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GLOSSARY

algorithm -~ explicitly defined procedure

base = category of top level organization: stress state, limit stéte, or
component

base, element of - a particular type of stress state, limit state, or
component; e.g., axial force, yield, or member

base, subelement of - used to further define element of a base; e.g., tension

| could be a subelement of axial force, or thin-walled shape could

be a subelement of member

boolean (or logical) variable - variable that may have the value 'Yes'' or
”NO“ |

branch = arrow pointing from one node to another

component - physicél part of a structure; member, stiffener, etc.

conditional execution - execution procedure where highest (output) level:
criteria are processed first and lower level provisions are intro-
duced when needed

criterion - functional relationship intended to provide an adequate margin
of safety with respect to a particular mode of failure

decision table = an explicit logical procedure in tabular form that indi-
cates action to be taken for particular combinations of known
éonditions

delayed decision - processing decision tables by halving technique so as
to require fewest number of tests per table (on the average)

dependents of a data item - data whose values are affected by the value

of the data item



‘detailed Ievei organization - organization of paragraphs or individual
provisions of the text

direct execution - execution procedure where lower level provisions are
processed before higher level provisions referring to them,
so that all data are defined before their first use

format - written text of Specification

function - a formula used for evaluation of a datum that is not changed when
related conditions change

functional network - network of data used to evaluafe design criteria

immediate decision (quick rule) - processing decision tables by attempting'
to isolate common or frequently occurring rules first

ingredients of a data item = dataﬂused to evaluate the déta item

intermediate level organization - organization of the - provisions in
functional network of a design criterion or criteria

l1imit state = mode of unsatisfactory behavior (yield, instability, etc.)

network - graphical representation of a data structure; system of nodes
interconnected by branches

node - point in a network representing a data item

organization - overall outline for the Specification

stress state - type of stress (tension, shear, combined stress, etc.)

tagging - associating a section or provision with a triplet, or vice-versa

topical outline - overall top level outline for the Specification

top level organization - overall organization of the Specification

triplet - valid combination of the three bases (limit state, stress state,

component) pertaining to a criterion or provision



CHAPTER 1

INTRODUCT ION

1.1 Purpose of the Specification

The AISC Specification [4] is a document intended to serve three
different pufposes in relation to the general public, the structural design
profession, and the steel industry. The public purpose is to assure that
steel structures‘designed and fabricated according to the Specification
afe safe, functional, and economical. As a guide to designers, the Speci~
fication is intended to provide direct, efficient design procedures incor-
porating realistic analytical, experiménta} and empirical knowledge. For
the steel industry, the Specification is expected to contribute to the use

of fabricated steel by facilitating the designers' use of steel.

1.2 Resistance to Changes of the Specification

The Specification has been repeatedly revised prior to 1969‘
in order to introduce advances in technology and knowledge. With the
1969 Edition, it has become the policy of AiISC to update the Specification:
on an annual basis. Such revisions and updates are obviously necessafy
for all three intended purposes of the Specification: for the public, to
benefit from the improvements in economy and safety; for the design pro- |
fession, té improve the design procedures and increase confidence in the
designs‘produced; and for industry, to maintain and improve the competitive
position of fabricated stge] buildings.

It is widely recognized, however, that such advancés are not
accepted with unmitigated joy by all parties concerned. In particular,

the burden falls most heavily on the designers, who are repeatedly being



asked to forego familiar procedures for new ones, the background of which
they may not thoroughly understand. Unless proper steps are taken, designers
will resist the changes, or, if they are approved, will tend not to take
advantage of them. As a consequence, the public does not realize the |
potential benefit from the changes and the industry loses some of its
long=-term competifive advantage tnrough the designers' reluctance to con-
sider‘steel as an alternative design. ‘
There ié a widespread belief among designers that every change
in the Specification automatically increases its complexity, and therefore
the cost of using it. This feeling may have some validity if subsequent
changes are to follow the péttern of previons editions, including the
1969 one, where new provisions havé been inserted WithoutAexp]oring all
of their interactions with other provisions (new or old), or entire new
sections were added using different philosophies or organization than the
previous ones. As a consequence, whatever simplification or rationaliza-
tion is provided by the new provision or section, it is significantly

negated by the increased difficulty of re]atfng it to other provisions.

1.3 Previous Study

The previous study on the decision table formulation of the
Specification [1] has shown that its detailed provisions can be repre-
sented as individual decision tables. The study has also shown that the
individual provisions of the Specification are free of overt omissions,
inconsiétencies and contradictions. On the other hand, the decision
table formulation has made explicit the long~recognized inconsistency in
the interrelationships among the various provisions by defining the under-

lying network of cross-references among the variables involved (e.g., the



term ''net area'' used in 1.5.1.1 'is computationally defined in 1.14, etc.).
In the previous study, the tables were labeled and arranged
so as to preserve as much as possible the present textual organization of
the Specification. This arrangement demonstrates quite vividly the lack
of clarity and consistency of the textual organization itself. The prime
reason for'thfs, as discussed above, is that the text has been revised
through the years to introduce advances in technology, with the result
that provisions intended to be used in conjunction may be widely scattered
in the fext, without any explicit cross-referencing.
Finally} the,pkevious study has shown that the Specification
refers to over LOO distinct items of data, rather than the 120 or so
items listed in the Nomenc]atﬁre. However, there is.no correlation be-

tween the organization of the Specification and the natural organization

of these data as they arise in the course of design.

1.4 Objective of Study

The objective of this study is to explore and develop concepts

and methods for more rational organizations for the Specification, both

for written and computer-impleméntable forms. It is recognized that dif-
ferent organizations may be required for these two forms: the major goal
for the Qritten specification is clarity which gives the user confidence
that his design objectives are achieved with safety, functionality, and
economy; whereas the major goal for computer implementation of the logic
of the Specification is total efficiency, which includes édaptability to
interfacing with project data files and analysis and design routines as

“well as computation time. This report deals primarily with the textual

organization of the Specification. The iﬁplications of this study on



computer implementations are briefly discussed in Chapter 5.

As will become apparent from the discussion that follows, it is
not feasible to develop the final, definitive organization for future
editions of the Specification in this study. The selection of such an
organization involves a host of philosophical considerations that require
the input and careful consideration of the entire Specification Advisory
Committee. This study can only provide gdidelines to that Committee, as
well as a set of tools that facilitate simulation of alternative organiza-
tions for evaluation of their suitability.

It is hoped that the combination of guidelines and tools arising
from this study will enable the Specificatfon Advisory Committee to arrive
at an organization of future eaitiéns of the Specificatioﬁ which will allow
easy incorporation of new technology, and, at the same time, remove many
of the valid objecfions to the present organizational growth of the Speci-

fication.

1.5 Organization of Report

In Chapter 2, procedures are defined for representing the logical
structure of the current Specificatfon as a network of data. Levels of
organization of the logical structure are presented in Chapter 3. Computer
aids and algorithms for textual organization are given in Chapter 4 along
with detailed examples. Conclusions reached in this study, and recommen-
dations for further work are presented in Chapter 5.

A glossary of terms that may be unfamiliar to the reader is the
beginning of this report. The brief definitions given are intended only
to refresh the memory of the reader when necessary. |In most cases, detailed
explanations are given in the text where the terms first appear. At times
it may be necessary to refer to the references cited.

5



CHAPTER .2

AN ABSTRACT VIEW OF THE SPECIFICATION

. o~ . . .
In this chpgter, an abstract model of specifications in general,
and the AISC Specification in particular, is developed. The objective is
to isolate the basic components of the specifications, and thereby set the

stage for discussing potential aids for organizing the Specification.

2.1 Criteria

A design specification consists fundamentally of a collection of

design criteria to be satisfied. A criterion may be defined as ''a functional

relationship intended to pronde an adequate margin 6f safety with respect
to a particular mode of failure' [3]. In the above definition, 'mode of
failure! is td be interpreted in the broadest terms, to include service-
ability conditions as well as utlimate behavior conditions.

A criterion is usually stated in the text using terms such as
""shall not exceed,!' Y'will be limited,' and the like. It is thus natural
to assign to each criterion a status, which has two possible values:
isatisfied'" or 'violated.'! Occésionally, critefia appear in the Specifica~-
tion which are not given in the above férm, but rather as a side-condition
to more basic criteria.

The design criteria specifically included .in the present Speci=-
fication are listed in Table 2.1, together with the decision tables in
Ref. 1 .which specify the manner in which they are to be evaluated (the
numerical portion of a decision table designation corresponds to the section
" number in the text).

It is obvious from an examination of Table 2.1 that not all



criteria pertain to the same level of decision-making in the design pro-
cess. Typically, the criteria appearing in the present text are collections
of more specific criteria pertaining to particular modes of failure. For
example, the ''Compression Member Check'' of Section 1.5.1.3 may be repré-»

sented in decision table form as follows:

Section 1.9 satisified Y E
Ke/r < 200 Y
‘F/Fslo Y
Criterion satisfied Y
Criterion violated Y

Thus, a compression member has to satisfy simultaneously the three sub-
sidiary criteria shown in the decision table. Conversely, the two cri;
teria shown in Table 2.1 as pertaining to Section 1.6.1 are a single unit.
Finally, the '"'criterion'' for a heterogenous‘connection pertaining to
Section 1.15 is not a criterion at all according to the definition given
above, but simply a procedural or ahalysis prescription instructing the
designer how to allocate loads to connectors.

In summary, criteria represent the basic, governing conditions
whicH a design must satisfy in order to be acceptable. The present list
of criteria, however, is both incomplete and uneven in its organization.
We return to this topic in Section 3.1, where a consistent method of iden-

tifying and organizing criteria is suggested.



2.2 Functional Network

The AISC Specification specifies a hierarchical sequence of

computations, checks, formulas, Timits, etc., leading to the evaluation
of each criterion. The hierarchy of these functional or operational pro-
visions, as well as their interconnections, may be (gpreseg;ed independent

qfuzbgir ?gxtﬁa] representation by a graph or logical network. This graph
identifies the data referred to in the Specificétion and the relationships
of each datum to other data. The succeeding sections deal with the de~:

velopment of the salient features of this network.

2.2.1 Data ltems
An individual item éf data, or datum, may Se one of the following:
a) the status of a design criterion, which, as discussed in
Section 2.1, has possible values of ''satisfied'' or ''violated;"
b) e property which has numerical value, such as allowable -
bending stress Fb;
c) a quantity which has as its value one of several alpha-
betic names, such as ''section shape'' which may have values of “channel,“
"wide flange,'' etc.; or

d) a logical variable which has possible values "true'' or

”fa]se,“‘such as tlevariable ''sideway prevented.!
There are two sets of relationships between the data items.
The functional relationship deals with the source of data, i.e., the manner
in which a vaiue is assigned to the data item in question; A data source
may be:
| a) given by the design’data, tables, or other source (e.g., the

area of a standard section or the designef's knowledge whether sideway is
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umw’w\‘\ .
prevented) ;

b) generatga by an explicit algorithm, an algebraic functzgg,
or subroutine (e.g.,/C. = /Zn%f7ﬁﬁb- or
pAdaiasiiulih { c =

c) der:ved from a logical procedure such as a decision tab]e.

For example a decision table to compute{Fé}is shown below:

KL/r g € ' Y N
(Kzf;/r)b'l
] = 2L
QQaL 1Ry
Fa = C 3 Y
5, 3(Ke/r) _ (Ke/r)
3 8¢C 3
c .- 8C
C
2
FaA._:]Zﬂ.—EZ Y
23(Kg/r)

These three classes of data sources appear adequate for the AASC
Specification. A fourth class, that of data assigned by a subjective
expert opinfon, may be included in a more general logical network of design.

From the standpoint of the logic of the Specification a more
important relation between items of data is their Pprecedence |n evalua-

tion, regardless of thgﬂglgpiithms or procedures of evaluation themselves.

These logical relations between items of data may be concisely expressed

by two related lists, the ingredience and dependence lists for each datum.

In the example b) above, the data items E and FV are ingredients

-

A

of the datum Cc' Cbnverse]y, CC is a dependent of both E and Fy, as Cc

o

e v

cannot be evaluated without knowing E and Fy,land if either changes in



value, CC must also change. When a datum is derived by means of a decision
table, its ingredients include both the data items defining the applicable
conditions and the data items involved in the actual calculations. By
the same reasoning as used above, the derived data item is a dependent of
both sets of data items, as its value is affected by the applicable con-
ditions just és much as by the computational ingredients.

The data items used to evaluate the data item generatedvby a

decision table can be classified as dynamic ingredients or common ingredi-

ents. bynamic ingredients are data used only when certain rules are matched.
Common ingredients are the data used_ﬁgggfglgss of which rule is matched.

For example, in the table used‘to generétemfa, the common ingredients are

Ky 25 15 and Cc’ because they'ére used for either of fhe two rules. The

dynamic ingredients are QS, Qa, and’Fy when the first rule is matched and

E when the secbndwrule_is matched.

2.2.2 Properties

Using the above definitions, the abstract fogical network can
be readily created by:

a) . assigning a nodeA(point) to each data item, regardless of
source; and

| b) drawing an oriented branch-(arrow) from each datum to each

of its dependents. |

For exampie, the network corresponding to the criterion ""Com=
pression Member Check,'" Section 1.5.1.3, discussed earlier is shown in
Fig. 2.1. (See Appendix C for definition of data.) Nodes with a single
‘ cfrc]e are input data and nodes with a double circle are evaluated by a

function or decision table.
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The global network for the entire Specification can be auto-
métical]y generated from the local ingredience list of all data items.
Such a global logical network permits one to trace out two sets of rela=
tions or influences: 4

a) the global dependence of a datum, consisting of all data
items depending on it, is obtained by traversing the network from the
given datum in the direction of the arrows until all data items whicﬁ may
be réached in this fashion are enumerated; and

| b) the global ingredience of a datum, consisting of all data
items influencing it, is obtained by traversing the network from the datum
in the direction opposite to that of the arrows until all data items which
may be reached are enumerated. | .

It is obvious that input items are identified in the global net-
work‘as those which have no ingredients (alf arrows point out); similarly,

terminal or output items are those which have no dependents (all arrows

point in). More generally, each datum in the network can be assigned

two numbers:

a) the global level from input, i.e., the number of branches
on the longest chain from any inpuf item to the datum in question (as an
example, the levels from input of the present criteria in the Specification
are shown in the last column of Table 2.1); and

b) the global level from output, i.e., the number of
branches on the longest chain from the datum in question to any terminal

or output item.

These definitions use the longest path because a given datum

may have several ingredients and dependents and the path lengths for each
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may be different.

In_summary, the functional network defined by the data items
and their lists of ingredience and dependence is independent of the organi-
zation of the Specification. Thgwfgngpjpﬁalune§w9rk displays alI trans-

formations from the input data to the guﬁput,'the latter being defined

as the criteria discussed in Section 2.1..

2.2.3 Revision of Decision Tables
It is worthwhile to repeat that the functional network intro-

duced in this study is based on the premise that each decision table pro-

~

[n
duces a single data item as its output. -By contrast, in the original

decision tables presented in'ﬁef. 1 many of tte tablés were shown to pro-
duce several different, but related, data items. For the pﬁrpose of this
study, it waslnecessary to reformulate all of the tables of Ref. 1 which
produced multiple output. These revised tables are being published
elsewhere.

An example of reformulating the decision tables is givén in
Table 2.2. Decision Table 1.5.1.3.a of Ref. 1 is shown in its original
form having four different actions. This table can be decomposed into
two smaller tables and two functions as shown on the second page of
Table 2.2. . Functions 1.5.1.3.a.1 and 1.5.1.3.a.4, are each computed
with a,siné]e formula, as they do not involve any conditional entries.
The two tables resulting from the reformulation are much smaller and
simpler than the originaf table. Only the conditionl”KL/f < CC” is needed
for choosing the formula to compute Fa’ and only two conditions, '"Bracing/
' Sécondary Member'' and '4/r > 120,'" are needed for selecting the formula to

L
compute Fa’
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The conditions "*Main. Member" and‘”Bracing/Sepondary Member!"
make up a mutually exclusive set, i.e., one condition in the set is
"Yes'' and the others are ''No.'! @Efgéllzfﬁzglgﬁjyg_§gf§”havg”pegn‘
treated as vectors of boolean data in this study, where each vector is
represented as a single data item in the overall data structure of the
Specification. The rationale forbusing this scheme is that each mutually
exclusive set defines one particular data‘item, as discussed In
Section 2.2.1.c, and should be represented by a single node in the data
network. For example, the set '"Main Member, Bracing, Secondary Member!

denotes the type of component. The lists of vectors used in the reformu-

lated decision tables is given in Appendix C.

2.3 ‘ Organizational Network

A désigher, or any other user of a given set of specifications,
must accomplish two things:

a) determine which‘qgigggigpqo;Lcriterjgwarevapplicab[nglﬁ
t§§w§jgpgﬁiqn at hand; and

b)  for each of the applicable criteria, determ{ﬂgwfhe steps

necessary to evaluate the criterion.

The functional network defined in the previous section is, by
itself, insufficient guidance to the user for the above two purposes, as
it contains only a list of design criteria, without any relation between
them. The orQanization of the Specification must therefore provide a
grouping and ordering to the individual criteria so as to provide a logical
and consistent entry to the various criteria which must be evaluated.

From an aEstract standpoint, the grouping and ordering of . the

criteria may be represented as a second, or organizational, network which
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originates from a single entry node and proceeds through a series of
branching points, corresponding to the various major categories of
organization, to the appropriate criteria which must be evaluated.

For illustrative purposes, the network corresponding to the
present Specification is shown in Fig. 2.2; The figure covers only those
portions of the Specification which are quantitative in nature, i.e.,
lead to specific design criteria. In accordance with the definit}ons of
the previous two sections,veach section or subsection of the Specification
is représented by a node of the graph and has two types of ingredients:

a _higher-level section, and one or more input data items. The latter
ingredients are described qualitatiVeiy; a more precise description of
these will be given in Sectioﬁ 3.1, .

If the two networks are now combined, it can be seen that the
criteria involved in the Specification have two types of ingredients:

a) ”functional” ingredients which relate the criteria to the-
intermediate and input data from which they are evaluated, as represented
by the organization-independent functional network; and

b) "'organizational'' ingredients which relate the criteria

——

to the overall organization of the Specification.

2.4 Summary

It is the thesis of this study that the logical structure of
the Specification can be represented in an abstract way by means of the
two interrelated networks discussed in the previous sections. Furthermore,
these two networks provide an optimal basis for investigating alternate
' fdrmats for presenting the scope and intent of the Specification in

textual form.
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It will be shown in the succeeding chapters that for the

functional network, alternate formats of the text represent simply

.alternate_methods of displaying the two=dimensional functional .logic .net- . . .

work in one-dimensional or sequential textual form. 1t is, of course,
assumed that aiternate formats of the functional network do not alter
any meanings or relations.

It will also be shown that for fhe organizational network,
alternate organizations of the text represent alternate ways of grouping
and ordering criteria and their corresponding organizational network.

In this case, it is assumed that alternate organizational networks do not

introduce additional criteria.
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CHAPTER: 3

LEVELS OF TEXTUAL PRESENTATION

~In the.previous chapter, it was postulated that -the Specification
has a unique logical structure, but that this structure may be presented

to a reader in a variety of forms. No rules for organization of a text

are known‘to-tha writers. Rather than defining one organization'and de-
fending it against alternatives, our objective is to identify the hierérchy
of information in the Specification, note approaches to its textual ela-
boration, and develop procedures to aid the Specification Advisory Com-
mittee in deciding uponbtextual format. This chapter presents a decomposi-
tion of the textual format, and discusses the alterngtives available at
each level. Chapter L describes the tools developed in this study for
investigating alternatives at two of these levels.

The'format of thé text of the Specification musf'be viewed at
three levels. The top level consists of bases for classification of
subject matter, and corresponds to the organization as discussed in
Section 2.3. The intermediate level deals with the textual expression of
the functional network corresponding to a given criterion. Thé detailed
level concerns the specific provisions for derivation of a datum, and'may

correspond to a single paragraph of the text or a single decision table.

3.1 Top Level

The top level of the Specification provides the overall organi-
zation of the text, by directing the user to the applicable criterion or

criteria and by grouping related criteria into Targer units.
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3.1.1 Possible Bases of QOrganization

There are several possible independent bases for organizing or
grouping criteria. Furthermore, the independent bases can be hierarchi-
cally structured in any consistent order. |

The possible bases are:

1) PHi]osophy of Design, which may include working stress

design, plastic design, or load factor design. Different, but not completely
distinct functional networks are associated with each philosophy.

2)" Limit States, which are modes of unsatisfactory behavior.

Each is independent of the philosophy of design because the structural
behavior depends on actual topology, geometry, proportions; and loadings
rather than the philosophy used to prescribe them.

3) Physical Components, which include beams, columns, connec-

tions, fasteners, etc. These are identifiable independently of philosophy

of design or limit state.

L) Implementation Procedures, which include processes such as

design, preparation of plans, fabrication, etc. These stages in building
are essentially independent of the above bases.

5) Stress States, which include the familiar types of tension,

compression, etc.

The basis ""Implementation Proceaure” can be ignored for the
remainder of this study, inasmuch as we are dealing only with the procedure
labeled ''design'' (including detailing) and the remaininglproceduresbof
"fabrication'' and '‘erection'' are outside the scope of the Study.

On the other hand, the basis 'lstress state'' must be‘taken
into consideration, first, because it is an intimate part of the present

organization, and thus fTamiliar to everyone, and second, because it defines
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the structure of a large number of limit state criteria.

Thus, there are four bases available, and therefore 4! = 24
possible hierarchical orderings, which differ according to which basis is
‘associated with the topmost level (parts), second level (sections), etc.
However, there is a major distinction between these four béses. Two of

them, Timit states and components, are complete or exhaustive, in the sense
dmit states and component 15°

that g]}‘conggjyghlg provisions of the Specification can be uniquely
classified according to both of these bases. By contrast, the other two
bases afe incomplete in tﬁe above sense: the ''philosophy of design'

basis because load factor design actually encompasses both working stress
design and plastic design, the ''stress state'’ basis because some provisions
cannot be conveniently expreﬁged in terms of stress étates (e.g., essentially
all provisions pertaining to serviceability criteria).

For the reasons stated above, strictly from a logical standpoint,
orderings associating philosophy of design and/or stress state bases with
the upper levels of the hierarchica] orderings should be avoided. Un-
fortunately, these are precisely the twé,bases which occupy the two highest
levels in the organization of the present Specification. Thus, there may

be considerable resistance agaihst adopting a more logical, but drastically

different, organization.

3.1.2 Shortcomings of Present Organization

It appears hi desirable that the textual organization be

related to the above bases in some systematic hierarchical combination.

The present organization of the Specification clearly does not satisfy
" this requirement. As an illustration, the relations of the major sections

of the 1969 AISC Specification to these béSes are shown in Table 3.1. A
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relationship denoted by an X implies specific use of the basis in the
séction. The growth of the specification by accretion is evident.
Part 2, covering plastic design, consists only of exceptions to Part 1
which contains the general procedural section as well as provisions
appropriate only to working stress design.

As a further illustration of the present organization, an
alternate organizational network to that 6f Fig. 2.2 is shown in Fig; 3.1.
This network corresponds roughly to the interpretation of the present
edition‘incérporated in Ref. 1. Note that the network has the same terminal
nodes as Fig. 2.2, i.e., involves the same criteria, but their order is
considerably different. Each of the inputkdata items.(defined in Appendix C)
controlling the organizational nodés is labeled as to the'base used. lf
is clear that there is no systematic, hierarchically organized relationship

between the nodes of the network and the bases of organization.

3.1.3 Decomposition of Criteria

The reason why the present organiiation of the Specification

is inconsistent and not amenable to alternate textual formats at the top

level lies with the definition of the present criteria.

A reexamination of Table 2.1 will reveal that the critefia in
the present Specification cannot be completely defined in terms of the
elements of the bases discussed above. Returning to the example of the
criterion cited in Section 2.2.2, the criterion '"Compression Member Check''
can be defined or ''tagged'' as pertaining to

( Type of camponent = member
L Type.of stééss state = compression

but the criterion cannot be uniquely defined by’limii~§E§EE‘§ince both
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instabjlity and y[g}ding limit states are applicable. Furtheymore, it

cannot.be stated. that this criterion governs for most compression members
s ince the effects of bending are not included in this criterion.

Thus, before alternate top-level textual formats can be generated,
it will be necessary to dEEQTEQEENEhfmgifﬁgnt criteria, or ide?tifxmnaﬂ
ones, which can be unigqe]y defined in terms of the bases described. Aﬁ

attempt at such a decomposition, and illustrations of the resulting

alternative formats that may be generated is presented in Section L.1.

3.2 Intermediate Levels

On the intermediatevieve], within each of the sections def ined
by the top level, the Specification typically deals with a single criterion
or a set of closely related criteria and their underlying functional net-
wérk. Thj§mggfygfk,EQHéiééﬁmsﬂLinjéﬁfﬁlaEedwErovisigp; and formulas where
the output from one provision becomes an ingredient for another, higher'
level provision. Avtypical network of this type has been presented in
Fig. 2.1.

A textual arfangement of such cascades Qf provisions can take

one of two alternative forms, corresponding to the concepts of direct or

conditional execution as introduced in Ref. 1. A textual arrangement for

g S—

q15g93\§§?;q5i?p means that a Tower-level provision is listed before any
higbgr;levelmgfgyision referring to it so that all terms, conditions, etc.,
are defined befgsﬁwtheir first use. By contrast, the textual representa-
tion of conditional execution starts with the highest, output-level cri-
teria and then proceeds to ligt the intermediaté and lower level provisions

in the logical order they would be encountered in any actual processing.
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The procedures developed for generating textual formats according to the
two alternative strategies are discussed in Section 4.2, and illustrated

with examples.

3.3 Detailed. levels

The detailed level of textual format corresponds roughly to a
single paragraph in the Specification text. This level is not specifically
shown in the logic network, as information on this level is typicél]y
contained in.a single decision table and represented as a single node in
the network.

There are again two general approaches to the textual expression
of the logic, corresponding to the immediate and delayed decision rules
for converting de;ision tables into flow diagrams, as described, for in-
stance, by Fenves [2]. The immediate decision rule leads most‘directly
to the most common outcomes, while the delayed decision rule requires the
fewest number of tests in arriving at an ouﬁcome;

It appears that human comprehension is aided by the immediate
decision rule while automatic data processing can benefit from delayed
decisions. These advantages can be realized without conflict. It appears
that jus; one of the two approaches should be used in the texf to avoid
discordance. An example of a Specification paragraph organized according

to the two strategies is given in Section 4.3.
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CHAPTER 4

AIDS FOR ORGANIZING THE SPECIFICATION

Computer aids have been developed in this study to autoﬁatical]y
generate topical Qut]ines for the Specification and to perform intermediate
level organization for either conditional or direct execution. These
aids are presented in Sections 4.1 and 4.2. No computer aids are available
for detailed level organization, but examples of processing decision tables
by the delayed decision or immediate decision rule are presented in

Section 4.3.

L.1 Top Level Organization

The overall organization of the Specification can be generated
by hierarchically structuring the independent bases presented in Section 3.1.1.
A program (OUTLINE) developed in this study will generate topical outlines
of the Specification for any of the 3! = 6 possible orderings of the three
bases: limit states, stress states, and physical components. The basis
"nhilosophy of design'' has been omitted because it would probably not be
a major basis of ofganization for the reasons dis;ussed in Section 3.1.1,
but could be easily added at the cost of much redundancy in the outline.

