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ABSTRACT

This report dgscribesva computer program'for the sway
increment method for the elastic-plastic analysis of unbraced multi-
story frames. The program is designed to determine the lateral
load versus‘érift behavior of an unbraced multi-story frame up to
and beyond the stability limit load ﬁnder nonproportional combined
loads. Detailed explanations of the sway increment method can be

found in Ref. 1 of the report.

Tﬁe reportlgives a brief explanation of the program,
instructions on the use of the program and interpretation of the
o_utput.'- Also, a full listing of the program, flow charts and por-
tions of the output from an analysié'of an example frame are pro;

vided.




1. INTRODUCTION

In the analysis and design of an unbraced multi-story frame
it is necessary to be able to determine the complete lateral-load

. C The

versus drift behavior of the frame or individual stories.
loading conditions should be nonproportional where the gravity loads
are held constant while the lateral loads vary. This loading‘con-

dition is considered more realistic than the proportional loading

condition.

>

Continuing research into the behavior of multi-story frames
is presgntly investigating the redistribution of lateral loads to
parallel frames which are dissimilar, This research also requires
that the complete loading and unloading behavior of multi-story
frames under the nonproportional loading con&itions described above

can be determined.

This reporé describes a compﬁter progfam developed for
use in conjuﬁction with the sway incremeﬁt mefhod of analysis
described in Ref. 6. The swéy increment method of anglysis is based
on determining the magnitude of an assumea distribution of lateral
loading when the frame is subjecteq to.a known'sway or drift; and.
the gravity loads are held constant. The méthod uses a secondforder
elasﬁic-plastiC‘analysis; aniincremental péocedure and a "ﬁext hingé"
prediction technique to improve thé program speed and éfficiency.

The method includes column shortening, hingé reversal and the effect




of residual stresses in the columns. A unique aspect of the sway .-

increment method of analysis is the.technique of applying the consgant

gfavity loads. Before considering the lateral loads, fhe gravity

1qads are applied incrementally to detect plastic hinges under

gravity loads alone. In this way a frame with initial plastic

hinges or real hiﬁges can bé analyzed under'combined loads. Further
details of the theoretical deve lopment of.thé methoa are contained

in Ref. 1.

The computer program described herein was programmed
in Fortran IV for use on a CDC 6400 computer located at Lehigh

. RS Univers ity.
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2. COMPUTER PROGRAM

2.1 Computational Procedure

The computational procedurebin thélprogram is that given
in Chapter 2 of Ref. 1, which is repeated as follows:
1. Assume that the frame is initially unloaded and
_unstrained. |

2. Apply the working gfavity loads first. After that,
increments of the gravity load will be applied.

3. Calculate joint rotations and joint'vertical deflec-
tions at non-swayed position and then all member end
forces.

4, Check all moments., If there is any cross-section where
the moment exceeds its plastic moment capacity, insert
a plastic hinge. |

5. Repeat steps 2 and 4 gntil the factored gravity loads
are reached,

6. ,Set sway increment., Initially, an arbitrary small

increment is chosen and from‘then on, the increment
is determined in steps 13 and 18,

7. bétermine_stability facfors and stability functions
of incremental slope-deflection equations for ail
members with the known member end forces.

8. Apply the sway increment which is fixed in step 6,

to the bottom story (to the failed story, after the




10:

‘11,

12.

13.

14,

stability limit load is reached) and calculate the

‘corresponding incremental load intensity.

Determine the sway increment which results in same
incremental 19ad intensity with that calculated

in step 8 at each story except the story used’in step
8, by iteration.

If the sway increment caqnof be obtained at a par-
ticular story in step 9, this means that no more
lateral load can be resisted by the story and the
stability limit load is reached. Now on the sway
deflection éf the failed story is incremented,

Calculate incremental moments, axial forces and axial

shortening of columns from the deformations determined

in the calculations of steps 8 and 9.

Repeat stéps 6 to 12 inclusive until the wvalue of the
incremental load intensity calculated in thé bottom
story (in the failed story, after the stability limit
load is reached) converges for the given‘sﬁay increment.
Predict the minimum sway increment required in the
bottom story (in the failed story, éfter the stability
limit load is reached) for next hinge. Repeat steps

6 to 12 until prediction converges within tolerance.
Calculate inelastic hinge argles and test if there are
any hinge reversals. If there are any‘hinée reversals,

lock the hinges that have been unloaded. Return
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sway increment to the value at the start of thé current
increment and do again from.step 6.

15. Calculate the total lateral load and the total sway
deflection at each story by adding the current incre-
mental values to the previous subtotals.

16. Test the ratio of the maximum lateral load (corres-
ponding to the stability limit load) and the present
lateral load. If the ratio reached the desired range‘
on unloading part, stop the program and terminate the
calcuiation. - '

17. Check all moments and insert a new hinge at the loca-
tion where the moment reaches its plastic moment of
the section. |

18. Predict the minimum sway increment of the boftom story
(of the‘failed story) required for the next hinge.

19. Repeat éteps 6 to 18 until the condition in step 16

is satisfied,

2.2 Brief Description of Program

vThe whole program was divided into.a maihbbrogram and nine

A sgbroutines‘fér ease in compiling. A listing of the computer program
is présented.in Appendix I, The flow charts of-ﬁhe main program

and individual subroutines are given in Appendix III; The Symbolsr
used in the program and in the flow charts‘are explained in Appendix
II. The subroutines called by the main program or other subroutine

are briefly describgd,below.



Subroutine BEGIN: - Reads the geometry of the frame, member sizes

and working gravity loads and lateral load indices. The material
properties such as yield stress, modulus of elasticity and residual
stress level are read at the same time, All the input quantities

are printed out for future reference.

The end momenﬁs on beams and columns, joint rotations and
lateral déflection are initialized. The plastié hinge combination
for beams and columns is initialized as combination which does ndt
have any plaétic hingés (the detailed description on various com-

binations is given in Section 4.1).

This subroutine also calls subroutine GRALD which performs

the function described below.

Subroutine GRALD: - The gravity loads are applied to the frame in the

non-swayed position. The working gravity loads aré applied at firét
and after that, the gfavtiy loads are incremented until the factored
gravity loads are feached. The main function of this subroutine is
to check the formation of any plastic hinées under gravity»lpads
only and to take into account of the effect of tbe'plastic hingeé,

. 1]
if any.

Subroutine CSCOE: - Determines the incremental fixed-end moments for
all beams and the slope-deflection coefficients for beams and colqpns
according to the plastic hinge combination., It also computes the
summation of incremental independent moments at theljoints and

in the stories. These moments do not depend upon the incremental
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joint rotations or sway deflections of stories. They are incrémental
fixed-end moments due to incremental gravity 1oad§ or:vértical
deflections of joints or the moment differences caused by the varia-
tion in reduced plastic moments at the column plastic hinge locations

or carryover moments.

Subroutine gORE - Sélves the joiﬁt equilibrium equations for thé
incremental joint rotations utilizing the Gauss-Seidel iferation
method. These equationsvcontain known quantities like élope—deflection
coefficients, incremental independent moments and sway deflections

of stor;es. From the values of qalculated incremental joint rotations,
_ the story shear force is compﬁted. Then, the value of the applied

lateral load consistent with the given sway deflection of a story

is determined from the story shear force.

Subroutine ENMT: - Determines the incremental end moments acting

‘on the beams and columns utilizing incremental joint rotations,

sway deflections of stories, slope-deflection coefficients and
incremental independént moments acting on each member. These
incremehtal end moments acting on each joint will be in balanqe.
Adding the incremental end moments to the previous subtotals, thg
total end momenté acting on the beams énd columns at a sway increment

are determined, : .

In this subroutine the axial loads in columns are also

- computed ffom statiqal equilibrium for the given vertical loads and
the end moments on the beams. From the calculated axial loads, the
incremental axial shortening of the columns and then the incremental

joint vertical deflections are computed.



Subroutine PRED: ~ Predicts the minimum sway increment required in

the bottom story (in the failed story, after the stability limit

logd is reachéd) for tﬁe next piastic hinge. The increments of laterél
load intensity at all the potential hinge locations are calculated

for plastic hinges from the linear predictions and then the smallest
increment is selected for the next hinge. The smallest increment

of lateral load intensity is converted to the necessary sway incre-
ment of the bottom story‘(of the failed story, after the stability

limit load is reached).

Subroutine HINRE: - Computes the incremental inelastic hinge rotation

and examines for any reversal of the direction of the rotation at
each plastic hinge. If there are any hinge reversals occurred, the
plastic hinges are eliminated and plastic hinge combination numbers

are adjusted accordingly.

Subroutine BEAM: - Chécks all beams for new hinge formation. If

a plastic hinge has formed, a proper plastic hinge combination
~ : : /

number is allotted to that beam. The combination number, the end

moments and the maximum positive moment of each beam are printed

out at each sway deflection increment.

Subroutine COL: - Does the same functions for the columns, which

subroutine BEAM does for the beams,

2.4 Limitations
The limitation imposed on the number of bays and the number

of stories is that dictated only by the computer time and the storage
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capécity of the particular computer employed. The program listed

.in Appendix 1 can be used for a frame up to 30 stories high and 3

- bays wide. For a larger frame, the dimensions for various variables

should be adjusted accordingly.

In the program, the deformation‘history is épecified at
working gravify loads and at each increment of gravity loads in
the non-swayed position and at each successive hinge. The infor-
mation between hingevformations is not recorded. Also, the defor-
mations are calculated only at the jﬁints; that is;»ih—Span deflec-

tions of the beams and columns are not calculated.

In the computer program, the test employed for convergence
of a hinge prediction requires that the difference between tﬁe
prediction in the previous cycle and in the current cycle should
bé Wifhiﬁ 5’percent of the predicted sway increment of_the previous
cycle. As the criteria for the formation of a plastic hiﬁge,
the difference between the caicﬁlated moment at a section and the
plastic moment or the reduced plastic moment of the section should
be within 1 percent for beams and 2 percent for columns.  In some
cases,.the above criteria are satisfied simqltaneously at more than
one point in a frame. In such a case it is considered that more thaq
one plastic hinge form at the same sway increment. Those criteria

could be modified, if necessary.

in applying the grévity loads to the frame at non-swayed
position, the working gravtiy loads are applied at first. After

that, the gravity loads are increased with the increment of one-
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tenth of the working gravity loads until the factored gravity loads

are reached. If it is desired to use a different magnitude of the

’ /
increment of the gravity loads or other initial gravity loads instead

of the working gravity loads, those factors can be ad justed,
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3. DATA CARD SET-UP

The first card of the data card requires the specification
of number of stories, number of bays, modulus elasticity, yield
stress level, residual stress level, load factor for combined loads

and load factor for the initial gravity loads to be applied.

On the second card, bay lengths (center-to-center span
lengths) are read from the left., On the third card, story heigﬁts
and lateral load indices are read from the top. Following this
card, moments of inertia and plastic moduli of beams are read frém
the top left to the bottom right. Next, working gravity loads for
Beams are read from the top left to the bottom right. Then, moments
of inertia, plastic moduli, areas and workiﬁg gravity loads for columns
are read from the top‘left to the bottom ;ight. Lasf, depths of

columns are read.

The following descriptions show the set-up of the data

cards and input formats used in the program. o .



Data

Card No.

1

3F*

4F*

5F%

6F*

1F*

Number of stories

Number of bays

Modulus of elasticity (k/inz)
Yield stress lével (k/inz)

Maximum compressive residual stress
nondimensionalized with yield stress

Load factor for combined loads

TLoad factor for initial gravity loads
to be applied

" Bay length (in) -

Story height (in)

Lateral load index

Moment of inertia--Beams (in4)

Plastic modulus--Beams (in3)
Working gravity load--Beams (k/in)

Moment of inertia--Columns (iné)
Plastic modulus--Columns (in3)
Area--Columns (inz)

Working gravity load - Columns (kip)
Depths of Columns (in)

-13

Symbol Format

MS 215
NB |
E 5F10.3
FY

FRC

FAC
GLF

S 4F10.5

H 8F10.5
BI 6F10.5

FL 6F10.5

cI 8F10.5
cZ

AR
PC
D 8F10.5

Read "and following cards as required" for F¥*

As an illustration, for a frame with the geometry, member

sizes, working gravity loads and lateral loads as shown in Fig. 1,

the set-up of the data cards for input is given in Fig. 2. The frame

shown in Fig. 1 is used for simplicity in this report. Otherwise,

no restrictions on the frame size are implied other than those

imposed by the capacity of the computer.



4, INTERPRETATION OF OUTPUT

4.1 Sign and Numbering Conventions
The sign convention adopted in the program is as follows:
1. Moménts aﬁd rotations at the ends of members are positive
3 when clockwise.

2. Moments acting at a joint are positive when counter-
clockwise, |

3. Moment in the’interiOr of‘a‘beam is positive when it
produces tension on the bottom.

4. Moment in the interior of a column is positive when
it produces tension on the right.

5. Horizontal shear in a column is positive if it causes
a clockwise moment about the end of the column.

6. Axial férces in beams and columns are,positive when
they produce compression.

7. Veftiéal deflection of joints are positive when down-
ward. ;

8. Llateral deflections of joints are positive when towards

the right.

