14h
RULETYPE AMSWER
FDNFLU&]UH knn%h }a Vrecommended
AMSUWER ‘ truss is recommended.
FRE MO EVD 100 )
IF %?&ﬁ i is less than or equal to |
FRE IF CONM 100
FRE IFM CON O
AND bottom chord size | is equal to |
FRE IF CONM 100
FREB IFN CONM ©
AMD top chord size | is equal to | 4
PREOIF CON 100
FRE IFM CON O
RULLE kléc
RULETYPE ANSWER
COMCLUSION kln??uct]4n 1orecommended
ANSWER IGFOST truss is rvecommended.
FRE MO EYD
] IF <n1 i is less than ov equal to
FRR IF CON 310
FRE IFN CON O
ﬁlD bottom chord size | is equal to |
FRE IF CO 100
FREB TFN COM 0
AND tap chord size | is equal to | &
FRE IF CON 100
FRE IFM CON ©
RULE ) kl4d
RULETYFE AMNSWER
COMCLUSYON kln%gost14a Forecommended
ANSUWER IGFOST truss is vecommended.
FRE NO LVD
an b is less than or equal to |
FRE IF CUH 1'0
FRE IFM COM O _
~_ AND bottom chord size § is eqgual to |
FRE IF CON 100
FRE IFN CON O _
AMD is equal to 1 &

FRE IF COW
FRE

toP chord size |
100

IFN CON O
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