The input to the OUTLINE program consists of a list of all appli-
cable combfnations of elements of the three bases, referred to as "'triplets.'
Elements of the bases are lists of the applicable types of components,
limit states, and stress’states. Sggglgggg;§ﬂgggmg§§dmto'defing‘;he
different types of elements more explictly. For example, consider the

- following triplet:
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Type of component = mémber, fﬁfﬁ;wéliéawéhape
Type of stress state = axial force, compression
Type of Timit state = instability, global
In this triplet, thin-walled shape is the subtype of member,
and member is the type of component. A similar relation exists for the
stress state and limit state bases. Note that the term global instability
refers to member instability (Euler buckfing in columns or lateral-torsional
instability in beams), whereas, local instability (used in later examples)
refers to buckling of flanges or webs at a localized point along a member.
It should also be noted that fbig:ygllggughgpe describes shapes such as
wide-flanges, boxes, T-sections, channels, etc., and should not be confused
“with [lghf:gage, cqld-formed products. This triplet will appear in the
topical outline hierarchically structured for a given ordering of the three
bases. An identifiéation label, such as a section heading, may be input
with a trip[@t, and it will appear in the outline along with the triplet.
The[@ﬁffiﬁgiprogram has the capability of handling major elements of triplets
with one level of subelements, which seems to be sufficient at the present
time. However, if necessary, the program could be modified to include
more than one level of subelements.
After a data file of all the valid combinations of elements
and subeleﬁents of the three bases, i.e., the applicable triplets, has been
prepared, one needs only to specify the order of the bases for generating
an outline. The program then begins to generate every possible combination
of bases, checking to see which combinations or triplets have been Tisted

as valid by the user.  The valid triplets are output in conventional

outline form.
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The elements and subelements in the outline (i.e., subtopics
of the outline) are output ih the same order as they appear in the input
file. This order may be changed by making corresponding changes or order
in the data file. The program could be modified to automatically reorder
elements and subelements to produce a better organized topical outline.
Detailed examples of using the OUTLINE program to generate the
top Tevel topical outline for the Specification. are presented in,

Sections L.1.1 and L.1.2.

L.1.1 Generation of a Topical Outline Based on the Criteria in the
Present Specification

As discussed in Sectfon 3.1.3, many of the design criteria in

the present Specification, shown in Table 2.1, qégﬂpg_be uniquely,defined
by a single triplet. To demonstrate this phgnomenon,'theJ}fiplets applying
program. A tabulation of the triplets is given in Table L.l1. The triplets
consist of labels denoting specific elements and subelements of the three
bases followed by a section number or identification label. The identifi-
cation label will appear in the outline alongside the triplet and will 5érve
to show where a partiCUlarAcriterion or provision is referenced in the outline.
A dshed subelement entry for any base means that no description at the
subelement jeve] for that base is necessary, i.e., the element label for |
the base was sufficient for defining the triplet. For example, the first
row of Table h.]-correspdnding to the first triplet is interpreted as
follows:

Type of component = element of connection, pin

Type of limit state = yielding, (no subelement)

Type of stress state = bearing, (no subelement)
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The section heading, 1.5.1.5.A, indicates that this triplet pertains to
that sectioﬁ in the Specification. (Actually, the section headings in this
example correspond to those in the decision table representation of the
Specification [1].)

It should be emphasized that the assignment of triplets to the
existing design criteria shown in Table hil is tentative and is intended
only to be an example of using the computer program developed in this
study. Reasonable care and judgment were used, but a more detailed study
will be neceésary if the Specification Advisory Committee decides to use
QUTLINE for a top level orgahization aid.

A concise listing of all the elements and subelements of the
three bases used in the list of triplets in Table 4.1 is shown in Table 4.2.
This information was generated as partial output of the OUTLINE program.

Using the input data shown in Table 4.1, the OUTLINE.program
was used to generate oQtlines for two possible hierarchical orders of the
three bases: (1) components, limit states,.stress states, and (2) components,
stress states, limit states. The two outlines are given in Tables 4.3 and
L.L4, respectively. The outline given in Table 4.3 has slightly ieés re-
dundancy than the one given in Table 4.4. The order--components, limit
states, stress states~-seems to be the most logical top level organization
for the épecification, because components and limit states are completely
exhaustive as discussed in Section 3.1.1. In addition, there usually are
more stress states associated with a given limit state than limit states
associated with a given stress state; thus, there will be Tes;ﬁ[ggggggggz_

if stress states occupy a lower level than limit states in the hierarchical
e o U N

structuring of the bases.
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It is apparent that the two orders of bases chosen are the
most promising for top level organization of the Specification. However, .

for the sake of comparison, the outlines corresponding to the other four

possible orders of the three bases, i.e., with Timit states or stress
5E§£g§;§s the‘topmost basis of organization, are included in Appendix A.
No discussion of these outlines is presented in this report, and any |
interpretation or conclusions are left up to the reader.

In the outlines given in Tables 4.3 and 4.4, pertinent section
headings of the present Specification appear on the right-hand side of
the page and on the same line as the last €lement or subelement in the
triplet. In Table 4.3 the first triplet in the outline is members, thin-
walled shapes; yielding; and axial force, tension (i.e., outline Sections 1,
1.1, 1.1.1, 1.1.1.1, and 1.1.1.1.1); and the corresponding section heading
iﬁ the present Specificatién is 1.5.1.1.A. Th§_§€99ndmﬁfiélet in the
outline is identical except that the last subelement is compression instéad
of tension (i.e., 1.1.1.1.2 instead of [.1.].1.1); there are two sections
in the present Specification pertaining to that triplet, 1.5.1.3.A and
2.3.A. Other triplets in the outline in Tables L.3 and L.4 can be examined'
in the same manner.

In botH of the example outlines, there are numerous cases where
more than one section heading is output alongside a triplet. This occurs
in every case where a triplet is‘associated with more than one of the
present criteria listed in Table 2.1. In addition, there‘are cases where
a single section heading is associated with several different triplets in
the example outlines. For example, section headfng 1.5.1.3.A of the present

Specification appears with five different triplets in both of the outlines.
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This happens because many of the present criteria cannot be uniquely

defined by one triplet.

—

A satisfactory top level qrganization of the Specification
should provide that each desigq/criterion be uniquely associated with one
triplet and that a single trip]et apply to only one particular design
criterion. Outlines generatqd according to this scheme would have only
one section heading listed with each triplet, and a particular section
heading would appear only once in each outline. This concept will be

discussed and illustrated in the next section.
Ve

L.1.2 Generation of an OQutline for a New or Modified Specification

For a new or vastly modified Specification, the input to the
OUTLINE program would be a list of all valid triplets correspondingvto
the criteria to be incorporated in the new Specification. IEE;ElETEEEE
and subelements of the components, limit states, and stress states to be
considered in the Specification should be enumerated first, and from this
the valid combinations or triplets can be listed. Labels can be included
vith each triplet to denote the applicable provision for text-writing pur-
poses.

An examp]é of an outline for a modified Specification is given
in Tab]eg L.6 and 4.7. For this example the list of triplets input to

the OUTLINE program was modified from the list in Table 4.1 so that each

design criterion would be uniquely defined by a single triplet and each

triplet would apply to one particular_design criterion. The list of
triplets used as input is giVen in Table 4;5 and is the same as the list

in Table 4.1, except that all duplicate triplets have been removed. The
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triplets were tagged with different section headings (identification labels)
such as Provisions 1, 2, 3, etc. The same orderings of the bases used in
the two previous outlines were used for the outlines in Tables 4.6 and L.7.
Consequently, the outlines in Tables 4.6 and 4.7 are exactly the same as
the outlines in Tables 4.3 and 4.4, respectively, except that the section
headings appeéring with each triplet in the outlines are different. Each
section heading appears only once in the outlines in Tables 4.6 énd L.7,
and there is only one section heading per triplet.

The outlines in-Tébles L.6 and 4.7 represent topical outlines for
a new Specification based on the concepts developed in this chapter. Each
design criterion would be uniquely tagged with a single triplet, which

means that the design criteria are independent of one another. A design

cfiggria, but would still be independent at the output level.

IS

L.2 Intermediate Level Organization

The intermediate level organiéation of the Specification dis-
cussed in Section 3.2 will serve to organize a single criterioh or a set
of related criteria and their fﬁnctional network for direct or conditional
execution. A computer program (NETWORK) has been developed in this study
to autométically generate a logical network for a criterion or set of

criteria. The paths of the network are sorted in the order of shortest to

shortest path for direct execution. In addition to sorting by length

of paths, related paths are grouped so that they represent subnetworks.

———e
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graphical display of the network. The program traces out paths in the
network by u;ing the information in a file of data items and their direct
ingredience lists. This data file is independent of any top level organiza-
tion of the Specification; it would change only when the content of the
Specification is ;hanged.

As an illustration of intermediate level organization by the

NETWORK program, the network for the present criterion '"Compression Mem-

tion in Section 4.2.1 and for conditional execution in Section L.2.2.

L.2.1 Direct Execution

As discussed in Section 3.2, direct execution requires that all

lower-level provisions be 1isted before the higher-level ones. The direct

execution network for ''Compression Member Check!' is shown in Table L.8.

The data items given in the example are defined in Table 2.1 and in
Appendix C. Examination of Fig. 2.1 shows that the Tongest chain of inter-
related proyisions is the one starting at node ABEFF, defining be according

to Equations C3-1 and C3-2. Thus, this provision would have to be listed

first. With bé}known, the effective area of a stiffened element can be

—_—

c0mputed{ then the shape factor;iéé, etc. In Table 4.8, a single asterisk
indicates that the data item has been Tisted previously, and a double
asterisk means that the subnetwork of data items pertinent to that data
item has been listed previously and is not repeated to avoid redundancy.
In essence, the asterisks represent cross-references neededvin the text.
The camputational steps correéponding to Table 4.8 afe shown in Table 4.9

with the iIndentations indicating the hierarchical levels of data items.
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It should be clear that an outline of the type shown above could
be used tb write a '"foolproof,' step-by-step procedure for the hierarchical
sequence of computations and checks for each criterion. However, several
points should be noted in connection with this alternative:

a) the sequence of provisions listed corresponds to the longest

path from all ingredient data items to the terminal criterion;
b) as a resu]t of this organization, cross-references always
"point to'' previously defined data items occurring at Tower
levels (e.g., the datum '‘check unstiffened element'' at
step ]4,‘1eve1 6 involves data items infroduced to define
Qs at step 6,»]eve] 3; Qs itself is again used in the com-
putation of Fa at step 9, level 5);

c) from the standpoint of the textual organization, this scheme
has a majoriweakness, namely that the mostncomplex case
has to be defined first (in this case, the entire Appendfx C

of the Specification) before shortcuts can be identified.

L.2.2 - Conditional Execution

An alternate possible organization, termed conditional execﬁtion,
was also discussed in Section 3.2. |In'this scheme, one proceeds in the
diametrically opposite fashion from direct execution by first listing the
highest level criterian, and then its immediate ingredients, etc. The
cénditiona] execution network for '"Compression Member Check' is shown in
Table 4.10. The computational steps corresponding to this example are
shown in Table 4.11, with the indentations indiéating the hierarchical

levels of data items.
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In comparing the organization shown in Table 4.11 to that given

by direct execution, it can be seen that:

a)

the sequence of provisions corresponds to the shortest
reverse path from the terminal criterion to all ingredient
data;

cross-references still ”pqint to' previously defined items,
but the latter now occur at higher levels, i.e., closer

to the terminal datum (compare the relative positions of
two data items discussed above);

since the organization proceeds from the general to the

specific, procedures corresponding to usual cases may be

—described -firsty—and -unusual--cases-or—exceptions—-treated——- — — -~ . =

accordingly.

An attempt has been made to convert the canputational steps of

Table 4.11 to a complete textual format organized for conditional execution.

The provisions used are essentially unchanged from their form in the present

Specification, i.e., there has been no reorganization at the detailed

level. Only the order of the provisions has been changed from the present

Specification to reflect organization for conditional execution. The

corresponding textual format is given in Appendix B.

No attempt was made to develop the textual format for check of

a compression member organized for direct execution. A direct execution

textual format would not be efficient for automatic design checking, nor

would it be very suitable for manual usage. |[f it were desired to write

text for direct execution, the provisions would be precisely the same,

but organizéed in an order corresponding to the computational steps of

Table L.9.
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4.2.3 Present Intermediate Level Organization of the Specification

The computationalAsteps for "Compression Member Check,' as
listed in Tables 4.9 and 4.11 for direct and conditional execution have
been listed again in Table 4.12 in the general order that they appear in
the present AISC Specification. On inspection of this table, it is obvious
that the present organization of this particular criterion bears no resémb-
lance to the proposed organization for either direct or conditicnal exe-
cution. The pertineﬁt provisions in the present Specification seem to be

so randomly ordered with respect to the proposed intermediate level organi-

zational schemes that it is difficult to make any significant or meaningful

comparison.

L.2.4 Intermediate Level Organization in Conjunction with Top Level
Organization

Portions or sections of a top level organizational outline can,
be organized at the intermediate level for direct or conditional execution
using the NETWORK program. The single design criterion or set of related

design criteria appearing in the section under consideration serves as the

input for the problem.

In Tables 4.13 and L4.15, the set of design criteria found in
Members'') Have.been organized for direct and conditional execution. These
design criteria are given as section headings alongside the triplets,
i.e., 1.5.1.5.A, 1.10.5.1.A, 1.10.5.2.A, 1.10.5.2.8, 1.10.5.2.¢C,
and 1.10.10.A. The corresponding names of the design criteria are given
in Table 2.1, and the data items,making up the functional network are

defined in AppendiX‘C. The computational -steps corresponding to direct
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and conditional execution of these design criteria are shown in Tables 4.14
and 4.16, ré;pectively. No attempt was made to convert the computational
steps to text, because of inconsistencies discussed later in Section 4.2.5.
The topical outlines used have multiple section headings, and a
section heading may appear more than once in the outline. Thus, the
functional network generated for a section of the outline is not unique to
that part alone. It is important to note that intermediate level organiza-
tion would be more useful in the case where each design criterion is uni-
quely deFinea by one triplet, as in Examples 4.3 and 4.4. In that case,
iiwyggjgwbgmpec§5§arythw96nqrate a functional network for the new set of

criteria before any intermediate level organization would be done.

L.2.5 Effect of the Network Model on Intermediate Level Organization

The logical network of design criteria and their ingfedients
is actually a model chosen for automatic intermediate level organization.
Obviously, any organization based on the mode] is subjeét to any inconsis-
tencies or limitations inherent in the model. |In this section, such cases
will be briefly discussed.

The NETWORK program described previcusly and its underlying con-
cepts have one serious shortcoming in that the program treéts common and
dynamic ingredients alike in generating outlines. The dynamic ingredients,
which relate to the '"if=-then'' conditions of the decision tables, have major
effect on the possible textual formats, which is not exploited by the present
program. For example, the network for ''"Compression Member Check'' in
Fig. 2.1 includes the booleanAdata ftem "Appendix C-Desired?” (denoted by

BAPDXC). If a designer does not wish to use Appendix C, i.e., it is known



33

that BAPDXC = 'NO," then it will not be necessary to compute those items
pertaining exclusively to Appendix C, e.qg., Qs’ Qa’ and be' The networks
sorted for direct and conditional execution in Tables 4.8 and 4.10 (or
presented as step-by=-step outlines in Tables 4.9 and 4.11) show that- the
data items used in Appendix C are given a position in the network (or out-
line) based oﬁ length of path or level from output. However, it can be
anticipated that many designers will choose not to use Appéndix C. Thus,
it seems that the intermediate level organizational scheme should allow
for_separation of particular provisions or subnetworks requiring special
consideration. |

AnotHer difficulty with the NETWORK program is that it does not
group_together subnetworks that are related as to type of design check,
but yet quite different with respect to the data items required as ingredi-
eﬁts. For exémp1e, the inﬁermediate level organization of the group of
design criteria shown in Tables L4.13 through 4.16 is again done accordin§
to length of path or level from output; consequently, the design criteria
to be checked are intermixed. More specifically, in Table 4.16, the type
of design criteria to be checked in the order of condi?ional execution are:
shear, c0mpression,vbearing, shear, compression, and shear. This ordér
is reversed for direct execution in Table 4.1hk. It would be desirabie to -
modify NETWORK so that it is capable of grouping all the criteria for shear,
compreséion,,etc., in addition to sorting by length of path.

The structuring of data in the Specification plays an important
role in the intermediate level organization. There are several possible
means'of structuring the data. For compﬁtationé] efficiency, often used

quantities, such as K{/r, should be considered distinct data items. On
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the other hand, for a compact'data structure, only the independent quanti-
ties, such as K, 4, and r, should be stored. However, in order to display

a step-by-step logical procedure for text-writing purposes, if may be
necessary to consider all conditions involving boolean tests as separate-

data items. For instance, the conditional tests, 'Ki/r é CC“ or "K&/r < 200,"
could be treated as separate data items.l The obvious disadvantage in this
data storage plan is that the size of the dsta structure is increased
immensely.

Aiiff’\t_i‘i‘?_”ﬁfﬁiev?1931.“.9.,..‘?,[‘,!, model, inconsistencies and limita-
tions do notvbecome well-defined until a tr}a1'version of the model ié
developed and its behavior analyzed. It is expected that the difficulties
with the model for intermediate level organization will be resolved in
future studies. The NETWORK program can be improved to ease the task of

choosing the best textual format, but undoubtedly cases will arise where

the final choice will have to be made by the Specification Advisory Committee.

4.3 Detailed Level Organization

The detailed organization of paragraphs or sections of the text
can be made using the decision table representation of the Specification [1].
As discussed in Section 3.3, the immediate or delayed decision logic can be
used to convert the decision tables into a format for texfual expression.

As an example of the structuring techniques available, a single
paragraph of the present Specification will be used.

Section 1.10.2 currently reads: ''The clear distance between

flanges, in inches, shall not exceed
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times the web thickness, where Fy is the yield stress of the compression
flange, except that it need not be less than Z,OOO/Fy when transverse
stiffeners are provided, spaced. not more than 1% times the girder depth."

Assuming that '"it" in the third line refers to d/t, a possible resulting

decision table is:

(1) (@) () W (5) (6) (@)

Transverse stiffenerd provided|| N N Y Y Y Y Y

Stiffener spacing < 1.5d Y Y Y N N

< 14,000 Y N Y N N Y N
F (F_+ 16. '
W v (Fy . 5)

o
AN

2000

d
T s N Y N
y
Section 1.10.2 satisfied Y Y Y | Y
Section 1.10.2 not satisfied Y Y Y
,4'3'] Delayed Decision Logic

The delayed decision logic attempts to break the decision table
into two nearly equal halves. In this case, exact halving is not bossible,
but the first two conditions separate the table into three parts of roughly

the same number of rules. The text corresponding to that logic might read:
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Rules (1) - (2): ''If no transverse stiffeners are provided, the clear

distance between flanges shall not exceed that given by

d = 14,000t (a)
F (F + 16.
JF 5)
Rules (3) - (5): '"If transverse stiffeners are provided, and their

spacing is not more than 1% times the girder depth, the clear dis-
tance either shall not exceed that given by (a), or shall not exceed

that given by

¢ = 20 (b)
Yy

Rules (6) - (7): "If transverse stiffeners are provided, but their

spacing exceeds ]% times the girder depth, the clear distance shall not

exceed that given by (a)."

The repetitive nature of the text is obvious.

L4.3.2 Immediate Decision Logic

The immediate decision logic attempts to isolate as soon as
possible a given rule (presumably, the most frequent ones first). The
corresponding texf may be more readily generated if the previous table is
condensed, by recognizing that rules (1), (3) and (6) can be combined into
one (the first three conditions of rules (3) and (6), namely {Y Y Y} and
{Y N Y} combine into a single rule {Y I Y}, and this new rule, combined
with the {N I Y} of rule (1) yields a single rule {1 I Y}). The result-

ant decision table is:
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(1,3,6) (W) (2) (5) ()

Transverse stiffehers provided Y N Y Y
Stiffener spacing < 1.5d Y Y N
%'f_ 14,000 : y N N N N

JFy(Fy + 16.5)

d_ _2000 Y N
t"',\/F__
Y
Section 1.10.2 satisfied Y Y
Section 1.10.2 not satisfied Y Y Y

The text may now read:

"The cleér distance between flanges shall not exceed that given by
(a) (Rules (1);(3), (6)), except that if transverse stiffeners,
spaced not more than 1% times thé'girder depth, are provided, the
distance need not be less than that given by (b) (Rule (4)).
This sentence reads very much 1ike the present one, except fof the clarifi;
cation of the predicate '"'it'" and the shift in sentence structure to méke
the conditional clause ''spaced not more than 1% times the girder depth"

properly qualify the higher-level conditional clause 'transverse stiffeners

are provided.”

Metz Referan
Civil &

32 Hoom

k
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CHAPTER 5

CONCLUSIONS AND RECOMMENDAT IONS

5.1 Summary

An abstract model of the AISC Specification has been developed
in this study. The Specification consists of a collection of design

criteria along with a hierarchical sequence of computations, checks,

formulas, Timits, etc., and can be represented independently of its textual

representation by a graph or logical network. The grouping and ordefing
of the criteria in the Specification may be represented by a second, or
organizational, network so as to proyide a logical and consistent entry
to the various criteria which must be evaluated according tothe Specifi-

cation.

The format of the text of the Specification must be viewed at

three levels: (1) top level, (2) intermediate level, and (3) detailed

level. The top Ieve]'provides the overall organization of the text by
hierarchically structuring independent bases for grouping the design
criteria. The intermediate Tevel provides for organization of the func-

tional network used in evaluation of a particular criterion or set of

dlff?t execution. Detailed level organization of specific sections or
paragraphs of the text can be obtained by organizing individual decisioﬁ
tables for delayed decision or immediate decision logic.

In this study aids have been presented for organizihg the AISC
Specification at the top level, intermediate level,. and detailed level.

The top level organfzation, consisting of overall topical outlines, can

be generated by hierarchically structuring the three major independent
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bases using the QUTLINE cdmputer program. Another computer program,
NETWORK, can be used to organize a single criterion or group of criteria

and their functional network for direct or conditional execution. Detailed

level organization of paragraphs or sections of the text can be based on

the algorithms for immediate or delayed decision processing of decision

tables.

5.2 N Scenario for Future Specification Development

The concept that the text of the Specification can be closely
related to its logical structure has permitted substantial canputer aids
to the Specification Advisory Committee in developing the textual organi-
fication will be processed as follows: “

a) the proyisiéns, concepts, changes, etc., wif] be submitted
to the Advisory Committee for discussion and conceptual |
approval;

b) the approved provisions and concepts will be written as
decision tables to explicitly describe the logic and to

- screen out inconsistencies, omissions, etc.; |
(’c) the logical network for the Specification will be generated:
from the decision tables, and their overall implications and
‘connections will be evaluated;

d) a top Ieve]korganizational scheme as discussed in Section 3.1
will be used to generate a topical outline for the Speci-
fication; |

e) an intermediate level organization for either conditional
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or direct execution as described in Section 3.2 will be made
based on the logical network; and

f) the detailed text will be written from the decision tables
corresponding to an immediate or delayed decision rule |

as given in Section 3.3.

5.3 Suggestions for Future Work

Methods and aids for organizing the Specification have been pre=~-
sented in Chapters 3 and 4. Intermediate level and detailed level organiza-

tion can be applied as demonstrated in Sections 4.2 and 4.3. However, there

is a major drawback in applying the aid for top level organization. The
problem is that the present critéria are not defined in é sufficiently formal
manner to allow a consistent and unambiguous treatment. This particular prob-
lem, along with sbecific application of the organizational tools to the pre-
sent Specification, is the basis for suggested future work. [t is recommended
that a representative subset of the Specification be selected and the concepts
developed in this study applied to it. A pbssible subset may consist of the
provisions for columns, beams, and beam-columns in Parts 1 and 2 of the pre~
sent Specification, and the corresﬁonding provisions from the Load Factor
study by Galambos [5].