The numbering system for a level (boundary between two
stories) used in the program starts from the top of a frame with
one and proceeds downward., Stories are numbered from the bottom

and proceed upward. Bays are numbered from the left.
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In o?der to specify the hinge combinations occurred in
members, a numberiﬁg system showﬂ in Fig. 3 was used. The same com-
bination number was used for beams and columns, For\beams, the end
A in Fig. 3 is corresponding to the left end of a beam. For columns,
the end A in Fig. 3 is corresponding to the bottom end of a column.
Hehce; from the combination number of a member, the locations of
plastic hinéés on the member can be readily located. At each sway
increment, tﬁe combination number for each member is printed out

along with its member moments.

For the designation of the location of the possible next
hinge point for which the sway increment is adopted or the locations
‘where hinge reversals occur, the potential plastic hinge locations
of a member at the start of analysis were numbered. Those 1oéations
are both ends of a member and an interior point where fhe maximum
bending moment occurs., For converiience, in the program the potential
hinge locations of a beam and a column afe numbere& consecutively
as shown in Fig. 4. Using this. numbering system, a potential hinge
location can be identified with the level number, the bay number and
the "potential hinge number'", As an example, the location marked
with A in Fig. 4}is identified with the point with number 2 atvthe
Mth level in the Nth bay of the frame. -The quan;itiés‘pertaining to
that location can be conveniently designated with three dimensionally
subscripted variables with level number as first subscript, bay number
as secénd subscript and potential hinge ﬁumber'as third subscript. 1In

output, the possible next hinge location for which a sway increment



is adopted is described with the three subscripts. The locations

where hinge reversals occur are also indicated with the subscripts.

4.2 Output
All the input quantities discussed in Chapter 3 are printed
out at the beginning of output. Then, the total load factor and the
incremental load factor for gravity loads, the locations of plastic
hinges, member moments (k-in), axial forces in éﬁlumﬁs (kip) and
joint vertical deflectionsb(in) are printed out at each increment
~of gravity loads in the non-swayed position. Next, ‘the following
informétion is printed out at each sway increment: the required
sway increment for next hinge (*E/H) (k/inz) and the location where
the increment is adopted, the process of iteration for lateral load
intensity by specifying its value at each iteration, the process
~of hinge prediction by specifying the number of iteration, the total
sway increment adopted at the current iteration and the correction
for the next iteration, number of hinge reversals occurred, tﬁeir
locations, total inelastic hinge rotations (*E)(k/inz) at the previous
increment at-the plastic hinges subjected to“reversals and increment
of rotation (*Ej(k/inz) at the locations at the current increment,
if there are any hinge reversals, total lateral load intensity
(kip), lateral deflections (in) and deflection indices of indiviaual

stories, deflection index of frame, locations of plastic hinges,

member moments, axial forces in columns and’ joint vertical deflections,

As an example, portions of the output from the analysis of
a two-bay three-story frame shown in Fig. 1 are presented in Appendix

IV. Page 80 of Appendix IV includes the results of the analysis with
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factored gravity loads in the non-swayed position and the output
from the first sway increment. Page 81 contains a portion of the
oﬁtput at a sway increment before the stability limit load is
reachéd. At this increment a number of plaétic hinges is seen to
have formed. However, there are no hinge reversals at this stage.
Page 82 presents a portion of the output at é sway increment after
the stability iimit load is reached. The negative increment of
lateral load intensipy indicates that the lateral load decreases and
the frame is unloaded. At this increment, eight plastic hinges are
éubjected to hinge reversals., The stability limit load (the maximum
lateral load) is recorded when it occurs. However, in this example

the output at the maximum lateral load is omitted.
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PROGRAM KIMDI3(OUTPUT,TAPE 2=0UTPUT,INPUT,TAPE 1=INPUT)

PROGRAM FOR COMPLETE LOAD-DEFLEZCTION BEHAVIOR OF UNBRACED FRAME

LAa=1 AXIAL SHORTENING IS NOT CONSIDERED
LA=2 AXIAL SHORTENING IS CONSIDEPRED
LR=1 HINGE REVERSAL IS NOT CONSIDERED
LR=2 HINGE REVFRSAL IS CONSIDERED

NoleReoXrNoXo ks Re Ny N2

COMMON/BLOCKA/E+FY s BI(30+3)33Z(3053)4PB(30+3)5CI(30,44),CZ(30,4)4~R
1(3054) yPCU30alt) dET(3144) 4P7Z(4) XB(3043)+s3A(3043)+8BB(3043),485(30,3)
23BAP(30+3) +BBP(30,3)4BCP(30,3),FBA(30,3),FBB(30,3),BATI(30,3),BBRI(3
3093)y8BCTI(30,3)+sCA(3043)+,SA(30+3),CB(30,53),S3(30,43),KC(2044),BU(30,

T 4h) $RL(3Ue4) $BM(30,4) sBUP(Z0,4) yBLP(3044) +BMP(304,4) ,BUT(30,4)BLI(3
5094) 9BMI(3044) yFBUL304.4)sFIL(3044) 4CPI30,4)5CP2(30,4)43CU(30,44),SUL
630 ,4)4CLI30+4) 9SL(30s4) yCC(3044) yCS(304) 9CX(3054),SX(3044),CY (30,
T4) 9SY(3044) +SM{30D94) 9SH(30) 3 X(3093)3Y(30453)9XC(30,4),YC(30,4),P (30
Bl ) yPP(30y4) yPI(3044) sED(I094) sEDT(30,4) JEDTP{30,44) 4HF (3N),HFP (30)
Gy HFT4PHF s HMAXHZER(30) s ERP(33) yERT(30) yIMyKAAJKMyMAXP 4 MF 4yMS 4y MTyNR4NC
1sMyN,DERNyLNDSFRCINHRSLAZLR,BP (3043)9yD(3Us4),H(30) yWH(30)+FL (30,3),
2S(3) yRY (304+4) yHRO(3094456) yPHRO(309446) yKHR(309445) yKPRD4GLF,TGLF,
3FACySMAKBP(2042) KCP(3044)

DIMENSION HHF (4) 4HER(4)

LA=2 : '

LR=2

IM=1
- KAA=1

NNN=1

NDER=1

KM=1

IT=1

MAXP=1
GALL BEGIN

IF(IM.LE.0) GO TO 100

120 MK=1.

ER(MF) =DERN

PDERN=DERN

TDER=0.0

1 TDER=TDER+OERN.

NM=1

2 DO 50 M=1,MS

SH(M)=0.0

BO 50 N=1,NC

SM(MyN)=0.0

S0 CONTINUE

CALL CSCO=

IF(IM)100,100,3

3 M=MF ‘

CALL HORF

_IF(IM.LE.U) GO TO 10D

WRITE(2,103)M,HF (M) ,ER(M)

"IF(MF.EQ.1) GO TO 14

NS=1 '

NSL=MF-1

IN=1




14

13

11
12

61
60
16

17

18

=20

GO 70 13

NS=MF+1

NSL=MS

IN=2

DO 15 I=NS,NSL

IF(IN +EQ. 1) GO 7O 11 .

M=T ) . . P
GQ TO 12 ’
M=MF=-T

NN=1

DO 5 L=1+4

HHF (L) =0,0

HER(L) =040

IF (MK=1)60+60,61

ER (M) =ER (M) *HF (MF) /HF (M)

GO TO 18

IF(KAA=2)164,16,17

ER (M) =ER(MF) '

GO TO 18

ER (M) =ERP (M) *HF (MF) /HFP (M)

CALL HORF

IF(IM.LE.0) GO TO 100 :

IF (ABS(HF (MF)) .GT. 0.1) GO Tn 79

T IF(ABS(HF (M) /HF (MF)=1,00)=0415) 959,19

79
19

92
20

- 9g

91

9y
a3

97

21
10

IF (ABS(HF (M) /HF (MF)=1,00) =0, 07)919 ie
IF (NN.GT.10)G0 TO 21
HHF (4) =HHF (?)

HHF (3) =HHF (2)

HHF (2) =HHF (1)

HHF (1) =HF (M)
HER(4)=HER(3) ‘ ,

HER(3) =HER (2) : o |

HER(2) =HER (1) '

HER (1) =ER (M)

IF (NN.EQe4 s OR«NNLEQ. B)GO T0 90 ..

ER (M) =HER (1) +(HER{1)-HER(2))* (HF (MF) =HHF (1)) / (HHF (1) =HHF {2))
NN=NN+1

GO TO 13

IF (HHF (3) .GT o HF (MF) L ANDWHHF (2) . GT.HF (MF) ) 60 TO 91

IF (HHF (3) « LToHF (MF) ¢ ANDWHHF (2) «LT4HF (MF))G0 TO 97
ER(M)'(HCQ(2)+HE°(1))/2.

GO TO 20

IF (HHF (3) «GToHHF (2) 4 AND, HHF(Z).GT HHF (1))G0 TO 92

IF (HHF (3) «LT«HHF (2) ¢ AND HHF (2) s LT4HHF (1))GO TO 92

IF (HHF (3) sLTeHHF (2) e AND HHF (2) 4 GT.HHF (1))GO TO 93

ER (M) = HER(2)+(HEQ(2)-HLR(4))*(HF(MF) HHF(Z))/(HHF(Z) HHF(#))
GO 70 20

ER(M)=HER(1) +(HER(1)~- HVR(3))*(HF(MF) =HHF (1)) /7 (HHF (1) =HHF (3))
GO TO 20

IF (HHF (3) o LTeHHF (2) o ANDJHHF (2) LT.HHF (1) )GO TO 92

IF (HHF (3) « GToHHF (2) e ANDeHHF (2) « GT4HHF (1) )60 TO 92 -

IF (HHF (3) o GToHHF (2) « ANDoHHF (2) o LT+ HHF (1)) GO  TO 93

GO TO 94

‘IF(MAXP «GEs 2) GO TO 25

IF (NNN 4GT. 3) GO TO 25
D0 121 L=1,MS - | | , |
ER(L) =040 | | o ;
DO 121 N=1,NC | - ‘
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S ET(L,N)=0.0
ED(L,N)=0,0
P(LyN) =PP(L4N)
121 CONTINUE
MP F=MF
MF =M
DERN=ERP (M) *PDERN/ERP (MPF)
NNN=NNN+1
WRITE(2,70)M
IF (DERNJLT.ERT (MF)/10.) GO TO 120
DERN=ERT/10.
LD=2
GO TO 120
9 IF(HF(MF))15,15,8
8 IF (ER(M)) 10410415
15 CONTINUE
IF (MF.EN.M13.0R.MF,EQ.1)GO TO 30
IF(IN .EQ. 2) GO TO 30
GO TO 14
30 DO 201 IET=1,5
DO 201 M=1,MS
IF (M=1)202,202,203
203 ET(My1) =(=SM(My1)=SA(My 1) *ET(My2) =SL(M=1 1) *ET(M=1,1)=SU(M,1)*FT (M
14151) +(CU(Me 1) +SU(M41) ) *ER(M) + (CL(M=-1,1)+SL (M=1,1))*ER(M=1)) /(CA (M
3,1)4CL(M-1,1)+CU(M,1)) -
ET(M,NC)=(=-SM(M,NC) ~SB(M,N3)¥ET (MyNB) =SL (M=1,NC) *ET (M=1,NC) =SU (M, N
1C) FET(M+1,NC) + (CU(MyNC) +SU(MyNC) I FERIM) + (CL (M=1,4NC) +SL (M=1,NC) ) #FR
2(M=-1)) /(G2 (1,NB) +CL (M=1,NC) +CU(M,NG))
IF (NB-1) 201,201,207
207 DO 208 N=2,N° :
208 ET (MyN)=(=SM(MyN)=SA(MyN) FET(MyN+1) =SBIM4N=1) ¥ET (MyN=1) =SL(M=1,N) *
1ET (M=1,N) =SU(M,N) *ET (M+143N) + (CL (M=1,N) +SL (M=1,N) ) *ER (M=1)+(CU(M, N)
2+SU(MyN) ) ¥ER(M) )/ (CA(MyN) +CB (My N=1) +CL (M=1,N) +CU (M,N))
60 TO 201
202 ET(1,1)=(-SM(1,1)- SA(1.1)¥FT(1 2)=SUL+1)¥ET(2,1)+(CU(1,1)+SU(1,1)
1)¥FR(1))/ (CA(1,1)+0U(1,1)) ,
ET(14NC)=(-SM(1,NC)=SB(1,NB)*ET (1,NB)=SU{1,NCI*ET(2,NC)+(CU(1,NC)+
1SU(14NC)) *ER(1))/ (CB(1,NB) +CU(1,NC))
IF (NB-1) 201,201,204
204 DO 205 N=2,NR
205 ET(L4N)=(-SM(LyN)=SB(14N=1) *ET(L,N-1)-SA(L,N) *ET(1,N+1)-SU(1,N)*ET
_ 1(25N) +(CU(L,N) +SUCL,N)I¥ER(1))/(CB(1,N=1)+CA (1, NY+CU(14N))
201 CONTINUE -
CALL ENMT
IF (ABS (PHF /HF (MF)=1.00)=0,05) 58,58,62
62 IF (ABS(HF (MF)) GT.HFT/200.) 60 T0O 162
IF (ABS(HF (MF)) +GT HFT/1000.) GO TO 163
GO TO 58 :
163 IF (ABS(PHF/HF (MF)=1.00)-0% 5)58,162 i62
162 IF (NM=- 11)69.29,25
69 NM=NM+1
© PHF=HF (MF)
MK=MK+1
GO TO 2
25 WPITE(2,25) ‘
WRITE(2,27)MyHF.(M) 4 ER (M)
GO TO 100
58 PHF=0,0




