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OPTIMUM ' LOCATION OF HINGED JOINTS

‘ IN H-FRAME STRUCTURES

li
_ Joseph Gallaccio-

ABSTRACT

The application of prefabricated toncrete structures
has increased over the yearg. Because of the growing
‘ ¢

5

concern for reducing escalating construction costs, and

the growing prefabrication industrj of concrete c&mponents;

-

the neqd'to study the behavioral qualities of moment

released prefabricated H-Frames has become of great .

s
interest. ) ! \

» -

Congested reinforcement in piZ§gst H-Frames often makes

the fabrication of/ﬁhese units di ficult to manufacture.
However when hinge joints are efficiently located, precast

units can be produééd such that their shape reflects the

least amount of reinforcement required for the strength -

! )

and serviceability of the structure.

‘The development of a computer program whicth is geared

'
v

especially .to the analysis of hinged frames accurately

-~

displayq'the behaviour as joint locations vary. The

comparison of rigid frames'versus the optimized hinged

‘_frames aided by the computer analysis indicates the

performance of gegmetrically identical ﬁtructures undea

)
f

- identical loading conditions. , S ,

-
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1. INTRODUCTION: = ' . ' i

-

The objective of this dissertation is to investigate

how the performance of . H-Frame structures is influenced by
- ) t . S .
the locations pf the hinge joints. In particular, a

computer program hds been developed (Appendices A, B aﬁd_C)

——

-

14

to aid in the optimization process.

" Although buildings may consist Of any -combination of

frames, shear walls, cores and other'structqral;systéms,'
the type of structure under consideration is the;pianar'
frame. This plénar restriction is sqtiéf;c£ory.sihcé'threer
dimensional bﬁilaings are usually reduced to an assemﬁiage
of Fwo-dimensional spb-structufes for,ease in the anélysis;
and also the two-dimensional analysis yields cqnservative
results with respect to the three—dimeﬁsional structure.
The’cgmparison of geometricaliy similar rigid and

hinged frames, each under identical loading conditions, are

¢
[

made by comparing:

1) area of the maximum bending moment envelope.
2) the structure's drift.’
The types of loading cases éonsidered are gravity and

lateral loads (wind or earthquake3 as well as differential. - ST e
. / N -

foundation settlements. /////
. . » A

1.1 APPLICATION OF H-FRAMES:

¢

H-Frames can be classified under two different types:

1 - .
1) plane H-Frame (two-dimensional)

< k4

-1 - . .
L , o ' =

P

-y
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and 2) spatial H-Frames (three-dimensional)

)
A

Perspective views of the plane and spatial (Zielinski)

H-Frames are shown in Figure 1.1 and-l.2 respectively.

In practice, both of these systems have been used with
£ ;
great succe because of their applicability.,to pre-
fabrication. obrowski (Ref. 1) used H-Frame units for the

construction grandstands (Figure 1.3). 1In other.
projects, Zielinski has uéed H-Frame cdomponents as two and
£hree;dimensional units. An office/apartment building in
Lloydminste%, Albérfa (Figﬁre 1.4) was constructed as a
modified H-Frame system with hinge joints located at the
column base. Thfée-dimensional H-Frame units were .also used

for the construction of a motel/office complex (Figure 1.5)

in Edmonton, Alberta.

_

. Although the H-Frames of Figures 1.1 and 1.2 differ in
geometry, their structural perforﬁance in the longitudiAal
direction is similar. 'With respect to a multi-bay/multi-
storey structure, both frame types can be idealized as a

combination of H-Frame components coupled by link-beams. A

.typical frame model is illustrated in Figure 1.6 where

hinge joints are "naturally" located where H-Frames and/or
: K

link beans are connected. These joints (pins) are member

discontinuities which transmit axial and shear forces but

do not transmit moments. L ‘
*The terms hinge and pins are used synonymously.

.—41—
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Figure 1.3 '
> Erection of the Calgary
. Stampede and '
? . Exhibition Grandstand.’
\ .
) - Figure 1.4 -
: Appllcatlon of a two-dimensional
. H-Frame system in.Lloydminster,
- Alberta. ‘
. {Designed by Zielinski, Z. A,.,1978) .
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2. METHOD OF ANALYSIS: ’ . . .

a

The most commonly used: techniques for the analysis of
indeterminate structures a;re the "Flexibility™ and
“§tiffness" methods for which numerous computer brograms
have been deggyoped. The érogram lisgéﬂ in Appendix C
employs the stiffness method of analysis. This me thod
impiies.ntat all structural materjals used in the analysis
behave 'in : linear-elastic fashion. 1In pragtice, concrete
is.assumed to behave as sugp.. The program takes into
account .bending and axial deformations but neglects shear
deformation of frame members. o,

2.1 ‘ITERATIVE FRAME ANALYSIS APPROACH:
. é
In general terms, the stiffness method of analysis is

governed by the-linear—elastié relationship
(Q) = (8), X (D} ......(2.la)l
where: (Q) = .joint lpad mdtrix
(s)
(D)

therafore M) = (8)" Y X (Q) .....(2.1b)

structure stiffness matrix

joint displacement matrix

equatipn 2.1b shows that in order to determine the .

correjponding joint displacemen&g;of the structure, the
o o

inversk of the stiffness matrix‘(s)—l must exist. The

stiffness method therefore requires. that the structure be

explicitly defined with respect to dimensions, material




Pl

!

-
¥

> ‘ ) L

properties, loads and the location of any hinge joints, .

-thus, the trend of analysis must then employ a‘technique

[N

of successive trials. The outcome of these trials would

<

‘then indicate'the positions where hinges create the least

-

overall bending moment envelope’and. the least structure

drift. =

2.2 ,COMPUTER ANALYSIS USING PFRAME: v

Multi-bay/multi-storey buildings are highly indeter-
minate s;ructures thus their solution by hand methods i§
ogly approximate and often complicated. The use of a
computer greatly increases the accuracy and provides
results within a short period of time; The stiffnesé
method as well as the iterative approach outlined in
section 2.1 have been used to develop the computer program
PFRAME. |

The internal organization of the program is oulined
iﬁ Appendix A. This organiza;ion indicates how the program
is s£ructured in terms of t§; tfpes of analyses that are

°

possible, the general flow of .the program and the functions
of individual subroutines. )
A ﬁsefs manual has been included in Appendix B where

structures are analyzed according to the four possible

Dispose Types (also in Appendix A). In order to explain

~the required input data, descriptive notes have been added.

Lastly, a listing of PFRAME is presented in Appendix C.

-9 -
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3. SAMPLE FRAME ANALYSIS:

Studies have been undertaken (Ref's 2 & 3) to’compare
the performance of rfaid and‘hinged frames for various load
cases. ™ In particular, typical multi-bay/multijstorey plane
frames have been analyzed for 1) gravity apd lateral loads

.

and 2) for differential foundation settlements.

I3

3.1 GRAVITY\AND LATERAL LOADS: >
V)

The most commonly applied loads on a building o~
(residential or commercial) are gravity and lateral loads '
where gravity lo;ds consist of thg stationary dead load
present dufing the structure's life-time, and where live
loads (transient) are due to occupancy. The latefal loads
are either wind or earthquake forces which (according to

code specifications) are usually lumped as equivalent

forces applied at the floor levels.

These loads have been applied to the typical frame of

Fig. 3.1.1 where the hinged frame has been studied for

various column pin locations (Dispose Type 11). The
structure of Fig. 3.1.1 is reduced to two sub-structures
(Fig's 3.1.2 and 3.1.3). These sub-structures differ in

. Y .
that beam cantilevers are not present along one column lineg

of Fig. 3.1.3.

o

Table 3.1 summarizes the assumed frame geometry,
element cross-sections and different loading cases applied

to the sub-structures. :
- 10 -
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The results of the Study Cases No. 1 to No. 24 of .
Table 3.1 are represented by the gfaphs of Fig‘s 3.1.4
'tQ/3.i.l4. These graphs relate the area of the maximum

r i L] . ! »
bPending moment envelopes as a funttion of the column pin
. - i

 locations (Fig's 3.1.4 to 3.1.11) and also the roof level

o

drift (Fig's 3.1.12 to 3.1.1%®) as a function of the column
pin locations. Similar rigid.frame responses have been

included and are represented by the dashed lines. (Refer to

i
oV

the list of ilPustrations for additional explanation ‘

'concerninggthese graphs)

.
« A

3.1.1 REMARKS CONCERNING GRAVITY AND LATERAL LOADS:
-%-

The results regarding gravify and latera™ loads clearly

LY

show the best column pin locations and are summarized as

N

follows: . ,

1) For the maximum bending moment envelope:
For gravity loads (dead and live laads) the best pin

location'}s at y/h = 0.0 (at the column basé). “
For lateral loads (wind or earthquake) the best pin
location is at y/h = 0.6 (from 0.55 to 0.65). This case
shdws that both frames, hinged or rigid behave aimost
similarly. L T L ‘
For’combined gravity apd latgral loads, the best pin
location is at y/h = 0.2 (from 0.1 to 0.3) or y/h = 0.9

(from 0.8 to 1.0). For this load case, the performance of .

+
¢ T

- 13 -
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the rigid frame over the hinged frame at the optimum
location differs by about 10% (i.e. pinned frame bending

moment is larger).

2) Combined bending moment and dxift:
For this combination, the best column pin locations
are at y/h = 0.3° (from 0.2 to 0.4) or y/h = 0.8 (from

0.7 to 0.9). 4 p

3.2 DIFFERENTIAL FOUNDATION SETTLEMENTS:

Althougb differential settlement of supports is highly
undesirable, this load case may occur and its effect on
rigid and hinged frames has been studied. 1In particular,
two type; of settlements have been considered 1) overall
rotation settlement and 2) localized footing settlement.
The additional bending moment area caused by settlements ig
evaluated as a percentage of the maximum bending moment
envelope due to gravity (dead and live) loads. It is
importaht to note that although the best pin location for
gravity loads is at y/h = 0.0, the hinged frames for diff-
erential settlement analysis will be considered for pin.
located at y/h = 1.0 with an accompanying minor increase

of gravity load bending moment area (less than 5%).

3.2.1 OVERALL ROTATION SETTLEMENT:

For the rigid frame of Fig. 3.2.1 (refer to Table 3.2 for

.

< "23‘4
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w

for geometric properties) settlement about footing "4" with

footings restrained against rotation will develop bending
moments throughout the frame with the bulk of the moments

present in the members of the lower storéeys. The )

additional bending moment areas for the rigid frames No. 1,
2 and 3 for various B values where

<

- - AB/L) «evennnn.
@ 10g) (AB/L) 3.2a
are illustrated by the curves of Fig. 3.2.?l

Investigation of these curvés indicates that lgrge
rotation settlements (small values of E)) will causé
excegsive‘additiohal bgnding moments. In contrast, the
comparable ﬁinged frames exhibit very small (of negligible
_value) percentage increases of bending moments (whicﬁ are

present in the first storey columns) regardless of the «

column pin location  y.