The ‘suggested work could be conducted in the fél]owing three stages:

1) The design criteria in the selected subset of the Specification

can be decomposed into basic criteria. For example, the criterion for check

of aﬁmgmbé}ﬂjn b%ﬁg}ﬁgﬁcan be decomposed into the basic criteria for check
for yielding, lateral-torsional instability, and local instability. Each of

‘state, stress state, or type of component it pertains to. Decomposing a
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general design criterion requires a detailed study so as to i§91aﬁewfh¢ appro-
priate basic criteria that can be uniquely defined by only one triplet.
(Z) IEE_ﬂEIﬂQBENPTOQram,shou]d«be.improveq.quas to remove the
Yli@jtéﬁigﬁ§;§p@“jnpbngigt§ﬁéigSgdiscussed previously in Section 4.2.5. The
two computer programs developed in this study can then be combined to
process the selected subset of criteria. The resulting combined program
should have the capability of taking a specified hierarchical sequence of
trip]eﬁs as input, and then output a top-level outline of the subset of
the Specification along with the appropriate section headings. In addition,
all of the parameters, égmggtatjqngl steps, etc., needed to evaluate the
basic criteria should be output for direct execution or conditional execu-
tion to serve as the intermediate-level organization. A>clg§g”§§amjnatiqnv

should be made of dynamic ingredience relationships in tke functional net-
wérk, as this concept was ﬁot explored in the present study. The program -
developed in this second stage will allow writers of the Specification tb
investigate various alternative top andlintermediate lTevel organizations
with very ]ittlﬁwmanual effort. |

3) The program dis;ussed in stage 2 is conceived as an aid for
producing textual organizations. Therefore, it has the limitation of're-
ferring-to a single component, limit state, or stress state at any time. As
a third stage of study, this algorithm could be expanded to control the actual
computations. This wquld‘require including the concepts of subscripted data
és discussed in Ref. 3. Subscripting the input data and the output allows
the user to work with particular members in a structure, particular stations

within a member, etc. Once this algorithm can handle subscripted input

and parameters, it will be a prototype for interaction between generalized
: ) — T T ——

analysis and design programs.
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Table 2.1, Design Criteria in Present Specification

Level from

Section Criterion Input
1.5.71.1.A Tension Check 7
1.5.1.2.A Shear Check 3
1.5.1.3.A Compression Member Check 8
1.5.1.4.A Bending Check 7
1.5.1.5.A Bearing Check 3
1.5.2.A Check of Tension Stress in Connector L
1.5.2.8 Check of Shear Stress in Connector 5
1.5.2.C Check of Bearing Stress in Connector L
1.5.3.A Stress Check in Welded Connections L
1.5.5.A Check of Masonry Bearing >3
6.1.A Check of Combined Stress (Compression and Bending) 9
1.6.1.B Check of Combined Stress (Compression and Bending, 8 |
RA.LE.0.15)
1.6.2.A Check of Combined Stress (Tension and Bending) 7
1.6.3.A 'Check of Combined Stress in Connector B 5
1.10.5.1.A Compreséion (Bearing Stiffeners) Check : 4-
1.10.5.2.A Check of Shear on Beams/Girders 2
1.10.5.2.B Check of Shear on Hybrid/A514 Steel Girder L
1.10.5.2.¢C | Check of Shear on Beams/Girders with Stiffeners 7
1.10.10.A Check of Compression (Web Toe of Fillet) 3
1.11.2.1.A Check of Encased Composite Beams 3
1.11.2.2.A Check of Non=Encased Composite Beam 6
1.15.A Connection Check 8
1.15.8B Heterogeneous Connection ]
1.16.A - Check of Geometrical Requirements 7
1.17.A Geometry Check on Welded Connections 3
2.3.A Check of Vertical Bracing 2
2.4.A Member Check (Plastic Design) 5
0

2.9.A Check of Lateral Bracing , 1



Table 2.2, Reformulation of Decision Table 1.5.1.3.a

ORIGINAL DECISION TABLE

bl

Main Member

Bracing/Secondary Member

K&/r < C,
L/r > 120

f = P/A

a g

Fa = Formula C5-1
Fa = Formula 1.5=2
Fé = Formula 1.5-3
FI' = F

a a

R =f /F!

a a' a

Else Rule
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Table 2.2 (C@ntinued)

New Function 1.5.1.3.a.1

f_=P/A
a 9

New Decision Table 1.5.1.3.a.2

Ke/r < C, Y N
Fa = Formula C5-1 Y
Fa = Formula 1.5-2 | Y

New Decisidn Table 1}5.1,3.a-3

Bracing/Secondary Member ‘ N
~A/r > 120 I

Fé = Formula 1.5-3

Fl o= F Y

New Function 1.5.1.3.a.k4

R_ = f_/F!
a a a
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Table 3.1, Bases of Section of 1969 Specification

()
~ o "
R B
o v 0 o]
n o wn
o + 0 o«
_— e= QO QO
< E § 2 =5
a Jd o a 9w
Part |
1.1 Plans and Drawings : X
1.2 Types of Construction X X
1.3 lLoads and Forces X
1.4 Material :
1.5 Allowable Stresses X X X X
1.6 " Combined Stresses X X X X
1.7 Fatigue X X X X
1.8 Slenderness Ratios X X X X
1.9 Width Thickness Ratios : X X X X
1.10 Plate Girders and Rolled Beams X X X X
1.11 Composite Construction X X X X
.12 Simple and Continuous Spans XX X X
1.13 Deflections, Vibrations, and Ponding X X X X
1.14 Gross and Net Sections X X X
1.15 Connections X X X X
1.16 Rivets and Bolts X X X
1.17 Welds : X X X
1.18 Built-up Members X X X
1.19 Camber X
1.20 Expansion X
1.21 Column Bases X X X
1.22 Anchor Bolts \ X X
1.23 Fabrication X X X X
1.24  Shop Painting X
1.25 Erection X
1.26 Quality Control X
Part 2
2.1 Scope X X
2.2 Structural Steel X X
2.3 Vertical Bracing Systems X X X - X
2.4 Columns X X X
2.5 Shear X X X
2.6 Web Crippling X X X
2.7 Minimum Thickness X X X
2.8 Connections X X X
2.9 Lateral Bracing X X X X
2.10 Fabrication X X



Table L.1, Triplet Vectors Used as Input for Generating the Outlines in Tables 4.3 and 4.4 and Appendix A

THE FOLLOWING TABLE CONTAINS A LISTING
THE SECTION HEADING FOR A TRIPLET WILL

OF TRIPLETS USED AS INPUT TD THE OUTLINE PROGRAM,
APPEAR WITH THE TRIPLET IN THE OUTLINE GENERATED,

[o—

I 1:5,5.A

COMPONENTS LEMITYT SYATES STRESS STATES SECTION
ELEMENT SUBELEMENT ELEMENT SUBELEMENT ELEMENT SUBELEMENT HEADING
CONNECTOR PINS YIELDING wew BEARINgG eew 1,5,1,5.4
CONNECTOR ROLLER/RDECKER YIELDING ELL) BEARING e 1,5,1,5,A
ELEM, OF MEMB, BRG STIFFENERS YIELDING woe BEARING e 15,1304
MEMBRFRS THIN®WALL SHAPE | INSTABILITY GLOBAL FLEXURAL FORCE aaw 1.5,1,804
MEMBERS THIN=WALL SHAPE | INSTABILITY Local. FLEXURAL FORCE sse 1:,9,1040A
MEMBERS THIN®WALL SHAPE | YIELDING oo FLEXURAL FORCE: an= I 1:9.1a80A
MEMBERS _SOL10_SHAPES L YIFLDING. =em FLEXURAL FDRCE e C1e5,1,8,A
MEMBERS S0LID SHAPES g INSTABILITY. GLOBAL FLEXURAL FORCE ena i 1.5,1,80A
ELEM, OF MEMB, ARG STYIFFENERS | YIFLDING see BEARING aos 1 1.10:5,1A
ELEM, DF MEMB, ARG STIFFENERS | INSTABILITY GLOBAL BEARING wae f 1,10:5.104
MEMBERS THIN=WALL SHAPE | YIELDING cme AXIAL FORCE COMPRESSTON © 1.85,1,304
MEMBERS SOLID SHAPES | YIELDING =e=o AXIAL FORCE COMPRESSTON [ 1:5,1,30A
MEMBERS THIN=WALL SHAPE | INSTABILITY GLOBAL AXTAL FDRCE COMPRESSION b 1e5,10304A
MEMRERS THINWALL SHAPE | INSTABILITY LDCaL AXTAL FORCE COMPRESSTON i 1e8,1.3.A
MEMBERS - SOLID SHAPES | INSTABILITY GLOBAL AXIAL FDRCE COMPRESSION 15,1304 '
CONNECTIONS oo I YIELDING ace AXIAL FORCE TENSION 1,1%,4 £
CONNECTIONS ==e YIELDING L) AXIAL FORCE COMPRESSION 11804
CONNFCTIONS awe YIELDING ana FLEXURAL FORCE sea T LY
CONNECTIONS cas YIELDING woa SHEARING FORCE wam LAY
CONNECTIDNS was YIELDING L) TORSIONAL FDRCE sow éﬁ%isoA
CONNECTIONS o= YIELDING s=s BEARING oom 1,15, 4
CONNECTIONS s YIELDING se= COMBINED FORCES  SHEAR4BENDING 1:.15,4
MEMBERS THIN=WALL SHAPE | INSTABILITY GLOBAL COMBINED FDRCES  COMPR¢BENDING 1,6,1,A
MEMRERS THIN=WALL SHAPE | INSTABILITY LOCAL COMBINED FORCES  COMPR4BENDING 1,6,10A
MEMRERS $OLID SHAPES INSTABILITY 6LOBAL COMBINED FORCES  COMPRLBENDING 1,6,1,A
MEMBERS THIN=WALL SHAPE | YIFLDING ecw COMBINED FORCES  COMPR+BENDING 1,6,1,A
MEMBERS. _ SOLID SHAPES YIELDING oy COMBINED FORCES. .. COMPR4BENDING 1,6,104
MEMBERS THIN=WALL SHAPE | TNSTABILITY GLOBAL COMBINED FORCES . COMPR+BENDING 1:.6,1,8
MEMBFRS THIN=WALL SHAPE | INSTABILITY LOCAL COMBINED FORCES  COMPR4BENDING 1,6,14.8
MEMRERS SOLID SHAPES INSTABILITyY GLDBAL COMRINED FORCES  COMPR4BENDING 1.6,1.8
MEMBERS THIN®WALL SHAPE | YIELDING aeo COMBINED FORCES  COMPR+BENDING 1,6,1,8
MEMBERS SOLID SHAPES { YIELDING anm COMBINED FORCES  COMPR4BENDING @ 1,6,1,8
MEMRERS THINewALL SHAPE | INSTABILITYy LOCAL COMBINED FORCES  TENSION4ENDING  1,6,2.A
MEMRERS THIN=WALL SHAPE : YIELDING con COMBINED FORCES  TENSION+RENDING | 1,6,2,A
MEMBERS SOLID SHAPES © YIELDING e COMBINED FORCES ~ TENSIMNLRENDING | 1,6,2,A
ELEM, DF MEMB, BM/GRDR WEB : YIELDING s Ax1AL FORCE COMPRESSTON " 1,10,10,A

" ELEM, OF MEMB, BM/GRDR WEB i INSTABILITY GLOBAL AXTAL FDRCE COMPRESSTON 1,10,10,4
MEMBFRS ENCASED COMP, YIELDING s=o FLEXURAL FORCE eme 1,11.2,1,A
‘CONNFCTDR AOLTS | YIELDING wea SHEARING FORCE so= 1,160A
CONNECTDR ROLTS i YIELDING =sa BEARING . 1.160A
CONNECTOR RIVETS YIELDING ae= SHEARING FORCE e 1,1604
CONNECTOR RIVETS . YIELDING s BEARING wnm 1,164
MEMBERS THIN®WALL SHAPE | INSTABILITY GLOBAL FLEXURAL FORCE e=e 2,9,A
MEMBERS SOLID SHAPES INSTABILITY GLOBAL FLEXURAL FORCE ams T 2,9, A
CONNECTOR REARING SURFACE | YIFLDING cea BEARING wee i



‘6.
a7,
ag,
49,
50,

53,
53,
54,
55,
56,
57,
58,
59,
60,
61,
62,
63'
84,
65,
66,
67,
68,
69,
70,
i,
72,
73,
74,
s,

77,
78,
79,
a0,
81,
82,
83,
8a,

COMPONENTS

ELEMENT

MEMBERS
MEMBERS
MEMBERS
MEMBFRS
MEMRERS
MFMRERS
CONNFECTOR
MEMRFRS
MFMRERS
FLEM, OF
ELFM, OF
ELEM, OF
ELFM, OF
ELEM, Op
ELEM, OF
CONNECTOR
CONNECTOR
CONNFCTOR
CONNFCTNR
CONNFCTQOR
MEMRERS
MEMRFRS
CONNECTOR
CONNFCTDR
CONNECTOR
CONNFCYDOR
CONNECTOR
CONNFCTYNR
CONNFCTOR
CONNFCTQOR
CONNECTOR
CONNFCTOR
MEMRFRS
MEMBFRS
MEMRFRS
MEMRFRS
MEMBERS
MEMBFRS
CONNFCTQOR

MEMB,
MEMB,
MEMB,
MEMB,
MEMB,
MEMB,

SUBELEMENT

THIN=WALL SHAPE
SOLID SHAPES
THIN=WALL SHAPE
SOLID SHApPES
THIN=WALL SHAPE
THIN=WALL SHAPF
SHEAR CONNECTOR
NON=ENC, COMP,
NON=ENC, COMP,
RM/GRDR WER
RM/GRDR WER
RM/GRDR WER
RM/GRDR WEB
rRM/GRDR WEB
RM/GRDR WER
GROOVE HWELD
GROOVE HWELD
GRODVE WELD
PLUG/SLOT HWELD
FILLET wfFLD
THIN=WALL SHAPE
SOLID SHAPES
RIVETS

ROLYS

RIVETS

RIVETS

ROLTS

ROLTS

RIVETS

ROLTS

RIVETS

ROLTS

THIN=WALL SHAPE
SOLID SHAPES
THIN=WALL SHAPE
SOLID SHAPES
THIN="WALL SHAPF
SOLID SHAPES
FILLEY wELD

LI mvIT
ELEMENT

INSTABYLITY
INSTABILITY
INSTABILITY
INSTABILITY
INSTABILITY
INSTABILITY
YIELDING
YIELDING
INSTABYLITY
YIFLDING
INSTABYLITY
YIELDING
INSTABYLITY
YIFELDING
INSTABYLITY
YIFLDING
YIELDING
YIFLDING
YIELDING
YIFLDING
YIELDING
YIELDING
YIFLDING
YIELDING
YIFLDING
YIELDING
YIFLDING
VIELDING
YIFLDING
YIELDING
YIFLDING
YIELDING
YIFLDING
YIFLDING
YIELDING
YIELDING
INSTABILITY
INSTABILITY
YIFLDING

Table 4.1, Continued

S

TATES
SUBELEMENT

GLOBAL
GLOBAL
GLOBAL
GLOBAL
LOCAL

LOoCAL

LoCaL

6L0BAL
GLOBAL
GLOBAL

GLOBAL
GLOBAL

S TRESS
ELEMENT

Ax1AL FORCE
AXIAL FORCE
COMBRINED FORCES
COMBINED FORCES
AXTAL FORCE
COMRINED FNRCES
SHEARING FORCE
FLEXURAL FORCE
FLEXURAL FDRCE
SHEARING FORCE
Ax1AL FORCF
SHEARING FNRCE
AX1AL FQORCp
SHEARINGA FORCE
AXYAL FORCE
SHEARING FORCE
AXIAL FORCE
AX{AL FORCE
SHEARING FORCE
SHEARING FORCE
SHEARING FORCE
SHEARING FORCE
BEARING
BEARING
SHEARING FORCE
AXYAL FNRCE
SHEARING FORCE
AXIAL FORCE
SHEARING FORCE
SHEARING FORCE
AX1AL FORCE
AX1AL FORCE
AXIAL FORCE
AXTAL FORCF
Ax1AL FNRCE
AXIAL FORCE
AXTAL FORCe
AX1AL FRRCe
SHEARING FORCE

COMPRESSTON
COMPRESSTON
COMPR+BENDING
COMPR4BENDING
COMPRESSION
COMPR,RENDING
COMPRESSTON

COMPRESSTON

COMPRESSTON
TENSTON
COMPRESSTON

TENSTON
TENSION
TENSTON
TENSION
YENSION
TENSION
COMPRESSYON
COMPRESSITON
COMPRESSTON
CNMPRESSTON

SECTION
HEADING
2.8, A
248,A
2,8 A
2.4,
2,8,A
~._ﬁ,2_!,g.o‘,A“,.. .
1.,11,2,2.A
1,1102,2,A
1:11:2,2,4
1,1005,2,8
1,10,5,2,8
1w1°lslztc
1.1065.2,C
1"1005'2"
1,10,5,2,4
1.5,3.4
1.5,3,4
1e%.304
1:5,3.A
1,5,3,A
105,181,204
S .s.1.204
1:5.20C
1:%,2,€
1,6,3,4
1:6,3.4
1.6,3.4
1.6,3.4
165,28
1,%,2,8
1:5,2.4
1e6%5:20A
1.,5,1,14
1:85,1,10A
2.3,A
2.,3,A
2,3,A
203.A
lﬂiTlA

8%
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Table 4.2, Elements and Subelements used in the Triplets of Table 4.1

ELEMENTS AND SURELEMENTS OF THE THREE MAJDR BASES
USED IN THE TRIPLETS INPUT 70O THE OUTLINE PROGRAM

1« COMPONENTS

Ae MEMBERS
§, THINeWALL SHAPE
2, SOLID SHAPES
3, ENCASED CDMP,

.4, NON=ENC, COMP,

Bs ELEM, DF MgMB,
{, BRG STIFFENERS
2, BM/GRDR WEB

Co. CONNECTIONS

D. CONNECTOR
i, BOLTS
2. RIVETS
3, GRODVE WELD
4, PLUG/SLDT WELD
5, FILLET WELD
6. SHEAR CONNECTOR
7. BEARING SURFACE
8, PINS
9, ROLLER/ROCKER

=g
[

MIT STATES

LIMI

As YIELDING

Be INSTARILITY
1, GLOBAL

2, LOCAL

111, STRESS STATES

As AXIAL FORCE
f, TENSION

| 2, COMPRESSION

Bo FLEXURAL FORCE.

Co SHEARING FORCF

D. TORSIONAL FORCE

Eo BEARING

Fe COMRINED FORCES
1, COMPR4RENDING
2, TENSION+BENDENG
3, SHEAR+BENDING



Table 4.3, Top Level Outline for Present Specification (Components, Limit States, Stress States)

SPECIFICATION OUTLINE ARRANGED BY

COMPONENTS
LTMIT STATES
STRESS STATES

1, MEMBERS
1,1 THIN=WALL SHAPE
1.4.1 YIELDING

1olels1 AXIAL FORCE

1efeleaiesl TENSJION 1,5s1016A
1,1.1,142 COMPRESSION “1,5.103,4A 203.A
1,1.1,2 FLEXURAL FORCE 1,5:108,A
1o1:1,3 SHEARING FORCE 1.,5:102.A
101.1,8 COMBINED FORCES
tololoffel COMPR4BENDING 1.601.A “1,6,14B
11,1862 TENSIONSBENDING 8020 A
11,2 INSTABILITY
1.1.2,1 6GLDBAL
1.1,2¢1s1 AXIAL FORCE
COMPRESSTON 1,50163,A 2,8,A 203,A
1.1,2.102 FLEXURAL FORCE 1,5.,104,4 2:9.A
1¢1.2.,1.3 COMBINED FORCES
COMPR¢BENDING ‘1,6.10A 1.601.8 2.8.A
1.1.2,2 LOCAL
1,1.2.2+.8 AXIAL FORCE
COMPRESSION 1.5,1e3.A  2,8,A
1,1,2.,2.2 FLEXURAL FORCE 71,5, 108,A
1:1:2,2¢3 COMBINED FORCES
1:1:2,2¢3,1 COMPReBENDING 1,601aA 1,6,14B 2e8,A
1.162,2,3,2 TENS!ON#BENDlNG 1,6.24A

1,2 SOLID SHAPES
1,21 YIELDING
1,2¢1.1 AXIAL FORCE
1,2.1¢121 TENSION
14201412 COMPRESSION
1,2.1,2 FLEXURAL FORCE
1.241.3 SHEARING FDRCE
1,2.1,4 COMBINED FORCES
142,141,841 COMPR4BENDING 1,6,1aA 16,148
162,1s4¢2 TENSION#BENDING. 1,6024A
1,202 INSTABILITY
GLDBAL
1.2,2,1 AXIAL FORCE
COMPRESSION . 1,5,103,A 2.4,
1,242,2 FLEXURAL FORCE TT1,5.1e8,A8 2,9,
10292:3 COMBINED FORCFS

COMPR4+BENDING 1.6.10A 1,6.108 2084
1,3 ENCASED Cowmp,
YIELDING
FLFXURAL FDRCE . 1,112,104

1,4 NON=ENC, COMP,
1841 YIELDING

FLEXURAL FORCE 1911,2,2.4
1.0.2 INSTABTLITY

LOCAL

FLEXURAL FORCE ' 1,11.2.204

2, ELEM, DF MgMB,
2,1 BRG STIFFENERS
2,1.1 YIELDING

BEARING' 1.,5,14504 1.10,5.1,.A

0§



2,1.2 INSTABILITY
GLOBAL
REARING
BM/GRDR WEB
2,2,1 YIELDING
2.2601s1 AXIAL FORCE
COMPRESSION

2.2,1,2 SHEARING FORCE

2,2,2 INSTABILITY
GLDOBAL
AXIAL FORCE
COMPRESSION

3, CONNECTIONS
YIFLDING

3,1

AXIAL FORCE

Jelo1 TENSION
3,1.2 COMPRESSION
FLEXURAL FORCE
SHEARING FDRCE
TORSIONAL FORCE
BEARING

COMBINED FDRCES
SHEAR+BENDING

4, CONNECTOR

8,1

BOLTS

YIELDING

8,1.1 AXIAL FORCE
TENSION

8,1.2 SHEARING FORCE

8,13 BEARING

RIVETS

YIELDING

4,2,1 AXIAL FORCE
TENSION

;2.2 SHEARING FDRCE

4,2,3 PBEARING

GRDOVE WELD

YIELDING

4,3,1 AXIAL FORCE

8,3.1,1 TENSION
8,3,1,2 COMPRESSION

4,3,2 SHEARING FORCE

PLUG/SLOT WELD

YIELDING

SHEARING FORCE

FILLET WELD

YIgELDING

SHFARING FORCE

SHEAR CONNECTOR

YIELDING

SHEARING FORCE

BEARING SURFACE

YIELDING

BEARING

PINS

YYELDING

BFARING

ROLLER/ROCKER

YIELDING

BEARING

1,10,5,104

1,10,10,A
1,10,54248

1,10,10.4

1,154
1,184
1,154
1,15,A
1,15,4
1,15,A

1,154

1,6030A
1,16,A
1,16,A

1,6030A
1,16,4A
1.16,A

1,5+304
1,5,304A
1,5:30A

1,5:35A
1,534
1,11,2,20A
1,5:50A
1,5¢1:5,A

1.501254A

Table k.3, Continued

1610.5.2.C

1,10¢5.2,8

105-2;A
1.6.3.A
1.5.2‘c.

165,244
1:6,30A
1.5.2|C

1,17, 4

1:10,5¢2,4A

1010+542.C

1:5.2.B

1:5.2.8

191“.5.2."

1S



Table 4.4, Top Level Outline for Present Specification (Components, Stress States, Limit States)
SPECTFICATION ODUTLINE ARRANGED BY '

COMPONENTS
STRESS STATES
LIMIT STATES

1, MEMBERS
1,1 THIN=WALL SHAPE
1,11 AXIAL FORCE
1o109s4 TENSION

YIELDING 1,5.,101,4
1.1,1,2 COMPRESSIDN
1s1.102e1 VYIELDING 1,5,103,A 2.3, A
1e1,1.2¢2 INSTABILITY
101,142.2,1 GLOBAL 1.,50163,A 2:8.4A 203,A
161!1|2o2|2 LUCAL 1.5-‘030A 2.4-A
1.1.2 FLEXURAL FORCE
1e12,1 YIELDING 1,5.1.4,4
11022 INSTABILITY
1¢1.2.201 GLOBAL 1,5:104,A 2,9,A
1,1.2.2.2 LDCAL 1,5.1eb,A
1.1,3 SHEARING FORCE
YIELDING 1,54102.A
1,1.4 COMBINED FORCES
1+1,4,1 COMPR+BENDING
tel,84.1.1 VYIELDING 1,6014A 1:6.1.B
1.1,4,12 INSTABILITY
1ale8e142,1 GLOBAL 1,6+14A 1.6,1¢8 20.84,4A
1110401l20? LDCAL 1.6|‘IA 10601'9 254|A
1.8¢4,2 TENSIONSBENDING
1,1.4,2.1 YIELDING 1,6426A
1,1.8:.2.2 INSTABILITY
LOCAL 1,6,204
1,2 SOLID SHAPES
1,21 AXIAL FORCE
10241,1 TENSIDN
YIELDING 1.5:108 04
1.2,1,2 COMPRESSION
1¢2,10201 VYIELDING 1,5:1:3,4A 2,3,A
1,2,1,2.2 INSTARILITY
. ) GLDOBAL 1,5:103,A 2.8,A 203,A
1.,2.2 FLEXURAL FORCE
102021 YIELDING 1,5.108,A
102422 INSTABILITY
GLOBAL 1,5.1:4,A 2,9,A
1.2,3 SHEARING FORCE
YIELDING 1,5.1:24A
1.2.4 COMBINED FORCES
1.2.4,1 COMPR+BENDING
142.8491e1 YIELDING 1,6416A 1:.6.148
102,8012 INSTABILITY
GLOBAL 1,614 1.60108 2.8,
1¢204,2 TENSION+*BENDING
YIELDING 1,64204

1,3 ENCASED Comp,
FLEXURAL FQRCE
YIELDING 1,111,214

1,4 NON=ENC, COMP, ,

FLEXURAL FORCF
1,4.1 YIELDING 1,11,2,2.A
1,4,2 INSTABILITY
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Table 4.4, Continued

LOCAL 1,11,2.24A
2. ELEM, OF MgMmB,
2,1 BRG STIFFENERS

BEARING
2.1¢1 . YIELDING 1,5:1650A 1.10:501,4
2,1.2 INSTABILITY

GLOBAL 1,10,5,1.4

2,2 BM/GRDR WEB
2.2.1 AXIAL FORCE

COMPRESSION
2,2,1,1 YIELDING 1,10,10.4
2,2,1,2 INSTABILITY
GLDBAL 1,10.10,4 1,10:562.B 1.10,5:2.C 1,10,5,2,4
2,2.2 SHEARING FORCE )
YIELDING 1,10:5,2:8 1,10,5:2,C 1,10,5,2,A

3, CONNECTIONS
3,1 AXIAL FORCE
3.1¢1 TENSION

YIELDING 1,15.A
3,1.2 COMPRESSION
YIELDING 1,15,A
3,2 FLEXURAL FORCE
YIELDING 1,15,A
3.3 SHEARING FORCE
YIFLDING 1,15,A
3,4 TORSIONAL FORCE
YIELDING 1,15,A
3,5 BEARING
YTELDING 1,154
3,6 COMBINED FORCES
SHEAR+BENDING
YIELDING 1,15,A
4, CONNECTOR
4,1 BOLTS
8,101 AXIAL FORCE
TENSION
YIELDING 1,6.3¢4 1.5420A
4,1,2 SHEARING FORCE :
YIELDING 1.16.A 1.693|A ‘GS-EQB
4,1.3 BEARING . .
YIELDING 1,16.A 1:5:2¢C
4,2 RIVETS
4,2,1 AXIAL FORCE
TENSION
YIELDING 1,6430A 1,5,20A
4,2,2 SHEARING FORCE
) YIELDING 1,16,A 1o6,30A 1:5,2.8
4,2,3 BEARING . B
YIELDING 1.16,A 1:5,24C

4,3 GROOVE WELD
4,3,1 AXIAL FDRCE
: 4.3,1,1 TENSION

YIELDING 1,50,304
8,3.1,2 COMPRESSION
YIELDING 1.5:30A
4,3,2 SHEARING FORCE
YIELDING 1,5030A

4,4 PLUG/SLOT WELD

SHEARING FORCE

YIELDING 1,5.3.A
4,5 FILLEY WELD

SHFARING FDRCF
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YIELDING

SHEAR CONNECTOR
SHEARING FDRCE
YIFLDING
BEARING SURFACE
BEARING
YIELDING

PINS

BFARING
YIELDING
ROLLER/ROCKER
BEARING
YIELDING

Table 4.4, Continued
1,5:.3.A

1,11,2.2,4A
1,5:50A
1.5¢1050A

1,5.1050A

1.,17.4A

U]



Table 4.5, Triplet Vectors used as Input for Generating the Outlines in Tabla!hh.6 and 4;5\:3

THE FOLLOWING TABLE CONTAINS A LISTING nF TRIPLETS USED AS INPUT TO THE OUTLINE PROGRAM,
THE SECTION HEADING FOR A TRIPLET WILL APPEAR WITH THE TRIPLET IN THE QUTLINE GENERATED,

COMPONENTS

ELEMENT

CONNECTOR
CONNFCTOR
ELEM, OF MEMB,
MEMRBRERS
MEMBERS
MEMRERS
MEMBRERS
MEMRERS
ELEM, OF MEMB,
MEMRFRS
MEMRERS
MEMRERS
MEMRERS
MEMRERS
CONNECTIONS
CONNECTIONS
CONNECTIONS
CONNECTIONS
CONNECTIONS
CONNECTIONS
CONNFCTIONS
MEMRFRS
MEMBERS
MEMBERS
MEMBFRS
MEMRERS
MEMBERS
MEMRFRS
MEMBERS
FLEM, DOfF MEMB,
ELEM, OF MEMB,
MEMRERS
CONNECTDR
CONNECTYOR
CONNFCTOR
CONNECTNR
CONNECTOQOR
CONNFCTOR
MEMRERS
MEMRERS
FLFM, DF MFMB,
CONNFECTYOR
CONNECTOR
CONNFCTRR
CONNFECTOR
CONNECTOR
MEMBFRS
MEMRERS
CONNFCTNR
CONNFCTOR
MEMBRFRS
MFMRFRS

SUBELEMENT

PINS
ROLLER/ROCKER
BRG STIFFENERS
THIN=WALL SHAPE
THIN=WALL SHAPE
THIN=WALL SHAPE
SOLYD SHAPES
SOLID SHAPES
ARG STIFFENERS
THIN=WALL SHAPF
SOLID SHAPES
THIN=WALL SHAPE
THIN=WALL SHAPE
SOLID SHAPES
THIN=WALL SHApF
THIN“WALL SHAPE
SOLID SHAPES
THIN=WALL SHAPF
SOLID SHAPES
THIN=WALL SHAPE
THIN=WALL SHAPE
SOLID SHAPES
RM/GRDR WEB
BM/GRDR WEB
ENCASED comp,
ROLTS