83
84

39
71

76
77

72

173
80

141

142

81

82

54

IF(LDLEQ.2)G0O TO 173

IF (ABS(HF (MF)) JLT.HFT/100,) GO T0O 173
IF (HF (MF)) 83,83,434

MAXP=2

KPRD=0

CALL PRED :

IF (ARS(DERN/TDER) JLE. 0.05%) GO TO 173
IF (ABS(DERN/ERT(MF)) JLE.0.005) GO TO 173
IF (NDER-5)71,72,72

NODER=NDER+1

IF(LD.:Qe1l) GO TO 76

ER(MF)=DERN

TDER=000

PDERN=DERN

60 TOo 77

ER{MF)=ER(MF) +DERN
WRITE(2+50)NDER.TDER,DERN

GO T0 1

WRITE(24+35) NDER,TDER(DERN

GO TO 890

WRITE(2,73)NDER, TDER,DERN

NODER=1

- IF(LR«EQ+1) GO TO 81

CALL HINRE

IF (NHR) 81,811,141
WRITE(2,43)II,NHR

IF (KM.GT.1) GO TO 142
MAXP=1

II=IT+1

TDER=PDERN

ER (MF) =PDERN

NM=1

G0 TO 2

HF T=HF T+HF (MF)
DELT=0.0

TOH=0,0

DO 82 M=1,MS
TOH=TOH+H (M)

ERT (M) =ERT (M) +ER (M)
DOH=ERT (M) /F '
DEL=DOH*H (M)
DELT=DELT+DFL

MI=MT-M Co
WRITE(2478) MI,HFT,ERT(M) , DOH,DEL
CONTINUE
DELT=DEL T/ TOH
WRITE(2,178)HFT,NELT
IF(KM +GT. 1)GO TO 5u4
IF (HF(MF)) 53,165,165
MAXP=1

GO TO 5&

HMAX=HF TP

MAXP =2

KM =2

MI=MT-M
WRITE(2455) MT4HMAX

IF (ARS (HMAX/HFT) .GE.1.2) GO TO 100
DO 46 M=1,MS
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CALL ®EAM
IF(IM)1J0,100447
47 CALL CoL
IF(IM)100,100,46
46 CONTINUE '
IF(LR.EQs1) GO TO 119
DO 118 M=1,MS
DO 118 N=1,NC
DO 118 L=1.46
118 KHR(MyN,L) =0
IF(II.L5.1) GO TO 399
DO 400 M=1,MS
DO 4U1 N=1,.NR
L=KBP(My4N) =KB (M, N)
IF(L)401,401,402
402 K=KBP(M.N)
GO TO (40144014403 +4039404y40044,405),K
L3 PHRO(MyN.1)=0.0
GO TO 401
404 PHRO(MyN,2) =040
GO TO LO1
485 GO TO (4034402 440LyLUNL,406,4N0NK) 4L
£06 PHRO(MyN,1)=0.0
PHRO(MsNs2)=0.0
01 CONTINUE
DO 400 N=1,.NC
L=KCP (MsN) =K (M. N)
IF(L)400,400,408
508 K=KCP{M,sN)
GO TO (L400.4004409+4004410,400,411),K
4U9 PHRO(MyNy4)=0.0
GO TO 400
510 PHRO(MyNs5)=0.0
GO TO 400
411 GO TO (4U0.409,400,410,412,412),L
512 PHRO(MsNs4)=0.0
PHRO(MyN,5)=0.0
400 CONTINUF .
399 11=1
119 KPRD=1
CALL PRED
DO 45 M=1,MS
ERP(M)=ER (M)
HFP (M) =HF (M)
ER(M)=0.0
DO 57 N=1,N8
BAP(MyN)=3A(MsN)
BBP(MyN)=BRB(M,N)
BCP (MyN) =80 (M4 N)
KBP(My,N)=KB(MsN)
57 CONTINUE
. DO 45 N=1,NC
BUP(MynN) =BU(MyN)
BLP (MyN) =BL (MyN)
BMP(MyN) =BM(M,N)
CPP(MyN)=CP (M,N)
KCP(MyN)=KC (MyN)
ET(MyN)=0.0
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PP (MyN) =P (M4N)
IF(LA .EQ. 1) GO TO 49 ,
EDT(MyN)=EDTP (MsN) +ED(M4N) /E
EDTP (MyN) =EDT(M.N)

EN(HM4N)=0.0

42 DO 45 L=1,5
PHRO (MyNyL) =PHRO (Mo N,L ) +HRO(M4N,L)

45 CONTINUE
WRITE(2,37) ((P(MyN) yN=1,NC) ,M=1,MS)
ER (MF)=DERN
PDERN=DERN
TDER=0.0
HF TP=HFT
KAA=KAA+1
MK =1 |
IF(LA .EQ. 1) GO TO 1 ,
WRITE(Z,38) ((EDT(MyN) yN=1,NC) 4M=1,MS)

GO 70 1
26 FORMAT (* PROBABLE DIVFRENGE OF HF¥*) :
27 FORMAT (¥ M=¥,14,% HE (M) =% 4F12454% ER(M)=%,F12,.%)
35 FORMAT (¥ PRED DOES NOT CONVERGE WITHIN 5 CYCLES. NDER,TDER,DERN
1=%,14,2F15.5) -
37 FORMAT(* AXLD*¥,8(1X4F842))
38 FORMAT(* ENDF¥48(1XeF843)) ‘
43 FORMAT(*® HINGE REVERSAL OCCURPED II=*,I3,¥ NHR=*,1I3)
55 FORMAT (* FATILURE AT STORY *,I3,*% HMAX=%*,F12.5)
56 FORMAT (¥ NDER s TDER,DERN=¥,T4,2F10.4)
70 FORMAT(* PROBABLE FATILURE AT M=%,I4)
73 FORMAT(* PRED SONV  NDER, TDER,DERN=%*,T4,2F15.5)
78 FORMAT (¥ STORY *,I34% HFT=%,F12.4,% FRT=%,F12.,4,% DOH=%*,F12,
1‘{»,# DEL=*4,F12.4)
103 FORMAT (¥ MyHF3ER *,I3,3X,2F11.4)

178 FORMAT(* FOR PLOTTING LATERAL LOAD=%*,F12.5,¥ DEFLECTION INDE
iX OF FRAME=%,F12.5) : ,
100 CALL EXIT
END
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SUBRPOUTINE BEGIN

COMMON/BLOGCKA/EZFY4BI(23053),4BZ(30,3) 93PR(3043),CTI(3044) sCZ(30,4),4AR
1(3054)4yPCL30s4) sET(31L44)43PZ(4)KB(3043),8BA(30,43),BB(30,3),8BC(30,3)
29BAP(30,3)+33P(30,3),4,8CP(30+3)+FBA(30,2)4FBB(30,43)+BATI(30,3)48RI(3
2093) 4RCI(3043)+sCA(3043)3SA(3093)9CE(3043),S8(3043)4KC(3044),30(30,
44) 3 BLI30,4) «BMI3T94) yBUP(3744) 4 BLP(30,44) BMP(3N,4) yBUT(3044) 48BLI(3
S094) yBMI(3U406) F3UCI094) yFRLI30,4) yOP(3044) 3CPP(30,4),CU{30,8) ,SU(
6303s4)9CL(30+4) 4+SL(3Us4),CC(3044) sCS(3094) 40X (3094) 9SX(3044),CY (20,
7T4) oSY(3044) oSM(3094) 4SH(30) 9 X(3043)9Y(3043),XC(30,4),YC(30,4),4P (30
Bol) 3PP 3044) sPI{3044) JED(3044) +EDT(3054)+EDTP(3N0,4)4HF (30),HFP(3D)
GyHFT sPHF s HMAXLZER(30) »ERP(30) ,ERT(30) yIMyKAAZKMyMAXP,MF 4yMSyMTNB4NC
1 yMyN+DERNYJLNyFRCyNHRGLAJLRyRP(3043) 4D (Z044),H(30),WH(30) FL(30,3),
2S(3) 4yRY (30, 4) yHRO(304446) yPHRO(30,4, 6)aKHR(3094 65) yKPRDLGLF, TGLF,
3FAC,SMASKB3P(30,3) 4KCP(30,44)

READ(141)MSyNByESFY,FRC,FAG,GLF

WHRITE(24,2)MSyNB,E,FY4FRCyFAC,GLF

NC=NB+1

MT=MS+1

READ(1,3) (S(N) 4N=1,NR)

WRITE(Z+4) (S(N) 4N=1,4NB)

READ(146) (H(M) ¢ WH{M) 4 M=1,M5)

READ(1,5) ((BI(MyN) yBZ(M4N) ,N=14NB) yM=1 4, M)
READ(L1,5) ( (FL({M4N) ¢ N=1,ND) yM=1,M5)

READ(1356) ((OCT(MeN) 3yCZ(MyN) JAR(M4N) yPC(MyN) yN=14NEZ) 9 M=14MS)
READ(1,6) ((D(M, N)qN 14NC) s M=1, M)

DO 7 M=1,MS

HRITE(2,8) My HI{M) , WH (M) ,FL (M)

HRITE(24+9) (BI(M4N) 3N=1,4NB)

HRITE(249) (3Z(MeN) 4 N=1L4NP)

WRITE(Z410) (I (M4 N) ¢yN=1,4NO)

WRITE(2,10) (CZ(MyN) 4N=1,NC)

WRITE(2,10) (AR(Myii) yN=1,4NOC)

HRITE(24,10) (D(M.N) ¢ N=14NC)

WRITE(2,10) (PC(MsN) 4N=1,NC)

CONTINUE

DO 12 N=1,NC

ET(MT,N)=0,0

PZ(N)Y=U.0

MF=MS

PHF=0,0

HFT=0.0

HMAX=0.,0

DO 14 M=1,MS

DO 15 N=1,N8

BP (M N)=FY*BZ(M.N)

BAP(MsN})=0,0

BBP(MyN)=0.0

BCP(MsN)=0,0

X{(MyN)=0.0

Y(MyN)=0.0

KBP(M,N) =1

KB (MyN) =1

DO 16 N=1,NnN

TCP(MyN)=FY*CZ(M,N)

BUP(MyN) =040
BLP(M,N)=U.0
BMP(MyN) =00
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BM(M,N)=0.0
KEP(MyN) =1
KC (MyN) =1
XC(MyN)=0,0
YC(M,N)=D,0
PP (MyN)=0.0
ET(My,N)=0,0
ER(MyN)=0.0
EDT(MaN)=0.0
EBTP (MyN) =040
CEP(M.N)=0.0
DB 16 L=1,5
KHR{MyN,L) =0
HQO(M,N;L) =0.0
PHRO(MyN.L)=0,0
16 CONTINUE
ER(M)=0.0
ERP(M)=0.0
ERT(M)=0.0
HFP(M)=0,0
P{M,y,1)=PZ(1)+ GLF¥PC(M,1)+ GLF¥FL(M,1)%¥S(1)/2.0
PZ(1)=P(M,1) :
PIMyNC) =PZ (NC) + GLF*PC(M,NG)+ GLF*FL(M,NB) *S{NB)/2.0
PZ (NC) =P (M, NC)
ITF{NB=-1)14414,18
18 DO 17 N=2,NB :
PIMy N) =PZ(N)+ GLF¥*PC(MeN)+ GLF¥(FL{M,N)*S(N)+FL (MyN-1)¥S(N=-1)) /2,0
17 PZ(HN)=P (M, N) '
14 CONTINUE
CALL GRALD
IF(IMsLEL.0O) GO TO 100
Kih=2 -
GL*=0.10
TGLF=FAC |
1 FORMAT(2I545F10.3)
- 2 FORMAT (1Hi+* NO OF STORY=*,T4L4,¥ NOs OF BAY=%,I4,* E=¥,F842,% FY=*
14FB842,% FRO=¥,FBoly* FAGC=*,FBal ¥ GLF=¥*,F8,4)
FORMAT(4F10.5)
FORMAT (¥ -~ SUN)=* 4F10. 4)
FORMAT ((6F10.5))
FORMAT((8F10.5))
FORMAT(* M=¥,132,3X,5F10.5)
FORMAT (10X 3(F10.542X))
10 FORMAT{4X,4{(F10.5,2X))
100 RETURN ’
END