“

3.2.2 LOCALIZED FOOTING SETTLEMENT: . .

The frame of Fig. 3.2.3 subjected to localized footing
settlements AL will produce additionél'bending“mpments

throughout the rigid ‘and hinged frames.,

The localized settlements of footings "3" and "4" are

[N

represented by the curves of Fig's 3.2.4 and 3.2.5 res-

1
pectively. The rigid frame settlement of ‘footing "3" is

more critical -than the settlemerit of footing "4".

)

. - 26 -
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1

H
.

?pe comparable hlnged frames evaluated once a&aln at

PN

y/h 2 l 0 are 111ustrated by the curves of Flg 3.2, 6.

T~ G

Although 1ndlvxdual member mgments may vary in magnitude :
and sign.(positive or negative), the abso}ute bending .

moment areds for the entire structure when settlement of
- footings "3" or "4" occur, are egual. : v
. ~ L4

< o

3.2.3 REMARKS CONCERNING DIFFERENTIAL SETRLEMENTS:

',—\\\\. In general, the best location of the column.ping is at

- "

o v [4 s . ,
y/h ="1.0. The hifiged frame is better adapted to differen-

tial settlements‘over the rigid Prame because of‘the

“moment releases (pifis) which allows the structure to deform

»
\
‘ . *

with smaller increases in bending moments.

The column Pins located at y/h = 1.0 also produce the

a

least lateral (drift) frame dlsplacements for both rotatlon
settlements and 1ndependent foot;ng settlements.

o
"““\J

-
) . £

3.3 SUPERPOSITION OF PIN LOCATIONS: ‘

3 ' ‘
Sections 3.1.1 and 3.2.2 summarize where column pins
should be located so as to-minimize the bending momeht o

J

envelope and control drift for gravity and lateral loads as

-

well as, differential settlements. '

[/ - : .
. ® I

quefimposing the pin location foridifferential settle-
ments with the pin location for the combined gravity and

lateral loads shows that in general, providing column pins

° -
-
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5,

at y/h = 0.8 will produce an optimized structure that would

satisfy both gravity and lateral loads as well as differen-

tial foundation settlements. !

1

4. CONCLUSIONS: v

¢

A computer progfé% hasibeeﬁ introduced for the analysis
of_frame structures which has been developed especially for
the'optimization of column pin locations for H-Frame
structures.

The optimized H-Frame has been evaluated by establishing.
the best colﬁmn pip location which will pfoduce the least
area of ﬁhe maximum bending moment envelope and the’ least
structure drift.

Although H-Frames ‘have geen traditionally designed with
column pins locatgf at column mid—heigﬁt, this study has
ihdicated that structures influenced by gravity and 1ateral”
1oads‘as well as any possible diffefential foundation
settlement’exhibit better characteristics when pins are

located at y/h = 0.8. This result is not aPPliéable to

J
high-rise structures..

The studies have compared rigid and pinned frames under
identical frame geometry, section properties and loading ;

conditions. Althouch the rigid frame has a lower bending

moment area over the optimized pinned frame (10% difference)

for the combined gravity and lateral loads, the efféct of i 4

- bending moment area of the pinned frame over the rigid

‘

’ - } - 33 -
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frame for foundation settlements is drastically smaller.
. / ( .

A guideline has been given for establishing the pin
! N i

location so that the fabrication of H-Frames can be -

simplified by the reduction of flexural reinforcement

which is comparable to the bending moment area.
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A.1 Internal Organigation of Program:

This program employs the "Stiffness Method" of analysis

(Ref. 4) which is based on the agsumed linear-elastic

3 behavior of the structural materials. The program is

! -

designed as a low capacity in-core storage program which is
1 .

composed of the six major areas (subroutine organization is

o

shown in Fig. A.1.1).

-

1) The user has the choice of four possible types of

analysis (Dispose Types 1, 11, 111 or 1V) where:

'Type 1.... consists of members that may‘br may not have
pigs with a resulting output consisting of member forces
and joint displacemenﬁs for each load cage as well as
the maximum bendipg moment envélopes and maximum

positive and negative joint displacements and rotatiens.

Type 2.... pins are automatically generated and applied
to each column starting at the column base and progress-
ively‘moving towards the top - a total of n positions.

e

The corresponding frame analysis for each pin location

yields the maximum bending momen t envelope as well as

the maximum joint displacements.

Type 1lll.... same as Type 11, except that the pins ard®

randomly positioned for the column members.

Type 1V.... general frame analysis with corresponding

i

- " member forces as well as the joints displacements and

- 37 -
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: PRINT1
: ) PINS
) MSTIFF
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PFRAME /) rEF
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PRINT :
SORTA //
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rotations.

2)

3)

5)

5)

A.2

The next area involves the reading of the input values.
which define the structure identification, material

properties and different load cases applied to the

£y

structure.

The stiffness matrix is formed and inverted and the
structure is analyzed for each load case (member .forces
and joint displacements).

s

The moment envelope for the entire structure is
evaluated for each load case and is accumulated to

determine the maximum moment envelope for all the
o

combined load cases. The correSpondfng joint displace-

ments for each load case are also accumulated to

determine the maximum global joint displacements and

A\l .

rotations.

v

3]

'The accumulated maximum bending moment envelope_ is

evaluated.

h ! n
Output values are documented via printing subroutines -
and main-line program printing statements. . .

i o

Main-Line Program and Subroutine Description:

The program has nine subroutines all of which may or may

v ' . -
\\ - 39 - ‘
' —
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e v

not be used during the analysis. Their use éepends;on the

type of output results the user feduires. Table A.2.1
- : ‘

indicates when the subroutines are used. ' C

1
V]

+

- b

Subroutine Printl: This subroutine prfnts out all of the

.input dasta and also the frame element lengths and their -

orientation within the planar structure. ~

SUBROUTINE . DISPOSE TYPE | R
PRINT1 h 1, 11, 111, 1v

" | pins ‘ 1 1, -
MSTIFF . T 1, 11, 111, v

« | “INVERT | 1, 11, 111, 1v°
FEF 1, 11, 111, v |
EQUILIB ‘1, 1V

’ PRINT 1 ' . |
‘SORTA 1,711, 1

SORTB -+ . | .1,11, 111

L) v

Table A.2.1
Subroutine - Dispose Type
Usage

[y

Subroutine PINS:

1

This subroutine generates all the possible

S

random hinge positions subject to the number of storeys

Y

. and the ‘number of pin intervals that are to be investigated

v

T

- 40 -
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N

o

per storey.‘ The number of intervals divides each column

3

- 13
becomes (N +..l)NST times where NST are the number of

R storeys in the structure. "Use of this Dispose Typé should
-3

bé limited since the amount of computation time required

may be great. _ ‘

1 ¢ v

Subroutine MSTIFF: The member stiffness mat;i% is formed
_for three possible types of members A, B or C where each
mémber
s A = Fix-Fix member
~B = g;x—fin—Fix member
: C = Pin-Pin member
has a defined value for theucross;sectional area, inertia
and modulus of elasticity. The program will automatigally
determine the member lengths. The Edlumﬁ pin locations
fof member type B is automatically generated for Dispose
Tyﬁ%s 11 and llloand'ﬁay be input manually iif used) for

<

Dispose Types 1 and iv.

o subroutine INVERT: Fhis subroutine inverts the

accumulated structure stiffness matrix. -  This inversion

P&
- -
»

Subroutine FEF: Besides global joinf forces, the program

also accepts member distributed and concentrated loads

i ; - -_-'4l—n

*

T ' " a4

into.N equal segments such that the number of pin locations

technique uses the Gauss-Jordan elimination method (Ref. 5).
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which are applied (by the computef) to the structure as s
équ{v lent member fixed end forces. - -  ~——" )
,/ (L . b > )
’~ — , v Qm ) u .
Subroutine EQUILIB: A joint equilibrigg,chéck is ‘per- .
. , . e o . ‘
formed for Dispose Types 1 and-lv. v ‘ o
Subroutine PRINT: Prints the member moment diagram and . ) . )
the moment envelope. ' ’
_Subroutine SORTA: The bending moment effects of each 'load .
case for all members is considered for the construction of .
the maximum bending moment énvelope and the maximum joint
. ¢ » N ¢
displacements. , . - '
1) )
o R .
Subroutine SORTB: Thé ‘area of, the maiimqm’momenp envelope J
is determined. - C .
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B.1 Numerical Definition of the Building:

For thg purpose;of preparing the numerical input to the

computer program, the building must be separaied intexr .

bianar frames. A typical frame is shown in Fig. B.l.1l.

o

Because of the types of structures investigated,.shear
deformation of members is’not consiqered.

‘ All plane frames consist of members that are long in
com?arison to their cross-sectional dimension., The joints
areﬁgoints of intersection of hembe?s, as well as. points
o0f support and free ends. Joints are referenced .in a
global (X - V¥ coor@inate) axis system. Individual members
have section properties of area, inertia.and modulus of
elasticity.ahd are oriented within the frame from joint i
to joint j. ) ‘ '

Loads are applied either as global joint actionsJ
(Fx,ng or Mxy) or as uniformiy distributed membef load w
over‘spanfL or concegtrated force p’ (normal to the membgr)
at a éo%nt x from jQint &.‘Displacement of supports
(Dx, Dy oh‘?xy) are accounted for as equivalent member
fqrces'which are referenced in the loéai axis syséém.

Subsequent numerical input will be claséed’qnder the
Dispose type required (Appéndix A.1l) by thé user. In
general, all“-input data areféiven as formag-free wfth‘ F
ingividual data being separated by a comma or a blank space;

The units of dimensién must be consistent.
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B.2 Numerical Input for

\

’

Dispose Type 1 & Type-iV:

1.

’ 2.