AOLTS

RIVETS

RIVETS

REARING SURFACE
SHEAR CONNECYOR
NON=ENC, COMP,
NON=ENC, COMP,
RM/GRDR WEB
GROOVE WELD
GROOVE WELD
GROOVE WELD
PLUG/SLOT WELD
FILLET wELD
THIN=WALL SHAPF
SOLID SHAPES
RIVETS

ROLTS

THIN*WALL SHAPF
SOLID SHAPFS

LIMIT

ELEMENT

YIFLDING
YIELDING
YIELDING
INSTABILITY
INSTABILITY
YIELDING
YIELDING
INSTABYLITY
INSTABILITY
YIELDING
YIELDING
INSTABYLITY
INSTABILITY
INSTABYLITY
YIELDING
YIELDING
YIELDING
YIELDING
YIELDING
YIELDING
YIELDING
INSTABILITy
INSTABYLITY
INSTABILITY
YIFLDING
YIELDING
INSTABYLITY
YIELDING
YIELDING
YIELDING
INSTABYLITY
YIELDING
YIELDING
YIELDING
YIELDING
YIELDING
YIFLDING
YIELDING
YIELDING
INSTABILITY
YIELDING
YIELDING
YIELDING
YIFLDING
YIELDING
YIFLDING
YIFLDING
YIFLDING
YIELDING
YIELDING
YIELDING
YIFLDING

STATES

SUBELEMENT

GLOBAL
LOCAL
GLOBAL
GLOBAL
GLOBAL
LOCAL
GLOBAL
6LOBAL
LOCAL
GLOBAL
LOCAL
GLOBAL

LOCAL

oo

STRESS
ELEMENT

BEARING

BEARING

BEARING
FLEXURAL FDRCE
FLEXURAL FORCE
FLEXURAL FORCE
FLEXURAL FORCE
FLEXURAL FORCE
BEARING

Ax1AL FORCg
AXIAL FORCE
AXIAL FORCE
AXIAL FORCE
AXIAL FORCE
AXIAL FORCE
AXTAL FORCE
FLEXURAL FORCE
SHEARING FORCE
TORSIONAL FORCE
BEARING
COMBINED FQRCES
COMBINED FORCES
COMBINED FORCES
COMBINED FORCES
COMBINED FORCES
COMBINED FORCES
COMBINED FORCES
COMBINED FORCES
COMBINED FORCES
AX1AL FORCE
AXTAL FORCE
FLEXURAL FORCE
SHEARING FORCE
BEARING
SHEARING FORCE
BEARING

BEARING
SHEARING FORCE
FLEXURAL FORCE
FLEXURAL FDRCE
SHEARING FORCE
SHEARING FORCE
AXIAL FORCF
AXTAL FDRCe
SHEARING FNRCE
SHEARING FORCE
SHEARING FORCE
SHEARING FORCE
AXIAL FDRCF
AXIAL FORCE
AXTAL FORCE
AXTAL FORCE

COMPRESSYON
COMPRESSION
COMPRESSION
COMPRESSION -
COMPRESSION
TENSTON
COMPRESSTON

SHEAR4BENDING
COMPR4BENDING
COMPR4BENDING
COMPR4+BENDING
COMPR4BENDING

COMPR+BENDING |
TENSTONSRENDING
TENSION+RENDING
TENSION+BENDING]
COMPRESSTON :

COMPRESSION |

@ i
o I
g |
/
TENSTON
COMPRESSTON

s @

Py

TENSTON \

TENSION
TENSTION
YENSION

5

e

sEevION T

HEADING %

i

l\“
PROYISION ¢ |\
PROVISION 2 |
PROVISION 3 |
PROVISION &4 |
PROVISION 5 |
PROVISION g |
PROVISION 7 !
PROVISION 8 .
PROVISION o |
PROVISION 30 |
PROVISION 91 |
PROVISION §2 |
PROVISION 93
PROVISION 14 |
PROVISION §5 |
PROVISION 16 ;
PROVISION (7 !
PROVISION 18 [ W
PROVISION g9 |
PROVISION 20 |
PRAVISION 21
PROVISION 22
PROVISION 23!
PROVISION 24 |
PRNYISION 25 ¢
PROVISION 24
PROVISION 27 |
PROVISION 28 |
PROVISION 29 |
PROVISION 30 !
PROVISION 31 ;
PROVISION 32 !
PROVISION 33
PROVISION 34 |
PROVISION 35 |
PROVISION 35 !
PROVISION 37 !
PROVISION 38 i
PROVISION 39
PROVISION a0 |
PROVISION 41 |
PROVISION 42 |
PROVISION 43 |
PROVISION a4 |
PROVISION a5 i
PROYISION 4¢ :
PROVISION 47
PROVISION 48 |
PROVISION 89 |
PROVISION 50

“PROVISION =1

PROVISTON—§2—*



TETY TN twp RSYLL UULIIISE 1Un NUULEIEU dpeCHTIcatlion (Lomponents, LImIt States, Stress States)

SPECYFICATION OUTLINE ARRANGED BY

‘COMPONENTS
LIMIT STATES
STRESS STATES

{. MEMBERS
1,1 THIN=WALL SHAPE
1.1.1 YIELDING
11,11 AXIAL FORCE

1,1.1,1¢1 TENSION PROVISION(EY)

1,1,1,1.2 COMPRESSION ngvqugncro
1.1,1,2 FLEXURAL FORCE PROVISTON 6
1,1,1.3 SHEARING FORCE PROVISION 47
141,1,4 COMBINED FORCES

11015401 COMPR+BENDING PROVISION 25

1.1,1,4.2 TENSION+BENDING PROVISION 28

1.1,2 INSYABILITY--
10102.1 GLD.BJ.L
1.4.2,1.34 AXIAL FORCE

COMPRESSION . .PROVISLON 12-
1,1,2,1.2 FLEXURAL FDRCE PrROVISION 4
1,1,2,1,3 COMBINED FORCES

COMPR4RENDING PROVISION 22

1.1,2,2 LOCAL
1.1.202.1 AXIAL FDRCE

COMPRESSION PROVISION 13

11020202 FLEXURAL FORCE PROVISION 5§
1,1.2,2.3 COMBINED FORCES

101,2,2,3,1 COMPR«BENDING PROVISION 23

1,1,2,2,3,2 TENSION+BENDING PROVISION 27

1,2 SOLID SHAPES
1,201 VYIELDING
1e¢241,1 AXIAL FDRCE

1.2,101:1 TENSION PROVISIDN 52
1,2,1,1.2 COMPRESSION PROVISION 11
1,2,1,2 FLEXURAL FORCE PROVISION 7
142,1,3 SHEARING FORCE PROVISIDN a8
162,1,4 COMBINED FORCES
1:2.1:4:1 COMPR+BENDING PROVISION 26
1:2.14402 TENSTON+BENDING PROVISION 29
1.2.2 INSTABILITY
GLOBAL
1,2,2,1 AXIAL FORCE
COMPRESSION PROVISION 14
1:202,2 FLEXURAL FDRCE PROVISIDN 8
1,2+:2,3 COMBINED FORCES
COMPR+BENDING PROVISION 24
1,3 ENCASED Cowmp,
YIELDING
FLEXURAL FORCE PROVISION 32

1,4 NON=ENC, COMP,
1.401 YIELDING

FLEXURAL FORCE PROVISION 39
10402 INSTABILITY

LocaL

FLEXURAL FORCE PeOVISION 40

2, ELFM, DF MEMB,
2.1 BRG STIFFENERS
2,1.1 VYIELDING

BEARING PROVISION 3

99



2,2

2.1.2 INSTABILITY
GLOBAL
BEARING
BM/GRDR WEB
2,2.1 VIELDING
2.2,1,4 AXIAL FORCE
COMPRESSION

2:2,1,2 SHEARING FORCE

2,2,2 INSTABILITY
GLOBAL
AXIAL FORCE
COMPRESSION

3. CONNECYIONS
YIELDING

AXIAL FORCE

3,11 TENSION
3,1,2 COMPRESSION
FLEXURAL FORCE
SHEARING FORCE
YORSIONAL FORCE
BEARING

COMBINED FORCES
SHEAR+BENDING

4, CDNNECTYOR

4.1

BOLTS

YICLDING

4.1.1 AXIAL FORCE
TENSION

4,1.2 SHEARING FORCE

4.1.3 BEARING

RIVETS

YIeLDING

4,2,1 AXIAL FORCE
TENSION

4,2,2 SHEARING FORCE

4,2.3 BEARING

GROOVE WELD

YIELDING

4,3.,1 AXIAL FORCE

4¢301o1 TENSION
4,3,1,2 COMPRESSION

4,3,2 SHEARING FORCE

PLUG/SLOT WELD

YIELDING

SHEARING FORCFE

FILLEY WELD

YIELDING

SHEARING FORCE

SHEAR CONNECTOR

YIELDING

SHEARING FORCF

BEARING SURFACE

YIELDING

BFARING

PINS

YIeLDING

BEARING

ROLLER/ROCKER

YIELDING

BEARING

Table 4.6, Continued

PROVISION

PrROVISION
PROVISION

PROVISION

PROVISION
PROVISION
PROVISION
PROVISION
PROVISION
PROVISION

PROVISION

PROVISION
PROVISION
PROVISION

PROVISION
PROVISION
PROVISION

PROVISION
PROVISION
PROVISION

PROVISION

PROVISION

PROVISION

PROVISION

PROVISION

PROVISION

30
41

i5
16
17
i8
i9
20

21

50
33
34

49

36

43
44
42

45

46

LS



SPECIFICATION OUYTLINE ARRANGED BRY

COMPONENTS

STRESS STATES
LIMIT STATES

1, MEMRERS

1.1

THIN=WALL SHAPE
i.1.1 AXIAL FORCE
felolol TENSION

YIELDING PROVISION
1¢1.1,2 COMPRESSION
101016204 VYIELDING PROVISION
101,1,202 INSYABILETY
1ole1,242,4 GLOBAL ____ —— PROVISION
101,1,202,2 LOCAL PROVISION
1.1.2 FLEXURAL FORCE
1.102,1 YIELDING PROVISION
1e4¢2,2 INSTABILITY
101,2,2.1 GLOBAL ' PROVISION
1.1,2,2.,2 LOCAL PROVIBION
$1.1.3 SHEARING FORCE
YIELDING PROVISION

1.1.4 COMBINED FORCES
1-10“91 COMPR+BENDING

1,1.8,1.1 VYIELDING PROVISION
1o1,8,1a2 INSTABILITY
1:1:8,142.1 GLOBAL ‘PROVISIDN
1,1.,8,1.2,2 LODCAL PROVISION
101,8,2 TENSIONSBENDING
C.1.1.8,2,1 YIELDING PROVISIDN
$e1.64202 INSTABILITY
LOCAL PROVISION

SOLID SHAPES
1.2.1 AXTAL FORCE
1¢2¢3,1 TENSION

YIELDING PROVISION
1.2,1,2 COMPRESSION
162010201 YIELDING PROVISION
1,2,1,2.2 INSTABILITY
GLOBAL PROVISION
1.2.2 FLEXURAL FORCE
1e202.1 YIELDING PROVISION
10202,2 INSTABILITY
GLOBAL PROVISION
1,2,3 SHEARING FORCE
YIELDING PROVISION

1.2.86 COMBINED FORCES
102¢4.1 COMPR¢BENDING

1,2,8,141 YIELDING PROVISION
162,812 INSTABILITY
GLDBAL PROVISION
142:8,2 TENSTON4BENDING
YIELDING PROVISION

ENCASED CoMp,

FLEXURAL FORCE

YTIELDING PROVISION
NAN=ENC, COMP,

FLEXURAL FDRCE

14,1 YIELDING PrROVISION
1.4.2 INSTABILITY

51
10

i2
13

4y

25

22
23

28
27

52
i1

14

48

26
24

29

32

39

89



LOCAL

2., FLEM, OF MEMB,

2,1

BRG STIFFENERS
BEARING .
2,11 VYIELDING
2.1.2 INSTABILITY
GLOBAL
BM/GRDR WEB
2,2,1 AXIAL FORCE
COMPRESSION
2¢2.1,1 VYIELDING
2¢2,1,2 INSTABILITY

3, CONNECTIDNS

3,1

4, CONNECTOR

4,1

GLOBAL

2,2,2 SHEARING FORCE
YIELDING

AXIAL FORCE

3011 TENSION
YIELDING

3,12 COMPRESSION

: YIELDING

FLEXURAL FDRCE

YIELDING

SHEARING FORCE

YIELDING

TORSIONAL FORCE

YIELDING

BEARING

YIELDING

COMBINED FDRCES

SHEAR+BENDING

YTELDING

BOLYS

8,1+1 AXIAL FORCE
TENSION
YIELDING

84,1,2 SHEARING FORCE
YIELDING

4,1,3 BEARING
YIELDING

RIVETS

4,2,1 AXIAL FORCE
TENSION
YIELDING

4,2.2 SHEARING FORCE
YIELDING

8,2,3 BEARING
YIELDING

GROOVE WELD
4,3,1 AXIAL FDORCE
8,3.1,1 TENSION
YIELDING
4¢3¢1.2 COMPRESSION
YIELDING
4,3,2 SHEARING FORCE
YIELDING
PLUG/SLOT WELD
SHEARING FORCE
YIELDING
FILLEY WELD
SHEARING FORCE

Table 4.7, Continued
PROVISION 40

PrOVISION 3

PROVISION o

PROVISIDN 30
PROVISION 31
PROVISION 41

PROVISION 15
PROVISION {16
PROVISION §7
PROVISION 18
PROVISION 19

PROVISION 20

PROVISION 21

PROVISION 50
PROVISION 33

PROVISION 33

PROVISION 49
PROVISION 35
PROVISION 36

PROVISION a3
PROVISION 44

PROVISION 42

PROVISIDN 45
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YIELDING

SHEAR CONNECTYOR
SHEARING FORCE
YTELDING
BEARING SURFACE
BEARING
YIELDING

PINS

BEARING
YIELDING
ROLLER/RDCKER
BEARING i
YIELDING

|
Table 4.7, ¢ontinued

PROVISION 86
PROVISION 38
PROVISION 37
|
PQUVIS?DN i

PROVISION 2
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Table 4.8, Intermediate Level Organization of TCOMPR, '‘Compression Member Check'' (Direct Execution)

31T T TyFegTTIN OyYTLINE =33 Tyf cOLL0Ow™Ng TERyTNAL oRITFoIR

TCOMPR

RELATIVE LEYELS #R0v TEZRuIva, ERTTERTA
n 1 ? 3

v

XRA

B190K

kKPP
B ® AR

TeadupPR *EL

Frae

XFA

BUNIK

BSTOx
BSTIF
BUNST

5 A
XEASTE
xnA Xx8rASE
Buarnx
A 3N
*BAPDXC
*EY
vaNGLE
Qs ZTUN
£
Xt «FY
2 XOA
T Qe S
AR
BKP
RSP
EL
Ux
UxP VMTYPF
eAR
*F
FFA LN
AR
*Fl
«yUTypE
BANGLF
W
Wi
W2
AGRS Zr
FARAE
##3GCNK
*»ARUN
#3APRYC
«FY
«VANGLF
*#7TUN
*29ST
#RAPNYXE
«FY
«yFLNGF
#77ST

paray
AgearT
Baonyr
Feres
Fy
VFI’NGL‘
7787

AREFFE .

«7TST

whAaST

#7787
neRr
VSECTN
WFL
ITFL
7THFR



Table 4.9, Computational Steps for Direct Execution of ''"Compression Member Check'
(Corresponds to Table 4.8)

Section in

29

LEVELS Present

Step 1 2 3 4L 5.6 7 8 : : Specification
1 Compute effeétive width,@i;) Appendix C
2. Compute effectivevarea of stiffened element ’ indirectly from 1.9.2.2

3 Compute actual area of stiffened element indirectly from 1.9.2.2

L iEETEEEe,ééX : Appendix C
5 Check geometrical constraints (Table C1) Appendix C
6 Compute QS | Appendix C
7 Compute C_ (Appendix C definition) g Appendix C
8 Compute K factor for effective length 1.8.2.

9 Compute allowable stress, Fa (Eq. C5-1 or 1.5=2) Aégélé?xog
10 Compute modffied allowable stress, Fas (Egq. 1.5-3) 1.5.1.3

11 Compute gross area, Ag indirectly from 1.14.1

12 Compute actual stress, fa indirectly from 1.5.1.3

13 Compute Ra = fa/Fa 1.5.1.3
14 Check unstiffened elements 1.9.1.2

15 Check stiffened elements 1.9.2.2

16 Check Section 1.9 1.9
17 Check cémpression member I.



63

Table 4.10, Intermediate Level Organization of TCOMPR, !"Compression Member Check!
(Conditional Execution)

eANNITIavAL FYEeyTIay Ut INE P THE FniLOwING TERUINGL cRITERILA
TCaurR

CRELATIVE LEyELS FROM TFRuINS,_ ZRTTERIA
1

0 2 3 4 5 A 7
7C24PR L
AR
JKP VMY YRe
Ux
*E L
RSS?
Ry
xAR
Ri9NK BUNST
RSTIF
BSTIx« 7TST
VFLNGF
FyY
3APNAXC
A3ST
BUNIK 7 TUN
VANGLE
» Y
«qdpny(
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3GCNK 7THESB
ZYFL
WF{
VRECTN
DR
XRA XFa FARCE
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Wi
W
BANGLF
FFaP | #VMTYPF
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«AR
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E
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wiiP
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«VANCLE
wFy
#BAPNYE
wABUN
*#BGCAK
XQA XaCAaSF 'YAR S
#A3CT
XEASTE €71e7 :
A3FFF *#7TST
:¥$LNGE
ESTRS
+RAPDYXE
*ARST
ARCPN
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*E
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Step

13
14
15
16

Table 4.11, Computational Steps for Conditional Execution of ''Compression Member Check'

(Corresponds to Table 4.10)

LEVELS
1 2 3 L 5 6 7

Check Compression member
Compute K factor for effectivé lTength
Check Section 1.9
Check stiffened elements
Check unstiffened elements
Check geometrical constraints (Table C1)
Compute Ra = fa/Fa
Compute actual stress, fa
Compute gross area, A
Compute modified allbwable stress, Fa; (Eq. 1.5=3)
Compute allowable stress, Fy (Eq. €5-1 or 1.5=2)
Compute Qs |
Compute Qa
Compute actual area of stiffened element
Compute effective area of stiffened element
Compute effective width, be

Compute CC (Appendix C definition)

indirectly from

indirectly from

indirectly from

indirectly from

Section in
Present
Specification

1.5.1.3
1.8.2

1.9
1.9.2.2
1.9.1.2
Appendix C
1.5.1.3
1.5.1.3
1,141

1.5.1.3

1.5.1.3 or
Appendix C

Appendix C
Appendix C
1.9.2.2
1.9.2.2
Appendix C

Appendix C
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Table 4.12, Computational Steps for !'Compression Member Check'' Listed in Order of

Step in
Present AISC
Specification

Present AISC Specification

Description of Computational Step

1

2

v W

12
13
14
s
16

Compute actual stress, fa

Compute allowable stress, Fa (Eg. 1:5-2 or C5-1)

Compute modified allowable stress, Fas (Eq. 1.5.3)

Compute Ra = fa/Fa

Check compression member

Compute K factor for effective length
Check unstiffened elements

Check stiffened elements

Compute actual area of stiffened element
Compute effective area of stiffened element
Check Section 1.9

Compute gross area, Ag

Compute QS

Check geometrical cors traints (Table Clj
Compute effective width, be

Compute Qa

Compute C_ (Appendix C definition)

Section in Step for Step for
Present Direct Conditional
Specification Execution Execution
indirectly from .
1.5.1.3 12 8
1.5.1.3 or .
Appendix C 9 M
1.5.1.3 10 10
1.5.1.3 13 7
1.5.1.3 17 1
1.8.2 8 2
1.9.1.2 15 5
1.9.2.2 14 L
indirectly from
1.9.2.2 3 1h
indirectly from
1.9.2.2 2 15
1.9 16 3
indirectly from
1ok 1 9
Appendix C 6 12
Appendix C 5 6
Appendfx C 1 16
Appendix C L 13
Appendix C 7 17
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Table 4.13,

TREAR

66

Intermediate Level Organization of Part 2 of Top Level Qutline in

and 4.4 (Direct Execution)
BIRECT EXECUTION OUTLINE FOR THE FOLLOWING TERMINAL rQITFQIA

QELﬁIIVE LEVEL? FROM TER;IMAL CPYT%RIA

BCSADK

BYISSOK
i&CV
w4
AW
RENDP
BPWLH
«RYFD

FVWESB
wF Y ;

7TIAN
FlxM
XFBT Y?
yFFV
XRY ¥FV
«fFY
¥xCV1
Cv xCV?
o A
AGST
BTFD .-
DH i
wH
Y v
ZSTIW ™
*#7TH

727485 TSBMGR TSAS514 TSBGRT TCWTAF

XRENUC

AGRS
DIa
NU

XANET wZ7T

w*xARRS

BuvID r
GrROSI
REDY

Fy
ARRSP
FRRCE

{8MALK H
#Fy
¥ H
ITw
#x JEMALK
#Fy
*H
*Z’TW 1

Tables 4.3



TSRGST

TcOuBS

7T8AS14

TaEAR

TCWTOE

TSBMGR

«7TH

B190K

XRAY
welV

w AW

«FVWEB
«FY

xRP

BUNDK

BSTOxk

BSTIF.

BUNST

XFAL

XFFAL

FFP

Fp

FA2
XFFA?

67

Table 4.13, Continued
RELATIVE LEVELS FROM TERMINAL ERITERIA
) | 2 3

RGCNK
ABUN
3APNHXC
«FY
vANGLE
7TUN
ABST
«3APHYC
¥FY
vFLNGE
77SY

APRY

*FY

sPIN
FY§
FY?2
VEXPND
ARRNG

ELRR
#FORCE

AKAY
ENB
FLOAD
v, OAD
*7TH
*EY

FBRSTF

4

DeR
VEECTN
WFEL

ZYFL
ITWEB

ARSTF
BENDST
*ZTH



(o2 WA & SRR vl VA

10

11

13
14
15
16
17
18

Table L.14, Computational Steps for Direct Execution of Criteria in Table L4.13

LEVELS
1 2 3 4 5 6 7

Ca‘éulate gage space for staggered holes, 9y
Compute reduction for staggered holes
Compute gross area, Ag

Compute net area, An
Compute moment of inertia, |

Compute actual tension stress due to bending, fbt

Compute allowable shear stress, FV
Compute actual shear stress, FV
Compute shear stress ratio, R
Check combined stress action in plate
Compute k (as used in Sect. 1.10.5.2)
Compute CV by first formula
Compute CV by second formula
Compute CV, i.e., select appropriate formula
Check intermediate stiffener size
Check shear on beam/girder with stiffeners
Check geometrical constraints (Table C1)

Check unstiffened elements

Section in

Present
Specification

1.14.3
1.14.3

indirectly from
1.14.1

1.14

indirectly from
1,14

indirectly from
1.10.6

1.10.6

indirectly from
1.5.1.2

1.5.1.2
1.10.7
1.10.5.2

1.10.5.

N

1.10.5.2
1.10.5.2
1.10.5.4
1.10.5.2
Appendix C

1.9.1.2
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Step
19
20
21
22
23
2L
25
26
27
28
29
30
31
32
33
34
35
36

Table L.14, Continued

Section in

LEVELS | Present
1 2 3 4L 5 6 7 ‘ : Specification
Check stiffened elements 1.9.2.2
Check Section 1.9 ' 1.9
Compute modified area of bearing stiffener : 1.10.5.1
Compute actual stress in bearing stiffener, fa indirectly from 1.10.5.1
Compute a]lowable.stress in bearing stiffener, Fa 1.5.1.3.4
Compute stress ratio for bearing stiffener, Ra 1.10.5.1
Check compressioﬁ on bearing. stiffeners 1.10.5.1
Check shear on hybrid A514 steel girder 1.10.5.2
Compute allowable bearing stress, Fp 1.5.1.5
Compute actualibéaring stress, fp indirectly from l.Sf].S
Compute bearing stress ratio, Rp 1.5.1.5
Check bearing 1.5.1.5
Compute ;ctua] stress at web toe of fillet, fa 1.10.10
Compute allowable stress gt web toe of fillet, Fa 1.10.10
Computg stress ratio for web toe of fillet, Ra 1.10.10
Check compression in web toe of fillet . : 1.10.10
Compute Cv for no stiffeners and k > 5.34 ) 1.10.5.2

Check shear on beam/girders ’ 1.10.5.2
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70
Table L4.15, Intermediate Level Organization of Part 2 of Top Level Outline in Tables 4.3
and 4.4 (Conditional Execution)

cONDITIAVAL EXECUTION QUTLINE FDR THE FALLOWING TERMINAL ARTTERIR
YBFAR ToNMRS TSBMGR TSAS514 7SB68T TEWTNAE

REATIVE LEVELS FROM TERMINAL CRTTERIA
5 1 ; 3

Z 4 5 £ 7
LT
T83u6r  (7TH/
S
H
FY
FVAESB rﬁﬂ;\ﬁ
ol qY Yar
?W'//
®FY
TewTOE BBSTP
‘ XRAP? XFFA? wFY
FA2 +77HW
vLOAD
FLOAD
ENB
AXAY
TREAR XRP Fe VEXPND
FORCE
FLRR
ARRNG
FFP *yEXPND
FYZ2
FYi
DPRIN
T8A518 «FY
wF VWER
AW
cv xtve w7 TH
*H
xFY
7SMAL K & H
A
xCvi #7TH
*H
¥FY
*#x7SMALK
TEOMBS XRA1 XFFA§ «FY
XFAL FARSTF
APRY «ZTH
BENDST
ARSTF
B190K BUNSTY
asTIf
BSTOK 7787
VFLNGE
wEY
gAPDXE
ABSTY
BUNOX 7TUN
VANGLF

wEY
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Table 4.15, Continued

RELATIVE LEVELS FROM TERMINA| CRITERIA
0 2 3

{ i 4 5 &
*RAPHXC
ABUN
BGLCOK ITWEB
ITFL
WEL
VERECTN
DeR
TSBGSY «?TH
#H
«FY
arVyuFg
BYFD
BPWLH
BENDP
&AW
% A
LA
BISSOK #7TH
ZSTIW
Y
w K
Do
«BTFD
AGST
# A
el V
BCSADK wFY
XRY ¥FV «FORCE
AeRSP
: YFFV vF Y
XFBT ye :
FLXM
7TIAN ReDY
GROS1I
BMID
AGRS 7
W2
Wi
"
BANGLE
XANET YAl
NU
- DIA
«*AGRS
XRENUE 79¥k
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Table L4.16, Computational Steps for Conditional Execution of Criteria in Table L.is.