[To e Te RNy BNy ¢
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41
42

43
Ly

40

45
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SUBROUTINE GRALD
COMMON/BLOCKA/ESFY BT (3053) 38Z2(30,3)4yPB(2043),CI(30s4) 4CZ(30,4)4AR
1C3094) yPC(3N44) o ET(3144) 4PZ(4),KB(30,3),RA(30,3),88(30,3),BC(30,3)
29BAP(20,3) +8BP(30,3),BCP(30,3),FBA(30,3),FBB(30,3),BAI(30,3),3BI(3
30,3)48CI(30,3),CA(30,3),5A(30,3),08B{(30,3),SB(30,3),KC(30,4),BU(30,
44) yBL(Z044) +BM(3Us4) sBUP(30,44) sBLP(3044) 4BMP(30,4) 4RUT(3044) 4BLI(3
50s4) oBMI(3044) 4FBU(3044) 4FBL(30,4) 3CP(20,4),0PP(30,4),CU(30,4) ,SU(
630454) 9CL(30,4)4SL(30,4),CC(3044)9CS(20y4)3CX(3094)4SX(3044),CY (30,
74) ySY(3094) sSM(3044) ySH{30) 4 X(3043)3Y(304+3)yXC(30,54)4YC(3054),P (30
Bal) s PP(3054) sPT(3044) ¢ED(30484) 4EDT(3044),EDTP(30,4),HF (30) 4HFP (30)
Gy HFT 4 PHF 4y HMAXLZER(30) 4ERP(30) ,ERT (30) 4 IM,KAA, KMy MAXP4MF,MSyMT4NB,y NC
14,MyNsDERNSLDyFRCSNHRYLAZLRyBP(3053),D(30,54),H(30) 4WH(30) ,FL(30,3),
2S(3) yRY (30 ,4) sHRO(30,446) yPHRO(30,446) yKHR(3094,46) KPRD,GLF 4 TGLF,
JFACySMAKBP(30,3) KCP(3044)

TGLF=0.0

TGLF=TGLF+GLF :

WHRITE(2,430) TGLFGLF

DO 103 KSW=1,3

DO 2 M=1,MS

SH{M)=0.0

DO 2 N=1,ND

SM(MsN)=0.0

CONTINUE

CALL CSCoOE

IF(IMsLE.O) GO TO 101

DO 3 IET=1.5

DO 3 I=1,MS

M=MS-I+1

CALL HORF

IF(IM.LE.0) GO TO 101

CONTINUE

CALL FNMT

CONTINUE

CALL HINRE

po 5 M=1,MS

CALL BEAM

IF(IM)100,180,26

CALL CoOL

IF(IM) 100,100,.,5

CONTINUE

- IF(TGLF4LT« (FAC-0.05)) GO TO 15

DO 39 M=1,MS

DO 40 N=1,NR

L=KB (My N) =KBP (M. N)

IF(L)LOW40.41

GO TO (404424404083 440444),,L
PHRO(MyNe1)=0.001%¥BA(MyN)7ABS(BA(M,N))
GO T0 40 . )
PHRO(MgNe2)=0,001¥83(M,N)Z/ABS(3B(M,N))
G0 TO 40
PHRO(MyN,1)=0.,001*BA(M,N)ZARS(BA(M,N))
PHRO (Mg N,y 2)=0.,001¥83B(MyN) ZABS(3B(M,N))
CONTINUE

DO 39 N=1,Nf

L=KC (MyN)=KCP (M,N)

IF(L)39,39,45 .

GO TO (39446439447 4939448) 4L



46
47
48

39
15

i6

18

17

i9

100

101
20
21
30

"PHRO(MyNyo4)=D,001%BL (MygN)/Z/ABS(BL (M4N))
GO TO 39 :
PHRO(MyNs5)=0,001*¥BU(M,N) ZABS(BU(M4N))
G0 70 39
PHRO(MyNs4)=0.001%8BL (M4 N) ZABS{BL (M,N))
PHRO (MyNs5)=0.001%BU(MyN)/ABS(BU(M,N))
CONTINUE . '

DO 17 M=1,MS

DO 156 N=1,NB

BAP(MyN)=BA (MyN)

BBP(M,N)=88(M,N)

BCP(MyN)=BC (M« N)

KBP(M4N)=KB (M, N)

CONTINUE

DO 17 N=1,4,NC

BUP({ My N) =BU(M,N)

BLP(MsN)=8L (MyN)

BMP(MyN)=3M(MyN)

CPP(MsyN)=CP (MyN)

KCP (Mg N)=KC (Mg N)

PP {(MyN)=P (M,N)

ET (M’N):DIU

ER(M)=0.0

IF(LA .EQ., 1) GO TO 18
EDT(MyN)=EDTP(MN)+ED(M,N)/E

EDTP (MyN)Y=EDT (M4 N)

ED(MyN)=0,10

DO 17 L=1,6
PHRO(MyN4L)=PHRO (Mg N, L)+HRO(MyN,L)
CONTINUE
HRITE(23520) ((P(MsN) yN=14NC) 3 M=1,MS)
IF(LA (EQ. 1) GO TO 19
WRITE(2,21) ((EDT (MyN) gN=14NC) yM=1,4M3)

IF(TGLF.GT4 (FAC-0405)) GO T0O 100

GLF=0.1

GO 70 1

DERN=0.06*E/H(MF)

LD=2

RETURN

FORMAT (¥ AXLD¥412(1X,F8.2))

FORMAT (¥ ENDF*,12(1X,F8.3))

FORMAT (* TOTAL GRAVITY LOAD FACTOR=*,F10.3,*

1FACTOR=*,F10,3)
END
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SUBROUTIME CSCOE
/ COMMON/BLOCKA/F+FY,BT(30,3)4BZ(30,2),PB(30,3),0I(30,4),CZ(30,4),AR
1(2094) yPC(3044) s ET(3144) sPZ(4)4K3(3043) yBA(30,3),B3(30,3),80(30,3)
23sBAP(30,3) +BBP(30,3) 4BCP(30,3),FBA(30,2)FB3(30,3) 4RAT{30,3),BRI(Z
3053)sBCI(30,3)sCA(304+3)3SA(3N,3),CB(30,53),SB(30,3),KC(30,4),BU(30,
44) yBL(304,4) sBM(3094)4BUP(3044) ¢BLP(30,4) 3BMP(30,4) 4PULI(20,4) ,BLI(3Z
S5094) 9BMI(3044) 9FBU(30,4) 3F3L(3044) 9CP(3044) 9CPP(3044),CU(3044) 4SUL
630 94) sCL(30s4) 3SLU3044) 4CO(3044) 3CS(30,4) yCX(3044) $SX(3044),0Y (30,
74) 3SY(30,4) 9SM(30,4) 9SH(30) 9X(30,3)3Y{20,53)4yXC(30,4),Y0(30,4),P (30
Bslt) yPP(30,4) yPT(3044) $ED(30,4) yFNT(3044) 3EDTP(30,4),HF(30) yH4FP(3D)
Gy HF T yPHF yHMAXs TR (30) yERP(30) 4 FRT(30) yIMeKAAG KMy MAXP s MF 4 MSyMT 4NB, NG
14sMyNyDERNGLB4FRCINHRyLASLRyBP(30,53) 4D(3044) 4H(30),WH(30) 4FL(30,3),
2S(3) yRY(3044) 4 HRO(30s4y5) yPHRO(3D 4Ly 6) yKHR(30,445) yKPRD,GLF, TGLF,

3FACySMAZKBP (3043) yKCP(30,44)
DIMENSION Z(2)
DO 1 M=1,4S
DO 2 N=1,NB
IF(LA.GT.1) GO TO 8
FED=U.O
TOE=0.0
GO T0 9
8 FED==(ED(M,N+1)=-ED(M,N))
TOE=6¥FED*BT (MyN) /S(N) /S (N)
9 CA(M,N)=0.0 :
SA(MyN)=0,0
CB(M,N)':DOU
SE(MsN)=0.0
FBA(MyN)=0.0
FEBR(MyN)=0.0
FM=GLF*FL (M, N)*S(N)*S(N)/iz.
K=KB (M4 N)
GO TO (3444+5410,7,11,25100),K
3 CA(MyN)=4,0%8I(M,N)/S(N)
SA(M,N)=CA (M,N) /2,
CB (MyN)=CA (M,N)
SBIM¢N)=SA(MsN)
FBA(MyN)=TOF~FM
FBB(MsN)=TOE+FM
‘SM(MyN) =SM{MsN) +FBA (MsN)
SMIMyN+1) =SM(MyN+1) +FRBIM,N) ©
GO TO 2
4 XY=X(MyN) *¥34Y (M,N) ¥¥3
CA(MyN) =3, 0%BT (MyN) XX (MyN) *¥2/XY
CSA(MyN) =3, 0%BI (MyN) *X(MyN) *Y (M{N) /XY
CBIMyN)=3, 0BT (MyN)*Y(M,N)**2/XY
SB(MyN) =S4 (M,N)
TO=3,0%S(N) /XY~ : :
TT=GLF¥FL (Mg N) ¥X(MyN)* (Y (MyN) ¥¥3%TO+X(M,N)) /8,
TTH=GLF*FL (MyN)*Y (MyN)* (X (M, N)**B*TO+Y(M N))Z8.
FBA(MyN)=SA(M,N)*FED/Y(M,N) =TT
FEB(MyN)=SA(MN)*FED/X (M, N)+TTH
iSMMyN) =SM (M, N) +FBA (M, M)
SM(M,N+1)=SM(M,N+1) +FB (M, N)
GO TO 2
5 CB(MyN)=3,0%RI(MsN)/S(N)
FBB(MyN)=TOE/2.0+FM*1,5
SM(MyN+1)=SM(M,N+1) +FBB(M,N)
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11

14
i5
116

117
16
30

132
ic

13
24

25

17

18

GO0 TO 2
FBB(M'N)-GLF*FL(M)*S(N)*Y(M.N)/Z-
SM(MyN+1) =SM(M,N+1) +FBB(M,4N)

GO 70 2 '
CA(MyN) =3, 0¥BI (MsN)/S(N)
FBA(MyN)=TOE/2,0-FM¥*1,5
SM(MyN)=SM(MyN)+5BA (M4N)

G0 70 2 :

FBA(MyN) ==GLF¥FL (M) ¥S(N)*X(M,N) /2
SM(MyN)=SM (M N) +FBA (M,N)

CONTINUE

DO 1 N=1,NC
POPY=P (M4N) /FY/AR(M,4N)

IF (PORPY=1,0+FRC) 14,14,15

RY (M1,N)=1.0

GO TO 16

IF(1.0-POPY)116,4116,117
WRITF(24118) MyNJFP(MyN)4POPY

RY (MyN)=0.,1

GO TO 16

RY (MyN) =SART((1.0-POPY)/FRQC)
IF(P(MyN)) 32,32430
TON=P(MsN) / (E*CI (MyN)¥*RY(M,N))
PHI=H(M)*SNRT(TON)
SMS=(PHI/SIN(PHI)=1.0)/PHI**2
SMC=(1.0-PHI*COS(PHI)/SIN(PHI)) /PHI¥**2
DSO= (SHC*SMO-SMS*¥SMS)*H (M) /CT (MyN) /RY (M4 N)
CC (M4N)=SMC/D5Q

CS(M,4N)=SMS/DSN

GO TO 132

CO(M,N)=4,0

CS(M,N)=2.0

IF (POPY-0.15)12,12,13

CP(MyN) =FY¥CZ(M,N)

GO 70 17

IF (POPY=1.0)244y24,25
CP(MyN)=1.18%(1.0- POPY)*FY*CZ(% N)

-6G0 T0 17

WRITE(2,26) MyN, POPY
CP(M,N)=0.0
RCP=CP (MyN) =-CPP (M4N)
CU(M,N)=0,0
SU(MsN)=0,0
CL(M,N)=0.0
SL(M4N)=0.0
FBU(MsN)=0.0
FBL(M’N):OOD
RAT=CS(M,N) /CC (M,4N)
K=KC (MyN)

GO TO (18,22,1q,100,20 100,21),K
CU(M4N)=CC (M,N)

CL (M,N)=C’) (M, N)
SU(M4N)=CS (M,N)

SL (M4 N)=CS (M4 N)

.60 70 1

Z(1)=XC(M,N)
Z(2)=YC(M,N)

DO 23 L=1,2

IF (P (M, N>)23,23 33

-30 -
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33 PHI=Z(L)*SQRT(P(MyN)/(E¥*CI (MyN)¥RY (MyN)))
SMC=(1.0~-PHI*COS(PHI)/SIN(PHI)) /PHI**2
SMS=(PHI/SIN(PHI)-1,0)/PHTI**2
DSQ=(SMC*SMO=SMS*¥SMSY*Z (L) /0T (MyN) /RY (M, N)