’ ¢

“~

Tifle card:

Control card:

Data check -

Dispose ;9pe
Modulus of elasticity
Frame ID number ~

Number of frame elements

!
L) "

frame joints

support joints;,

load cases

Joint data cards:

Joint ID number
X-coordinate
¥-coordinate )

Member data cards:

Member ID number:
Member type )

Node 4

NOde j o

Cross-section area
Moment of inertia

H N
Pin. location

Argument*

W W W

A

)

Note

(1)

(2), "

(3)

(4)
(5)
(6)
(1)
(8)
(9)

(10}
(1)

(12)
(13)
(13)

(14)

*) A .= Alphanumeric, I =z Integer,.R = Real

-

1

4

- 46 =
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}

3

. Argument “Note

5.‘Support joints: | (15)
Joint ID numbers 1 /

6. Lo&d cases: L (16)
Load case ID number oo I (17)
Number of loaded joints I (18)
Number of loaded members. I - k19)

7. Joint loads: | (20)
_Joint ID numbex - (21) \
Force in X-direcéion i R (21)

* Force' in Y-direction R (21)
- ‘Moment R (21)
8. Mémber loads: (22)
Member,ID"number 0 I (23)
Load type .- j. I ) (24)
pi . R (2¢)
P2 o B TR (24)
P3 "R (24)
QJ ! . a

B.3 Numerical Input for Dispose Type 11:
d , , -

1

Refer to Dispose Type 1
for cards l,3,4,5,6,7'&8

2., Control card:

Data check

PR

Dispose type . | o .
- 47- -
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IR . Ar_guménﬁ :
T | Modulus of elasticity
) 'Frgme ID nu@ber )
»'.tt‘ .’ " Number.of frame elements
! " " frame joints .
? " " support joints S
" " columns I f
" " ,beams I
l " " pin intervals" B 8

* " L]

load cases

N

B.4 Numerical Input for Dispose Type 111: .

Refer to Dispose Type 1
‘ for cards 1,3,4,5,6,7 &8

2. control card:

a

2 o ‘ Data check- |
ot ' 6i§pose type _ h b
? | Modulus of elasticity ]
g ‘Frame ID number ., ‘
1 Numb'er' of frame element$
, “ " frame joints_ o
: i " " support joints
) " " columllls X /
" " l;eamg I
‘e " " pin intervals I .
‘ ‘ ) - 48 -
A " .

(25)
(25)
(26)

- . o




(1)
. (2)

(3)

(4)
(5),
(6)
(7)
(8)
(9)

(10)

Ngmber of load cases

’

bays . IL: (27)

~
" "

. storeys LI o r o (27)

Notes: ;

Maximum of. 80 characters

o

0; Data check only.

to be printed with ogfputp
EQ. | ,
NE. O; Execute program.
For disposé Typg‘l =1

Type 11 = 2

Type-111l = 3

Type 1V = 4
Frame identification number to be printed with output.
Total number of elements in the frame. I

Total numBer of joints in the frame.
of support joints.

% 4 N
of indepéndent load cases to be analyzed.

and the X - Y coordinate in the global axis

P

For

one card for ‘each member in note 5.

\ . .
‘ « .

ﬁispoéf Types 11 & 111, provide all data for column
{ .

@embeJT

first, then the data for the beam elements.

nbers must have an identification number.
. % , :

| \
s
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(12)

(13)
(14)

(15)

(16)

(17)

(18)

(19)

(20)
¢

(21)

'MEMBER ‘ TYPE :

Fix - Fix ‘ %— 4% 1

pin - Fix QfFEo—F 2 g
Pin - Pin *3 : ‘{* 3 :

e+ — R - — . g e ——

Fix

Note: Omit for column elements of Dispose Types

11 & 111. ~ ' .
The member starts at joint 4 and ends at joint §.
Distance "x" (see note 12) to pin is measured from
joint 4. :
Note: Omit for column elements of Dispose Types 11 & 111,
List the joints that' are fixed (see note 3).
Prepare one set of cards for each ‘load case specified
by note 8. For dead plus live ioad analyses, the first

load case must be the dead loads.

Load case ID number to be printed with output.

Total number of joints that are loaded. Provide a zero
if no joints are loaded.
Total number of members that are loaded. Each .

concentrated and distributed load must be considered as

an independent load. The EIOgram allows a single member
to have more than oneyindependent lpad. Provide a zero

if no members are_loaded.

Prepare one .card for each loaded joint of note 18.

Each joint referred to must have 3 corresponding global

actions. The order is Fx, Fy and Mxy. Provide a zero for

c

- 50 -
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actions that are not present.
Fy
Mxy

. ’ ) ; - ... considereg to .
o be positive. ' '
N ) : "(Global Axis .

Joint E System)
i B *

[

At

i

(22) Erépare one card fo; each loaded member of note 19.

(23} Member ID number which Has anlexternally applied load.
A éifferential foundation settlement is considered to
be expérnally applied. It is applicable to an;' ’
member type.of note 12.

(24) Load types and intensities.

3 e — e

- LOADING

\ (considered positive) |TYFE Pl p2 P3
w (uniform loads) 1 w * *

‘ ()[ ty ¥ 1 o¥oyey i() : h : '

*“4L"‘“‘p ) L2 p ‘ X , .
O—t—0 o |
Dx Tvy - : ’ .r
'EE; @ 3**1 px | Dy |Oxy | Co

@ ,

&Y .
*). omit for these load cases.
**) provide a zero if displacements do not occur in a

particular sense. . !

» 4 ~
- i - 51 - )
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(25) Number of columns which willihave varying pins.

Remalnlng elements_become the number of beams.

.

(26) Number of pin intervals. to .be considerefl along the

a

column.
(27) Number of bays and number of storeys in .the frame.
K (&

9
.
. ) N
.
‘
¢ .
N 4
1 e
1Y 4
-
. [ 4
- . .
)
. r
“ )
a
, .
f
-
C' "
. é ! N
. -
. -
. 7 -é
t .
4
~
14 -
.
11
4
— .
+ " !
v
. . °
v
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ES PROGRAM PFRAYE (INPUT,0UTPUT)
PROGRAYED BY; JOSEPH GALLACCIO....APRIL,1980. . '

PROGRAM FOR THE ANALYSIS OF PLANZ FRAMES WITAH

RIGID NR HINGEN ELEYEMTS. PRESENTTD AS PARTIAL
FULFTLLMENT OF THE REQUIRNENTS FOR THE DEREE

OF MASTER OF ENGIMECRING AT CONCORDIA UNIVER-

SITY, “MONTREAL.

P e e e 6 s s At s ——

DIMENSION AE(12N),AC(12n) ,F{A1,6) ,RCT(42)
; : R +,M15PL(127),%RLC12C) ,HLCSC30) M(6D) ,IPIN(A25,4) R
: . INTEPCR RL(IZO) NISPOSE “ . )
: COMMONZCIZJ040) ,X(4M),Y(41), JJLaN) , JK(5D) K(6D) , KK(40,30) (Al R
! +120.30).NLJS(AOJ.WISPUSE MCS MBS ML JHLINRY NIV NLUT,FGIAD,6)
) COMMOH/02/PP(60.30).HM(O% 30), ITYPC(én 31),8B(4N,3n) (HLMS(AD) ML
’ (+C,PBACIN, 1) . : &
. COMMOM/C3/SMN(6,4) . . ‘
; COMVON/TAZAX (AN LCX(47) LY (6N, E(4A0) ATN(6D) . ’
; COMMON/C5/JTYPTE(A0) ,AL(62) ,4B(60) (TITLE, . e
. COMMON/CO/AMI62,6) -~
' COMMON/CT/5( 70,703 ,N, IFLAG, INDEX(T79,2)
: : COMMOM/CR/SORT(53, 06) D(12n),DISP(492,7),AVT(53,49) D
READ 5,TITLE
FORMAT(5A1N)
READ*, ICHECK, NISPUSE, YOUNGS
IF(DISPOSE.EN.2,.0R,DISPOSELEN.3) 50 TO 5D
C#xa%, NATA INPUT FOR RISPUSE TYPE,...l1 OR 4 7 '
‘ REAN* ,NUM ..
t s =27 QEAD? (%1 NI MRIGNLC . !
oo ) . Do 10 I=1,NJ X
y 10 READ*, JCD) X(I) YOI . . ‘
Co C o~ no 20 1=1,K1
L : ~ READ* (MCI)  JTYPECT) W JJCD) W JKCT) G AXCT) L AINCTD, AB(I)
) ' . \;\za E(I)sYuUMPS -
e - GO TO 110 - . y o N
- ' 30 DO 40 =1 .MBJ C. o
; 40 READ®,K(I) ' P ) - .
G0 TO 130 :
to . Cw¥ax DATA INPUT FOR nISPOSC TYPE...Z ' ’ ©
¢ . 50 READ*, UK . -
HEAD® M1 ,MJ,NRJ,NCS,HBS, NINT NLC
IF(DISP05= En. 3 READ*, NBAYS NST , .
DO &N I=1,HJ . - Ta
° AN READY, JC1) ,X(1) YD) - ° |
‘DO 71 =1 ,NCS ) '
JTYPE(I)=2 .
READ* MCT), JJCT), » JKCI), AXCT ), ATH(T) .
70 E(I)zYﬂUNPS i
DO A0 I=1.NBS .
READ ,M(I+NCS) ,JTYPE(I+NCS), JJCI+NCS) , JK(I4NCS) . AX(I*NCS) AIW(I+NC .

Ut

P

: +5) JAB( T+NCS) . . ,
TR . 30 E(1+NCS)=YOUNGS ‘ .
a GO TO 1in
’ ' © 90 DO 100 I=l NRJ
f ‘ 100 READ®*K(]) -
O R o0 TO +30 : : :
. . ) -
A ! v * .
; . I - “ . -
o} °©
{ A .: 54 - .
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*Chhdk ESTABLISH THT QESTRAINTD NISPLACEMENTS'

- rm—— ————

L T s et B T

<4

I

n.cf N
A
' !
= .
. ’ !
1
Cxdx X AND Y COMPONENTS OF LENGTH OF EACH MEMBER. -
110 D0 120 T=1¢¥1
XCL=X(JK(1))=XCIJCT))
YCL=Y (JK( 1))=Y (.1JCI))
ALCI)=SORT{XCL**2+YCLA*2) .
CX(1)=XCL/AL( D) ‘
127 CY(D)=YCL/AL(D) o\
IF(DISPOSE,EN.1 .OR.AISPOSE.EN.4) G0 TG 30 %5

I[F(NISPOSE.EN.2.0R.DISPOSE.50,3) GO TO 92
Cassw [NPUT NATA FOR ALL LOAD CASES. ‘
130 D0 179 I=1,NLC
READX, ”LCS(I)
READ* NLIS(D), NLMS(I)
lF(MLJS(!) £0.N) GO TO 150 - B
NLJST=NLJS(T) .
DG 140 [NPT=[ (NLJSI '
140 READ%, KK(IVPT ) AC3*KK(INPT 1)~ 2) L, A((3*KK(IVPT IY=1), D) A((3%
+KK(IMPT, I)) -
150 [F(VLMS(I) cq O) GO TO 170 . /7
MUMSTI=NLMS(T) ~ ' C e ’
DO 160 INPT=1 NLMSI A
READ®, MM INPT, 1) W ITYPE(INPT, D \ o X
TFCITYPECINPT, 1) .GNL1) READX, PPCINPT, D '
IFCITYPECINPT, [} ,EN.2Y R=ADX , PPCINPT, [),380INPT, 1) . A
[FCITYPECIMNPT,1).EN.3) READ ,PPCUINPT, 1) ,3B{INPT, Y PRACINPT, ) ‘ " -
160 CONTINUE '
170 CONTINUE
CALL PRINTI(M,NBAYS, NST)
IF(ICHTCK .F1.n) STOP
Cxwiax [MITIALIZE ALL JOINT D[SPIACEMENTS TO o]
HA1=3nN]
na 1Rn [=1,NJ! ’
190 RL(I)=n

00 190 I=1,NRJ

190 RLC3*X (1) =2)=RL{3+K( [)=1)=RL(3*K([)) =] - .
Cxvwr DETERMING THE MONIFIEN RSSTRAINT LIST [ |

11=0
DO 210 I=1,NJI LT ”
IF(RL(1).E8N.1) 60 TO 270 . ,
MRL(D)=1I=s1I+) 5 .
30 TO 210 .