LEVELS Section in Present
Step 1 2 3 L 5 6 7 Specification

1/ Check shear on beams/girders , 1.10.5.2

2 Compute c_ for no stiffeners and k > 5.34 1.10.5.2

3 . Check compression in web toe of fillet 1.10.10

L Compute stress ratio for web toe of fillet, Ra 1.10.10

5 Compute allowable stress at web toe of fillet, Fa 1.10.10

6 Compute actual stress at web toe of fillet, fa 1.10.10

7 3 Check bearing : 1.5.1.5

8 Compute bearing stress ratio, Rp 1.5.1.5

9 Compute actual bearing stress, fp ‘ 1.5.1.5

10 Compute allowable bearing stress, Fp . 1.5.1.5

11 Check shear on hybrid A514 steel girder 1.10.5.2
12 Compute CV, i.e., select appropriate formula 1.10.5.2
13 Compute CV by 2nd formula 1.10.5.2
.]4 Compute k (as used in Sect. 1.10.5.2) f1.10.5.2
15 Compute CV by Tst formula » 1.10.5.2
16 ¢ Check compression on bearing stiffener 1.10.5.1
17 Compute stress ratio for bearing stiffener, Ra 1.10.5.1
18 Compute allowable stress in bearing stiffener, Fa 1.5.1.3.4
19 Compute actual stress in bearing stiffener, fa indirectly from 1.10.5.1
20 Compute modified area of bearing stiffener 1.10.5.1
21 Check Section 1.9 1.9

22 Check stiffened elements . 1.9.2.2

23 Check unstiffened elements | - 1.9.1.2

24 Check geometrical constraints (Table CI) Appendixbc
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Step

Table L4.16, Continued

LEVELS
1. 2 3 4 5 6 7

25
26
27
28
29
30
31
32
33
3L
35
36

¢ Check shear on beam/girders with stiffeners
Check intermediate stiffener size
Check combined stress action in plate (web)
Compute shear stress ratio, R
Compute actual shear stress,'fV
Compute allowable shear stress, FV
Compute actual tension stress due to bending, fbt
Compute moment of inertia, |
Compute gross area, Ag
Compute net area, An

Compute reduction for staggered holes

Calculate gage space for staggered holes, Iy

Section in Present
Specification

indirectly from

indirectly from
indirectly from
indirectly from

indirectly from

T.
1.
.10.7
.5.1.2
.5.1.2
«5.1.2
.10.6
e
LAk
Ok
4.3
4.3

10.5.2
10.5.4

€L
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RELATIVE LEVELS FROM OUTPUT

—

5 4 3 2 i o]
(s.18)
T X -
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Fig. 2.2, Network Corresponding to Present AISC Specifications(1969)
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RELATIVE LEVELS FROM OQUTPUT

8 7 6 5 4 3 2 i o
{ Physicat Component } TITSEPIS%
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ADDITIONAL EXAMPLES OF TOP LEVEL ORGANIZATION

In Section L4.1.1, two possible top level outlines of the present
Specification were presented and discussed.
ponents as the topmost base in the organization hierarchy, seem to be the
most reasonable and practical organization.
the other four possible orders of the bases were used to generate the four

topical outlines in this appendix.

3
2)
3)
1)

Interpretations of the outlines and conclusions are left to the reader.

77

APPENDIX -A

Stress State, Limit State, Component
Stress State, Component, Limit State
Limit State, Stress State, Component

Limit State, Component, Stress State

These two outlines, with com-

For the sake of comparison,

The four orders are as follows:



SPECIFICATION OUTLINE ARRANGED BY

STRESS STATYES
LIMIT STATES

COMPONENTS

1, AXIAL FORCE
1,1 TENSION
YIELDING
1,1,1 MEMBERS
1,1,1,1 THIN=WALL SHAPE
1e1,1,2 SOLID SHAPES
1,152 CONNECTIONS
1.1,3 CONNECTOR
1.143,1 BOLTS
1,1.3.2 RIVETS
1.1,3,3 GROOVE WELD
1,2 COMPRESSION
1,2,1 VYIELDING
15201,1 MEMBERS
1,2.141¢1 THIN=WALL SHAPE
142415102 SOLID SHAPES
1.201,2 ELEM, OF MEMB,
BM/GRDR WEB
CONNECTIONS
CONNECTOR
GROOVE WELD
1,2.2 INSTABILITY
142:2,1 GLOBAL
1,2,2,1¢1 MEMBERS
1¢2:.2,161,1 THIN®WALL SHAPE
1.2,2,1,1.2 SOLID SHAPES
162.2.102 ELEM, OF MEMR,
RM/GRDR WEB
1:242,2 LOCAL
MEMBERS
THIN=WALL SHAPE
2. FLEXURAL FORCE
2,1 YIELDING
2,1.1 MEMBERS
2:161,1 THIN="WALL SHAPE
2.141,2 SOLID SHAPES
201¢1.3 ENCASED COMP,
2:1¢1,48 NON=ENC, CpMP,
2,12 CONNECTIONS
2,2 INSTABILITY
2,2,1 GLORAL
MEMBERS
2.2,1,1 THIN=sWALL SHAPE
2:2¢1.2 SOLID SHAPES
2,2,2 LOCAL
MEMBERS
2,2.2,1 THIN=WALL SHAPE
2.242,2 NON=ENC, COMP,
3, SHEARING FDRCE
YIELDING
3,1 MEMRERS
3,1e1 THINeWALL SHAPE
3,1.2 SOLID SHAPES
3.2 ELEM, OF MgMB,
BM,/GRDR WgB

1,603.A
1,634
1.5030A

1.5:3,A

1,5.163,4
1.5:103,4

1.10.10.A

1.5.103,A

1,5.1.4,4

1,10.5,2.RB

1’5'2°A
15,204

1,10,5.2,8

2.4,4

1.10.5.2,C

1.10,5.2.C

!'10'5'2.A

101005,2,A

8L



CONNECTIDNS
CONNECTOR
3,4,1 BOLTS
3,8,2 RIVETS
3,4,3 GRODVE WELD
3,8,48 PLUG/SLOY WELD
3,8.,5 FILLEY WELD
3,4,6 SHEAR CONNECTOR
4, YORSIOWNAL FORCE
YIELDING
CONNECTIONS
5. REARING
5,1 YIELDING
5:,1.1 ELEM, OF MEMB,
BRG STIFFENERS
5,12 CONNECTIONS
5,13 CONNECTOR
50103,4 BOLTS
5013.,2 RJVETS
5,1:3,3 BEARING SURFACE
5,143,848 PINS
5¢193:5 ROLLER/ROCKER
502 INSTABILITY
GLOBAL
ELEM, OF MEMB,
, BRG STIFFENERS
6, COMBINED FORCES
6,1 COMPR4BENDING
6,1.,1 VYIELDING
MEMBERS
6o1,1,1 THINeWALL SHAPE
6o101,2 SOLID SHAPES
6,102 INSTABILITY
651:2,1 GLOBAL
MEMBERS
6,1.2,1.1 THIN=WALL SHAPE
6.1.,24102 SOLID SHAPES
6,1,2.2 LODCAL
MEMBERS
THIN=WALL SHAPE
6,2 TENSION+BENDING
6.2,1 VYIELDING
MEMBERS
6.2.191 THIN'RALL SHAPE
6,2.1,2 SOLID SHAPES
62,2 INSTABILITY
LOCAL
MEMBERS
THIN=WALL SHAPE
6,3 SHEAR+BENDING
YIELDING
CONNECTIONS

«
& W

1,5:105,A
1.5.1'5'“

1,105,194

l.ﬁoll‘
1.60104A

1.6,2,A

1,15,A

1:6.3.A
1:.6.30A

1,17,A

1,106501,4A

1:.5.2.C
1.5.24C

1}60108
16,148

106,148

1:5,2.8
1'5'208

2,8,
2,4

23“0A

6L



SPECTFICATION OUTLINE ARRANGED BY

STRESS STATES
COMPONENTS

1, AxIAL FORCE
1.1 TENSI
1!1'1

1.1.2

1.1,3

1,2 COMPR
16261

!'?.2

1,2.3

1.2.4

2. FLEXURAL Fo
2.1 MEMRE
20101

2'1.2

2,103

2.1!“

2.2 CONNE

LIMIT STATES

ON
MEMBERS
1o1e1,3 THIN=WALL SHAPE
YIELDING
1s1.1,2 SOLID SHAPES
YIELDING
CONNECTIDNS
YIELDING
CONNECTOR
1e1¢3,1 BOLTS
YIELDING
10163,2 RIVETS
YIELDING
1,1.3,3 GROOVE WELD
YIELDING
ESSION
MEMBERS

1¢2:1,1 THIN=WALL SHAPE
1e2,101¢1 YIELDING
1,2,1,142 INSTABILITY
1e2,10102.1 GLOBAL
102,141,2,2 LOCAL
1:2,1,2 SOLID SHAPES
1.2,142:1 VYIELDING
1.2.14202 INSTABILITY
GLOBAL
ELEM, OF MEMB,
BM/GRDR WEB
1:202,1 YIELDING
120242 INSTABILITY
GLOBAL
CONNECTIONS
YIELDING
CONNECTOR
GRODVE WELD
YIELDING
RCE
RS

1.1 VYIELDING
1,2 INSTABILITY
2.1.1.201 GLOBAL
2,1.,1.202 LOCAL
OLID SHAPES
]
L]

THIN=WALL SHAPE
?.1.
2.4,

.1 VYIELDING
2,2 INSTABILITY
GLOBAL

ENCASED COMP,
YIELDING
NON=ENC, COMP,
2:144,1 YIELDING

S
2.1
2,1

2.1,4,2 INSTABILITY

LOCAL
CTIONS

1,5:1010A

1,5:1010A

1,15.A

i,6|3ll "SozﬁA

1,6.344 1,5.24A

1,5.3.4A

1.511!3!A 203|A

1,5:,103.A 2.4,A 23,4
1,5,13,4 208,A

1,5.103A  2,6,A 2.3,A

1,10,10,A
1,10,10,A 1,10.5,2,B 1,10,5.2,¢
1,15.A

1,5.3.4A

1,5.10444A

1,50104.4 2:9.A
1.,5¢1044A

1,5.108,4
1.5:1:4.A  2,9,A
1,11.2,1,A
1.11,2,2.4

1,11.2426A

1,10,5.2,4A

08



YIELDING
3, SHEARING FORCE

3,1 MEMBERS

3,11

3,142

THIN=WALL SHAPE
YIELDING

SOLID SHAPES
YIELDING

3,2 ELEM, OF MpMB,
BM/GRDR WEgB

YIELDING
3,3 CONNECTIONS
YIELDING
3,4 CONNECTOR
3.4,1 BOLYS
_ YIELDING
3.4.2 RIVETS
YIELDING
3,4.3 GROOVE WELD
YIELDING
3,848 PLUG/SLOT WELD
YIELDING
3,4.5 FILLET WELD
YIELDING
3.8,6 SHEAR CONNECTOR
YIELDING
4, TORSIONAL FORCE
CONNECTIONS
YIELDING
5, BEARING
5.1 ELEM, OF MgMB,
BRG STIFFENERS
5,1,1 YIELDING
5,1.2 INSTABILITY
GLOBAL

5,2 CONNECTIONS
YIELDING
5,3 CONNECTOR

5.301
50302
5:303
50304

5035

BOLTS

YIELDING

RIVETS

YIELDING
BEARING SURFACE
YIELDING

PINS

YIELDING
ROLLER/ROCKER
YIELDING

6, COMRINED FORCES
6,1 COMPR+BENDING

MEMBERS

65101

64

6

6.162

é,
6,

THIN=WALL SHAPE
1.1,1 VYIELDING

eial,2 INSTABILITY
61,1201 GLOBAL
6,1,1,2:2 LOCAL

SOLID SHAPES
12,1 VYIELDING

12,2 INSTABILIVY

GLOBAL

6,2 TENSION+BENDING

MEMBERS

6,251

THIN=WALL SHAPF

1,15,A

1,5,102,A

1,5.162,A

1,10,5.,2.8

1,15,4

1,16,A
1,16.A
1,5:30A
1,5.3:A
1,5:30A
1.11.2020A

1,15,A

1,5,15,A
1,10,5.10A

1,15,A

1,164
1,16,A
1,5.504
£,5.165,A

1,50.105.4

1,6a1cA

1.6010A
1.6.144

1,6010A

1,6014A

1,10,5,2.C

1,6,3.4

1.6,3:A

11704

1'10'5'10A

145.24C

1:5.20C

1.6.1.8
1.60108
116."8
1,66148

1,6,1.8

1.10.5.2,4

15,268

18



6:2¢141 VYIELDING
60241,2 INSTABILITY
LOCAL
6.2,2 SOLID SHAPES
YIELDING
SHFARSBENDING
CONNECTYIONS

YIELDING

1,6,2:4A
1.6.2:A

1,6,2:4A

1,15,A

8



" SPECTFICATION OUTLINE ARRANGED BY

LIMIT STATES
STRESS STATES
COMPONENTS

i. VYIELDING .
1.1 AXIAL FORCE
1.1,1 TENSION
1elo1,1 MEMBERS
f1oi.10101 THIN=WALL. SHAPE

1o1010102 SOLID SHAPES
1e1o1,2 CDONNECTIONS
1,1,1,3 CONNECTOR

1,110,304 BOLTS

. 1.1,1¢302 RIVETS
1s1.143+3 GROOVE HWELD
14162 COMPRESSION

198021 MEMBERS

- - : f1o102¢101 THIN=WALL SHAPE
1.1,2.102 SOLID SHAPES
1.142,2 ELEM, OF MEMB,
BM/GRDR WEB
1o8.2,3 CDNNECTIONS
1e1¢2.8 CONNECTOR
GROOVE WELD
1,2 FLEXURAL FORCE
$.2.1 MEMBERS
1s2,1,1 THIN=WALL SHAPE
1e201.2 .SOLID SHAPES
1.2,1,3 ENCASED cOMP,
1:251,4 NON=ENC, COMP,
. 1,22 CONNECTIDNS
1,3 SHEARING FORCE
1,3,1 MEMBERS
14351, THINsWALL SHAPE
1,3:1,2 SOLID SHAPES
1.3,2 ELEM, DOF MEMB,
BM/GRDR WEB
1.3.3 CONNECTIONS
1.3.4 CONNECTOR

1:3.,4,1 BOLTS
1.3,84,2 RIVETS
13:4,3 GROOVE WELD
1.3.4.,8 PLUG/SLOT WFLD
1¢3:8,5 FILLEY WELD
1:3.4,6 SHEAR CONNECTOR

1,4 TORSIDNAL FDRCE

CONNECTIONS

1,5 BEARING
1,501 ELEM, OF MEMB,
BRG STIFFENERS
1,502 CONNECTIONS
1.5,3 CONNECTOR

1¢5:3,1 BOLYS

14503,2 RIVETS

15,3,3 BEARING SURFACE
10503,4 PINS

14543.5 ROLLER/ROCKER
1,6 COMBINED FORCES
ioé-! COMPR+BENDING

‘-5-30A

1,5:104,A
1,5.108,4A
1,11,2:.144

1,164
1,50360A
1.5:304
1,50364A
1,112,254

1,15,A

1.1015.2,(:

1.10,501,A

165.2.C
1.5.24C

1.10,5.2,4A

£8



MEMBERS

1,601,1 THIN=WALL SHAPE 1,6,1.4A 1,6.1.8B
1,60,1,2 SOLID SHAPES 1,6010A 1.6.1.B
1,6,2 TENSIONGBENDING
MEMBERS
1:602,1 THIN®WALL SHAPE 1.,6424A
1:6:2,2 SOLID SHAPES 1,6a2eA
1.6.3 SHEAR¢REND!NG
CONNECTIDNS 1,15.4A
2, TINSTABILITY
2.1 GLORAL
2,11 AXIAL FORCE
COMPRESSION
2,1,1,1 MEMBERS
2.1,1.,1:1 THIN=WALL SHAPE 1,5:.1.3,A 2.48,A 2.3.A
2.1.1¢1:2 SOLID SHAPES 1,5103,A 2elio A 20344
20101,2 ELEM, DF MEMB,
BM/GRDR WEB 1,10,10,4A 1,10:5:2.B 1.10,5,2,C 1,10,5.2,4A
2,1.2 FLEXURAL FORCE
MEMBERS
2,1:2,1 THINsWALL SHAPE 1,5.1:8,A 2.,9.A
2."202 SOLID SHAPES ‘.5010“0‘ 2.9'A
2.1,3 BEARING
ELEM, OF MEMB,
BRG STIFFENERS 1,10,5,154A
2.1.,4 COMBINED FORCES
COMPR4+BENDING
MEMBERS
20108,1 THIN=WALL SHAPE 1.,6,1:4 1,6.1.:B 208, A
'201.“.2 SULXD SHAPES 1.6.1!A 1.6.105 ZQA.A
2,2 LDcAL ,
2.2¢1 AXIAL FORCE
COMPRESSION
MEMBERS
THIN=WALL SHAPE 1,5.163.A 2,4,A
2,2.2 FLEXURAL FORCE
MEMBERS
2.2.2,1 THIN=WALL SHAPE 1,5,108,A
2¢202,2 NON=ENC. COMP. 1,112,204
2,2,3 COMBINED FORCES
2:2.3.1 COMPR4+BENDING
MEMBERS :
THIN="WALL SHAPE 1,6,1.A 1,6.1,B 2. 0,4
202,3,2 TVENSION+BENDING
MEMBERS

THIN=WALL SHAPE 1,6.204

H8



SPECIFICATION OUTLINE ARRANGED BY

LIMIT STATES .
COMPONENTS
STRESS STATES

1, yIELDING
1.1 MEMRERS

1,11 THIN=WALL SHAPE
1.401,1 AXIAL FORCE.

1elo1o101
1101102

TENSION
COMPRESSION

1e1,1,2 FLEXURAL FORCE
felole3 SHEARING FORCE
f.1:1,4 COMBINED FORCES

1o1,104014
1-1.1 “'2

COMPR4BENDING
TENSYON®BENDING

1.1.2 SOLID SHAPES
1,12, AXIAL FORCE
1,1.2,1.1 TENSION
101.2,1.2 COMPRESSION
101¢2.2 FLEXURAL FORCE
11.2,3 SHEARING FORCE
112,484  COMBINED FORCES
1,1,2.8,1 COMPR+BENDING
. ’ 1.1.2.“.2 TENSTONeBENDING
1,13 ENCASED COMP,
FLEXURAL FORCE
1.1.4 NONegENC, COMP,
FLEXURAL FORCE
1.2 ELEM, OF MEMB,
121 BRG STIFFENERS
BEARING
1,2.2 BM/GRDR WEB
1,2,2,1 AXIAL FORCE
COMPRESSION
. 1.2,2,2 SHEARING FORCE
1,3 CONNECTIONS
1.3,1 AXIAL FORCE
103,1,1 TENSION
13.1,2 COMPRESSION
1,302 FLEXURAL FORCE
1,3,3 SHEARING FORCE
1,3,4 TORSIONAL FORCE
1.3.5 BEARING
1,3¢6 COMBINED FORCES
SHEAR+RENDING
1,8 CONNECTOR
1¢48.1 PROLYS
104,141 AXIAL FORCE
TENSION
1o8,1,2 SHEARING FQORCE
. 1,4,1.3 BEARING
1,42 RIVETS
1.4,2,1 AXIAL FORCE
TENSIDN
144,2,2 SHEARING FORCE
1280,2,3 BEARING
1.4,3 GROOVE WELD
1,403,1 AXIAL FORCE
1,40308s1 TENSION

1,11,2.1,A
1,11,2,2,A

1.5,1e%04

1,10,10,4A
1,10,5.2.8

1,5,3.4A

1,6,1.B

1,6.1¢B

1.1065'10A

1:1065.,2,€

1:5,20A
106,304
1'5.20(:

1.5.,20A
1.6,3.A
1'5.2.‘:

1010,502,4

1!5.268

1:5,248

S8



1,4,3,102 COMPRESSION
1,4,3,2 SHEARING FORCE

1,8,48 PLUG/SLOT WELD

SHEARING FORCE
1.8.5 FILLEY WELD

SHEARING FORCE
1.4,6 SHEAR CONNECTOR

SHEARING FORCE
1,4,7 BEARING SURFACE

BEARING

1.4,8 PINS
BEARING

1.4,9 ROLLER/ROCKER
BEARING

2, INSTABILITY
2,1 GLnBAL
2,11 MEMBERS
2,1.1,1 THINsWALL SHAPE
2s1.10801 AXTAL FORCE
COMPRESSION

2.,1,1,142 FLEXURAL FDRCE

2,1,1,1.3 COMBINED FORCES
COMPR+BENDING

20141,2 SOLID SHAPES

2¢101,2e1 AXIAL FORCE
COMPRESSION

2,1,1,2.2 FLEXURAL FORCE

21,1423 COMBINED FORCES

2.1,2 ELEM, OF MEMB,

COMPR+BENDING

2,1,2,1 BRG STIFFENERS
BEARING
2,1,2,2 BM/GRDR WEB
" AXIAL FORCE
COMPRESSION
2,2 LOCAL
MEMBERS

2,2,1 THIN=WALL SHAPE

?.20.1,1 AXIAL FORCE
COMPRESSION
2:2¢1,2 FLEXURAL FORCE
2¢2,1,3 COMBINED FQRCES
20201.3-1 CDMFR&BENDING
242,1,3:2 TENSION+BENDING

2,202 NON=ENC, COMP,
FLEXURAL FORCE

1.5a3'A 1.17'A

l.l‘nZIZCA

itslslA

1,5:1:5,4

1.5:,16504

l,5.1.3e“ 2.4.A
1,5,1,48,4 2:9.4
1,6,1A 1:.6,1.8B
1.5.1!39A 2.40A
1,5.104,A 2.9.A
1,6.1.A f106.1.B

1,10.,5:.154A

1,10,10,4 1.10.5.2.8

1.5:123,A 2,8,A
1,5.1080A

1.6010A 1.6,16B
1.6.204A

1,112,204

1:10.502,C 1.10,5,2,4

2’¢‘A

98
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APPENDIX B

TEXTUAL FORMAT CORRESPONDING TO COMPUTATIONAL STEPS OF TABLE L.11

In Section L4.2.2, organization of a functional network for condi-
tional execution was discussed. In this appendix, a textual format‘corre-
sponding to the computational steps of Table L4.11, '"Compression Member Check,
is presenteds- Portions of the text taken verbatim from the present Speci-
fication are enclosed by quotation marks. The text reads as fol]éws:

1. Axially Loaded Compression members are considered to be satisfactory if:

a) Slenderness ratio as defined in Section 1.1 is not exceeded,
b) Width-thickness ratios defined in Section 1.2 are not exceeded or
reductions in design properties are applied in Section 1.3, and

c) Stress ratio, Ra’ defined in Section 1.3 is not exceeded.

1.1 kS]énderness rétio is not éxceeded ff k&/; < 200._”In determining
the slenderness ratio of an axially loaded compréssion member,'the~
lTength shall be taken as its effective length K{,'" where 4 is the
actual unbraced length, and K is a factor as defined below for |
trusses or frames with sidesway prevented or for sidesway not pre-
vented. The corresponding radius of gyration is r.

Trusses or frames with sidesway prevented:
""In frames where 1ateral stability is provided by adequate attach-
ment to diagonal bracing, shear walls, an adjacent structure having
adequate lateral stability, or to floor slabs or roof decks secured
horizontally by walls or bracing systems paral]e] to the plane of
the frame, and in trusses, the effective length factor, K, for
the compression members shall be taken as unity, unless analysis

shows that a smaller value may be used."
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Frames with sidesway not prevented:
""In frames where lateral stability is dependent upon the bending
stiffness of rigidly connected beams and columns, the effective
length K¢ of compression members, shall be determined by a rational
method and shall not be less than the actual unbraced length.!

Width-tﬁickness ratios must be satisfied for all stiffened elements

under compression as defined in Section 1.2.1 and unstiffened ele-
ments under compression as defined in Section 1.2.2, or else the
design stress shall be modified.

1.2.1 stiffened Elements Under Compression

a) “Stiffened compression elements are those having lateral
support alongigoth edges which are paraliel to the dir-
ection of the compression stress. The width of»such
elements shall be taken‘as the distance between>nearest
lines of fasteners or welds, or between the roots of the
flanges in the case of rolled sections.'

b) "'Stiffened elements subject to axial compression, or to
uniform compression due to bending as in the case of the
flange of a flexural member, shall be considered as fully
effective when the ratio of width to thickness is not
greater than the following:

Flanges of square and rectangular séctions of uniform
thickness et eteeeeee et aaaas ZSSA/F;_
Unsupported width of cover plates perForated with a

succession of access holes ..... ceseaee eoo 317/,/Fy

A1l other uniformly compressed stiffened ele-

-
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Except ‘in the case .of perforated cover p]ates,‘when V
the actual width-to-thickness ratio exceeds these valugs,
the design shall be subject to additional constraints
as specified in Section 1.3.' |
1.2.2 Unstiffened Elements Under Compression

a) "Unstiffened (projecting) compression elements are those
having one free edge parallel to the directioﬁ of com=
preséion stress. The width of unstiffened plates shall

" be taken from the free edge to the first row of fasteners
or wélds; the width of Tegs of angles, channel and zee
flanges, and stems of tees shall be taken as the full
nominal dihension, the width of ffanges of l=-shape mem=-
bers and tees shall be taken as one-half fhe full nominal
width. The thickness of a sloping flange shall be meas-
ured haffway between a free edge and the corresponding
face of the web."

b) "Unstiffened e]ementé subject to axial compression or com-
pression due to bending shall be considered as fully ef-
fective whenAthe ratio of width to thickness is not greater
than the following:

Single-angle struts;
double~angle struts with separators ...... 76.0//F
M

Struts comprising double angles in contact;
angles or plates projecting from girders,
columns or other compression members; com-
pression flanges of beams; stiffeners on

plate girders .ooeeeuevnvniinieneinenans 95.04/?;—
Stems Of tees soeveosos ..................L..127A’Fy

When the actual width-to-thickness ratio exceeds these

values, the design stress shall be subject to additional
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constraints as specified in Section 1.3, but the fol-

Towing limiting proportions must be satisfied for Channels

and Tees:'!
Ratio of flange Ratio of flange
Shape width to profile thickness to web
ap depth or stem thickness
Built-up or , < 0.25 < 3.0
Rolled Channels i < 0.50 < 2.0
Built=up Tees < 0.50 < 1.25
Rolled Tees < 0.50 < 1.10

1.3 Stress ratio, Ra = fa/Fas’ is not exceeded if Ra < 1.0, where fa

is defined in Section 1.3.1 and Fas is defined in Section 1.3.2.
1.3.1 fa = P/A_ where P is force on element and Ag pertains to the
area of the gross section.
""'The gross section of a member at any point shall be determined
by summing the products of the thickness and the gross width
of each element as measured normal to the axis of the member."
1.3.2 Qn the gross section of axially loaded bracing and secondary

members, when 4/r > 120,

F

a
F_= —2——
e I
: 200r

But, if 4/r < 120, then Fas = F . Fa ted as follows:

a
""On the gross section of axially loaded compression members
when Ki/r, the largest effective slenderness ratio of any un-

braced segment as defined in Sect. 1.8, is less than C.:"
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00, [ 1 - lﬁi;—l-W F

a5, 3(k/r) (K&/r>3
R T

if Ki/r exceeds Cc’ then

_ 12ﬂ2E

a 23 (K/r)?

The slenderness ratio K{/r is defined in Sect. 1.1 and

Qs,‘Qa, and CC are defined in Sects. 1.3.2.1, 1.3.2.2,

and 1.3.2.3, respectively.

1.3.2.1 For sections donsisting only of stiffened ele-
‘ments and/or unstiffened elements satisfying the width-
thickness ratios of Sect. 1.2.2, Q; shall be taken as
1.0. For unstiffened compression elements whoseA
width-thickness ratio exceeds the applicable limit
given in Sect. 1.2.2, the''value of QS shall be de-
termined by Formulas (C2-1) to C2-6), as applicab]e;
wheré b is the width of the unstiffened e}emeht as
defined in Sect. 1.3.2.2.2."