IF(L.LE.1) GO TO 27
CY (MyN) =SML/DSQ

SY (MyN) =SHMS/DSQ

GO TO 23

27 CX (M4N)=SMC/DSAQ
SX (MyN) =SM5/DSQ

23 CONTINUE
OK=(CX (MyN) *CX (M, N)-SX(M,N)¥SX(M,N))/C¥(M N)

TEK=(CY (MsNI*CY (MsN) =SY(MyN)*SY (M4N)) /CY (M4 N)

THK=O0K¥YC (MyN) /XC(MyN) +TK*XC (MaN) /YC (MyN) =PI (M, N)*H(M) /E
CL (MyN) =0K=0K*OK*YC (MyN) /THK/XEC (MyN)

SL (MyN)=0K*TK/THX

CC (MyN) =0OK*H(M) * (PT (MyN) /E=TK/YC (MyN) )/ THK

SK=SX{MyN) #FYC(M¢N) /CX (Mg N) +SY (MyN)*XC(MyN) /CY (MyN) +H (M)
AM=RCP¥BM (MyN) /ABS(BM(M4N))
FBL(MyN)=(OK*SK/THK/XC (14 N)=SX(MyN) /CX (M4N))*AM

CUMGN) =TK=TK¥TK®XC (MyN) Z/THKZYG (M4 N)

SU(M4N) =0K*TK/THK

CSIMyN)=TKFH (M) * (XC(MyNI* (TK/YD (Mg N) =PI (MyN)/E) /THK=14)7YC(M,N)
FBU(HMyN) = (SY(MyN)/OY(M4N) =TK*SK/THK/YC (M4 N)) ¥AM
SHIM)=SH(M)+FBL My N)+FBU(M,N)

SM{MyN) =SM(MyN) +FBU (M,N)

SMIM+1,N)=SM(M+1,N) +FBL (M, N)
BM(M,N)=CP (M4 N) *BM(M,N) ZARS (BM(M,N))

GO TO 1

19 BL(M,N)=CP (M N)*BL (MyaN) /ABS(BL(M4N))
CUMGN)=(CO(MyN)*¥2=CS(MyN)¥%2) /CC (M,N)

AL=RCP¥BL (M4N) /ABS(BL{M,N)) '
SH(MY=SH(M) + (1 .0+RAT) *AL
SM{MyN) =SH (M N) +RAT*AL

SM(M+14N) =SM(M+1,N) +AL
FBU(MsN)=AL*RAT

GO TO 1

20 BU(MyN)=CP(M,N)*BU(M,N) Z/ABS(BU(M,N))

 CL(MyN)Y=(CC (MyN)**2- CS(%gN)**Z)/CC(M,N)
AT=RUP*BU (M,N) 7ABS (BU(M,N))
SH(M)=SH(M) +({1+RAT)*AT
SM(M4N) =SHM (M, N) +AT
SM(M+1,N) =SM(M+1,N) +RAT*AT
FBL (MyN)=AT¥RAT
: GO TO 1
21 BU(MaN)=CP(MyN) *3U(MsN) ZARS(BU(M,N))
BL {MyN)=CP (MsN)*BL (MyN) Z/ABS(BL(M4N))
SH(M)=SH(M) +RCP*BU (M4N) Z/ABS(BU(M4N))+RCP*BL (M, N)/ABS(BL(M,N))
SMIMsN) =SM(MsN) +ROP*BU (M, N) /ARS (BU(MyN))
SM{M+14N) =SM(M+1 ,N) +RCP*BL (MyN) /ABS(BL (M4N))
1 CONTINUFE
RE TURN
100 IM=0 A
CWPITE(2,101)MyN.K
102 RETURN

26 FORMAT(* MyN,POPY¥*,2I5,F15.,7)

101 FORMAT (* IMP COMB OF KB OR KC M,N,K4.3Iu) '

118 FORMAT (® POPY GT 1 M=%, T4 * N=*,Th4,% P(MyN)= *sFiD Ly* POPY’

1=%,F10. 4) :
END
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SUBROUTINE HORF
COMMON/BLOCKA/F4FY,BI(30,3),BZ(30,3)3PR(30,3),0I(30,4),CZ(30,4),4AR
1(30y4) 3PC(3004) sET(3194) 4PZ(4),KB(30,3)43A(3043),BRB(30,3),B0(30,7
2sPAP(3043) B3P (3043) 4BCP(30,3),F3A(30,2),FB3(30,3),BAT(30,3),32T(3
3053)sBCI(303+3)3CA(3043)sSA(30,43),0B(3043),SB(30,3),KC(30,4),BU(30,
L) 3BLC3044) 4BM(30,4) yBUP(3044),RLP (30,4) yBMP(30,4) ,PUT(30,4),R3LI(3
S094) yBMI(30s4) 9F3U(30+4) ¢FBLI30y4) sCP(2094) yOPP(3044) 3CU(30,4) 43U
630 94) sCL(30Us4) 9SL(3094) yCO(3044) yCS(3044) yCX(3094) 9SX(3044) 4CY (30,
70) oSY(20,4) oSM(30sL).ySH(Z0) 43X (3093)3Y(2043) 4XC(3044),YC(30,4),P (30
B8yl ) yPP(30,4)+PI(30,4)ED(30,4)ENDT(30,4) JEDTP(30,4) 3HF{30),HFP (30)
9yHF T yPHF 4 HMAX,ER(30) yERP(30) yERT(30) yIMyKAA KMy MAXP ) MF 4y MSyMT yNB 4 NC
1eMyNyDERN LD FRCJNHRyLAZLRyBP(3043),D(30,4),H(30),WH(30) .FL(20,3),
2S(3) yRY (30 44) 4HRO(3Uslts5) yPHRO(30,4Ly6) y KHR (3094 96) yKPRD4GLF, TGLF,
3FACySMA L KBP (30,3) 4XKCP(30,4)
V DO 40 KET=1.5
vV IF (M=~1)1,1,.9
v'9 DN=CA(M,1) +CL(M=-1,1) +0U (M,1)
IF (DN +EQ. 0.00) GO TO 100
ET(My1)=(=SM(Ms1) =SA(My 1) ¥ET(My2) =SL(M=141)¥ET(M=1,1)=SU(M, 1)*ET (M
1419 1) +(CU(My 1) +SUIMa 1)) *ER(MI + (0L (M=1,1) +SL(M=1,1) ) ¥ER(M=1)) /DN
11 DN=CB(M,N3)+CL (M=1,NC) +CU(M4NO)
IF (DN +EQ, 0,00) GO TO 100
ET(MoNC)=(=SM(MysNC) =SB(MyN3) ¥*ET (MyNB) =SL (M=1,NC) ¥*ET(M=14,NC) =SU (M, N
1C) *ET(M+L 4 NC) + (CU(M4NC) +SU(MyNC) )¥ERIM) + (CL (M=1 4 NC) +SL (M=1,NC) ) *ER
2(M-1)) /70N :
13 IF(NB-1)40,40,16
16 DO 14 N=2,N®
DN=CA (M N) +C3(MyN-1) +CL (M=14yN) +CU (M4 N)
IF (DN +EQ. 0.00) G0 TO 100
ET (MgN)I= (=SM(MaN)=SA(MyN) *ET My N+1) =SB (MyN=1) *ET(MyN=1)=SL (M=1,N) *
LET (M=1 4 N) =SUMy NI *ET(M+1 g N) + (CL (M=1 3 N) +SL (M=14N) ) ¥ER(M=1) + (CU(M4N)
2+SU(MyN))¥ED(M)) /DN
14 GONTINUE
GO TO 40
1 DN=CA(1,1)+0U(1.1)
IF (DN .EQ., 0.00) GO TO 100
FT(14,1)=(=-SM{1,1)-SA(1,1) ¥*T(1,2)-SU(1, 1)*tT(2,i)+(CU(1 1)+SU(1,1)
1)*FR (1)) /DN
3 DN=0B(1,N3)+0U(1,N0)
IF (DN EQ. 0.00) GO TO 100
ET(L4NC)=(=SM(1,NC)-SB(1,NB)*ET(14NB)=-SU(L,NC)*ET(2,NC)+ (CU (1,NC)+
"1SU(1,NC))*ER(1)) /DN
5 IF(NB=1)404+40,8
8 DO 5 N=2,NB
DN=CR(14N=1)4CA(L4N) +CU (1 4N)
IF (ON .EQ. 0.,00) GO TO 100
ET(L4N)=(=SM(L4N)=SB(LyN=1)¥TT (1 4N=1)~ SA(1,N)*ET(1 N+1)-SU(1,N)*FT
1(2sN)+(CUCLsN)+SU(L,N))*ER(1)) /DN
6 CONTINUE
40 CONTINUE
IF(KAALLE.1) GO TO 21
~FN=0.0
DO 20 T=1,M
20 FN=FN+WH (I)
PT=0.0
SSCT=SH(M)
DO 17 N=1,NC
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PT=PT+P (M,N)
SSCT=(CU(MaN) +SL (Mg N) ) *ET (MyN) + (SUIMyN) +CL (Mg N) ) *ET (M+1,N) = (CU (M, N
1) +SU (My N) #CL (M, N) +SL (M4 N) ) #ER (M) +SSCT
17 CONTINUE
HF (M) == (SSCT+PT*H (M) *ER (M) /E) /FN/H (M)

| RETURN
100 WRITE(2,101)M,N
101 FORMAT (* IMPRO HINGE COMB (JOINT MECH)*,213)
IM=0
21 RFTURN

END




27

21

22

24
25

15

5
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SUBROUTINZ ENMT
COMMON/BLOCKA/ESFY,BI(30,3) 3BZ(30,3) ,PB(30,3),CT(3054) yGZC30,4) AR
1€3044) 3PC30,4) +ST(3148) ,PZ (1) 4KB(3053)3BA(30,3) 48BB(3I0,3),8C(30,3)
23BAP(30+3) « 3BP(3043) s3CP(3043) 4FBA(30,3) +F38(30,3) ,BAI(30,3) ,3RI (3
30532),BCI(30,3)4CA(3053),SA(30,3),0B(30,3),53(30,3),KC(30,4),BU(30,
44) yBL(30+4) yBM(3044) sBUP (30,4) yBLP(30,4) ,BMP (3044) yRUI (30,4) 4BLT (3
5054) sBMI(30,4) sF3U(30,4) 3FBL(3094) yCP(30,4) yCPP(3054) 5 CUC3044) 4SUC
6530 ,4) sCLI30,4) ySL(T044) yCC(3044) sCS(3044) yCX(3044) sSX(30,4) 4CY (30,
7HY 3SY(30,4) 3SM(30,4) ySH(30) yX(3053)53Y(30,3),XC(3054) sYC(30,4),P(30
Bsl) yPP(30,4) yPI(30,4) sED(30,4) sFDT(30,4) yEDTP(30,4) sHF (30),HFP (30)
9y HFT sPHF s HMAX,ER (30) yERP(30) sERT(30) yIMy KAAyKMy MAXP 4 MF 4 MSyMT 4NB 4 NC
19MyNsDERNyLDGFRC«NHR G LA LRy BP(30,3) yD(30,4),HI30) yHH(30) +FL (30, 3),
2S(3) yRY (30 44) yHRO (3044 6) y PHRO(304k96) yKHR (3094 46) yKPRD,GLF 5 TGLF,
3FAC,SMA,KBP (20,3) yKOP(30,4)

DO &4 M=1,MS

DO 2 N=1,NR

BAI(MyN)=FBA(MyN)+CA My N)#ET (MyN)+SA (Mg NI ¥ET (My N+1)
BBI(MyaN)=FBR(M,N)+CB (MyN) #ZT (MyN+1) +SB (M, N) XET (M, N)

BCI(MyN)=0,0

BA(MyN)=BAP (MyN) +BAT (M4 N)

BB (MyN)=B3P (MyN) +BBI (MyN)

K=XB (MyN)

GO TO (27222712127 +2+15,100) 5K

SBM==(BA (M, N) +33 (M,N))

X (MyN)=SIN) /2, 0+SBM/ (TGLF¥XSL (M N)#S (N))

IF (X (MyN) =D (MyN)/2.)21,21,22

X(MyN)=D40

BC (MyN) =040

GO TO 25

Y (MyN) =S (N) =X (Mo N)

IF (Y (MyN) =D (MyN+1) /2.)23,23,24

X (MyN) =S (N)

BC (MyN) =0,0

G0 TO 25 ’ _

BC (MyN) =FL (Mg N) ¥ TGLF*Y (MyN)*¥X(MyN) /2,0+BA (MyN) +SBMEX (M,N) /S (N)

BCI(MyN)=3C(M,N)-BCP{M,N)
GO T0 2

IF (KAA GT. 1) GO TO 2
GO TO 27

CONTINUE

DO 4 N=1,NC

BUTI(MyN)=0.0

BLI{MsN)=0.0

BMI(MyN)=0.10

K=KC (M4 N)

GO TO (5440+5444544448),4K

BUI (MyN)=CU My NI¥ET(MyN)+SUM4N) *ET (M+1, N)'(FU(MyN)+SU(M N) ) *ER (M)
14+FBU (Mg N)

BLI(MyN)= PL(M,N)*ET(M+11N)+SL(M,N)*ET(M’N)-(CL(M N)+SL(MyN)) *ER (M)
1+FBL (M4 N)

BU(MyN)=BUP (M3 N) +BUT (M,N)

. BL{MyN)=3LP(MsN)+RLT (MyN)

IF (KeGTWe1) GO TO &

IF (KAALED.1) GO TO 4

RAT=ABS (BL (MyN) ) *BU(M,N) /ABS (BU (M, N))/BL(M N)

IF(RAT.GE.0.N) GO TO &4 :
IF (ABS(BL(MyN))-ABS(BU(M,N)))I41,41,42 ' !