206 4RLII)=0 «

210 COMTIMUE - . -
H’[! |I .

L MI2=2%4) ® . ’
Crins 1) FRAME" AMALYSIS FOR DISPOSE TYPE...I /
Codww R 2) PIN GENERATION AMD FRAME AMALYSIS FOR DISPOSS TYPF...2 nn 3 . ./
Cakex DR 3) ”FHERAL FRAMF AMALYSIS FOR nrspus= TYPE...4

po 215 L3=t, ; ’ -
. SOART(I, 2*L3—|>=L3

215 SORT(1,2%03)=L3 ' . ] : . -
[CTR=0
[F(DISPOSE.EN. | LOR.NISPUSELEN4) NCAL=I : . '
[F(NISPUSE.S1,2) NCAL=MINT#+! n ) o o
IF(NISPOSE.EQ,3) 70 T 313 i )

60 TO 302 ’ <
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400

d .

NCAL=(MINT+! ) %#NST ,
CALL PINS(NINT.NST,IPT") .

Go Yo 301 - ]

DISPOSE=1 2 OR 4 . - .

ICTR=ICTR+! : . ;
IF(ICTR.GT.NCAL) GO TO. aoo ) :
JF(DISPOSE.EQ. 1) 50 TO 211 - A
IF(DISPOSE.EN.4) GO TD 221 g .
RISPOSE=2 . } [
1022=[CTR~1 -

NIHTT=NCAL~1 . ' )
PRINT 400, 022, NINTT -
FORMATCIH1, INX . #COLURN PIN LOCATIONS AT#,[3.% OF#,[3,% INTERVALS*.
*#// 14X, #AREA OF BENDING HOMENT NIAGRAM PER MEMBER<,71X,#TNTAL AREA

™

+¥ /)

211
214

216

220
C terdes

3t
304

a1

D() 214 L=l NJ .

g 214-L2=1,7 : : .
DISP(LI,L2Y=Nn.N : '

no 216 L1=2,53 s

No 216 La=| M12

SORT(LL,L2)=n. 4+

IF(NISPUSE.RN. 1) GO TO 221 R

" DO 220 [D3=1,HCS . A
AB( ID3)=(FLr)AT( ICTR=1)/FLOAT(NCAL=1))*AL(IN3)

60 TO R22

DISPOSE TYPE 3 2o

NCL=NBAYS+! . .
ICTR=ICTR+1 , K
IFCICTR.GT.NCALY G0 TO R0 - , .
PR\NT 401 (IPINCICTR,L1),L1=l NST)

FORMAT(/7,5X J*COLUMN PIN LOCATIONS AT m«mm INTSRVALS*, M(IS))

PRINT 402, v
402 FORMAT(/,5X,*AREA OF BENDING YOMENT r)uf*Rw PEQ MEMBCRw, 31X, *TNTAL

+ AREA%,/) '

ICT=0 . .

N0 217 LX=1.NST

N0 217 LY=1,HCL

ICT=ICT+I
217 ABCICT)=(FLOAT(IPINCICTR,LX))/FLOAT(NINT ) )#ALCICT)

no 218 LlsiNJ "

DO 218 12=1,7 - a : .
218 DISP(LI,L2)=3.0 ‘ - '

NG 219 L122,53 . . T

90 219 L2=1,412 g .
219 SORT(LI,L2)=0.n .
222 ICOUNT=MI . S )

M2=] . . .'

u3=0 N
225 ICOUNT-ICI)UNT-M .

IF(ICOUNT.GE,N) JEOUNT=1D

I[FCICOUNT.LT.O) JQOUNT-ICHUNTHO .

43mM 3+ JCUUNT ’ : o . ,
‘ PRINT 226 . ' . .
226.FORMAT (5%, %EMBERS®) .-
‘ PRINT 227,(SORT({.,2%LI=1) ,L1=a%2,43) . .
227 FORMATCIHY, 14%,10(F7.0,4X)) +- .

IFCICOUNT.LTAY GO TG 229 .- *

N v
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)

230
232

. GO TO 229

. Coxvewr
Cortedrn
221

291

290

NM2=M3+!

GO TO 225

ICOUNT=M |

M=) . ' "
M3=0

ICOUNT= ICOUNT =10 .
IFCICOUNT.GE .N) JCOUNT'IO
IFC(ICOUNT.LT.O) JCOUNT-[COUNT+IO
M3=M3+JCOUNT

PRINT 230 " ~.

FORMAT(5X (*AT A=#)

PRINT 232,(AB(LI),LI=M2,43)

FORMAT(TH+, 14X, 10(3X,F5.2.2X))
IFCICOUNT.LT.O) Gn TO 221

M2=M3+1 ) , 2

GENCRATION OF MEMBER STIFFMESS MATRIX AND
ITS ASSEMBLY INTO THE OVERALL STIFFNESS. MATRIX
DO 291 Li=l,N

DO 291 L2=1,N

S(LI,[2)=1.1 .
0 350 I=1,4l

J1=MRL(3%*JJ(1)=2)

J2%MRL( 3% JJ(1)=1)

J3=MRL(3*JJCT)) ‘ .

K1=MRL(3*JK()=2)

K2=MRL( 3% JK( [)=1)

K3=MRL (3% JK( F7)

CALL MSTIFF(I) . .
IF(J1.80.0) 50 TO 310 . ' :

SEJ1,H1)=SCIT JII+SHNCT, 1Y

$6J2,J1)=50J2,J1)+540(2,1) -

S(J3,J1)=S(J3,J1)+SMNCI, 1) .
IF(KI.EN:0) GO TO 200 .

SCK1,J1) =SHr( .l) : - .

S(K2,J1)=SMN( ) ) .

S(K3, Jl)-suo(p.a) . .o

S€J1,J2)=S0J1,J2)+SUD(1,2) .

©50J2,J2)=5(J2,J2)+5MND(2,2) .o -
'S(JJ:JZ)*S(J3.JZ)*SMD(3.2) . ¢

im

310

IF(K1.80.0) 460 TO 300 ) ) ,
3(K1,J2)=S5H04,2) .
$(X2,J2)=5MN(5,2) - -
S(K3,J2)=5MN(5,2)

SCJ1,J31=S0JVJ3V+SHNCL, 3 .
-§(J2,J3)=5(12,J3)+SMN(2,3) . .
$(J3.J31=5(33,J3)+5Wn€3,3) . 1
IF(K1.EN.0) GO TO 31 /

S(K1 ¢J3)=SMN(4,3) . / .
S(K2,J3)=5Un(5,3} | ¥

.S(K3,J3)=5MN(6,3)

IF(KI.EN,0) 5D TO 350

IF(J1.EN.0) 30 TO 320 - )
S(JI,Kii=suncl,4) . w
S(J2,K1)=SHN(2 ,4) .
1S(J3,K1)=SMN(3,4) ! «

v 320-5(K!,KI)-5(KI.KI)05?0(4.4» .

o
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’ 330

349

350

. i Coreden

360

< Chaak

» o o 231

240
g Corsenese
© 250,

; " Crksrr

279
280
Chhsd

361

S(K2,K1)wS(K2,K1)+5WN(5,4)
S(K3,KI1)=5(K3,KI)I+SHN(5,4) .

IF(J1.EN.0) GO TO 331 '
S(J1,K2)=5MN(1,5) .
S5(J2,K2)=5MN(2,5) q =

"S5(J3,K2)=5MN(3,5)

SIKI,K2)S(K1,K2)+SMN(4,5) A
S(K2,K2)=5(K2,K2)+SMN(5,5) ‘
S{K3,K2)=5(X3,K2)+S4D(6,5) )
IF(J1.E0,0) 50 TO 340 ’

S5(J1,K3)=SM0(1,6) / ’ .
S(J2,K3)=SKD(2,6)

S(J3,K3)=S4N(3,6) ’ ’
S(K1,K3)=S(K1,K3)+SMN(4,6)

S(K2,K3)=5(K2,K3)+54N(5,5) s
S(K3,K3)=5(K3,K3)+54N(4,5)

CONTINUE

IFLAG=0

INVERT THE STIFFMESS MATRIX.

CALL INVERT

IFCIFLAG.EN. 1), PRINT 360

FORMAT( 77 ,5% *STRUCTURAL STXFFucss MATRIX =ZQROR™)

DO 911 IGG=|,NLC .

CALL FSF(155)

ASSEMBLY OF THE LUOAD VECTORS.

no 231 Li=i,NJI

AE(L1)=AC(LD)=N,0

IF(MLMS(IRG) ,EN.N) 5N TO 250 .

no 240 I=1,41 ) . N
AE (3% JJ(T)=2)mAR (3% JJ(1)=2) =4, 1 )*CX(TI+AMCT, 2)%CY(D
AECI*JICI)=~1)mAE (3 JJ (1) =1 ) =AML, 1)*CY( )= T, 2)%*CX(])
AS(3%*J ST =AEM@* JI( 1)) =AM(T,3)

AS{3%JK(1)=2 r=AE(3*JK (1)1 =2)=AM(T, 4)*CXC D) +A4( [, 5)*CY(])
AE{3WIKL D)= 1) =AEL 3% JK([)=1)=AM(T; 8)%CY.C 1) =AACE,5I#CX(T)

AC(B*JK(I))'Ac€3*JK([)) =AMCT (%) ’
CONTINUE
COMBINED JOIMT LOADS. .

no 260 =i ,NJ1

AC(I)=AC], I55)+AR(]) ..

RE~ARRANGEMENT OF TH& CUMBIHFD JOINT VECTNRS.

TA=]

Ny 2RA [=i NS4 .