For single angles: when 76.0/,,/Fy < b/t < ]55\/F;:

Qg = 1.340 - 0.00447 (b/t) /T (C2-1)
when b/t > lSE/FyE
o, = 15,500/[F (b/t)?] (c2-2)

For angles or plates projecting from columns or

other compression members, and for compression
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flanges of girders:

When 95.04/F < (b/t) 2 176//F,

Q = 1.415 - 0.00437(b/t)/F (c2-3)
When b/t > 176/\/?;_:
o = 20,000/[Fy(b/‘t)2] (C2-4)
For stems of tees:
When ]27/va; < 176/ /?;':
Q. = 1.908 - 0.00715(b/t) /F;— .(C2-5)
When b/t > 176/ /?;’1

o, = 20,000/[Fy(b/t)2] (C2-6)

However, "the proportiohs of Channels and tees shall

in any case conform to tHe lTimits given in Sect. 1.2.2.'
1.3.2.2 For sections consisting only of unstiffened elements

and/or stiffened e]éments satisfying the width=-

thicknéss ratios of Sect. 1.2.1, Q5 shall be taken as &

1.0. ‘For stiffened cohpression elements with width-

thickness ratio exceeding allowable Timits in

Sect. 1.2.1,""the allowable axial stress Fa’ as pro= .

vided in Sect. CS,.shall be subject to the form

factor

0 - effective area
a actual area

where the effective area is equal to the actual area
less z(b-be)t.” The actual area and effective area
are defined in Sect. 1.3.2.2.1 and 1.3.2.2.2, re-

spectively.
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1.3.2.2.1 Actual area is determined by
: Aactual = bt
1.3.2.2.2 Effective area is determined by
Aeps = bgt
The full width, b, is effective if the width~thickness
ratio of a stiffened element is safisfied in Sect. 1.2.1.

Otherwise, Hfor the flanges of square and rectangular

sections of uniform thickness:

b .='2"5'3—E]-<_—5_Q-L-3—-—- <b , (€c3-1)
¢ VT N (b/t)

For other uniformlyvcompressed elements:
b=_2—5-3_t1-< i3 ><b (c3-2)
¢ JF (b/t) |

where

b = actual width of a stiffened compression element a

as defined in Sect. 1.9.2.1,

t = its thickness,

f = compressive stress in the element computed on

the baéis of its secffon properties as provided
hereinafter. In the case of axial loading and
f]exure on extreme fibers, f = O'6Fst’ except
as otherwise provided for wind and seismic loading.
When the allowable stresses are increased due to
wind or seismic loading, the effective width be

shall be determined on the basis of 0.75 fimes the
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stress caused by wind or seismic loading acting alone
or in combination with the design dead and live
loading."!

1.3.2.2.3 Cc is defined as

where Qs and'Q,a are defined previously in

Sects. 1.3.2'and 1.3.2.2.

It should be recognized that section numbers for the text have
been started with '"'1,'" but this was a rather arbitrary decision. Any
consistent section numbering scheme could be chosen. Indentations of the
sections correspond to levels of organization; they are shown.here for

clarity, but they would not appear in a final text.
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APPENDIX C

DATA STRUCTURE FOR AISC SPECIFICATION

Tabulation of Data ltems in the Functional Network

The data items composing. the functional network, as discussed

in Section 2.2, are listed alphabetically on the following pages. [t is

emphasized that the data structure presented in this section is tentq;jy§~

and will be continuously modified to reflect improveménts in the decision

tab les,

organizational models, 'ard data management scheme. The properties

of the data are given in the following order from left to right:

1)
2)

3)

L)

5)

6)

7)

o)
9)

10)

"The first column contains the data item number;

The second column contains the mnemonic name of the data item;

The third column names the table or function that generates the

data item (a blank means that the data is anvinput quantity);

The fourth coiﬁmn gives a‘deséription of the data item;

The fifth column contains the global level from input;

The sixth coiumn gives the order that ?Efwééféﬂifﬁﬁwiéw?PEQHQF?K?@

if the entire functional netwofk is organized for direct execution;
The seventh coluhn contains a list of iqgfggigngi.(bf data numper)

for egfigﬂﬁfgmi}em (a zero égﬁry means that the data item has no
ingredients, i.e., it is an input quantity);

The eighth column contains the global level frpm output;

The ninth column gives the order that the data item is encountered
if fhe entire functional network is organized for conditional éxe-
cution; and |

The tenth column contains a list of depgpdents (by data number) for

each data item (a zero entry means that the data item has no depen-
v

dents, i.e., it is an output quantity).
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The first letter of -each mnemonic name is used to identify the

type of data item. The identification scheme is given below.

1)

2)

3)

L)

5)

Data.names beginning with the letter @;are boolean data
items, i.e., they may have the value ''Yes' or '"No;'!

Data names beginning with the letter<j}are the design cri-
teria (shown previously in Table 2.1) which may have the
value ”satisfegtory“ or “vfo{gted;” |

Data items beginning with the 1etter<ﬁj%re vector$ of boolean
data items which compose a mutually exclusive set, i.e., one
item of the set has the value Ii'ye‘s“ énd the rest have the
value ”ne“ (a lTisting of thé vectors and their elements are
given following tHe a]phabeﬁjca] listing of data);

Data 1tems beginning with the letterCthre numerical quapti—
ties generated by functions;

All other data items, not beginning with B, T, V, or X, are

numerical quantities that are input by the user or computed

in a decision table (if computed in a table, the table number

v

e o
will appear in column 3).



DATA
NO,

DATA
NAME

SECTION
C(TABLE)

DATA DESCRIPTION

INPUT INPUT —""""""". QUTPUT OUTPUT _
LEVEL ORDER (INGREDIENTS/ LEVEL ORDER (D

btk kbbbt bbb bl d L DL L L T Ll T L T T T P P PRI~ ey U SRpLppo Bam®m

i

2w N

~ou

i0
i1

13

ig
15

16
i7

18
i9
20
21

22
23
28
25
26
27
28
29
30
31
32

33
34
35
36
37

A

Al
A2
A3

AR
ARCPN
AREFF

ARETA
ARF
ABFUN
ABL
ABRNG
ABST

ABSTF
ABUN

AC
AFC

AFLRMC
AFLRMT
AFT
AGRS

AGRSP
AGSY
AKAY
ALF
ALPHA
AMM
AMMAX
ANEYP
APRY
APY
AR

AR1

AREAL
AREA2
AREAC
ARX .

1.16,2,AH

10902,2,AH,2

1,18,BH,1

1,14,ANW 8
1,10,5,1,4W,1

STIFFENER SPACING

AREA IN TENSION
AREA IN SHEARING
AREA IN BEARING

NOMINAL AREA OF BOLT IN TENSTON
SMALLEST NET WIDTH DF STIFFENED ELEMENT
EFFECTIVE WIDTH

BETA EQUAL 70 STR/SS OR SEFF,88

WIDTH OF COMPRESSION FLANGE

BF FOR UNSTIFFENED ELEMENT ¢ » 24ABUN )
LENGTH IN BEARTNG

BEARING AREA

ACTUAL WIDTH OF STIFFENED COMPRESSION ELEMENT

AREA OF BEARING STIFFENER
ACTUAL WIDTH OF UNSTIFFENED OMPRESSION ELEMENT

ACTUAL AREA OF EFFECTIVE CONGRETE FLANGE
AREA OF COMPRESSION FLANGE

AREA OF BEAM COMPRESSION FLANGE CONNECTED 7D COLUMN
ARFA OF REAM TENSION FLANGE ~ONMECTED TD ¢DLUMN
AREA OF TENSION FLANGE

GROSS AREA

GROSS AREA MODIFIED

GROSS AREA pf STIFFENER

DISY FROM DUTER FLANGE FACE t0 WEB TDE OF FILLEY
LOAD FACTOR

RATIO OF WER YTELD STRESS TO FLANGE YIELD STRESS
MOMENT C(LESS THE MAX MOMENT) AT A CONC LOAD POINT
MAXIMUM BENDING MOMENT

NEY ARFA (MODIFIED)

MODIFIED ARFA OF BEARING STIFFENER

PY ¢ = AREA # FY ) '

LEAST RADIUS OF GYRATION

R OF THE FLANGE + 1/3 WgB

AREA OF SUPPORT

AREA OF BEARING PLATE

ARFA OF CDVER PLATFS

RADIUS OF GYRATION ABOUT X=AvIS

I

[ R=Ne NN

-0 O (=]

o0

oo OO0 00O

(= R=]

O OO0

compoOOOOOOC

174

185
197
204

186
i
8

282
162
290
201
362

309
is

256
59

i34
135
80
38

228
236
136

87

60
283
284
i79
311
296

24

83
382
383
i71
104

CO0O0COCRARNWIO 2= OCQ o

oo

(= X

w
e -
SO E=COO0OCOO = 2000

- N3

S oOCo T

73 156

229 294
50 225

406 310
312

105 334
84 432

5
6
6
5

i -
~NAEND N (VN ™ & OWwWwaRN &N 0O ;R

NN WWN NS WA

= N e

176

119
129
13¢

118
iro
368

231
253
223
142

109 .
i93

185
197

275
232

394
390
262
292

17
31a
103
426
342
230
229
290
183
215
214

259
85
B4

359

354

EPENDENTS’

270 396 62
o7

226
357
344

425
7
3494

e
191
8%
4
222
7
T2
30
131
T2
i94
112

86.

191
123
123

86

29
415
279

97
176
345
192

78

78
355
343
138
185
186
267
190
198
354

43
259

201

194

122
85

249
113

380
192

33s

356
123

267
349
i91
282
191

198
260

226

332
113

T4
191

6

~
190
194

342

267

116
256



DATA
NG,

DATA
NAME

SECTION
CTARLE)

DATA DESCRIPTION

INPUT INPUT
LEVEL ORDFR INGREDIENTS LEVEL

BUTPUT oUTPUT

ORDER

---a--m------.--unnu---m“-uo-.-----u-----_u-nn-un-uoa.--_-,--n-w-n---n--n—n-n---.--n--u-_-o---n--n-n--oa--uu--nm.anuum-nunw-n---..p_

38

39
40
41
42

43

44

45
46
ay

48
49
50

51
52
53

54
55
56 .
37
58
39
60
61

62
63
64
65

66
67
68
69
To
Ti

72

73
T4

ARY

As

AW
AXFRC
R1020K
R1030k

R{90K

RA307C

RAS14
RAEN

BALTAP
RANGLE
BAPDXC

BAXSMC
BBENTHW
BBENTYX

BBENTY
BBYIC
BBJIM
BBUIT
RBPPHW
BBRCB
RRRCG
BBRSOK

RBSTP
BBS70D
RCBWD
BCCFR

RCFSR
REFST
RCFUNS
RCGAC
RCGCAC
RCHAR

BEMPCT

BCNTRC
RCOLEG

1,10,2,AK
1:1003¢ANW

1.9, AH

1,15,AH,3

2.9,AH

1.15'“.Aw

105,008,3,AH
1e5,008s1,AW,1

‘RADIUS OF GYRATION IN Y=DIREATION

AREA OF STEFL REAM

AREA OF WEB

FACTORED AXTAL FORCE IN THE MEMBER
SECTION 1,10,2 SATISFACTORY

SECTION 1,10.3 SATISFACTORY

SECTION 1,9 SATISFACTORY

A307 BOLTS INCLUDED IN THE CANNECTION
MATERIAL ASi14 STEEL
ACCOUNT. FOR ECCENTRICITIES NrCESSARY

INTEND STEEL BFAM TD RESIST MDMENT ALDNE» ALT, APR
ELEMENT AN ANGLE
USE OF APPENDIX € DESIRED

AXTALLY STRESSED MEMBER CONNFCTION
LOADING IN THE PLANE OF WER
SECTION BENT AROUT MAJOR AXIg

SECTION BENT AROUT MINOR AXIg

BEARING JOINT IN THE COLUMN

BEARING JOINT IN COMPR MEMBER (OTHER THAN COLUMN)
TENSION FROM BFNDING IN BEARTNG JOINT

BOLTS INSTALLED PRIDR TO WELPING

BRACING COMPONENT OF BEAM

BRACING COMPONENT OF GYRDER

STRESS REQUIREMENT IN BRACINg SATISFACTORY

REARING STIFFENERS PROVIDED

BEAM SIZE DEYERMINED BY DEFLrCTION

COLUMN BRACFD TN WEAK pIRECTTON ONLY
CONNECTION CHECKS FLEXIBLITY REQUIREMENTS

COMPRESSIDN FLANGE IS SOLID aND RECTANGULAR
COMPRESSION FLANGE HAS STIFFENED ELEMENTCS)
COMPRESSION FLANGE HAS UNSTIFFENED ELEMENTCS)

Co Go CONNECTORS ON GRAVITY aXis

CeG, OF CONNECTORS AND MEMBER CONCURRENT

CHECKS SUB=PARAGRAPHS A & B nF SECTION 1,5,1,4,1

COMPACY SECTION

COUNTERSUNK CONNEETYOR
CONSIDERING OPPOSITE LEGS OF THE ANGLF

[l =1 o [l R ] (=]

coo o000

OO0 00 rOOO VWOoOODDoDOCOoOC

[,

94

257

61
297
176

173

422
163
i50

3rs
33

iis
274
62

164
116
i1y

118

423
419
420

93

r3
111
299
iia

81
i58
155
144
145
157

160

202
42

0

0
0
0
130
422
131
iio
i21
122

0
0
100

N3
[«
®

(= o ] oCc o

coocoocoo

w R
~ @
D 0

-3
WO o

3a7

j= =R NN

229
81

229
i3

i53
1
i7

133

70
69

364

163
398

i5
829
15
153
424
417

229
36

13t

80
a8

378

153

68

87
178
422

2

U O

s e e B3NN B [V 7R ] o9 w s EY e [

BN N KRN NN W e

&

22

378

22
296
i92

3r7
249
248

247
412
411
4i0

15
14
424

96
400
29
397

264
259
258
384
383
7648

263

144
3os

86

DEPENDENTS
174 259 9260
245
112 380
269 192 270
138 279 267
254
254
254 25% 254
259 260 261
85 191 268
257
191 194
258
181 196
21 239
7 122 131
249
209 258
i91
265 191 192
i9a
191 194
209
209
209
257
279
279
285
262
65
174
209 258
86
T2 113
T T2 113
47
47
191 194
191 §9a
]
239



DATA
NOD,

75
Té
7T
78

79
80
81
B2
83
84
85

8é

87
a8
89

90
94
92
93

98
95
96

97

98

99
100
i01
102
i03
i0a
105
106
io7
ioa
i09
i10
111
i12

DATA
NAME

RCSAOK
RCSLRD
RCTM
RDCOK

BDSWG
BECCEN
BECCTW
REMR
BENDP
RENDST
BFDOK

RFORMY

BFRRFW
BFWCRS

BGCOK

RGIRDC
BHSRIC
RHSC

BHYBRD

RIFC
BINFW

RINFHA

RISSOK

RJHF KD
BKP
BMACY
aMAINM
RMAROD
RMID
rRMSTL
RNAD
RNEWRK
RPINHL
RPWLH
ARINC
RRIVG
RRPM
RSCSFC

SECTION
(TABLE)

1.10,7. AW

1o0i1.4,BW

2T, AW

1:5,108,6,AW

109,1.2,8W

117,844

1.10,5,8,4W

1.,11,8,AW,1

DATA DESCRIPTION

COMBINED STRESS ACTION IN PLATE GIRDER WEB D.K,
CHECK FOR SLENDERNESS DESIRED

CONNECTION FOR TENSION MEMRE®R

DISTRIRUTION OF CONNECTDRS SATISFACTORY

DESIGNED SI7E OF WELD GIVEN
ECCENTRICITY GIVEN
FLANGES CONTINUDUSLY CONNECTFD TD WEB(S)
ENDS OF MEMRER RESTRAINED
END PANEL . :

END STIFFENER )

FLANGE DIMENSION SATISFACTORY

FORMULA 1,5,7 APPLICABLE

FULLY RESTRAINED BEAM FRAMED TO I DR M SHAPED ColL
FILLET WELD CONNECYION UNDER REPEATED STRESS

GENMETRICAL CONSTRAINTS SATIGFIED

 GIRDER CONNECTION

HeS, BOLTS INCLUDED IN THE CnNNECTION
HIGH STRENGTH CONNECTOR
HYBRID CONSTRUCTIODN

INTENDED AS FLEXIBLE CONNECTION
INTERMITTENT FILLEY WELD (BREYNG USED)
INTERMITTENY FYLLET WELD ALLOWED

INTERMEDIAYE STIFFENER SIZE SATISFACTORY

JOINT HAS FILLFT WFLD ONLY
VALUE OF K PRDVIDED

MEMBER AXES CONCURRENT AT JOTNT
MAIN MEMBER

MEMBER A ROD .

MOMENT OF INERTIA DESIRED
MEMBER SUBJFCY TO TRANSVERSE LOADING BEY, SUPPORYS
NET AREA DESIRFD

NEW WORK .

STRESS REQUIRED AT A PIN HOLF
PANEL WITH LARGE HOLES

_ RIVETS INCLUDEDP IN THE CONNEFTION

RIVETED GIRDER
REGION OF POSITIVE MOMENT
SHEAR CONNECTORS SATISFACTORy FOR FULL CAPACITY

INPUT INPUT

B2OOO0OOCOO =0 oG

-

wWoo OO0 - OO

&

[LR=X=ReN-N-No e Re o ool Ne N

231
251
213
288

320
146
156

69
242
3i0
292

82

137
147
A7

ii9
424
189

63

120
352
328

244

329

25
148
252
253

- 52

70
i78
425
246
243
424
i72
285
261

229 347 378
0
0
111 8 27
28 172 173
0
0
0
0
0
0
295 10 229
421 13 897
44
i7 20 66
93
0
0
303 158 316
410 423
0
0
0
0
0
0
202 218 320
399
129 243 492
i 23 152
155 389 422
0
0
0
0
0
0
0
0
0
0
0
0
0
0
16 39 223

229 244 248

DUYPUT QUTPUT
LEVEL ORDER INGREDIENTS LEVEL ORDER

P e SN W W N

e ARG R G NN

o

VIN N e e 2 2GRN~ W

315
283
333
225

70
382
257

30
309
184
221

260
376
381
198

409

&
133
246

408
146
168

310

69
363
380
282
281
322

29
291

288
308

350
228
271

DEPENDENTS

_-a-a-u-nn------nnnu-’-n-’--------unuc--a-.--..ﬁ-m---n-uan-n-n---—-g-as..-u--nn---a-—-u-_nugwomg-0augwma.-ngmn-----.-a-

270
116
425
268

320
(¥4
T

i50

270
30

267

i90

123
a7
13t

209
257
188

86
i92
209
272
272

270

320
282

47
i16
i16
4415
150

29
257
199
270
257

43

78
403

427

T2

191
258

249

251
195
194

66

191



NATA
ND,

D T e D O D R e D D o D 65 0 U 08 63 e @D

113

115
116

117
118
119
120
121
122

i23

124

125
126
127
t28
129
130
131

132
133
134
135
136
137
138

139
140
iag
142
143
ias
145
146
147
148
a9
150

DATA
NAME

RSFMCM

RSHARP

RSIRLH
BSLROXK

RSNAPH
RSSP
RSSPIF
RSTAY

RSTIF

RSTNK

ASTPN

BSWOK

BSYMWB
BSYMY
RSYMY
RTEFSP
RTFD
RTRSP
BUNDK

RUNREM
RUNST
RUPLDK
BUSWOK
BVCMP

. BVFFRC

RWDOK

BRINC
BWMMSM
BHMSA
RHOVRL
BWSDFT
RHTS

¢

€8
CeR,
cKY/
M

CMP

SECTION
C(TABLE)

1e5¢10%c1,AK,2

1,8,8,AH

169:2¢2,AW,1

1.15,AW,2

2¢5,AH

109¢152,AH,1

117,12, AW, 1
117,12,AH,3

2.7 .8BH

101045,2,CHW

1.6,1,BHK

DATA DESCRIPTIOw™

SEMI=COMPACY SFCTION

SHORING PROVIDED

SEGMENY IN THE REGION OF LAST HINGE
EL/AR SATISFACTORY

SEGMENT NOT ADJACENT TD A PLASTIC MHINGE

SIDE SWAY PREVENTED IN THE MrMBER

SIDE SWAY PERMITTED IN THE FRAME

STATIC LOADING ONLY

STIFFENED ELEMENT

STIFFENED ELEMENT 0,K,(CHECKs SECTION 1,9,2,2)

STIFFENER PROVISION NECESSARvV

SHEAR DN WEB SATISFACTORY

SYMMETRY ABDUT PLANE OF WEB

SYMMETRY ABAUT MAJOR AXIS

SYMMETRY ABOUT MINOR AXIS

THREADING EXCLUDED FROM SHEAR PLANES

TENSION FIELD ACTION DESIRED

TRANSVERSE STIFFENERS PROVIDFD

UNSTIFFENED ELEMENT 0,K, C(CHFCKS SECTION 1,9,1,2)

UNRESTRAINED BEAM

UNSTIFFENED ELEMENT

USE OF PLUG WELD PERMISSIBLE

USE OF SLOT WELD PERMISSIBLE

VALUE Of CM PRDVIDED

VALUE OF FBc PROVIDED BY RATTONAL ANALYSIS
WEB DIMENSION SATISFACTORY

" HELD INCLUDFD IN THE CONNEETTON

WELD MADE By MANUAL SHIELDED METAL ARC PROCESS
WELD MADE BY SUBMERGED ARC PROCESS

WELD OVERLAPPING

WELD DESIGNED 7O DRTAIN FULL THROAT THICKNFSS
HELD TRANSMITS SHEAR

CFYIBOLY/C(FTIMFMBER -
FACTOR AS DEFIMED IN SECTION 1,5.1,4,64A

CC FOR PLASTIC DESYGN

CY FOR NO STIFFENERS AND K » 5,34

CM (VALUE )

CM1

i

b N =0 0000 -

NOOoCOoOOoOo QO

D Qe O3

PORrOC OO0 00 OO0

INPUT INPUY
LEVEL DRDFER INGREDIENYS LEVEL

W-Dﬂhw---nabﬂﬂ---ou--G-aa-nﬂlnﬂhﬂcnﬂ--.aﬂacnﬂ.auam--nm-aaue—n.n-DD---Gan--o-ﬂnnun---ﬁnn--u-o------

161

262

95
254

96
26
T
209
104
100

143

295

275
165
166
192
237
i7%

99

151
102
393

394 -

r2
27¢
298

427
33
335
344
397
390
214

84
3014
447

73

Té

81 15 &7
68 153 178
229 421 422
13 417 :
0
0
i02 76 32
101 164
0
0
0
0
0
13 229 294
417 50
87 290 292
335 18 19
24 229 313
336 411 412
422 409
309 424 {53
229 422
0
0
0
0
0
0
15 229 283
421 50 89
0
0
144 317 323
144 397 323
0
]
31 41 153
229 422
0
0
0
0
0
0
0
0
H 0 - —
'229 283 437}
0
119 104 169
i70 138 a9

82

OUTPUT ouYpUT

[}

&2 Ut N -

-

N NWRE S w

e i B s e e

W s 2WRIN W&

ORDER

255

94

820
280

419
382

28
126
188
189

385

218

245
244
243
207
307
348
194

375
187
65
82
27
242
216

164
163
i54
59
81
336
428
213
36
26
23

DEPENDENTS

191 194

183 268 481
403
265
278

265
282
150
200
44
44

238

00!

267

191
124 194
191 194
208
97 270
42
43 44

258

44
280
280
150
191
267

257
i75
175
162

322

138 §35 324
425
190
267
271
150
378 267 279



DATA DATA SECTION INPUT INPUT OUTPUT OUTPUT

NOB, NAME (TARLE) | ] DATA DESCRIPTION LEVEL ORDER INGREDIENYS LEVEL ORDER DEPENDENTS
.n----p---no-an-—a.----—-s-wB.----n------a.na---n—u---n_-u...,a-aﬂnu----n-q.w—c-.'--u-ammn---umg-n-=-E-nu-e-n-amnaaaaa-nuaunBvl’-n.---.n
151 CSPFS NOMINAL CROSS SECTIONAL AREA OF THE SLOT OR HOLE 0 3458 0 3 153 162
152 ¢V 1:10.5:2,AH FACTOR DEFINED IN SECTION 1,10.5.2 3 235 339 340 2 173 269 97 270
153 0 DEPTH DF THE WgB 0 85 0 5 217 42 138 6%
T2 {13 124
) 190 191 194
154 DCS . DEPTH OF COUNTER SUNK 0 203 0 6 140 4
155 po FACTOR DEPENDING UPON TYPE OF TRANSVERSE STIFFENER 0 238 (] 2 313 97
156 nIA D» THE DIAMFTER OF THE CONNEFTOR 0 49 0 7T 132 3& 331 333
338 254
157 DPIN DIAMETER OF THF EXPANSION ROLLER OR ROCKER 0 357 0 3 113 197
158 DPR PROFILE DEPTH OF T=SECTIONS ) 12 0 9 203 B9
159 DSIZW : DESIGNED SIZE OF WELD C(VALUES 0 322 0 3 68 320
160 DTHAR DEPYH OF GROOVE 0 336 0 4 162 175
161 € Es MDDULUS DF ELASTICITY ) 22 0 7 33¢ 338 349 185
162 EAFYW 1:18,7,AK,3 EFFECTIVE AREA OF WELD 2 347 307 165 175 2 154 358
: 296 142 1%y '
163 EMDYF Es THE HORIZONTAL DISPLACEMENT OF TOP FLANGE 0 112 0 3 399 6%
168 EL . UNRRACED LENGTH OF THE COMPRFSSION MEMBER 0 27 0 7 212 185 190 349
: . 116 186 1919
194 256 9265
) o : 267 282
165 ELNTH 1018,To AW, 2 EFFECTIVE LENGTH i 333 gor 247 394 3 165 162 =
15 =
166 FELRR LENGTH OF ROLLER OR ROCKER IN INCHES 0 363 0 3 108 222
167 ELX UNRRACED LENGTH IN X=DIRECTINN ] 108 0 i 353 259 260
168 FELY UNBRACED LENGTH IN YeDIRECTION 0. 106 0 2 20 171 259 260
169 EMI SMALLER END MOMENY . 0 74 0 ] FL 337 150
170 £Mm2 LARGER END MOMENTY i 0 75 0 4 24 337 150
171 FMM 2,8,3,AW MAX MOMENT POSSIBLE WITH ZERn AXIAL FORCE i 300 68 212 38 i is 267 279
. 148 229
172 ENt Ni AS DEFINFD YN SECTION 1,i1=6 OF AISC SPEC 0 286 0 2 227 78
173 EN2 N2 AS DEFINED IN SECTION i1,1(=6 OF AISC SPFC 0 287 2 226 78
174 ENR LENGYH OF BEARING IN INCHES 0 367 0 3 102 176
1785 ETRTH 1,16,7,AKW,1 EFFECTIVE THROAT THICKNESS i 383 307 1681 393 3 155 162
i 394 405 414
301 418 180
: 308 140
176 FA2 1,10,10,AK, 1 ACTUAL STRESS AT THE WEB TOE OF FILLET 1 370 24 174 208 2 99 362
298 422
177 FRASE STRESS IN THME RASE MATERIAL 0 353 . ¢ 1 148 272
178 FRC ACTUAL STYRESS YN BENDING (COMPRESSION) 0 159 0 5 254 72 113
179 FRRSTF FORCE ON THE STIFFENER 0 312 0 3 182 343
180 FreaL CALCULAYED FORCE 0 121 0 2 407 209
181 FCF 1,10,2,1, 80,1 ACTUAL STRESS YN THE EQUIVALFNT STEEL BEAM i 378 48 207 208 2 93 367
210 114
182 FCRY PCR, MAX STRENGTH NF THE MEMRER ( FROM 2,4=1 ) 0 302 0 i 13 267 279
183 Frcu1 1.11:242,AH,3 STRESS IN COMPOSITE UN=ENCASFD BEAM ¢ YENSTON 3 4 271 114 206 210 ? 268 368
403 377
184 FDFEAD FORCE AT JOINT DUE TB DEAD LnAD ] 122 0 2 4068 209



NATA
ND,

i85

192

193
194

195
i96

197
{98
199

200

201

202
203
204
205
206

DATA
NAME

FFA

FFAP
FFAPD
FFR1

FFBAS
FFRBR

FFRC

FFRCP

FFRCyY
FFBT

FFRTP
FFCE

FFP
FFPMB
FFY

FFT1

FFV1

FFW
FLATRL
FLOAD
FLXM
FMD

SEcTIoN
(TARLE)

1.5.1.3.AW.?