=35

41 AM=ABS(BU(M,N))
y BN=ABS(BL (M4N))*RAT
-/ I=-1 : =
-/ GO TO 43
L2 AM=ARS(BL(M4N)) .
BN= AES(BU(M NY) *RAT
I=1

43 PHI= H(M)*SQRT(P(M’N)/(E*CI(M,N)¥QY(M,N)))
ZK=ATAN (- (BN4+AM¥*COS(PHI))/AM/SIN(PHI))
IF(7K)Y by 444,45

Ly XC (MyN)=0,0
YC (MyN)=0.0
BM(MyN)=D.0
GO TO 49

45 BMAX=SART(AM¥AM+BN¥*BN+2.¥*AM¥BN*COS(PHI) ) /SIN(PHI)
XZ=ZK/SQRT (P (MyN) / (E¥*CI (MyN) ¥*RY (MyN)))

IF(I)4643454 47

4o XC (MyaN)=H(M)=XZ
GO TO 48

L7 XC (MyN)=XZ

L8 BM(MyN)=BMAX¥BL(M,N)/ABS(BL(M,N))

YC (MyNY=H({M)=XC(M,N)

49 BMI(MyN)=BM(MyN)-BMP (M,N)
GO TO &

40 BUI (MaN)=CUMJNIFET My N)+SU My NI ZET(M4+1 yN) +CS (M4 N) ¥ER(M) +FBU(M4N)
BLI(MyN)=CLIMyN) ¥*ET(M+1 4N)+SLIMN)¥ET(MyN)+CC(M4N)*ER(M)+FBL {M4N)
BU(MyN)=BUP (MyN)+BUTI (MsN)

BL (My,N)=BLP (M,N)+BLT (M,N)
L CONTINUE
DC 6 N=1,NC
6 PZ(N)=0U.0
Do 7 M=1,MS
P(M,1)= PZ(1)+TGLC*PC(M 1)+TGLF¥FL(M 1)“5(1)/2.-(RA(Mg1)+BB(M91))/S
1(1)
PZ(1)=P(M,1)
P(MyNC)=PZ(NC)+TGLF¥*PC(MyNC) +TGLF*FL{M,y,NB)Y*S(NB)/2.,+(BA(M,NB)+BR (M
1yNB))/S(NB) ) i
PZ (NC) =P (M4 NC)
IF (NB=1)7,47,8
8 DO @ N=2,NR
PI{MyN)=PZ{N)+TGLF*PC(M¢N) +TGLF*¥ (FL{MGN) ¥*S(N)+FL (MyN=1) ¥S(N=1)) /2.~
1(PA(MGN)+BBI{MyN))/S(N) +(BA(MyN~1)+BB(MyN=-1))/S(N=-1)
9 PZ(N)=P(M,sN)
7 CONTINUE
DO 30 M=1,MS
DO 30 N=1,NC
30 PI(MyN)=P(MyN)=PP (M N)
IF(LAJEQLL) GO TO 4100
DO 31 M=1,MS '
DO 31 N=1,NC
MI =MS .
EDI=PTI (MI,N)*H(MI)/AR(MI, N)
32 MI=MI-1
CIF(MI-M)33+34434 '
34 EDI=EDI4+PI(MIZN)¥H(MIY/AR(MI4N)
GO 70 32
33 ED(MyN)=EDI
31 CONTINUE 4 . ‘
100 RETURN. . ‘ '
END | - . : .
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20

21
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SUBROUTINS PRED

COMMON/BLOCKA/F 4FY4BI(3043)4yRZ(30,3),PP(30,3),CI(30,4),C2(30,4),AR
1(30,4) 3 PC(30,4) +ET(3154),P7(4) ,KB(30,3) ,BA(30,3),BB(30,3),BC(30,3)
23BAP(30,3) ,BBP(30,3),8CP(30,3),FBA(30,3),F38(30,3),RAT(20,3),BRI(3
3053) sBCI(30,3) sCA(3093)sSA(30,3),0B(30,3),S3(30,3),KC(30,4) 4BU(30,
Uh) yBLI3044) yBM(3044) sBUP(30,4) yBLP(30,4) yBMP(30,4) 4BUT (30 ,4),BLI (3
5054) sBMI(3044) sFBU(3054) yF3L(30,4) ,CP(30,4) 3CPP(30,4),CU(3N,4),3UC"
630 44) yCL(304) 4SLU3044)3CC(30,4) 40S(30,4) 9CX(30,4) ySX(30,4) 4,6 (30,
74) 9SY(3044) 9SM(Z0,4) sSHIZ0) X (3043) 3 Y(3057) 3XC(30,4) 4 YC(Z0,4) 4P (30
Bali) s PPU3044) sPI(30,4) yED(30,4) 4 ENT(30,4) 4EDTP(30,4) HF (30),HFP(30)
9y HF T4 PHF s HMAX s ER (30) s ERP(30) ,FRT (30) , IM,KAA, KMy MAXP s MF 4 MS,MT,NB,NC
13M3NsDERN,LN,FRCyNHRSLALLR,BP(30,3),D(3044),H(30) ,WH(30),FL (30,3),
2S(3) ,RY (3054) yHRO(304ks6) PHRO(305456) s KHR(305456) sKPRD4GLF  TGLF,
3FAC, SMASKBP(30,3) yKCP (30, 4)

DIMENSION PRE(30,446) ySMAL (30),NS(30),LC(30,6)
LD=1

DO 4 M=1,MS

IF (MAXP=2) 64545

M= MF

DO 1 N=1,NC

DO 1 L=1,56

IF (HF(MF)) 3,2,2
TASHFT#100.
GO TO 57
TA=-HFT*100.

PRE (MyN,L) =TA

CONTINUE

DO 7 N=1,N8

K=KB (M, N)

GO TO (8,8,12,12,8,12,12,12),K

IF (ABS(BAT (MyN)) JLT.8P(M,N)/400.) GO TO 12

IF (BAI (M,N))9y12,10

CBP==BP (M,N)

GO TO it

CEP=BP (M4 N)

PRE (MyN41) =HF (MF) * (CBP=8A (M,N)) /BAT (MyN)

GO TO(13,13,13,17,47,17,17,17),K

IF (ABS(BBI (MyN)) JLT.AP(M,N)/100.) GO TO 17

IF (BET (MyN))I14,17,15

CBP==-BP (M,N)

GO TO 16

CRP=BP (M, N)

PRE (MyN,2) =HF (MF) * (CBP=38(1,N)) /3BT (MyN)

GO TO (18374747 +118,7474+7),K

IF (X(MyN) oGToD(MsN) /24 oANDs Y(M,N).GT.D(M,N+1)/2.) GO TO &1

GO TO 7

IF (ABS(BCI(MaN)) ,LT.8P(M4N)/1004) GO TO 7

IF (BCI(MyN))19,7,20

CBP==BP (M,N)

GO To 21

CBP=8P (M,N) _

PRE (MyNy3) =HF (MF) X (CBP=8C (M,N)) /3CT (MyN)

CONTINUE
DO 22 N=1,NB

K=KG (M, N)

GO TO (23,27427427423,27,27),K

IF (ABS (BLI (MyN)) o LT4CP(M,N)/1004) GO TO 27

)



24

2%
26
27
28

29

30

31
50
51
53
54

52
22

80

32

35

L2

- 43

37

-37

IF (BLI(My,N))244,27,25

CCP=-CP (M,N)

GO TO 26

CCP=CP (M,N)

PRE(MyNy &) =HF (MF) * (COCP=BL(MyN)) /3LT (M, N)
GO TO (28,504,28450450,50450),K
IF(ABS(BUTI(MyN)) «LTCP(MyN)/7100,.,) GO TO 50
IF(BUT (M,N))29,50,30

CCP==CP (M, N)

GO TO 31

CCP=CP (M, N)
PRE(MyN45)=HF (MF)* (COCP=BU(M,N)) /8UT (M, N)
GO TO (51422422422422,22522) 4K

IF (ABS(BMI (MyN)) oLT4CP(My4N)/Z7100,) GO TO 22
IF (BMI(M,N))53,22,54

CCP=-CP (MyN)

GO TO 52

CCP=CP (M, N)

PRE(MyN,6) =HF (MF) ¥ (CCP=8BM(M,N)) /BMT (M, N)
CONTINUE

DO 80 N=1,NC

DO 80 L=1,6

IF(KHR(MsN.L)«FQ.0) GO TO 80
PRE(MyN4L)=TA :

CONTINUE

IF (MAXP-2)32,33,33

SMAL (M) =PRE(My1,1)

DO 34 N=1,NC

DO 34 L=1,5 .
IF(PRE(MyNyL) «GT. SMAL(MY)GO TO 34
SMAL (M) =PF (My NsL)

NS (M) =N

LC (M,yN) =L

CONTINUE

CONTINUE

SMA=SMAL (1)

DO 35 M=1,MS _

IF (SMAL(M) .GT. SMA) GO TO 35
SMA=SMAL (M)

MC=M

CONTINUE

DERN=ER (MF) *SMA/HF (MF)

NSS=NS (MC)
WRITE(24539)MC,NS (MC)4LC (MCyNSS) 4 NDERN
IF (KPRD.EQ.D) GO TN 36

IF (DERN«GT+0.0025%E/H(MF)) GO TO 43
DERN=0, 0025%E/H (MF) :

GO TO 102

IF (ABS(DERN/ERT(MF)) GT.0,02) GO TO 36
DERN=ERT (MF)*0.,02

GO TO 102 :

" DERN=ER (1F) *PRE (MF, 1,1) /HF (MF)

DO 37 N=1,NGC’

DO 37 L=1,5
DD=ER(MF) *PRE(MF 4Ny L) /HF (MF)
IF (DD +GT. DERN) GO TO 37
DERN=DD '
CONTINUE




92
102

- 38
39

36.

-38

CED=ER(MF) *TA/HF (MF)

IF (DERN

6T

CED) GO TO 92

IF (ABS(DERN) JGTLERT(MF)/10.) GO TO 92

GO TO 42

DERN=ERT (MF)/10.