TF(MRLCDD . 90 M 50 T 270 . .

“ACCIA)=ACLI) L~ -

TA=TA+1
AC(1)=2.0

CONTINUE . T

CALCULATION OF THE JOINT NISPLACEMENTS,
nn 361 Lis=t, N o
NISPLLLI)=N{LI})=nN.N v ‘

. DO 370 J4=i N

N 370
g*m

D0 370 Ka=| M
DISPL(J4)-DISPL(J4)+S(JA.K4)*RC(KA)

ORGANIZE "NISPL® INTD THE TRUE enw v¢Can

[A" '}
no 390 =l ,NJI

IF(MRLCI9.EN.0) GO 'TO 390

I N . »

>o2

az




e

.

D(1)aDISPL(IA)
TAuwlA+| .
390 CONTINUE
IFINISPOSE.EN.2.0R.NISPOSE.EN.3) GO TO 495
I G OUTPUT FOR ®NLC™ LOAD COMDITIONS
Cwwww PQINT THE JOINT DISPLACEVMENTS

PRINT 440,155
A4ty FORMAT( IH 1, 4X ,*JOINT DISPLACEMENTS LOAN CASGE#*,13,/,5% #JTw, 3X X~
ISP*,5X, *Y~DISP*.6X *Z=ROTATIONR)
~45n I=1,
450 PRINT 460, I 0(3*[ 21, ,0(3%1-1), n(3*1)
451 FORMAT(4X,13,1X, 3(510.4,2X))
Cwxwx REVISEN JOINT LOCATIONS
PRINT 470,166
47n FORMAT(/.5X, *QEVISED JOINT COORDINATES FAR  LOAD CASE#,[3,/,5X,%JT
+% 5% *‘(*.HX *Y*)
. D0 430 I=t, ‘
XX-K(J(I))+D(3*J(()~2)
YY=Y (JOID)+3I*J([)=1)
A8N PRINT 49n,1.XX,YY
491 FORMAT(48X,13,1X,2(G12.4,2X)) -
Cwwwew CALCULATION NOF THE MEMBER ENN ACTINNS
495 NGO 530 I=1,%} ' 0
Ji=3IxJsC1)=2 - )
J2a3%JJC 1) =1 s
J3a3%JJ(1) ‘ﬁ\q
© - Kis3IK(1)-2 N .
K2e3*JK( 1) el |
KIs3IxJX(I)
IFCJTYPRC D) .EN.2) 6N TO 50N :
IF(JTYPE(I).EN.3) 50 To 510 T
Cwwax FIX-FIX WEMBER ENN ACTIONS ('OCAL X1S) ) .
Ste(S(TI*aAX (1AL )
So=(4%C([ISATNC 1)) /ZALC]) .
S3a{1,5%52)/ALL])
S4a=(2,%S3)/ALLT) . |
F(r, l)=AM(I.I)+SI*((D(JI)-0(KI))*CX(I)+(7(J2)—O
+(.K2))*C_Y(I)) :
FOLL2)=AML T, 2) #Sa% (= (N{J1)=D(K 1) )+CY( I+ (D(J2)= ™~
+D(K2))+CX (1)) +53+(N(J3)+N(K3))
FOI,3)=AMO T, 3)V+S3%(=EN(I1)=N(KIT ) I*CY(T)+(NCI2)=
+N(X2) 1HCX ([ )1 +S2%(N(J3)+N(K3) /2. ) ]
FOL 4 mAKEE, 4)4S1H(=(N(I=DCKT JI*CK( )= (NCJ2)- v
+N(K2))*CY( 1)) .
FUL,5)aAMC T, 5)+S54% ((N(J1)=N(KI ) )*CY([)=(D(J2}=N e
+(K2))*PX(I))-S3*(D(J3)+0(K3)) .
FOL,A)=AA (T, 6)+S3% (= (NCI1)=NCKI ) I*CY( [+ (N (J2)-
+DCK21I*CXCT ) )+52%(D( 3172 ,+0(K3))
GO TO 321
Crsew FIX-PIN-FIX MEMBER SMN ACTIOMS (LOCAL AXIS)
501 SwAL(])=AB([)
Sla(ECTI*AX(T)IZALCT) . .
S2u(ICCI)*ATN(I) )/ CABCT)*x3+B4w3)
S3=52%4B( )
S3aS3#AB( 1) )
S5=5343 '
SAuS2#3 ’

[ 4
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S7=5648

F Io)=AM(T,
AlR2)ICY L))
F(l,2)=AMC(T, 2)*52*(("7(.!2)-")('(2))*CX(I)*("NKI)-H
+(J1 ))*CY( I ))*SJ*D(J3)+S$*NK3)

F(IanSN(I 3)+53*((N(J2)=N(K2))I*CX([)+(N(KI)=N
+(I1))*Y (] ))+54*0(J3)#55*0(K3)
FOIL,4)=AM(T,4)+51*0{N(KI)-NCJI ))*“‘(([H(W(‘(?)-O
+(J21)CYL1))

FOI,S)aAM(T, 3)*52*((’)(K2)-"J(J2))*CX(I)*(")(JI)-")
+('(l))*CY(I)) S3*M(J3)=-56*N(K3)

FOI,6)=AM(T ,6)456%((N(J2)~ -NCK2 ) IACXCII+CUK1I=D
4(JI))*CY(I))+SS*D(J3)+S7*W(K3)

GO T4 3529

@SR LN =DIKT ) ACX(TI+(DCJ2)-N

Cowwer P IH-PIN USMBER SNN ACTIONS (LOCAL AXIS)

310 Si=(E(D)*AX(IN/ALLT)
FCI, D)=aM(T, l)+5|*((’7(JI)-D(KI))*"X(I)H")(J?)-")
+(K21)42Y (1))
FCI,2)=a4(1,2)
F(I.3)=H(l'.3)
FUL ) =ANCT 404510 0(DIXD=N(J 1)) *CXCTI+(HK2)=D
+(J2))*2Y(I ) ’
FOL 51 =AML, 5

. FOILO)=AUCT, 5)
. 521 FG(1, 13=CXCDI*F(1,1)=CYIII*F(],2)
, EACT 2)=CY( DI*F(I 1 )+CX(II*F(T,2)
FGC1,3aF(1.3) .
EACI,4)=CXC DI *F (L, A)=CY ([ )*F(],5)
FACL,5)=CY (D I«F (1, A1+CXCII*F(T,5) ~ -
‘ FOCLL,AI=F(I%)
. 530 COMTINJS
" . IF(NISPNSE.EN.2.0R,NDISPNSE,E1,3) %50 TO 555
Caaww CALCULATINN OF THE SUPPQRT REACT IS ‘
a0 531 Li=l,60 .
' 331 RCT(L1)=A,.N
1 570 IR=1,"1RJ
NG 550 JR=1, ' '
IF(K(IV ENLJJ(IR)) .~(, T0 540
* 30 TO 350 .
L, 540 RCT(3%{N=2)=NCTI(I*IN=21+FN{J2, 1) :
PCT{3*IR-1)=RCT(3%[Q=1)+FR(JT,2)
RCT(3#[)=RCT (3*[R)¥F5(J2,3)
354 COMTIHU®
no ST 1=t i ‘ »
IR CKCINY .30 JKCIRY) 30 TO 542 .
‘60 TOD 370
¥ 360 RCT(I*[R=2)=RCT(I+[]~2)+F(J0 . 4)
, '2("1"(3*[?-!)=QCT<3*['!—!)+F"‘(JQ 5)
QCT(3I[2)aRCT( I IR)+F5C ST, 5)
. 570 COMTIHUE

390 PRINMT 400,11, JJ(1)

PRINT 590,155
530 FORMAT(/,5X, #M=HESR SN FORCES (LNCAL AXIS SYST‘:U
+75X o 201X MJTH A %A XTALY (6 X #SHEAR® 5, *'4f)‘4=”'\'
ro 590 I-l. K
WFlIe4)

n.4))

FOIL1),F(1,2),FLE,3),JX(D
4NN FORMAT(3X . [3 1X, 1 3( X, 315, 4).|?( 13 3(IX Gl

PRINT 410,175

' P

LOAD CASE+, 13,
*1)

FII5)FUTeS)




¢

AN FORMAT(/,95X,*¥EMBER =1 FNRCES (GLOBAL AXIS SYSTEM) LOAD CASE*,13
Ho/7,5K, %M R 201X ITH 4% X * 8K0F Y o 5X, v ,Z ro*))
DO 420 I-l.ﬁl

620 PRINT 4N, 1, JJ(1) FGCI 1) FG(T, 2) Fo(l.o), J<(1) FP(I 4),F5(1,5),F
+G([.,6)

. PRINT 530,17

630 FORMAT(/ 58X, *SUPPURT REACTIONS (SLOBAL XIS SYSTEY) LHAD CASE+ 13
*./.5X.*JT*.5Y.*X*,l|‘(,*Y*.HX.*Z*) '
noO 640 1=} ,NRJ

440 PRINT 550, K(l) RCT(3x1-2), RCT(3*I-1) RCT(3*1)

65N FORMAT(4%, I3, IY HGI1D.4,2X)) .

CALL ?QUILIB(IGG?

IF(DISPNSE.KN.4) 50 TN 911 )

455 DO 740 I=i,41 . . .

Vi=XA=1.9 4 St 1

Craexr MOMEMT DIAGRAN DYT TO SN FORCES. - ! ) . |

04 A%0 11A=2,52 . |
AATCITA D) =R (MDD )= (FH(T),2)%¥A) .

560 XA=XA+AL(*¥C1))/50,

. IF(NLMSCINS) .EN.0) 50 TO 721
CHECKX FOR APPLIED LOANINGOM MEMBER,
NLMS1='LUS ( 150)
"o 710 TI5=1,HLMSI I .
IFIMCT) LB MM TI5, 156D 30 TN 877 ¢
GH TO 719 .
DETERUMINT WHAT TYPE OF LOADIVG .
IF(ITYPRC 115, I06).En.2) S0 TO 690
UnNL  MCS4BER. .
XA=N,0 . s
N 630 [[A=2,52 -
AMT(I14, [)=a4T( 114, I)*(PP(IIS [A5)*XA¥*2/2 ) y
YamXA+AL(M(1))/50, :
GO TO 712 -
CONCE'TRATED LOAD MEHBER. ‘
XA=0.0
70 770 [14=2,52
IF(XALLT.BBC IS, [V3)) 60 TO 790
XAY=XA=BB( [15,175) Lo .