1e5.1e3,AW,3

105.2.FW 2
1e5,1:.PHW
2.9.BW,2

165,1,4,AW,2

1.10,6,A4,3

te5,1,8,AW,1

10610,6.AW, 4
1o11,2,1,AW,2

1e5,1.5,AW.2
1¢5:50:AH,2
1o5.1014AW,2

1,5,2.A4,2

1e5,2¢BH,2

DATA DESCRIPTIOM

-n--.p--u-------u--H—nannn---an----u.---u.unu--Nn.------50¢n-m-o-aan.-u--aa-n.n.--nnuau--n--u-an-nnnnu----o--a-u.---ugnn-unnm-----wn

ALLOWABRLE STRESS IN COMPRESSYON

ALLOWABLE

AXTAL

CBMPRESSIDN ;Hool?xzo)

FA FOR PLASTIC DESIEN BY FORMULA 1.5e1
ALLOWABLE STRESS IN CONNECTOR IN' BEARING
STRESS IN BASE MATFRYAL |
BENDING STRESS IN RRACING

ALLOWABLE
ALLOWABLE

" ALLDWABLE

ALLOWABLE

THE VALUE
ALLOWARLE

ALLOWABLE
ALLOWABLE

ALLOWARLE
ALLOWARLE
ALLowAaLe
ALLOWABLE

ALLOWARLE

-

STRESS IN BENDING ¢ COMPRESSION )

STRESS IN BENDING (COMPRESSION) MODIFIED

PROVIDED ¢OF FFBC)
STRESS IN BENDING ¢ TENSION )

STRESS
STRESS

STRESS
STRESS
STRESRS

STRESS

STRESS

In

BENDING(TENSION) MODIFIED
THE EQUIVALENT STEEL BFAM

BEARING

MASONRY REARING
TENSION

CONNECTOR IN TENSION

CONNECTOR IN SHEAR (NON H,S,)

ALLOWARLE STRESS IN THE WELD

FORCE AT JOINT DUE TO LATERA| LDADING
CONCENTYRATED LOAD OR REACTION

FLEXURAL FORCE (I.E, BENDING MNMENT)

MD, LOAD APPLIED PRIDR TO HARDFNING OF CONCRETE

RS
NPU

InpuT
LEVEL {ORDER
5 31
6 3
0 303
1 207
1 35¢
2 86
& 279
1 67
0o 277
2 1s8
3 169
1 379
1 364
1 388
1 249
2 210
3 19¢
0 azs
0 123
0 368
0 56
0 263

32
33s
161
300
161

0

92
284

33
229
153
229

i7

54
127
297
4n9

48
137

32
125
304
243

40

0
229

17

54
i27
297
409

93

48
208
230
i57
287
223
io7
302
286
357
229
286
306
353
229

[=R=NeNeNe]

i64
249

185
164

29

146
86

304
48
72

153

9
71

249

337
52
33
53

%22
26

3os
46
T2
153
9
71
194
229
210
231

34
229

489
120

289

i28

282
359

32
282

229

164
17

15
53
93
164
113
126
408
193
86

93
191

15
33
93
164
113
i2¢
192
207

293
35
227

306
254

204
226
251

5

L e I b

VWU w N

DUTPUT oUTPUT

INGREDIENTS LEVEL ORDER.

364

357
213
13e

a7
427

236

384

244
267

340
88

110

82
283
123

144
405
101
318
235

DEPENDENTS

186

360
267
363

272
364

369 192

365 195 ©~

191
368 195

366
387

371
3re2
3r3
374

376

96 272

209

i76

386 347

183 348 403



NATA
NO,

--nanu-n--nl-n---.-l------E-Ns‘an.u.uus'uua...Uﬂnanucsl-an--u-nuu

207
208
209

210
211

212
213
214

215
216
217
218
219
220
2214
222

223
224
225
226

227
228
229

230
231
232
233
234
235

pATA
NAME

FMDL
FMD2
FMINC

FML
FMNT

FMP
FORCA
FORCE

FORCER
FORCEV
FORCEW
FORCI
FORCM
FOREXL
FORSP
FP

FPCON
FPE
FSTRS
FT1

_FTS

FVMEB
EY

Fyi
Fy2
FYRMFL
FycoL
FYSTIF
G

sEcTIDN
¢CTABLE)Y

lolquNal

1e5,1:.5,A0,1

1e5,2, AW, 1

DATA DESCRIPTYON

MDi, MOM DUE Tn DEAD LOAD REFDRE HARDENING OF CONCRETE
MD2, MOM DUE TO DEAD LOAD AFTER HARDENING OF CONCRETE

MINIMUM DESIGN FDRCE FOR THE CONNECTIDN

ML, MOMENT DUE TO LIVE LOAD
FACTDRED BENDING MOMENT FOR pLASTIC DESIGN

MP, PLASTIC MOMENY
FORCE ON THE CONNECTION ¢ ACTUAL )
FORCE

FORCE ON THE CONNECTDR DUE Tn REARING

FORCE ON THE CONNECYOR DUE Tn SHEAR

FORCE IN THE WELD

FORCE ON THE WELDMENT IN INTFRMITTENT FILLET WELD
FORCE IN THE CONNECTED MEMRER : :

Pi, EXTERNAL LDAD DN THE CONNECTOR

FORCE DUE To PRYING ACTION

ACTUAL STRESS YN BEARING

FCt SPECIFIED COMPRESSIVE STRENGTH IN CONCRETE
MAX FORCE BY THE EULER®S FORMULA

F A5 DEFINED IN APPENDIX ¢

ACTUAL STRESS IN CONNECTOR In TENSYON (NON HeS,)

ULTIMATE YENSILE STRENGTH
SHEAR FORCE
YIELD STRESS

YIELD STRESS OF ONE PART

YIELD STRESSDF ANDTHER PARY
YIELD STRESS OF BEAM FLANGE
YIELD STRESS OF COLUMN

YIELD STRESS OF STIFFENER

GAGE SPACE BETWEEN RIVET HOLFS

0
0

7

(=]

OO0 OO0 [= K= N =]

oo NOOO

o NwNe N e N

INpyT INPUT

376
3rr
i28

2688
88

97
152
39

205
i98
348
326
124
182
183
368

258
304

188

247
244

358
359
i29
130

132

43

0

0
4
56
94
51
184

coo

[« NeNo oo NN

n o R
® O =
VOO

oo o

(=N No oo N

OyTpyT OyTpyT
LEVEL ORDER INGREDIENYS LEVEL ORDER

I-G-n--n--.-g-.-n-ﬁsuu.unounnun-n-a-mu--a-innnnmnumunnnnhlu.uﬂn..--

3

3

290 55 1
219 65
252 180
90 401

203

3

2

i

5

5

6

2

2

2

7

7

293 12 2

6

1

i0

353 5 5

3

i

i0

3

3

3

3

3

9

99
90
404

89
i?

19
374
Té

138
128
150
iro
404
i22
i21
106

84
11
369
i1a

87

10

12
111
396
394
393
30a

DEPENDENTS

181
181
258

181
403
345
279
171
258
222
355
344

357

358

98
209
353
353
374

112
267

37

199
269

i12
138
i91
199
271
339
351
380

85
124
200
265
197
ioy
335
335
336
239

196
196

183
265
285

342
356

380
279

201

271

42
122
148
194
249
279
340
352

g}
113
174
2014
270

336

196
267
267
354

€0l

i98

270

75
131
190
196
269
338
350
379

72
123
188
264



DATA DATA SECTION ) INPUT INPUT OUTPUT OUTPUT

NO, NAME (TABLE) DATA DESCRIPTION LEVEL ORDER INGREDIENTS LEVEL ORDFR DEPENDENTS
236 61 GAGE SPACE rROM CORNER TO HOLE IN ONE LEG OF ANGLE 0 454 0 9 303 239
237 @2 GAGE SPACE pROM CORNER TO HOLE IN THE OTHER LEG oF A 0 45 0 9 302 23¢9
238 GEDLS GIVEN FDGE DISTANCE IN LI*E nfF STRESS 0 224 0 i 3gs 264
239 GK 1e14,CH, 1 THE K TH GAGE SPACE ; 1 46 49 235 TF4 8 304 370
i 236 237 406
240 GPIY GIVEN PITCH OF CONNECTORS: 0 225 0 i 32s 264
241 GRIPL Gs THE GRIP LENGTH AN 0 190 0 8 131 251
242 aROST MOMENY OF INERTIA OF GROSS SFCYION 0 53 0 6 324 445 )
243 H CLEAR DISTANCE BETWEEN FLANGFS FOR BEAM 0OR GIRDER 0 64 0 5 34 97 148 270
271 339 340
396 192
244 NOCP NUMBER OF CONNECTORS PROVIDED 0 259 0 6 273 112 381
245 NOFLS NUMBER OF FASTENERS IN LINE nf STRESS 0 218 0 3 33 425 q27
246 NU NUMBER OF HOLES ) 0. 50 0 T 298 334
247 OLFFW OVERALL LENGTH OF THE FULL S1ZF FILLEY WELD 0 329 0 4 167 165
248 0 CAPACITY OF A SINGLE CONNECTAR. FROM TABLE f1.11,8 0F T O 260 0 8 272 112 381
249 nS 1a9,1.2,84,2 FACTOR FOR STIFFENED COMPRESSION ELEMENTS 2 21 15 229 283 7 265 338 185 1914
) 421 50 89
250 REDY MOMENT OF INERYIA OF THE MQDTFIED SECYION 0 58 0 é 320 415
251 RG 1,16,3,AK GAGE SPACE BEYWEEN RIVEY HOLES 1 191 92 156 2414 5 130 200 201
252 RSHR . REACTION SHEAR 0 125 o, 2 403 209 ~
7253 TBEAR  1.5,1,5,4A BEARING CHECK 3 366 3717 0 1048 0 2
254" TREND  1e5,1.8,4A BENDING CHECK 7 177 44 42 a3 0 346 0
3865 366
255 TCOMBS  1,10,5,1,.,4 COMPRESSION ¢BEARING STIFFENFRSY CHECK 4 316 44 361 0 i7a 0
256 TCOMPR 1,5,1,3,A COMPRESSTON MEMBER CHECK 8 108 44 32 164 0 413 0
) 282 360
257 TYCOMSG 1,15,B HETERDGENEQUS CONNECTION 1 428 45 139 94 0 [ 0
109 1086 58
291
258 TCONCK 1,15,A CONNECTION CHECK 8 153 209 213 519 0 372 0
123 290 65
87 132 a7
259 TCSCR 1:6,14A CHECK OF COMBINED STRESS ¢(cOMPRESSION ¢ BENDING) 9 ior 44 37 38 0 414 0
147 168 378
3re
260 TCSCRR {1,6,1.B CHECK NF COMBINED STRESS (COMPR 4 BENDING, RA.LE.0,15) 8 i54 44 37 38 0 3is2 0
167 168 360
. . 365
261 TCSTR 106,204 CHECK OF COMBINED STRESS (TENSION ¢ BENDING) 14 1814 44 229 355 0 318 0
385 366
262 TCWYOE 1.,10,10,A CHECK OoF COMPRESSION (WEB TDF OF FILLET) 3 374 362 62 0 95 0
263 TECOMR 1,11,2,1,A CHECK OF ENCASED EOMPOSITE BFAMS 3 381 367 0 86 0
2684 TGEOMC J.16,A CHECK OF GEOMETRICAL REQUIREMENTS b4 226 238 240 330 0 393 0
331 333 427
265 TLBRAC 2,9,A CHECK OF LATERAL BRACING 10 98 53 61 115 0 418 0
117 38 144
211 212 229
266 TMASBR 1,5,5,4A CHECK OF MASONRY BFARING 3 388 372 0 T8 0



DATA
ND,

267

268
269

270

272

273
274
275
276
277
278
279

280

282

295

DATA
NAME

TMEMRR

TNECDM
TSA514

TSRGST

TSHEAR
TSNHSB
TSNHSC
TSNHSS
TSNMSY
TTENSN
TVBRAC

TweLDe

UK
UKP

VBASE
VBGC
VROLY
VBRGSF
VCANGL
VCONN
VCONTY
VCTYPE

VCWSL

VEXPND
VFLMGE
VFLNPL

SECTION
CTABLE)

2.“QA

1011,2,2,4
1.10,5,2,8
1010,5,2,¢

1,10.5,2,4
1:5,3,A

1174

18,2, AW

DATA DESCRIPTION

MEMBER CHECK ¢PLASTIC DESIGNH

CHECK OF NON=ENCASED COMPOSITE BEAM
CHECK_OF SHEAR ON HYBRID/ASis STEEL GIRDER
CHECK DF SHEAR ON BEAMS/GIRDERS WITH STIFFENERS

CHECK OF SHEAR ON REAMS/GIRDFRS
STRESS CHECK IN WELDED CONNECTIONS

SHEAR CHECK

CHECK OF BEARING STRESS IN CANNECTOR
CHECK OF COMBINED STRESS IN oONNECTOR
CHECK QOF SHFEAR STRESS IN CONNECTOR
CHECK oF TENSION STRESS IN CANNECTOR
TENSION CHECK

CHECK aoF VERTICAL BRACING

GEOMETRY CHECk ON WELDED CONNECTIONS

VALUE OF K )
Kt (MODIFIED VALUE OF X )

TYPE OF UNSTIFFENED COMPRESSYON ELEMENT

TYPE OF STRESS IN RASE MATERVAL

TYPE OF MEMBER (BEAM, COLUMN, NR GIRDER)

TYPE OF BOLY (A325, A449, A400)

MATERIAL TYPE rOR MASONRY BEARING

SINGLE ANGLE, DOUBLE ANGLE, nR SIMILAR MEMaER
TYPE OF RIVET OR NO H., S, BOLT

TYPE OF CONNECTION (LACING, ¢AG BARs GIRT, BEAM)
BEARING TYPF OR FRICTION TvyPr CONNECTION

STIFFENER LNCATION OPPOSITE vENSION OR COMPR FLANGE
BEARING SURFACF (ROLLER, ROCKER, PINNED OR BORED HOLE)
FLANGE OF SQUARE/RFCTANGULAR SECTIDN OR COVER PLATE

FLANGE TYPE FOR PLASTIC DESIAN

5

k-2

N~NEAN 2 W

cCCoOooOOoCoOCo (=]

[N« N Ro )

INPUT INPUT
LEVEL ORDER INGREDIENTS LEVEL

306

289
317
245

-hi8

354

389
355
307
308
356
255
421

416

28
30

19
350
305
193
384
i49
187
12¢
i9a

138
360

291

285
41
187
124
171
212
iia
44
40
229
1
40
129
229

278

310
i77
358
irs
383
khg )
376
374
116
22
60
171
224
307
304
324
382
13%
324
329
386

0
300
284

0

TQCO0OO0T O

coCcoo

22
147

3
138
182
224
368
369
152

283
83
228
75
429>
422
189
95

378

373

49
229
is2

320
134
32s
385
318
327
383
38y

99
32

32
164
85
150
211

78
228

422
108
152

97
283
188
202

926

59
150
244

322
314
324
388
319
328
38y

118
164

o

(=]

COO0COoOOS O

VN AN\l ® R~

[=J PN

DUTPUT OUTPUT
ORDER

209

224
174
306

3
143

73
134
208
204
ita
279

37

369
360

196
iag
210
125

379
117
373

3a9
107
iof
2292

DEPENDENTS

ﬂuﬂ-_--B.D..-----au.---n-n--ﬂ.aﬂ.'..-.'.---00-0.-.3.-..-au-.-oﬁﬂﬁ-..-.O...-a.--.,n-ﬂ----nnu.-mﬂ.,-ﬂﬂn-u-n—-n-cﬂn-nmﬂ-uu--ﬂ-n’_--gu-p

0

[=]

349
165

131
189
267
200
198

a7
200
123
425
201
123
197

85

[« =N Nole RNl (=]

282
256

249

201

201
209
427
257

222
i22

sol

226
258
168



DATA DATA
NO, NAME

296 VHOLSL

297 UHRBU
298 VLOAD
299 yMSTRS
300 VMTYPE
301  VPENW
302 VPINHL
303 VSECTN
304 VSHAPE
305 VSHFAR
306 VSTRSC
307 VHELD
308 VWLDSH
309 VWREIN
B X
311 Wi
312 w2
313  wDCCF
3ia WDIAP
315 wWDTH
316 WFL
317  WJCBM
318 WLS
319 WLSS
320  WMNSF
321 WMNTH
322 WMXSF
323  WPBLP
324 WSPP
325  WTHP
326 WTHPA
327 WTHS
328 WTSS
329 WHWS
330 xip
331 ¥3
332 YACASE
333 yAMPIY
334  YANET
335  xC§
336 x¢2?
337  xcwm
338 xc¢
339 xCvi

SECTION
(TABLE)

1.17.5,4H,2

1017,12,AK,4
1017 ,6,AH

1.17,12,AW,2

1.16,AH,3
1.16,AH,5
ll9.2!2'ANla
1016,AW, 1
1.16,BW,2

1e15,AH 4
1:15,AW,5
16¢5.108,AH,3
1e5,103.AKW:5

1.10'5'2.8“'2

DATA DESCRIPTION

WELD IN HOLES DR SLOTS

HOT ROLLED SHAPE OR BUILT=yP MEMBER

TYPE OF LOAD ¢INTERIDR OR ENp REACTION)
SIMPLE STRESS AR COMBINED STRESS IN MEMBER

" MEMBER CLASS (MAIN, SECONDARv, BRACING)

PENETRATION OF WELD (PARTIAL OR COMPLETE)

STRESS AT PIN WOLE (EYE BARs PLATE, BUILYeUP MEMBER)
TYPE OF UNSTIFFENED SECTION (CHANNEL, TeSECT)

SHAPE OF MEMBER T

CONNECYDR IN SINGLE SHEAR OR DOUBLE SHEAR

TYPE OF STRESS IN CONNECTOR

TYPE OF WELD (FILLETs GROOVE, PLUG, SLOT)

SHAPE OF WELD ¢SINGLE OR DDURLE Vs, J, U, BEVEL)Y
TYPE OF WEB RETNFORCEMENT (STIFFENING)

WIDTH OF THE ELEMENT CIN A P ATE DR SAME LEG )
WIDTH OF ONE ANGLE LEG

WIDTH OF THE OTHER ANGLE LEG

COLUMN WEB DEPYH CLEAR OF FILLETYS

DIA OF PLUG WELD PERMISSIBLE

WIDTH OF THE PART JOINED

FLANGE WIDTH OF T=SECTION

WELD JDINS COMPONENTS OF BUI| T=UP MEMBERS
LENGTH OF SLDT WELD

LONGITUDINAL SPACING OF SLOT WELD

MIN SIZE OF FILLEY WELD ALLOWED

MIN THICKNESS OF SLOT WELD ALLOWED
MAX SYIZ2E OF FILLEY WELD ALLOWED
WELD PREVENTS RUCKLING OF LAPPED PARTS
SPACING OF PLUG WELD

THICKNESS OF PLUG WELD

THICKNESS OF PLUG WELD ALLOWFD
THICKNESS OF SLOT WELD

TRANSVERSE SPACING OF SLOT WrlLD
HIDTH OF SLOT WELD

MINIMUM EDGE DYSTANCE

MAX EDGE DISTAMCE IN LINE gE STRESS
ACTUAL AREA OF STIFFENED ELEMENY
ALLOWABLE MINIMUM PITCH

NET AREA :

RATID OF BEAM FLANGE TO COLUMN YIELD STRESSES
RATIO OF COLUMN TO STIFFENER YIELD STRESSES
FACTOR AS DEFINED IN SECTION 1,5.1,4,64

CC AS DEFINED IN APPENDIX ¢

Cy BY THE FIRST FORMULA

COQOQCOCO OO0

Wea e e SO OO O S

B2 et pets s

n

NOODOCODOCOLODOOTO

INPUT JNPUT
LEVEL ORDER INGREDIENYS LEVEL

346
167
369
92
29
337
248
13
65
216
195
330

338
293
34
38
38
139
410
33¢
14
394
412
413
324

396
399
392
414
405
400
407
415
402
2214
222

i0
223

51

131
133
273

23

233

CODOTSODTI OO

O
P20 COQCOOOO

T9 159
428
413
143

417

156 246
406
233
234
i70
229 249

283 396

Nere ra O &N ERRE N S BUWUHRDWENNR W W

O @ = N =AY e R 2 N\ e

O W NN

[

QUTPUYT nUTPUT
ORDER

152
240
100
4292
358
161
286
202
239
3358
124

L34

160
220

33
298
294
k1:1.)

46
166

201
64
45
as
66

60
57
63
43
4?2
56
4y
40
39
328
327
366
326
297

395
39
254
374

177

DEPENDENTS

-n-.--u-u---n-uno-on-u--.---u.u.n..u-.‘.u--e-n--c.unu--aao-w-o-u..-ou--e--a.q--...-cn-uuu--u-.aon-m—---uuaua_-an.ua-uu--nnnu-----_-s

162

i91
176

61
186
175
i9¢9

89
191
425
200
162
280

175

124
271
21
21
123
388
165
89
134
280
280
96

280
280
134
280
385
280
386
280
383
264
264
359
264

29

123
i23
191
185

152

194

282

192

404
165

21

280
135
280
135
280

387

280

415

194

209
175

. 901

280



-DATA
NO,

DATA
NAME

SECTION
(TABLE)

DATA DESCRIPTIDM

INPUT INPUT-

ODUTPUT QUTPUT ’
LEVEL ORDFR INGREDIENTS LEVEL ORpFR DEPENDENTS

--------uoc.n-w-s.na-a--g.oa.’u-oenun-------—oe--a-n.a----_sunwoua..n-u.u--n--Ba--a-am-o.n--u-nnngnnn----n-u--au-ao.ugwu.-nmggn-,--.

340

354
342
343
344
345
346
347
348
349

350
3514
352
353
354
355
356
357
358
359
360
361
362
363
364
365

366
367
368
369
370
3Ty
372
373
3rs
378
376
3ry

378
379
3so0
381
3ag2

383
3aa

xeve

XEASTE
XFA

XFAlL
¥FB1

¥FBBR
XFBC
XFBYT
XFcuez
XFEP

XFFA1L
XFFA2
XFFV
YFORCY
YFPMB
XFT
XFV
XFVi
XFW
XQA
XRA
XRA1
XRA?
XRR{
XRBAR
XRBC

XRBT
YRCE
YRCU1
XRCU2
¥REDUC
¥RP
¥RPMB
XRY
XRTE
XRV
YRV1
YSEFF

¥SUM1

¥SUM2
¥VH

yVHP

YWMNDP
XHMNTS
YWMNWS

1010.5.2,BW,3

1:9:202,AK,3
165,1.3,AW,1
1:10,5.1,AW,2

l!sozirwc‘
2¢9,BH,1
1:10,60AH,2
1610.6,AW, 1

1.11,2,2,AW,8

1e6,1,AW,3

1010:5,1,AH,3
1:10,10,AW,2
‘ISDIOZQAHOZ

1:5,2,AHW,8
165:5¢AW, 1

105,101 ,AKH,1
105:1020AW41

105,2,BW, 1

® 2 3 © © @ © w
O R e e RO Y
Ce 2 OO © o

D ) s D B g o

1010:,60AW,5

1o11e¢201,AW,3
1,1102,2,AW,5
1o11e202,AW,6

1.14,CH,2

105:1¢5:.AH,3

1e5:,50AH,3

1e5,101,AH,3

1¢5.20AHW,.3

1e65,1:26AH3
1:5,2,BH,3
fol1102,2,AHW,2

106.14AN, 1

1'6110AN'!
1e11.8,AHW,2

1o11,4,A¥,3,
1017.12,AK,5
1,17,12,AW,11
117,12, 8K, 9

CV BY THE SeCOND FORMULA

EFFECTIVE AREA OF STIFFENED FLEMENT
ACTUAL STRESS TN COMPRESSION
STRESS 'IN BEARING STIFFENER

ACTUAL STRESS IN ODONNECTOR In REARING (NON HeS 4

ACTUAL BENDING -STRESS IN BRACING
ACTUAL STRESS TN BENDING (COMPRESSION)
ACTUAL STRESS IN BENDING (TENSTON)

STRESS IN COMPOSITE UN<ENCASFD BEAM (COMPRESSION)
EULER STRESS DIVIDED BY FACYaAR OF SAFETY

ALLOWABLE STRESS IN BEARING STIFFENER

ALLOWABLE STRESS AT THE WEB YOE OF FILLEY

ALLOWABLE STRESS IN SHEARING

TOTAL FODRCE ON H.S§. CONN DUE TA EXT. LDADS AND PRYING

ACTUAL STRESS DN MASONRY BEARING
ACTUAL STRESS TN TENSION
ACTUAL STRESS IN SHEARING

ACTUAL STRESS TN CONNECTOR In SHEAR (NON H,S$,)

STRESS IN THE WELD

FACTOR FOR UNSTIFFEND COMPRESSION ELEMENTS

STRESS RATIN IN COMPRESSION
STRESS RATID FOR BEARING STIFFENER

RA2 FOR WEB TOF OF FILLET ¢TABLE 1,10,10,4A)

RB IN CONNECTOR (NON H,$¢)
STRESS RATIN IN BRACING
STRESS RATIN IN BENDING (COMPRESSION )

STRESS RATIOD IN BENDING (TENSION )

STRESS RATIO FOR COMPOSITE EnNCASED BEAM

STRESS RATIN FNR COMPOSITE UN=ENCASE BEAM, TENSION
STRESS RATIN FOR COMPOSITE UN=ENCASE BEAM, COMPR
REDUCTION OF DFDUCTION DUE Tn ZIG=ZAG HOLES

STRESS RATIO. IN BEARING

STRESS RATIND FNR MASONRY BEARING
STRESS RATID IN TENSION

RT IN CONNECTOR (NON H,S.)
STRESS RATIN In SHEAR

RV IN CONNECTOR (NON H,Sq)

THE EFFECTIVE SECTION MODULUs

LEFY SIDE OF EQUATION 1,6=14
LEFT SIDE OF EQUATION 1,6=1B

TOTAL HORIZONTAL SHEAR POINTs OF MAX, Pps, MOMENT
HORIZONTAL SHEAR FOR INCOMPLFTE COMPOSITE ACTION

MIN DIA OF PLUG WELD ALLOWED

MIN TRANSVERSE SPACING OF SLNT WELD ALLOWED

MIN WIDTH QF S$LOT WELD ALLOWED

@w“;muﬂuuuu—ul—-.—nc—n e U UL e N N DD RD ~N

WENRNWRNNNWUBMWHRN G

]