LD=2

WRITE(2,38)MF,DFRN

FORMAT (*
FORMAT (¥
RETURN
END

SPECTAL PRED ANOPTED MF=%,I4,* DERIN=¥,F15.5)
PRED ADOPTED AT MC,NS,LC=%,3I4,* DERN=%*,F15,.5)
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SURROUTINS HINRE
COMMON/BLOGCKA/E,FY,BI(30,3),BZ(30,3),PB(30,3),CT(30,4),CZ(30,4),AR
1(30,4),PC(30,4) ,ET(31, u),pZ(u),K8<3o,3),BA(3o,3>,88<30,3),BC(30 3)
2,BAP(30,3) 4BRP (U4 3) 4,BCP(30,3) yFRA(3053) 4FBB(30,3) +PAI(30,3) BRI (3
3053),8CI(30,3) ,CA(3043),SA(30,3),CB(30,3),SB(30,3),KC(30,4),BU(3C,
LY 2B (50, 4) sBMC30,54) yBUP (305 4) 4 BLP (30,4) 5 BHP (3054) yBUT (3054) yBLI (3
5094) sRMI(3044) sFBU(30,4) s FIL(30,4) 4CP(30,4) 3CPP(30,44) ,CU(30,4) 5SUC
630 ,4) 3CL(30,4) ySLZ0,4) 4CC(30,4) yCS(30,4) ,CX(30,4) 4SX(3054) ,0Y (30,
T4) ySY(3054) ySM(3054) ySHI30) 3 X(3053),Y(3043),XC(30,4) 4 YC(30y4) 4P (30
Byl)y PP(30s4) s PT(3Uy4) sED(30,4) 4ENT(30,4) yEDTP(30,4) 4 HF (30),HFP (30)
9y HF T PHF y HMAX,ER(30) 4ERP (30) yERT (30) y IMy KAA, KMy MAXP s MF S, M T4NB » NC
15t sNyDERN LDy FRCaNHRyLAsLRsBP(3043) 3D(3044) 3H(30) 3 HH(30) sFL (2043),
25(3) yRY (30, 4) ,HRO(30,446) yOHRO(3 0,k ,6) sKHR(30,446) s KPRD,GLF 4 TGLF,
3FAC,SMA,KBP (30,3) 4KCP(30,4)
. NHR=( ) L
DO 1 M=1,MS
DO 2 N=1,NB
IF(LA.GT.1) GO TO 48
FED=040
GO TO 49
48 FED=ED(MyN+1)=ED(M4N)
49 DO 3 L=1,3
3 HRO(MyN,L) =040
FM=GLE*FL (MyN) *S (N) *S(N)¥S(N) /124 /BT (M, N)
K=K3 (My N)
GO TO (2:495463574859,2) 3K
L X0=0457 (X (M,N) ¥%234Y (MyN) ¥%3)
XT=24%Y (My N) F#Z+3 XMy N) #Y (MyN) #¥2=X (M, N) *%3
XF=Y (Mg N) #¥3=3, %Y (MyN) ¥X (M, N) ##2-2 , ¥X (M, N) #%3
XS=3 4% (X (Ma NI #X (MyN) =Y (M5 N)2Y (M, N))
XE=6 %X (Mg N) XX (M yN) #Y (HyN) *Y (MyN) ¥S(N) ¥S (NI ¥X0=140/X0/64 0
HRO (M5 N+ 3) =XO® (XTET (MyN) $XF¥ET (M, N+1) 4XSTFED) +GLF¥FL (M) *XE/164 /P
1(MyN)
G0 TO 10
5 HRO(MyNy1) =ET(MaN) +ET(MyN+1) /24 =14 5¥FED/S(N)=FM/ 4, 0
. GO TO 10
B TO=(La®X(MyN)+3, %Y (MyN) IFY (MyN) #23/X (MyN) # X (MyN) £%3
TT=Y (MyN) ##3% (B ¥X (MaN) 30 ¥Y (My NI X (My NI EX (HMoN) ¥ (64 FY (MyN) %Y (M, N)
1=X (MyN) ¥X (MyN))
HRO(MyNy1) =ET(MyN)+Y (MyN) ¥ET (Mg N+1) /XMy N) =FED/X (MyN) =GLF*FL (M, N) #
1T0/24, /B (MN)
HRO(MsNy3) == (Y (MaN) /X (MyN)+4 0 ) ¥ET (MyN+1) +FED/ X (My NI +GLF¥FL (M,N) *TT
1/0250%X (M3 N) ¥BT (1,N))
GO TO 10
7 HRO(MyN42) =ET(MyN+1)+ET(MyN) /24=1 5¥FED/SIN)+FM/ 440
GO TO 10
B TO=(3a X (4o M) +ho®Y (MyN) ) EX (Mo N) #52/Y (M, N) 4 (M, N) %53
COTTEX My N) FE3F (8 Y (MyN) +Z XMy NIV +Y (Mg N)*Y My N) * (64X (MyN) *X (Mg N)
1=Y (MyN) *Y (M4N))
HRO (MyNo2) ZET (HyNHL) +X (M NI ¥ET (Mo N) /Y (M4 N) =FED/Y (M, N) +GLFAFL (M, N) *
1T0/244 /BT (M,N) :
HRO (M3 N5 3) = (X (Mo N) /Y (My N) +1.) ¥ET (M, NY +FED/Y (MyN) $GLF¥FL (M,N) #TT/ ¢
124 %Y (MyN) *3T (M N))
GO TO 10
G HRO(MyN,1) ZET (M N) =FED/S(N) =FM/ 2,0
HRO (MyNg2) =ET (MyN+1) =FED/S (N) +FM/2.0
10 DO 11 L=1,3 | o
IF C HRO(MsNsL) ¥PHRO (MyNyL) ) 15,14,11
15 NHR=NHR+1 -
KHR(MyN4L) =1
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WRITE(2,40)M,N,LPHRO(MsNyL) yHRO(MyN,L)
/ 40 FORMAT (* HINGF RFV  My,N,L,PHRO,HRO *,3T4,2E11.3)
'// GO TO (16437,38),L
16 KB(MyaN)=KI(M4N) =2
GO TO 11

37 KB(My4N)=KS (MyN) =t
GO TO 11

38 KB (MyN)=KB(M¢N) =1

11 CONTINUE

2 CONTINUE
DO 17 N=1,NC
DO 47 L=bL,6

47 HRO(MgyN,L) =0.0
K=KC (M4 N)

6O TO (174+61+18,17,19,17,20),K

61 OK=(CX(MeN) *CX (MeN) =SX(MyN) ¥SX(M,N)) /CX (M, N)

TK=(CY (Ma NI ¥CY (MgN)=SY (My NI ¥SY (MyaM) ) /CY (MyN) .
THK=0K®*YC (MyN) ZXC(MyN) +TKEXO (MyN)/YC(MyN)=PT (MyN)*H (M) JE

FK=(CX (M, ﬂ)+§X(M N))ZCX (MyN) Z/XC(MgN)+(CY (MyNI+SY (MyN)) JCY (MyN) 7YC(
1M, N)

C1=FK*COK*YO (MyN) /THK=SX (MyN) ZCX {M4N)

C2=SY(MyN) /OY (MyN) =FK¥*TK*¥*XC (MyN) /THK

C2={SX(MyNIFYO(MGN) /OX (Mg N) +SY (M, M)*XC(M N) /CY (MyN)+H (M) ) ¥FK/THK
CL=1./CX(MaN)+1o/CY (MyN)

C5=(TK/YC (MyN) =PI (MyN)/E)*FK¥*XG (MyN) /THK

CHZ(CY (MyN)+SY (MsN)) ZYC (MyN) /CY (M4 N)

C7=(CP(MyN) =CPP(MyN))I*BM(M4N) /ARS (BM(M4N))

HRO (MyNy5) =0L1*ET (M+14N) +02*ET (MyN) = (C3+04) *C7+ (C5= CB)‘ER(M)*H(M)
GO TO 21

18 OK=CS(M,N)/CC(M,N)

TK=(CP (MyN) =CPP {MsN) ) ¥BL (M, N)/AQS(BL(M N))

THK=TK/CC (M4N) :

HRO(MyNs4) =ET(M+14N) +OK¥ET (MyN) = (1, +OK)*ER(W) THX

GO TO 21

19 OK=CS(M4N) /CC(M,N)

TK=(CP(M,N) =CPP (M, N))*BU(M,N)/APS(BU(& NY)

THK=TK/ZCC (MsN)

HRO(MyNyB) =ET (Mo N) +OK*ET (M+1,N) = (1 4+0K) ¥*ER (M) =THK

GO TO 21 : :

20 OK=(CP(MyN)=CPP(MyN))*BL(M,N)/7ABS(BL (MyN))
TK=(CP(MyN) =CPP (MyN))*BU(MyN)/7ABS(BU(M,N))
THK=14/(CC (MyN) +CS(M4N))

HRO(MyNyl) =ET(M+1,N) =ER (M) =OK*THK
HRO(MyNy5) =FET(MN) =ER(M) =TK*THK

.21 DO 24 L=b4,6
IF ( HRO(MyN,L) *PHRO(MyN,L)) 26,424,204

26 NHR=NH+1
KHR(MsNyL) =1
WRITE(2, QO)M Nyl PHDO(M N L),HRO(M,N L)

K=L=-3
GO TO (27,28, 62) oK

27 KC (MyN) =KC (MsN) =2
GO T0 24

28 'KC (MyN) =KS (MyM) =4

GO TO 24
62 KC (41,N) =KC (MyN) -1
24 CONTINUE |
17 CONTINUE S
1 CONTINUE o
RE TURN
END



41

L SUBROUTINE REAM
COMMON/BLOCKA/ELFY,BI(3043)43Z2(3053)4yPB(30,3)9CI(30+44)4CZ(30,4),AR
1(30,4) oPC(30+4) 97T (31¢4)4P7Z(4) 4KB(30,3)93BA(3043),83(30,3),8C8(30,3)
2+BAP(30,3),8BP(30,3),BCP(30,3),FBA(30,3),FBB(3U,43),BAT(20,3),3RI(3
3093) sBCI(3043)yCA(30+3),SA(30,3),CB(3043)9SB(30,3),KC(30,4),BU(Z0,
L) oBL(3044) «BM(30y04) yBUP(3044) 3 PLP(3094) 4BMP(3094) yBUTI(Z044)48LT(3
S5094) 9BMI(3044) oFBU(30+4) yF3L(3044) 4CP(3044) 3CPP(3d,4) 4,CU(30,4),4SUL
B30 94) yCL(3044),SL(3044)43C0(3094) yCS(3044)yCX(3044)43SX(30,4),0Y(30,
T4Y sSY(3044) +SM(30,4) 4SH(30)3X(30,3),Y(30,3),XC(30,4),YC(20,4),P (30
8e8)sPP(30,4)yPI(30,4)+ED(3054) yEDT(3044) 4,EBTP(3054)4HF(30),HFP(30)
Gy HFT4PHF 4 HMAXL,ER(S0) ERP(30) yERT(30) yIMyKAASKMy MAXP 4 MF 4 MS4,MTyNB, NC
1M sN,DERNS LDy FRCyNHR4LAZLRyBP(30,3)4D(30,4)4H(30),WH(30),FL (30,3),
2S€3) yRY (30 94) yHRO(3048446) 4PHAO(30,4,46) yKHR(30,446) yKPRD4GLF,TGLF,
3FAC, SMA, K39(3013).KCD(309Q)
DO 40 N=1,NB ‘
2 K=KB(M,yN)
GO TO (1+45414404,1,40,1,9),K
1 IF(ABS(BC(MN)Y=BP{MN)*0,99) 2444k
3 GO TO (54101,204101+54101,4%0,101),K
4 BC(MyN)=BP (MsN)¥BC(MsN)/ABS(BC(MyN))
60 70 (0,101,7,101,8,101,9,101) ,X¥
& IF(ABS(BA(M,N})-BP(M,N)*0.,99) 23,102,102
23 KB{M,N)=2
GO TO 15
7 KB{M,N)=4
GO TO 20
8 IF(ABRS(BA(MN))=-BP(M,N)*0,99) 24,102,102
102 BC (MyN)=0,0
WEITE(2+103)MsNsKB(MyN) 4 X (4,N)
103 FOGRMAT(* 8C MAX OCCURS NFEAR CONNe MyNygKB,yX=%,3T5,F10.3)
GO T0 12
24 KR {M,N) =6
GG TO &0
9 KB {M4,N)=8
WRITE(2410)M.N
GO TO 100 .
.5 IF(ABS(BA(MsN))~-BP(MyN)¥0,395)15,12,12
15 K=KB(M,N) _
GO TO (20,20+1014101440540,101,101),K
12 BA(MN)=BP (MyN)*BA(MsN)/ABS(BA(M,N))
K=KB {M4N)
GG TO '(13’13920920,1"”9,1}099)’K
13 K2 (M4N)=K3(M4N)+2
GO T0 290
14 KB (M N) =7
’ GO TO 4g
20 IF(ABS(BB(MsN))-BP(MyN)*0,99)40,21, 21
21 BE(MyN)=RP (MyN) *3E(MsN) Z/ABS(3R(M,4N))
K=KB (MyN) .
GO TO (22,22,22,9,101,101,101,101),XK
22 K8 (MyN)=KB (MN) +4
,GC TO 490
101 WRPITE(2,11)M1, N’KR(M N)
GG TO 100
40 CONTINUE
30 WPITE(2431) (MgNKB(My N)sBA(M N),BC(H,N),BB(M N) g N=1,4NB)
RFTURN
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i/ 100 IM=0
RETURN :
10 FORMAT(* BEAM MECHANISM MyN=¥%,2TL4)
11 FORMAT (¥ IMP COMB OF KB MyN,KB=*,3T4)

31 FORMAT((L1X+3I3,1XsF3a2,FQ42,F94252X33T391X3F9e29F3424FF0242X,313,1
1X93F9424F9424F9.2))
END
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'SUBROUTINE £OL

COMMON/BLOCKA/FFY,BI(30, 3),87(30 3)4yPE(30,3) yCI(3044)4CZ(3094),4AR
1(3054) 4PO(30,4) o ST (3144) yPZ (1) 4KB(30,3),8A(30,3),83(30,3),3C(30,3)
2sPAP(30,3) 4R8P (20,3) 4RCP(30,3),FRBA(30,3),F3B(30,3),BATI(30,3),BRI(2
3053)4yBCI(304+3),CA(30+,3)4+SA(30,3),CRB(30,43),SB(30,3),KC(30,4),BU(30,
G4) yBL(3U0s4) 9BM(30,4) ¢BUP(3044) 4BLP(3044) 4BMP(3044) yBUI(30y4),8LT(3
S5054) sBMI(3044) 9F3U(3004) yFRL(30,4) 4yCP(30,4) yCPP(3044),CU(30,4),4SUL
630 94) 3 CL(3094) sSL(3044) 4sCO(3094) 3CS(3044) 40X (30D44) 4+SX(3044) yCY (30,
T4) ySY(3044) ¢SM(3054) ySH(30) 9 X(3043)9Y(30,93) ,XC(30,4),YC(30,4),P (20
Belh) yPP(3094) yPI(30s4)4yED(3094) s EDT(30,4) yEDTP(3054),HF(30)4HFP(30)
9y HFTyPHF ¢ HMAXGER(30) yERP(30) s ERT(30) y IMyKAA KMy MAXP4MF 4 MS,MT,NP,NC