ANTCIES, D) =84TCITS, 1) +CPPCTTS, IAB)I*XAY)
XA=XA+AL(M(1))/5n, ‘ ‘ .
COMTINUE - C
AREA OF BEMNDING 4SMEMT UInrq B.4.0. - .
XA=AL(A([))/5N, . '
DO 730 [N=2,51 ) . N
IEalD+l . Lo
VUaVM+(ABSCAMTOIN, [ )1 +ABS(AMT(IF, 1)))/9 « A .

AUT(53, )=V}
CONTIMUE |
IF(DISPOSE.EN.2.0R.DISPOSE,."N,3) 30 TN 7992 ,
LELAG=] . A
CALL PRINT(MI,IGG,LFLATD) - : LT
GO TO 954 . : - .
1€OUNT=H | ' : .
M2=) :
K3an
ICOUNT=ICOUVT-IO
IFCICOUNT,.BR.O) JCOUNMT=IN

6 . ‘ R .
- 6F = :
M
. , . ‘ .
! . .
1 . . .
-
, . - . t
. - ‘ [
. "
Jdo .
‘
. . . . '
i . N (w g
. H
t . . ~ H
a ot 1
. T A i
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812
803

820
83n

350
851

ccce

ccece .,
91l

215
950
2246
925

949
+

1000
1110

»

R e L2

[FCICOUNT.LT.O0) -JCOUNT=ICOUNTEIN—

M3=M3+JCOUNT

PRINT 802,16G |~ .

FORMAT(SX,*LC¥,13) : ‘

PRINT 803, (AMT(53,L1),L1aM2,43) .

EORMAT{ IH+ 18X, In(1X,G1n.4)) .

IFCICOUNT.LT.0) GO TN 820 .ot

¥2=M34) ) ) -

50 T an)

TOTAL=0.0'

DO 830 [=a],4l ) X v

TOTAL=TOTAL+AMT(53,1) ,

PRINT 350,TOTAL —

FORMAT( 14+,126X,G10.4) .

CALL SURTA(MU  JMJE66,ML0)

[F{NISPOSE.EN.2.0R. n;sbose =n 3) GO TO 9l

LFLAG=2

CALL PRINT(MI,IGG, LFLAP)

CONTINUE

[P(DISPOSE.EN.4) G0 TO RON .

CALL SORTB(MI M, TOTAL) j

[F(NISPOSE.EN,2.0R,DISPOSE.EN.3) GO TO 915 -

LFLAG=4 - !

CALL PRINT(A1,I0G,LFLAG) A

PRINT 750, TOTAL

FORMAT(// ,5X, *CONDENSED VOLUME OF MAXIMUM MOMENT ENVELOPS=®,51n.4)

[F(NISPOSE.LE.2) PRINT 725 .

IF(DISPOSE.S2.3) PRINT 925 v

FORMAT( /7 ,5X  *UAXIMUN POS, AND NES, JOTINT NISPLACCHUENTS#,/)

PRINT 949 »

FORMAT(IH1, AX, *MAXIMUM POS. AND MEG. JOTNT 71SPLACEMENTS*,/)

FORMAT(5X ,*JT X #VE X =ve Y +ve Y -YE Z +VE
« L =VE*,/) . ’ P . .

NO 1000 I=1,NJ » - . oo

PRINT 1170, <015P(I Ly, LI-I 23]

FORMAT(5X,F3.0 a(lx.,ln 1)) . ~

[F(NISPOSE.EN.3) 50 TO 394

[F(DISPOSE . MEL3) GO TO 372 , . -

;390 STOP R S

END : S
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. SUBROUTINE PINS(NINT MST,IPINI
DINMENSION IPIN(625,4)
N aNNT+L .
" N2aM| #4NST X
, MiaN2 .
| N 500 Li=l NST . .
Ml=Mi/NI
M2st1vee(Ll=1)
4 ICOUNT=N
° DO 500 2= M2
DO 500 L3=1,NI
* DO 5A0 Lé=) 4l
ICOUNT=[COUNT+1
50 TPINCICOUNT,L1)=(L3=1) _
" RETURH : : A
. * END : - . ’
s © N ' - ‘ ‘
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i , \ ;
i t
] A . I
v 't / ' . \
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Chkdn
59

100
27

370
Coarsewrsr

400
590
500
770
BN
919
fann
Hinn
1290
1250

1275
137

‘

SUBROUTIUC SORTA(WI JyHJ L IGGLNLC)
‘COMHON/CR/SOAT(53,96) ,N(122),DISP(40, 7, ANT(33, 48)
DIMEMSION J(4n)

ACCUMULATION OF POS. AND N2, BENDING HOWFMTS
IFQILC.®2.1) GO T 50 ~

IFCIGG.EN. 1) GO TO 1259

) 3nn M=l Ml

DO 300 N2=2,52

TFCARTIN2,HT)) 199,370,270

.

-

SORT(N2,2+N1)aSORT(N2 (2% 1) +ANT(MN2, N1 )

Gn TO 300

SORT (N2 (2*N1=] ) =SORT(M2 , 2*N = 1) +ANT (M2, M)
CONTIMUE

ACCUMULATION OF POS, AN NEG. JOINT NISPLACTYSTS,

no 120 T=i,0J \

NISP(I,1)=J(1) .
lF(n(3*J(I) =2)) ‘6n0,4m, 7100
IF(D(3*JCII=1)) 800,501,000
IF(D(3*J (1)) lnnn.lzno.:xoo : . .
DISP(I,3)=NISP(I,33+D(3I*J(1)~2)

Gn TO 400 '

NISP(T,2)aNISPIT,2)+D(3*J(1)~2)

G TO 400

DISP(1,5)=NISP(F,5)+N(I*J(1)=1) s

GO TO :f‘O

DISP(1,4)=N[SP({ .4} +N(3I*J(1)~})

G0 TO 5M ) . N
DISP(I,7)=NISP(T,TI+N( 34 (1))
50 TO 1209
DISP(1,4)=DISPII,A)+)(3I%J(1))
CONTINUE

GO TO (37N >
na 1275 Li=1,4) : o .
nO 1275 L2a2,52 . ’

SORTIL2,2+L1=1)wSORT(L2,2%L1 J=AMT{L2 ,L1)
RETURN , L
END




Cand

50

10
150
2m

500
Coehks

N0

Jn0

SUBROUTIME SORTB(4! Y, TOTAL)
DIMENSION i 50)
COMMON/CS/ JTYPE (AN SALCA2) W ABC6Q) L TITLE
COMMON/CAZSORT(53,96) 23 123) ,0ISP (40, 7Y, AHT(53, 48)
REARRANGEYSMT OF MOASMT SHVELOPE VALUES

0 50 Li=t, 4l )

N 5nn [2=2.52 ,

TF (SORT(L2,2%L1).5T. 7 AMT.SORTCL2 . 2%L1= 1) ,3T.0) G0 TH 39
TFCSORT(L2,2%L1),LT.1 ANNLSORT(L2,2%L1=1) .LT.0) 50 Tn 153
GO TO 3mM

TF (SORT(L2,2%L1=1).06T.SORT(L2,2%L1)) A0 TO 1m
SORT(L2,2+L1=1)=SO0RT (L2, 2+L1) e
SORT(L2,2+L 1 }=0,0 . e

50 TO 5 '

SORT(L2,2%L1)=0.0

GO TO 500

IFCABS(SORT(L2,2%L1~1)).GT.ABS(SORT(L2,2%L| 1)) 60 TO 210
SORT(L2,2#L I~ 1)=0.0 ,

GO TO 500 v ‘
SORT(L2,2+L1)=S0RT(L2 ,2%L1-1)

SORT(L2,2%L 1~1)=0.0

CONTIHUR

AREA OF CONDENSED NAXTMU' BENDING MOUENT EMVELOPE
TOTAL=).0 . .
L2=2%ul .

DO 370 Lial L2 \ -
L3=TFIX(SORT(1,LINY ‘
V=N, 0 - ’

XA=AL (M(L3)) /5N,

A0 470 322,51

LamL 3+

VE=VM+(ABS{ S0RT( L3, LI JVHABS(SORT(LALLI D)) /2.5 o
SORT(53,L])=vY

TOTALaTOTAL#VM

COMTINUE : B

RETURN

£
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SUBROUTINE INVERT

COMMON/CT/S(T0,70) (N IFLAG, INDEX(TN,2) .

no 108 [=1,N
I'IMEXCI. 1)=0 , ‘
11=0 '
AAX==] "
DO. 110 I=1,N
IFCTHNEXCTL 1)) Hin, LI, 110 ' . .
no 142 J=1 N .
IFCINNEXCIL 1)) 112,113,112
TEMP=ABS(S(I.J))}

[F(TEMP=AAX) (12,112,114

1R0w=1 '

ICOL=J

AMAX=TEMP

CONTINUE

CONTINU=

[F(AMANQ) ’25.I!S.Il6

[MOEXCICOL, 1 )=IRO

IF(IRON=ICOL) 119,118,119

nn 120 J=i,N

TEMP=S(IROW,J) .

SUIROW, JY=SCICOL, J) . .
S(ICOL,J)=TE4P *

Tl=11+) .
nEX(II.2)alCOL
PIVOT=S(ICNL,ICOL) .

scIcoL, ey =t .

PIVOT=1./P1IVOT

no 121 J=1,M , . .
S(ICOL,J)=S(ICOL,J)*PIVOT

ny 122 I=1 .M : ,
[F(I-120oL) 123,122,123

TZHP=S(I, ICOL)
51, ICWL)~0.

]

.

N 124 J=1,N : -

5(1,J)=S5([,J)= S(ICUL JI*TENUP
COHT[NUE

"0 TO 1MQ

ICOL=TNNEX(1T,2)
[ROI=1DZCCICOL, 1)

DN 126 I=1,%

T3MP=S(I, IRO.) ot
501, RO =S( 1, 1CNL) )
S(I,ICHL) =TZupP ' «
II=II-I
IF(IT.LT.n.09. II.GT 2) 6N T 125
G0 TO 134 o
PRINT 133 .
FORMAT( /7 1Y, 23H %% aIHPULAR SATRATY %d%)
IFLAG=]
QETURN -
END
r
a “ .
- - 66 -

4 \‘
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SUBROUTINZ 4STIFF(J)
COMMON/CI/SHAN5,6)
COMMON/CAZANCAN) ,CX(5D),CY(A0) ,ELS0) , ATM(4N)
COUMON/CL/ JTYPE(SDY L AL(AT) (ABCAN) , TITL"
no 1m0 IL-I‘6 .
Do 100 JL=i
“1nn SMN(IL, J’)-O . ;

!F(!TYPF(I) £nN,2) 10 TO 2nM ot
IFCJTYPECI).SN.3) GO TO 3M .