[ PP S

234

9
40
313
206
90
58
i10
280
Y

318
374
227
184
386
i80
229
199
349

11

419

315

3r2
208
91
68

170

-380

272
28%

48
365

-387

250
211

‘230

200
270

T8

79
268

269
401
403
404

229
422
7
21
30
4
25

20%

205
206
32
2814
229
229
229
220
35
29
22
3
162
332
186
343
i76
168
190
192

195
181
183
191
239

243 396

417
214
i79
215
211 397
390 415
391 435
400
161 164

224
214
214
214
216
17
344
342
350
35¢
344
3458
348

3av
196
194
348
395

A9t 222

198
199
200
352
201
380
403
150
360
229

16
229
244
493
329
413

354
355
226
356
357
381 400

342 349
365

342 365
39 223

248

o o g S & ne a? L8 NP ) == 1B i N =2 2 pd e

W W R W<~ A ORNGUNN OUNWEWBENE® w

174

367
356
181
137
824
34
316
233
447

i80
98
7
t120
80
289
75
127
ia9
365
355
179
97
135
423
343

339

87
266
232
299
105

79
284
115

74
205
274

416

815
278

277
55
54
52

152

359
360
361
343
364
365

75
369

378

3614
362
kig)
226
3r2
373
378
376
272
338
3re
255
262
274

61
va
260
254
263
268
268
334
253
266
278
275
273
275
183

61

61
rr

77y
280
280
280

378

366

201
261
200
185
256
404
379

261
261

277

75
276
259

259

379

65

Lol

260

254

408

404



J

o /)

801

DAYA DATA SECTION INPUT INPUT OUTPUT OUTPUY
NO, NAMF ¢CTABLE)Y DATA DESCRIPYION . LEVEL ORDER INGREDIENTS LEVEL ORDFR DEPENDENTS
u-----nau-oon--mnu-w-a-u--—--oeu.ae..nunn.uaauauuunuaasmgn-nnoascm-m--o-a—uuno--uuaﬂ-oa.-sn-u---o--ou-uu--mwun-u_msnua-n-n-qun-ugng
385 YWMYDP §,i7.12.AW,.6 MAX DIA OF PLUG WELD ALLOWED i 406 335 i 59 . 280
386 XWMXLS 1,17,12,AW,8 MAX LENGTH OF SLOT WELD ALLOWED 1 408 327 i 50, 280
387 XWMXHWS 1,17,12,AH,10 MAX WIDYTH OF SLOT WELD ALLOWFD 1 409 327 1 49 280
388 XWSPPA 1,17,12,AW,7 SPACING OF PLUG WELD ALLOWED i 411 314 i 48 280
389 v RATIOD OF YIFLD STRESSES OF WFB TO STIFFENER STEEL 0 239 0 2 342 97
390 vi DISTANCE FROM NEUTRAL AXIS Yn COMPRESSION FIBER 0 57 0 -3 345 346
391 v2 DISTANCE FROM NEUTRAL AXIS ¥n TENSION FIBER 0 109 0 4 31y 347
392 7s5COMP SEC, MDD, OF COMPOSITE BEAM aLNNE FOR BOTTOM FLANG 0 265 0 3 270 403
393  7SHDRF SHNORTEST DIS FROM ROOT YO pFARE OF DIAGRAMATIC WELD 0 339 0 4 i8¢ 175
394 7SIZEW SIZE OF WELD : 0 332 0 4 38 165 175 280
395 75K THE K TH LONGITUDINAL PITCH 0 47 0 8 300 3ro
396 7SMALK 1,10,5,2,BK,1 Ks FACTOR AS DFFINFD IN SEETYON 1,10,5,2 1 232 1 243 4 175 339 340
397 7SMP SECTION MODULUS (PLASTIC ) 0 89 0 4 435 345
398 TSPANF SPAN OF THE BEAM IN FEET 0 113 0 3 398 65
399  7SPIFW SPACING OF INTERMITTENT FILLFT WELD 0 327 0 2 169 96
400 78§ SEC, MODULUS OF SYEEL BEAM ALONE FOR BOTTOM FLANGE 0 266 0 5 234 348 377 403
401 7STCM STRENGTH OF THF CONNECTED MEMBER 0 127 0 2 402 209
402 7S8TIW MOMENT OF INERTIA OF STIFFENER, AXIS IN WEB PLANE 0 2480 0 2 311 97
403 7STR 1,1142,2,AK,1 THE TRANSFORMED SECTION MODULUS 2 267 112 392 114 4 269 377 183
. 206 210 400 '
404 7STRTC 1.5,2,PW Re STRESS RATIN IN CONNECTOR 5 212 306 374 376 2 337 427
383
405 7S7LEG LEG SIZE OF THE WELD 0 3430 0 4 i58 i75
406 717 THICKNESS 0 37 0 9 293 24 334 425
239
407 7VCONP THICKNESS OF CONNECYED PARY 0 398 0 2 58 322
408 771D TRANSVFRSE DISTANCE OUT TO DuT OF WEBS IN A BOX 0 278 0 3 238 191
409 77F THICKNESS OF FLANGE 0 140 0 4 237 123 191 194
440 7TFL FLANGE THICKNESS OF TeSECTIONS 0 15 0 9 200 89
411  7TFLCR THICKNESS OF COMPR, FLANGE DFLIVERING CONC, LOAD 0 141 0 2 3ary 123
412 77FLTR THICKNFSS OF TFNS, FLANGE DE|IVERING CONC, LOAD 0 142 0 2 386 123
413 7THPSP THICKNESS OF THE PART CONTAINING PLUG/SLOT WELD 0 395 0 2 53 321 326 382
) 384
414 7THRY THEORTICAL THROAT THICKNESS 0 341 0 4 i37 i75%
415 7TIAN fa18,AKH,3 MOMENT OF INERTIA 4 55 21 103 334 5 319 346 347
250 242
416 77SP TRANSVERSE SPACING OF FASTENERS 0 218 0 2 334 427
417  77sY TFs THICKNESS nF STIFFENED CAMPRESSION ELEMENT 0 7 0 10 190 7 122 332
‘ 381 72 8%
‘ . 113
448 777 THICKNESS. OF THINNER PART JOTNED 0 342 0 4 156 175
419 7VTHIK MATERIAL THICKNESS OF THE THYCKER PART 0 318 0 4 141 428
420 7TTHIN MATERIAL THICKNESS OF THE THYNNER PART 0 323 0 3 67 320
421  7TUN TF» THICKNESS QF UNSTIFFENED COMPRESSION ELEMENT 0 20 0 8 i95% 131 249 7y
T2 85 113
422 77M WER THYCKNESS 0 66 0 5 3? 30 a2 :38
o 148 176 270
271 339 349
T2 97 113

123 124 992



DATA DATA SECTION INPUT INPUT OUTPUT DUTPUT

NO, NAME tTABLE) DATA DESCRIPTION LEVEL ORDER INGREDIENTS LEVEL ORDER DEPENDENTS
EoeRraREarREoOL PO P Y R RN SR e P S PPN Y N PP N R P NN PP R P R S S S P S RN O N R N NS e PO P O P USROS D NPT A D0 ® E o PR
423  7THER WEB DR STEM THICKNESS OF T=SECTIONS 0 16 © 9 199 89
424  zVU SHEAR FOR PLASTIC DESIGN 0 298 0 2 219 124
425 7X 1016,AH,2 Xs JUSY A TEMPORARY VARIABLE 1 217 5 77 185 2 33a 427
245 291 305
. : . 406
826 ZX14 : MIN EDGE DIST ¢FROM TABLE 1,16.,5 OF AISC SPEC) 0 219 o0 2 329 330 427
427 7¥2 1016,AH, 8 MINIMUM EDGE DISTANCE IN LINe OF STRESS 6 220 T7 245 291 1 330 264
_ ' 426 404 416
425
428 ZXTEMP  1,17,5.AW,1 SI7E OF WELD FROM TABLE 1,17,5 OF AISC SPEC 1 319 419 3 7y 320

601



vVEELCTOR DATA I T2 wvs AND ELEMENTS

DATA NO, vECToR VAME VECTOR DESCRI>TIDN

283 VANGLE TYPE OF UNSTIFFENED CDMPRESSION ELEMENT
BDAS DOUBLE ANGLE AITH SEPARATORS
BSA SINGLE ANGLE

BSTRuUT , STRUT COMPRISING DOyURLE ANGLE IN gONTACY

284 VBASE TYPE OF STRESS IN BASE MATERIAL
RRASAC BASE VATERIAL IN BENDING (COMPRESSTON SIDE)
RRASAT BASE WATERIAL IN SENDING ¢TENSIDN $IDEy
RRASEC BASE wATERIAL IN COMPRESSIQN
BBASEP BASE WATERIAL IN BEARING
BBASES BASE VATERIAL IN SHEAR
RBASET BASE VATERIAL IN TENSTQON
285 VRGL TYPE OF MEMBER (BEAM, COLUMNs, OR GIRDER)
BREAM MEMBER A 3fFAM
RCOL COLUMNS
AGIRIR MEMBER A GIRDER
286 vBoLT TYPE OF BOLT (A325, a449, A490)
BA3I25 A325 aQLY
BA449 AGG9 30LY

3A890 A490 BOLY

olt



DATA NO,

VECTOR NAME

VECTOR DESCRIPTION

el A L e L O ) "} R U e A ey

287

288

289

290

291

292

VRRGSF

BBSBCM
ABSCON
385.S
BBSSS

vCANGL

‘3CDA
RCSA
BCSMAR

VCONN

BA3OQ7
BAS5021
RAA5022

BTPS

VCONT

ABEAVC
BGIRDC
BGIRTC
BLACE
8SA¢C
BTRUSC

VeTYPE

BBEARC
BFRICC

VECHWSL

85T0CF
8STOTF

MATERIAL TYPE FOR MASONRY BEARING

BEARING SURFACE = pRICk IN CEMENT WORTAR
BEARING SURFACZE CONCRETE

BEARING SURFACE = | IME STONE

BEARING SURFACE o SAND STONE

SINGLE ANGLE, DOURLE ANGLE, DR SIMILAR MEMARER

CONNECTYON FOR DOUBLE ANGLE
CONNECTTION FO SINGLE ANGLE
CONNECTION FOR SIMILAR MEMaER

TYPE OF RIVET OR ND H, S, BOLT

A307 a0LTY
A502 GRADE 1,407 DRIVEN RIVET
A502 GRADE 2 40T ORIVEN RIVET

THREADED PARTS OF STEEL MEETING SECTION 1,8,1

TYPE OF CONNEZTION ¢LACING, SAG BAR, GIRY, BEAM)

BEAM BONNECTION
GIRDER CONNECTION
GIRT CONNECTION
LACING CONNECTION
SAG BAR CONNECTIDN
TRUSS CONNECTION

BEARING TYPE 3R FRICTION TYPE CONNECTION

BEARING CONNECTION
FRICTION CONNECTION

STIFFENER LOCATION OPPOSITE TENSION DR COMPR FLANGE

STIFFENER LOCATION OppPOSITE COMPRESSION FLANGE
STIFFENER LOCATION OPPOSITE TENSION FLANGE

Ll



DATA NO,  VECTOR NAME  VECTOR DESCRIPTION

L L L L L L L T kL L

293 VEXPND BEARING SURFACE (ROLLER» ROCKERs PINNED DR BORED HOLE)
BEXPRI  EYPANSION ROLLER
BEXPRK EXPANSINN! ROCAER
aMILLD MILLED SURFACE ETC,
294 VFLNGE FLANGE OF SQUARE/RECTANGULAR SECTION OR COyER PLATE
BFLRS FLANGES 0F RECTANGULAR SECTIONS
AFLSS FLANGES OF SQUARE SECTIONS
BPCP - PERFORATED COVER PLATVES
295 VFLNBL FLANGE TYPE FIR PLASYIC DESIGN-
Bcoye COVER PLAYE
BFROX FLANGE 0F: ROX SECTIpwN
BFRI FLANGE OF ROLLED I SHApPE
BFRWF_ FLANGE OF ROLLED WIDE FLANGE SHAPE
RFSBLT FLANGE nF SIMILAR BUILT=UP SINGLE WEB SHAPE
296 VHOLSL WELD IN WOLES OR SLOTS
BWINOL WELD IN HOLES
BWISLT WELD IN SLDTS
297 VHRBU HOT ROLLED SHAPE OR BUILY=yyP MEMBER
AHOTAM HOT ROLLED MEMBER
ALTUPM BUILT=UP MEMBER
298 VLDAD TYPE 9F LOAD (INTERIOR OR END REAETIDN)
RENDR END REACTION

aINTL INTERIOR L DAD

45}



DATA NB,

VECTDR NAME

VECTOR DESCRI®TION

LA L LAl A L R L L L L L R R e g e Y Y L L. L L L L Ly gy

299

300

301

303

VMSTRS

BCUMSTM
BSUSTM

VMTYPE

BRARACE
BMATNM
BSECH

VPENH

BCOMPH
RAPRYPW

VPINHL

BPCPLT
BEYERR
BPCBUM

VSECTN

aRLTeT
ACHNNL
BROLOT.

VSHAPE

BBOX

RACHNNL
BISHPE
BSHSPE
BSRECSH
BSRNNB
BSSH

SIMPLE STRESS OR COMBINED STRESS IN MEMAER

COMBINED STRESS IN MEMRER
SIMPLE STRESS IN MEMRER

 MEMBER CLASS (MAIN, SECONDARY, BRACING)

BRACING
MAIN ‘MEMBER

SECONDARY MEM3ER

PENETRATINON OF WELD (PARTIAL OR COMPLETE)

COMPLETE PENETRATION WELD
PARTIA| PENETRATION WELD

€1l

STRESS AT PIN HOLE (EYE BARs PLATE, BUILT=uUP MEMBER)

STRESS REQD AT PIN WOLE IN PIN CONNECTED PLATE
STRESS REQUIRED AT A ®IN HOoLE IN EyE RAR
STRESS READ AT PIN WOLE IN BUILT=UP MEMRER

TYPE OF UNSTIZFENED SECTION (CHANNEL, T=SEcT)

BUILT=Up T SECTION
CHANNEL  SECTION
ROLLED T=SECTION

SHAPE OF MEMBER

BOX TYE FLEXUIAL MEMBER
CHANNEL SECTION
1=SHAPE MEMBER

HeSHARE MEMBER

SOLID RECTANGJLAR BAR
SOLID ROUND BAR

SOLLD SOUARE 3AR



DATA '“01

VECTDOR VAME

VECTOR DESCRI>TION

LA R L L L L e T L L L L T Dy ey,

306

307

309

VSHEAR

BFDOSH
BFSSH

VSTRSC

BRERNG
BCMSTC
3SHEAR
BTENSN

VWELD

BFILW
BGRVHW
BPLUGH
BSLOTW

VHLDSH

3DBYLA
80 JW
BDUNW
BOVH
8SBVLH
BSJH
BSUW
BSVH

VWRETN

8WRBOHP
BWRBNHS

CONNEcTAOR IN SINGLE SHEAR OR DOUBLE SHEAR

FASTENER IN DIUBLE SHEAR
FASTENER IN SINGLE SHEAR

TYPE nF STRESS IN CONNECTOR

BEARING STRESS IN THE CONNFCTOR
COMBINED STRESS IN THE CONNECTOR
SHEAR STRESS IN THE pONNECTOR

TENSION STRESS IN THE CONNECTOR

TYPE OF WELD C¢FILLEY, GROODVEs PLUG, SLOT)

FILLET wELD
GRODVE WELD
PLUG WELD
SLOT WELD

SHAPE OF WELD (SINGLE OR DDUBLE vs Js U» BEVEL)

DOUBLE BREVEL HELD
DOUBLE .1 WELD
DOUBLE U WELD
DOUBLE v WEL)
SINGLE REVEL AELD
SINGLE J WELD
SINGLE U WELD
SINGLF v WELD

TYPE OF WEB REINFORCEMENT (STIFFENING)

WEB REINFORCED BY DOUBLE PLATE
WEB REINFORCED BY DIAGONAL STIFFENER

Hil
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C.2 Tabulation of Data ltems in the Organizational Network

e
The data items composing the organizational network, as discussed

in Section 2.3, are listed alphabetically on the following pages. The prop-
erties of the data are listed in the same order as for the functional net-
work (Section A.1), except that the columns for Input Order and OQutput Order
are omitted.' Again, it is emphasized that the data structure presented herein
is tentative as séated_in Section B.];~

The identification scheme for the first letter of the data names
is the séme as for the functional network with the following addition:
Data names beginning Wifh the letter S ére switching data generated in
switching tébles. These daté;point to the ngxt table that should be exe-

cuted. .
A listing of vectors used in the organizational network is given

after the data listing.

It should be noted that several data items are used in both the

functional and organizational networks.



DATA
ND,

bl R L L e e L R R L L T T

COEBNRHE & WN o=

22
23

24
25

26

27
28
29
30
31
32
33
34
35
36
a7
38
39
40
a1
42

NATA
VAME

An
BAS14
RALT
3EAW)D
BHYBRD
CKV
FVYWES
FY

H
SALLOW

SBRACE
SCOMB
SCOMPR
SCONCK
SCPART
SCsSCB
SESTRS
SUAIN
SPLAS
§5A514
SSBMGR

SSHEAR
SSNGCO

SSTEE|
SSTRCK

S5TRSS

TREAR

TBEND

TCOMBS
TLOYPR
TCOYSG
TEONCK
TESEB

TESEBR
TCST3

TCHTIE
TECOUR
TREDME
TLBRAC
TuASER
TUEM3R
TNECOY

SECTION
(TABLE)

1.15,Y

!lénlOB
16,2, A
110,10,A
1.11.2.1,4
1eib.A
?QQ.A
105050A
2ol ,A
1e11.2,2.4A

AREA OF WEB

DATA DESCRIPTION

MATERIAL AS14 STEE(

ALTERINATE APPRIACH DESIRED (I1,E,»
EFFECTIVE AREA

FORMULA 1,6=24
OF WELD DESIRED

4Y3RID CONSTRUCTION
Cv FIR ND STIFFENERS AND K > 5,34

SHEAR FQORCE

YIELD STRESS
CLEAR DISTANCE BETWEEN FLANGES FOR BEAV 0R GIRDER

SWITCH FOR

SHITCH FOR
AITCH FOR
SHITCH FOR
SWITCH FOR
SAITCH FOR
AITCH FOR
SWITCH FOR
AITCH FOR
WITCH FOR
S4ITCH FOR
SWITCH FOR

SAITCH FOR

SWITYCH FOR

SHITCH FOR
SHITCH FOR

SWITCH FOR

ALLIWABLE STRESS DESIGN

BRACING

COMPOSITE CONSTRUCTION

COMPRESSION MEM3ER TYPE

TYPE OF CONNECTION ECHECK

CONVECTION OF SINGLE COVNECTOR CHECK
CIMBINED STRESS (CO4PRESSION + BENDING)
COMBINED STRESS

MATY ENTRY

PLASTIC DESIGN

SHEAR STRESS (A514 STEEL GIRDER)
SHEAR ON BEAMS/GIRDERS

SHEAR

CHECK OF A SINGLE CONNEZIDR

STRYCTURAL STEE| DR CAST STEE| MEMBER
STRESS CHECK (RIVET OR BULTED &ONNECLTIODN)

TYPE OF STRESS IN THE MEIMBER

JEARING CHECK

9ENDING CHECK

COMPRESSION (BEARING STIFFENERS) CHECK
COMPRESSION MEMBER CHECK

4ETEROGENEOUS SONNECTION

CONNECTIDN

CHECK

CHEC< OF COMBINED STYRESS (COMPHESSION & BENDING)

CHECK DF COMBINED SYRESS (COMPR + BENDING,

RALLE.D.15)

CHECK OF COMBINED STRESS (TENSION + BENDING)
CHECX OF COMPRESSION (WEB TDE OF FILLET)
CHECK JF ENCASED COMPOSITE BEAMS

CHECX OF GEOMETRICAL REQUIREMENTS

CHECX OF LATERAL BRACING

CHEC< OF MASONRY BEARING

MEMBER CHECK (PLASTIC DESIGN)

CHECK JF NON<ENCASED COMPDSITE BEAW

INPUT
LEVEL

-4 U W N O N e 5 U B U W W NQOQOUOOD OO C

EWw SNSRIV W

INGREDIENTS
0
0
]
0
0
0
0
0
0
18 69
19 56
i0 57
28 64
15 58
io 60
17 70 3
28 61
62
18 85
22 Ti
9 20 22
T2 1 6
7 8
26 55 2
5
15 59 63
4
10 66
23 67
24 68
26
26
13
13
14
14
16
i6
17
i3
i2
23
it
10
19
12

OuUvTPUT
LEVEL,

- AN NP o ) kS e seb e

=

D O0DO0DO0O0CO0OO0OTCDOTIOOD O

L Ly N L L L L L L Y arayeamn

NEPENDENTS
21

22

16

23

22

21

21

21

21

12 15 24
40

39 53

37 42

29 30 36
31 32

14 23

33 38

16 35

10 19

11 01

21 43

64 89

20 21 43
a7

25 38 08
54

17 26

48 49 50
51

13 22 27
28 52

COoOO0OQUULUOoOUOO Lo

9ll



DATA
NOo

DATA
NAME

SECTION
¢(TABLE)

DATA DESCRIPTION

INPUY
LEVEYL

nuTPU
INGREDIENTS LEVEL

T

DEPENDENTS

--.----o-----.q---I------ua'--u.-.a-...-u--n--ea--lm--na-a------Hﬁtnnn---n--n-n----n--uu--n-n--og---u--n--una-annnn---onun

43
L2
45
a6
a7
48
a9
50
51
52
53
54
53
56
57
58
59
60
61
62
63
64
65
66
67
68
69
14
T
T2

TSAS14
TSBGST
TSBMGR
TSCHWLD
TSHEAR
TSNHSR
TSNHSC
TSNHSS
TSNHSY
TYENSN
TVBRAC
THELOC
VBGEC
V3RACE
vEDOMB
VEONCK
VEONNR
VEPART
yeSTRS
VOESGN
VGCSC
VYEMB
VMPLAS
VMSTRS
VSTRSC
VSTRSS
vIYPE
¥ RA
XRBY
7TH

1010050205
1:10,5.2,¢
1!20-5i20A
105.30A
‘lSolQZ.“
1-5.2:C
1e6:,3,A
10502:8
165,26A
1a5.101,4A
2034
10174

CHECK OF SHEAR ON HWyBRID/AS14 STEE|, GIRDER

CHECKX OF SHEAR ON BEAMS/GIRDERS WITH STIFFENERS
CHEC« OF SHEAR ON REAMS/GIRDERS

STRESS CHECK IN WELDED CONNECTIONS

SHEAR CHECK

CHECK DF BEARING STRESS IN CONNECTIR

CHECX DF COMBINED SYRESS IN cONNECTOUR

CHECK OF SHEAR STRESS IN CONNECTOR

CHECX OF TENSION BTRESS IN CONNECTIR

TENSION CHECK

CAECX OF VERTICAL BRACING

GENMETRY CHECK ON WELDED CONNECTIONS

TYPE DF MEMBER (BEAM» CDLUMN, DR GIRDER)

TYPE OF BRACING (VERTICAL OR LATERAL)

TyPE' DOF COMPOSITE BEAM (ENCASED DR NONENCASED)
JESIRE CHECK FOR CONNECTION LOAD 03 DISTRIRUTION
TY?E OF CONNECTOR ¢RIVET, BOLT, OR WELD)

JESIRE CHECKk DF CONNECTION OR A SIVGLE CONNECTOR
TYPE OF COMBINED STRESS (COMPR+BENDING, TENS+BENDING)
JESIGN METHOD ¢ALLOWABLE STRESS OR PLASTIC DESIGN)
DESIRE GEDMETRY CHECK OR STRESS CHECK DF CONNECTOR
CIMPRESSION MEMBER TYPE

MEMBER DR BRACING

SIMPLE STRESS OR COMBINED STRESS IV THE MEWBER
TyPE OF STRESS IN CONNECTOR

TYPE OF STRESS IN THE MEMBER

COMPINENT To BE CHECKED

STRESS RATIQ IN COMPRESSIDN

STRESS RATIO IN BENDING (TENSION )

WEB THICKNESS

QOO0 CCO ULV VDUVRARARR U B®N

20
21
21
23
22
25
25
25
25
26
i1
23

CODCOCOoODOTOOCOODDTTIOOC

22

N WNRNNBEINARALDNUNWILEWUAANNEEODOSDO0OTSC OO0

COVDDoC OO OO0

Ll



VECT IR DATA 1T £ wvs A N9 ELEMENTS

2414 N9, VECTDR VAME VECTOR DESCRIZIIpN

e e Rl L L L R R L T L L L T st

55 VBSC TYPE 7F MEMBER (BEAM, CILUMN, OR GIRDER)
3BEAM MEMBER A BEAM
3c0 COLUMNS
3GIRIR MEMBER A GIRDZR
56 VBRACE TYPE IF RRACING (VERYICAL 2R LATERAL)
8L3R LATERAL RRACING
3VaR VERTICAL 3IRACING
57 veowus YTypE 2IF cOMPOSITE BEAy (ENCASEp DR NDN=ENCASED)
ECOUB ENCASED COMPDSITE BEAM
ANECR - NON=ENCASED CIMPOSITE REAY
58 VCINSK DESIRE cHECK FUR CONNECTION (0AD 0] DISTRIRUTION
3¢31sT DESIRE CHECK fUR CONNECTION DISTRIQUTION
3CcL0A4D DESIRE CHECK FPOR CONNECTION L0OAD
59 VvCINVR TYPE 2F CONNECTOR (RIVET, 30LT, 3R WELD)
3CAR CONNECTOR A 33LT
ACAR CONNECTOR A RIVET

3CIw CONNECTOR IS WELD

gl



DATA ND,

VECTDR VAME

VECTOR DESCRI=T1IpDN

60

51

62

53

54

65

66

VCSTRS

3C8STR
3T35TR

VDESSN

3ALSTD
BPLSD

VGCSEC

36LD
85CD

VMEMR
JAXC MY
3BRGST

BWEB3
BWEBG

VMPLAS

gBRCNG
IMBR

VMST3S

ACUSTM
ASMSTM

DESIRE CHECK JF CONNECTIDN OR A SINGLE CD“NECYDR

SIRE CHECK JF A
SIRE CHECK JF

NECTOR

TYPE OF COMBINED STRESS (COMPR+BENDING, TENS4BENDING)

COMPRESSION ¢ BENDING STRESS
TENSION 4+ BENDING STRESS

DESIGN METHOD (ALLOWARLE STRESS DR PLASTIC DESIGN)

ALLOWABLE STRESS DESIGN
PLASTICT DESIGN

DESIRE GEDMET3Y CHECk DR STRESS CHECK DF CONNECTOR

GEOMETRY CHECK DESIRED
STRESS CHECK JESIRED

COMPRESSINON MIMBER TYPE

AxTALLY LDADED ¢DMYPRESSION MEMBER
BEARING STRESS

WEB OF BEAM

WEB OF GIRDER

MEMBER DR BRACING

BRACING
MASONRY BEARTIVG

SIMPLE STRESS UR COMRINED STRESS IN MEMRER

?MBIVED STRESS IN MEVBER
"

c
SIMPLE STRESS 1IN MEWRER

611



dJala N3, VECTDR NAME VECTOR DESCRI2VION

e i Rl o

57 VSTRSC TYPE 2F STRESS IN CONNECTOR
RBERNG BEARING STRESS IN THE CINNECTOR
8CYSTC COMBINED STRESS IN THE CONNECTOR
3SHEAR SHEAR STRESS IN THE ¢ONVECTOR
BTENSN TENSION STRESS TN THE CONNECTOR

68 VSTRSS TYPE 0F STRESS IN THE MEMBRER
RBENST BENDING STRESS
3BRGST BEARING STRESS
BCOVYST COMPRESSION STRESS
SHEST SHEAR STRFESS
BTENST TENSION STRESS

59 VTYPE COMPONENT TO 3E CHECKED
30O COMPOSITE CONSIRUCTION MEMRER
BCON CONNEETION
3C5M CAST STEE| MEVBER
BMBR MASONRY BFARING

355M STRUCTURAL STEE| MEMBER

0¢1