Cwthx FIX-FIX MEMBER STIFFYESS MATRIX . °
St=(ECTI*AX ([ I/ZALCT) |
§2=(4+S([I*AIN(I)I/ALCT)
S3=(1,3%32)/AL(I)
54=(2,%53)/7ALCI)
SUNC T, 135N, 4)351%CX () %*x2+5a*CY( [ Yo
SMB(hi)-?ﬂO(d.H-—S(W(IJ)
SUNCE,2)=54D(2,1)=(S1=Sd)*CX([I*CY(])
5D 4,3)=5MN(5, A4)=547(1,2)
SHN(1.3)=54N(5, 1)1=5147(2 1) =5Mn( 4, 2¥==5'n(1 ,2)
SMN(143)=SMN(3,1)= =3'1N0(1,45)=8S"(h, I)=—S3*CY(I)
SH0(3,41=514N(4,3)=814N(4,6)=5(6,4)=-54N(1,3)
SUN(2,2)=SHN(5.5) a5 I xCY( [)wk24SdwCK( [ )%k 2
SMD(2,5)=2542(5,2)==54N(2,2)
SUD(2,3)=54N0 3,2)=547(2,6)=54D(6 ,2)=53%CX( 1)
smn(3.5>=smn(5.3)=suo(5.s)-sm0(o.5>=-snncz.3)
SHMD(3,3)1=SMD(&,6)=52
SMD(3,4)=2SMD(6,3)252/2
GO TO Anny

Chxdr CIX-PIY-FIX MEUBER STIFFYRSS, wnrnrw °

27 A=AB(I)
B=AL{[)1=A3(1)
SI=(E(T)+aX(1))/AL(])
S2=(I*Z(I*ATH(I) )/ (A%+3+B¥*3)

33=52+4 g
54=53%4 :

r '85=53%9
56=52%3

. §7=S6%3

SANC1, 11=54N(4,4)= SI*PK(I)**2+SZ*CY(I)**2

SHDCI,3)=5MN(4, 1) ==S D01, )).

SUN(1,2)1aSMN(2,1)1=81D(4,3)35uN(5,4)
+=S1*CX([)*CY ([)=S2*CX([I*CY( 1)

SUD(1,3)2S5K0(2,8)=54N(4,2) 9!”(5.!)=—5!0(l 2)

SHN(3,4)=5N80 (4, 3)=53+CY ()
SHN(1,3)=347(3,])1a=54N(3,4)
SMD(4.5)=5MD( 5041 =55%CY L ] )
SMDC1,8)aSHN(6, 1 Ja=SHN(4,5)
SHD(2,2) 254005 ,5) a5 %CYL I) R+ 2+52%CK () %+2
S"N(2,5)=254(5,2)==5MN(5,5)
SHN(2,3)=SMI(3,2)353*CX([)

< SHD(3,3)=5M0(5,3)=-54N(2,3)
SUNI2,8)25M(6,2)256*CX([)
SHP(Y,6) 854D (6, 5)=-SMD(6 2) :
SYN(3,3)=54 .
SMN(3,8)2SMN (6,3 )%55 :
SHN(6.8)wST .
GO TO 400 . :

- B .
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C#*** PIH—-PI’\( UEMBER STIFF*ICSS MATRIX : '

300 s::z?qﬂuxm)/um .y «
SUDM 1 1=2SKN(4,4)=SI*CX([) w2 '
sMn(2, 2)=SMD(5 5)=SI*CY(])**2
SMNC1,2)=SHN(2, | I =SMN(4,5) =5HN(5,4)=S 1 *CX( [)*CY(I)

i SMDCI 4)=SMD(4.1)=—SWD(I.I)

! SMOCT ,5)aSH W 2,4)=SMD(4,2) aSNN(5, ] )a=SUD( ] W2)
. . S¥N(2,3)=5Mn(5, ?)s-S'm(? 2)
400 RETURHN ) o .
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Cw#wx SUBROUTINE FSF(FIXET €NN FORCES) FOR NETERUINING

N ‘JXSUBROUTINE FEFCIGG)

50 AM

Cordedrde

C*ﬁ**
2NN

3N

501

o2 220

P

COMMON/C2/PP(60, 30) MW(GO 30),ITYPE(S0, JD) 8B(49,3n) ,NL4S(40) (NL

+C,PBA(10D,10)

COMMON/C4/AX(60) (CX(59), CY(60) (40) A[V(ﬂﬁ)
COMMON/CS/JTYPcféﬁ) AL(GN) AB(GO) TITLF

COMMON/Cd/A%(éO 8)

QEAL MA,MB '
- INTEGFR 3¢

MLM=NLS(155)

DO 50 Li=l,52

DO £0 L2=1,6
L1,L2)=0,0

IFCILY.Z0.M GY TO 100)

no 1000 II=1 HLY | !

p=Per1.rnc) s
B=RR(IT, I .
nsAL(ww<rr rﬂr))

C=n-8 -

IFCITYPRC I, IPP).cn.z) 5% TO 500
TECITYPECIT,10).60.3) 69 TO 870
IFCITYPECHM 1T, 165)).£1.2) GO TO 2M
[ECTYRPE (MM T, IGR)) LENS3) 60 TO 320
UDL  MEMRER TYPE .

RA=PRN/2, -
MA=P*D**2/12,
AMCHRCTT TO5) 4 2) AR YO TTL [16) 4 2) 404
AMOMO [T IN59,5) =AM (T, [55),5)+RA

AT D) =AM O T 1550 4 3) +HA

AMCIRCTTLI05) (6 =AMOMC T, 15G) 4 §)=4a
G0 TO 1007

unL MESMBER TYPE 2. .
H=ABCYMCIT, I6G) /D

MABPRD*EI A Hr( GHER*I=RH4+T) /3% ( I {drD =%+ 1)

" Cwawew, THE HONE FORCES DUE TO APPLIEN MEMBER LOADIDNGS

MBmPENek 2% (| wH ) % (A de% =45+ | ) /% ( JhH** 2= 3k H{+] )

AMORACTT,IOG) 3)=AMOM(TT,I65),3)+%4A
AMOMMCTT L I05) 8 =AM (WA TT, 155) ,6)448

AMCMOTTLIG5),2)=2AMOCCRCLT, [55) 2V +(HA+R) /N+Pwn/2
ANCHMOTT, INGY, 5)=AU(““(TI 13G).5)=(1A+ [8)/N+P#+N/2

5 TO 190

* Ciddx “UNDL ASUBER TYPT 3

RA=pP«N/2, '
AMHUCTT, 1A75) 2)=AH("N(IL.D?G).2)#D&
AW(W“(II.IG?).5)=RM(WH(TI.I?G).5)+R\

50 TH 107D

TFOUTY =TT, 165)) BN 2) ”ﬂ TO 401

'lr(J{YPC(iﬂ(II 195)).87.3) 30 TH 77

PT. L0AN A5ypeR TYPE A .
WA-P*B*C*»?/ﬂ**z )

UB 2Pk Jhat 2503 /N2
QAxPxCoued (3% Q+C) /Nwx3
RRmP+Biend« (QeI4C ) /Nw%3
AM("M(II.[?G).Z):«M(Vﬂ(I[.IGG).ZJ+QA
AMCUMCTTLIAS), a1, 1575), 3)+MY°
AMCUHCTT L IAS) ,S)mAM (M 1T, 100),5)+R)
1ﬁﬂ(ﬂ“(rl JIGG) A mAM NS T, 14*).6)*“9

o

g el A v

¥

.

n




g i S g
- .

o T ~4tac.5:-m.sc.mosamwwm.
. “' PT:)|w

- ST G0 TO inn ~ : Ce
Cownex PT, LOAN/ 'MEMBER TYPS 2, ¢ v
670 H=ABUMM(II, xroon/o
HK=B/D, B .
TF(HK.LT.H) 50 TO 625 « .
- IFUHK.AT.HY GO TO 650 o
MAm Pkl ( I-H)**3/(3*H**2-3*H+l )
o MBa=PaNAH Ik 3 (1 =H) /7 ( 3w {#k2=3%H+ 1)
RA=P*N/2, . |
AMCMM(IT 16, 2)-A’(M'«(H mm 2)4+R%
o AMCMN(TT, I66), 3)=AMCUMC TT,[15) , 3) #44
, AMCMNMCITI05) (S)sAM{ MO T1,175),5)+R4
AMCMM(TT L, IGG), 6)-Auluu(rl 130) ;6) +MB
GO TO 1nA0 i

", RA=(MASIB)/DePEC/Y T |
‘RBu=(HA+4BI/NeP¥B/D |/
AMCIMCTT L IA5)  2) mAMCHMC BT, 105) ,2) «RA
CAMCHIC T IAT) 2 3 mAMCHUC LT, 176 )y 31 4HA
SAMCHMOTE, 165) . 5) @R CRICTT, [55) . 5) +RB
AHCIUCTT, 135) .6) mAMCANOE ], ms) 6)+MR
Jﬂ TO l')')O PR
550  MA=P¥DAH( |~HK)
UBm=Pr (| =
‘0w (MA+4B+PEC) /D
ASm( ~( {A+'E ) +P*B)/D N
AHCNMCTT, TR3) ., 2 mAMCHMC [T 4106042 +RA
u,(vmn 195) o 3)=AMUMC T, 170) , 3) 44
© AMUMCTTLI53) ,5) =AMCAC LT 1756, 50483
& ACHRCTTL 190D, 6)spMCHNCTT, 173) 1 6) #4B
59,700 1 70
C+trw PT. LOAD  4EHBER TYP= 3

625 MA=P%D*(HX~( (HIC**Z*H*( IH4=HK ) ) /2% Intia2- 3444 1)))
MBr=PrHKw w2k ( [ ~H) % ( IWH=HK) /2% (FrHH*2=3%H+)) ¥ > '

¥

{

z*(amz-awv?*qu*w-s»m) -~
X~ ((1-HK ) ##2% (1=H) #(HK+2- 3*H)/2*(3*H**?-3H4-1L))

.

(-

T AMEERCTLL 1537, 2) sAMOINE 1T, 155) 2)+cp*c/m g .
mmmu,/t#x,.sw-u(umu I66),5)4(P*d/m)  * v

Gy 1O,

" Cren SUPPRY SETTLENSIT “euazn FIXESHD Foncs , /

Crawx FOR YEBETS TYPE | 'AYMD 2.
C. DESPLACTMRENT [N XaPPC I, [15)

¢ I Yasp(It,[es) v

- c JIN ZRBACITL 1)
< AWM PREPRALILIYY) | .
S - u A e R
.- [FLITYPR(RCH50:2) 00 TO 970

sode EF Ag1iEn TYSE 1.
FIaAX(3CI#SESEI/AL(BC) . B ~w
- S E2I22ERCAINCI/ALRCI 1D
- FdeE2¥AL(BCI/2- - ‘ ..
A FAmfIMLIBC)YL,5  ° - .
. : AMCBOS I DRAAC3C, 1I4FI%P  © ¢
- L. AM(BC,2)wAM(UC,2)+FIBeFINPB :
: "uac.,s)-;\-mc 3)4FI4TF PR ¥
* AM(BC,1)=AM(SC,4)-FI*p
AN(BGi5) =AU(3C,5) -F2%B~F 3%pA -

.’ .‘ . .

. Crask LOCAL AXIS SUPP. DISP. AT 'MIDZ(S). 1 OF 4T43ER(S) I
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Cuwww FOF MEMBTR TYPE 2, - - M ‘ -
. ‘ 770 ADB=AB(BC) | .
e AC=N-483 ~

7 T FIaAX(3C)*S(3CI/AL(ICY T . ’ s
) : . .. F2=3wE(SCI*RIN(BC)/ (ABB#*3+ABCH3) . ‘ .
= - AALBC, 1 )=AH(3C 1) +F | %P , : ) .

. 1
. . A%(BC,2)=mAM(BG,2) +F2*R+F2+PR*ARB . - o
. “ e AS(BC43)mAM(BC,3) +F2%3¥ABB+F2#PBABBY+2 . . ‘
) . AHBC, ) =Ai(3C,4) =F | +P - . - -
‘ . » T ANGBC.5) =AM(BC,5) ~F24B-F2+PBeARD o S
' A(3C,4)=AM(IC,6) +F 2%BHABC+F 2*PR*ARBN ARC

. . . 1Ay CONTIHJE - ) ’
B . ¢ S I’VH"RC.TUD_” ~ * ' : ’ %h t 0 M f' [T
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SUBROUTINS SNUILIBCIRG)
INTE6ER DISPUSE
COMION/C1/J04N) (X0 40) , ¥(40) , JI(60) (JK(5N) (K (40} KK (49,30),
+A(120, 30).HLJS(40).D[SPOSE.VCS NBS (M1 MJ YRS QUM NINT FG(AN . 5)
PRINT 107,163
00 10 Li=i,"J
™ 5 L2=i ,MRJ
3 IF(L1.30.X¢L2)) GO TO 10
AX=AYmAZ=21.1
Aar (=4 (3+L1=2,1GG)
AYsAY=A (3L 1~1,16G53) °
AP=aAZ-A( 3% ], 106)
N 39 L3wl ¥
TFCLILE, J3(L3)) 60 TO 30
AN=AX+FS(L3,1) )
AYsAY+EG(L3,2)
AZ=AZ+FS( L3 3)
<30 _CONTIUE
) 4N L4=) M) -
lr(LL IR J((LA)) GO TO 40
AV=AX+FR(L4, 1) N
AY=AY+F3(L4,5)
. AZ=mAZ+PG(L4,A)
40 COMTINUE - .
PTINT 270,L1,AX,AY,AZ R ' by
A0 COUNT MR . ‘
19 FORMAT(// 5% % JOINT FguerBquu CHECK’ (PLnBAL AXIS) LOAD CASE*,[4:
*,/ 5K, wJT NELTA-X + NELTA-Y C NELTA=Z+,/) . .
279 FORMT(5X. 12 3OIX,G11 .4, IX)) .
RETURM .
=0
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L . .
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: SURROUTIME PQINT(HI.IGG.LFLAu)

COYMON/CR/SORTIS3,74),DC122), T)ISP(‘QO R VlT(b3 43) .

- [F(LFLAG.EN. 1) ICOU!T=WI ' ’ -
[FCLFLAGNE. 1) ICOUMNT=2%M1 . .ot ..
W2=| [}
N3=n 4 .

50 ICOUNT=ICOUNT=IN
[FCICOUNT .G, M) JCOUNT=1D *
IFCICOUNT LT. M) YCOUNT=TCOUNT+10
3= 3+ JCOUNT s . ‘

* [F(LFLAG.8N.2.0R.LFLAS.EN.4) 50 T 590 !
PRINT 170,42,M3,106 . o ‘ . .
PRINT 270,(SORT(1,2*L1),LI=42,43)

oN0 300 LI=2,53 ,

L=l 1=~2 . . N

* 3m PRINT 4mn,L9, (AMT(LI,L2) ,L2=42, MJ)

S0 TO 110 , ’
590 IF(LFLAG.B2.4) M4“53
IF(LFLAG.BN.2) H44=52

o q f

PRINT 471
PRINT 270, (S()R"'(I LI L=k 43 .
nn o7an Li=2, M4 . ’ ) %
L9=L =2 ' '
770 PRINT 470,19, (SORT(LI L2} ,L2=42,43) o
1170 TFCICOUNT.LELN) GO T0' 1500 S
‘1’=M3+' ©

G50 TO 30 * o
|')o FORMATCIHI , 4, *BENDING MOMGNT ouc‘nA'A...AcwaERs* 13,* 1{)*.13.* LOA
) CAS%{ 3079
270 FORMATYAX,12(F3.0,9X),
470 FORAATCIX,I2,%) * mu. 511,85 .
500 FORMATCIHI, 4x.~ecu*u%mvcu SORTEN MAX 14U BENDING wmmn' ENVELOPE
+*,7) .
15 RETURN - v . . -
END o .

a '
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SUBROUTINS PRINTI(M,NBAYS NST)

COMMON/C1/J(40) 4 X€40) ,Y(40) . JJ(6N), JK(sn) K(40) ,KK(40,30)
+A0120,30) NLIS(40) , 0xquss NCS  UBS M1 .M R NOM,NINT, EG(40.6) -
COMYON/C2/7PP(6M, 30) , A (67,303, ITYPE( 60, 30) BB {60, 30),NLMS (47 ,NL
+C,PBA(10,10)
COMMON/CAZAX(60) ,CX( 50, CY (AN (E(6A) , AIN(6M)
COMMOM/CS/JTYPE (6N) (AL(67) (AB(A0) ,TITLE

, DIMENS TON - X (A0) .

o “ INTEGER nNISP0SE . : L. - d
PRINT 14n -
PRINT 145,TITLE .

PRINT 15n,]1UM, DISPOSE . *

IF(DISPOS'—Z.E‘) 2.09,NISPOSELEN.3) GO TO 19 : !
PRINT {60,41 ,MJ,NRJ,NLC '
GO TO 20 . .
In PRINT 140,41 ,NJ,NRJ,NLC ‘
PRINT 2RN, NS, MBS MINT
[F(NISPOSE.20.3) PRINT 235,MNBAYS,NST
’ - 29 PRINT 172 ,
.00 30 1=t ¢
c 30 PRINT 190,001, XCD),Y(I) .
PRINT 2M : . .
| nO 40 [=1 M1
: 40 PRINT 220,41, JTYPE(D) , JICT ), JKCD) LAXCY LAINCTY ,B(D)
PQINT, 211
DO AN I=l LN
. 60 PRINT 24n,I,ALCI),CX(I},CYCT), AB(()
PRINT 23n
nn oinn =1 ,NRJ . N
170 PRIMT 250,K(D) B C -
NN 320 I1G=i,NLC .
o ! IF(NLJS(1G).EQ.0) GO TO 120
PRINT 279,15 . o
[5G=NLISCIG) . '

a

. ) Dy HO I=1,156

v *1in PRINT 299, 7(((1 IG) JACUIRKKT T I5)=2)  1G) LA C(3*KK (T, IG) - 11.1G)

* 129 [F(\ILMS( 1G).50.0) GO TO 320
PRINT 3,15

[65=NLASCIG)
DO 130 I=,16G \ )
N IFCITYPSCTLING).NE,2) 50 TO 12]
PRINT 311,MU(1,13),ITYPE(I, 15),PPCL, 1G) ,AB(I, 5. PBA(! ) '
G0 TO 13Q

/ ' 121 PRINT 310,49CTIG), [TYPECT,IG) PP(1,1G),B(1,16)

: )(" 130 COMNTINGE - C o

140 FORUAT( IH"%T.*PFRA‘JF VERSION 1.1 DEVE 1)PE") RY JOSEPH JALLACCIU®,/

+, 54, *ANALYSTS UOF PLANE, STRUCTURES (STIFFNESS YETHOD)+)

J45 FORMAT( /7 5%,5A12) : ' e
- 150 FORMAT(/ SX #FRAME®, T4,% ,..NISPUSE TYPE*,12)
o 150 FORMAT(/¢5X, 13, % ASHBERS/%, 134 #. JOINTS/%, 13, % RESTRAINTD JOLITS/%,
+13,% LOAD CASE{S)*) -«
T, 170 FORMAT(/5X, #JOINT COORDINATSS#,/ 5K *JT4 5% XL TX, 4V ¢
: 190 FORUATL4X,13,2(2X,FA.2)) °
. " 299 FORNAT(/ 35X, *¥BMRIR DESTHMATION AND PROPS QTIFS*./ 5X WHERER TYpE
* 1 %, dX WAREA® TY, *IHERT[AW,5X,#¥ OF -5%) X
S 200 FORMAT(SX, WUSMAER LSHAT  CoS=X crf33¥ Av) .
’ * ' i

.+ A((3WKKIT, IGJ) 13) \
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220 FORMAT(SX, [3.6X,11,202X,[2).2X,3(519,4,1X)) .
. 230 FORMAT(Z\5X,*RESTRA[NEN SUPPORTS*,/,5X, %« ST*)
- . 240 FORMAT(SX, [3,5X,F5.2,2024,F5.2) 42X F6.2) .
i

FORMAT (4X, I 3)

FQRHAT(5X. [3,5X,F6.2,2(2X.F5.2))

RMAT(/,5X . *JOINT FORCES (GLORAL AXIS SYSTTM} LOAD CASE*,13./.5X%
L e TR R Xk, LY kY, X % 2x)

299 FORMAT(SX [3,% COLUMMS/*,13,% BEAUS/ *,13,% PIl [HTEQVALSH)

295 FORYMAT( 14+, 45X ,%/%, [4,% BAY(S)/*, STORY(S)*)

20N FORMATI4X, I3, 1X,F10.2,2(2X Fiog2A} - .

I FORYMAT(/ SX *HEMBER  LOAD (MEMEER AXIS SYSTSY) LOAD CASSw,[3,7,5%
+ *MEUBIR TYPCH TX *A L% (T, A2+, T, *A3%)

© 310 FORMAT(6X,T3,2X,13.3%,2(1X,FR.4)) 4

Lo 311 FORMAT(6X, 13.2X, 13, 3%, 3C1X,F8.4))
. 20° CONTINIE ) : ’
1 . - N
¥ _ RETURN . s
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