- 14MyNyDERNSLDLFRCSNHRyLAZLRyBP(3043) yD(30,4) 3H(30) yWH(30) 4FL(30,3),

0N

100

i0

i1

2S(3) yRY(304+4) yHRO(30y446) yPHRO(304446) y KHR(3044,6) yKPRDH2GLF,TGLF),
3FACsSMA,K3P(30,42)yKCP(30,44)

DO 1 N=1,.NC

K=KG (M4 N)

GO TO(242143+4100444910047),K

IF (ABS{BM(M,4yN))~-CP(MsN)*0,98)20,21,21
BM(M,N)=CP(M,N)*BM(M, N)/AR:(BM(M,N))

KC (M4N) =2

GO T0 1

IF (ABS(BL(M4N))-CP(MsN)¥0.98)14,3,3

BL (MyN) =CP (MyN) *BL(M,N) /ABS(BL (M,N))

KC (M4N) =3

IF (ABS{BU(MyN) ) =OP(MaN)¥04398)14+6,6

BU (MyN)=CP (MyN) *3U(M,N) Z7ABS (BU(M,N))

KC (M4N)=KC (MyN) +4

GO 70 1

IF (ABS(BL (M, N))-FP(M N)¥0.98)9,7,7

KC (MyN) =7

BL(MyN)=CP (M,N) *BL (MyN)/ABS (BL (M,N))

BU (MyN)=CP (MyN)*BU(MyN)/ABS(BU(M,N))

CONTINUE '

WRITE(24510) (MyNsKC(MyN) 9BU(MyN) 4 8L (MyN) yN=1,NC)
RE TURN

WRITE(Z2,11)MyNyKCIM4N)

IM=p |

RETURN

FORMAT ( (L X43I331X3F3.24F942,1X, 313 1X9F3.24,F9.2, 1X93I3)1X,F9 2sFQ,
12,1X531I391XsF9424F9.2))

FORMAT (# IMP COMB OF KC M,NsKC=*,3IQ)

END



6. APPENDIX II - SYMBOLS IN PROGRAM

~44
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AL Moment change at the bottom of a column due to the change
of the reduced plastic moment at the plastic hinge at the
top (kip-in)

AM Larger of the two end moments in a column (kip-in)

AR Area of a column (inz)

AT Moment change at the top of a column due to the change
of the reduced plastic moment at the plastic hinge at the
bottom (kip-in)

BA Moment at the end A in beam (kip-in)

BAI Moment increment at the end A in beam (kip-in)

BAP Moment at the end A in beam at the previous sway increment
(kip-in)

" BB Moment at the end B in beam (kip-in)

BBI Moment increment at the end B in beam (kip-in)

BBP Moment at the end B in beam at the previous sway increment
(kip-in) '

BC Maximum moment between ends A and B in beam (kip—in)

BCI Moment increment at the location of the maximum moment between
ends A and B in beam (kip-in)

BCP Maximum moment between ends A and B in beam at the previous
sway increment (kip-in)

BEAM A subroutine subprogram

BEGIN A sﬁbroutine‘subprogram '

BI Moment of inertia--Beams (in4)

BL " Moment at the end L in column (kip-in)

BLI Moment increment at the end L in column (kip-in)

BLP Moment at the end L in column at the previous sway increment

[xp,_  - (kip-in)



BM

BMAX

BMI

BMP

BN

BP

BU

BUI

BUP

BZ

CA

- CB

CBP

o

CcCP

CED
CI

CL

COL
CcP

CPP

CS
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‘Maximum moment between ends L and U in columns (kip-in)

Maximum moment in column (kip-in)

Moment increment at the location of the maximum moment

between ends L and U in column (kip-in)

Maximum moment between ends L and U in column at the

previous sway increment (kip-in)

Smaller of the two end moments in a columﬁ (kip-in)
Plastic moment of a beam (kip-in)

Moment at the end U in column (kip-in)

Moment increment at the end U in column (kip-in)

Moment at the end U in column at the previous sway increment

(kip-in)
Plastic modulus of a section--Beams (in3)

Slope-deflection coefficient for the moment at A due to

rotation at A in the beam AB (kip-in)

Slope-deflection coefficient for the moment at B due to

rotation at B in the beam AB (kip-in)
A variable used in subroutine PRED |
Stiffness coefficient for a column

A variable used in subroutine PRED

A variable used in subroutine PRED
Moment of inertia--Columns (iné)

Slope-deflection coefficient for the moment at L due to

rotation at L in column LU (kip-in)
A subroutine subprogram
Reduced plastic moment of a column (kip-in)

Reduced plastic moment of a column at the previous sway

increment (kip-in)

Stiffness coefficient for a column



CSCOE A subroutine subprogram
CSMA A variable used in subroutine PRED
cu Slope-deflection coefficient for the moment at U due to

rotation at U in column LU (kip-in)

cX Stiffness coefficient for a part of a column in plastic

hinge combination (2)

CcY Stiffness-coefficient for a part of a column in plastic

hinge combination (2)
CZ Plastic modulus of section--Columns (in3)

cl1,c2,c3, Variabies used in subroutineslHINRE‘

C4,G5,C6,
c7
D - Depth of a column (in)
DD - A variable used in subroutine PRED
.DEL | "Relative lateral deflection'of a story (in)
DELT Lateral deflectlon at the top of a frame (in)
DERN Predicted increment of lateral deflection (*E/H)(k/ln )
DN A variable used in Subroutlne HORD
DOH Deflection ipdex of a story
DSQ A variable used in calculatiﬁé stiffness coefficienﬁs
for a column in subroutine CSCORE
E Modulus of elasticity (k/inz)
- ED - Increment of vertical deflectlon of a JOlnt due to column
shortening (*E) (k/ln ) '
EDT Total vertical deflection of a joint due to column
‘ shortening (in)
EDTP Tofal vertical deflection of é joint due to column shortening

at the previous sway increment (in)

ENMT A subroutine subprogram



ER

ERP

ERT
ET
FAC
FBA
FBB

FBL

FBU

FED

FK
FL
FM
FN .

FRC

-FY

' GLF

GRALD

HER
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Increment of lateral deflection of a story (*E/H)(k/inz)

Increment of lateral deflection of a story at the previous

sway increment (*E/H)(k/inz)

Total lateral deflection of a story (*E/H)(k/inz)
Increment of rotation of a joint (*E)(k/inz)

Load factor for the combined loads

Fixed end moment at the end A in beam (kip-in)
Fixed end moment aé the end B in beam (kip-in)

Moment correction at the end L in column due to the change
of reduced plastic moment from the previous sway increment

(kip-in)

Moment correction at the end U in column due to the change
of reduced plastic moment from the previous sway increment

(kip-in)

A variable used to indicate the difference between the
increments of vertical deflection of two adjacent joints

in a story (*E) (k/inz)

A variable used in subroutine HINRE
Uniformly distributed beam load (k/in)
A variable used in subroutine CSCOE

A variable usgd’in subroutine HORF

Maximum compressive residual stress nondimensionalized

with yield stress
Yield stress (k/inz)

Load factor for the initial gravity loads to be applied
at the start of analysis. Increment of load factor for

the gravity loads in the non-swayed position
A subroutine subprogram
Height of a story (in)

A variable used in main program



HF

HFT
HFTP
HHF

HINRE

HORF

HRO

IET

II

IN

KB

KBP

KC

KCP
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Increment of lateral load (kip) -
Increment of lateral load at the previous sway increment (kip)
Total lateral load (kip)

Total lateral load at the previous sway increment (kip)

- A variable used in main program

A subroutine subprogram

" Maximum lateral load (kip)

A subroutine subprogram
Inelastic hinge rotation at a plastic hinge (*E) (k/inz)

Fixed point variable I keeps track of which end of a column

has the larger moment
Number of an iteration to solve simultaneous equations

Number used to indicate how many times subroutine HINRE

is called in a swdy increment

Fixéd point variable used to stop the program if undesirable

plastic hinge combination is detected

Fixed point variable used to indicate the end of computation

performed on individual stories

Fixed point variable K is equal to KB or KC when it is

used in computed "GO TO"

Fixed point variable used to indicate the calculation to be

performed in the non-swayed position
Plastic hinge combination for a beam

Plastic hinge combination for a beam at the previous sway

increment
Plastic hinge combination for a column

Plastic hinge combination for a column at the previous éway

increment



KET

KHR

KPRD

Ksw

LC

MAXP
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Number of an iteration to solve simultaneous equations in

subroutine HORF

Fixed point variable used to indicate the location of hinge

reversals occurred in the current sway increment

Fixed point variable used to indicate whether or not the

maximum lateral load is passed

Fixed point variable used to indicate whether subroutine
PRED is called for the next sway increment or to check

the convergence of the current sway increment

Number of an iteration to calculate end moments in

subroutine GRALD

Number used to indicate the potential plastic hinge location

or the plastic hinge location. The left end of a beam at

.a level is numbered 1, the right end of the beam 2 and

an interior point of the beam 3. The bottom of the left
column of the beam below that level is numbered 4, the top
of the column 5 and an interior point of the column 6. Third
subscript for the quantities pertaining to that potential

plastic hinge location or that plastic hinge location.

Fixed point variable used to indicate whether the effect

of axial shortening of columns is considered or not

An index used to indicate the potential plastic hinge

location where the prediction is taken

Fixed point variable used to indicate whether the iteration

of prediction is required or not

Fixed point variable used to indicate whether the .effect

of hinge reversals is considered or not

Levél,number, numbered from the top. First subscript for
the quantities pertaining to that level and story just

below that level

Fixed point variable used to indicate whether the maximum

lateral load is passed or not
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MC An index used to indicate a level. In the story below

that level, the prediction is taken

MF Level number. At the story below that level, the sway

deflection is incremented-
MI Fixed point variable number for a story

MK - Fixed point variable used to indicate the start of computation

_in_a story

MPF , Level number. At the story below that level, the sway:

deflection was initially incremented

MS Total number of stories
MT Total number of levels
N . Bay number, numbered from the left. Second subscript

for the quantities pertaining to that bay

NB Total number of bays
NC Total number of columns in a story
NDER Fixed point variable used to limit the number of iterations

for the convergence of prediction
NHR Number of hinge reversals occurred in a sway increment

NM ~ Fixed point variable used to limit the number of iterations

at the story whose sway deflection is incremented

NN Fixed point variable used to limit the number of iterations

at all stories except the story whose sway deflection is

incremented

NNN - Fixed point variable used to stop the program if the

solution diverges

NS An index used to indicate the lower limit of an iteration
in main program ‘
NSL An index used to indicate the upper limit of an iteration

in main program

NSS . °  An index used to indicate the bay where the prediction is

taken
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oK . Variables used in subroutine HINRE

P Axial load in a column (kip)

PB Concentrated gravity load applied on a beam (kip>

PC Concentrated grévity‘load applied at a joint (kip)
PDERN The initial sway increment adopted at the start of the

current increment (*E/H) (k/in2)

PHF The lateral load increment at the previous sway increment (kip)
PHI A variable used in calculating stiffness coefficients for

a column |
PHRO Inelastic hinge rotation of a plastic hinge at the previous

sway increment (*E) (k/inz)

PL Increment of axial load in a column (kip)

POPY Axial load (P) nondimensionalized with axial yield.load

PP Axial load in a column at the previous sway increment (kip)
PRE Lateral load increment required for a plastic hinge at a

potential plastic hinge location (kip)

PRED A subroutine subprogram

PT Total axial load in columns in a story (kip)

Pz A variable used in calculating axial loads

RAT 'A Ratié of stiffness coefficients in a column. Ratio of end
moments.,

RCP Change of the reduced plastic moment from the value at the

previous sway increment (kip-in)

RY Effective moment of inertia factor
S Width of a bay (in)
SA Sldpe-defiection coefficient for moment at A due to rotation

at B in a beam AB

SB Slope-deflection coefficient for moment at B due to rotation

at A in a beam AB



SBM
SH

' SK

‘SL
SM
SMA
SMAL

SMC
SMS
SSCT

Su
SX
SY

-TA

. TDER
TGLF

THK , TK,
TO,TON, .
TT,TTH

TOE

A variable used in calculating the maximum moment in a

beam in subroﬁtine ENMT -

Sum of the independent moments in all the columns of a

story

.A variable used in subroutine CSCOE
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Slope-deflection coefficient for moment at L due to rotation

at U in a column LU

Sum of independent moments at the ends of the members

framing into one joint

The smallest lateral load increment required for the next

plastic hinge (kip)

A variable used to select the smallest lateral load increment

for the next hinge
A variable used in subroutine CSCOE
A variable used in subroutine CSCOE

A variable used in subroutine HORF -

Slope-deflection coefficient for moment at U due to rotation

at L in a column LU

Stiffness coefficient for a part of a column in plastic

hinge combination (2)

Stiffness coefficient for a part of a column in plastic

hinge combination (2)
A variable used in ‘subroutine PRED-

Total lateral deflection taken at each iteration for

convergence of prediction (*E/H)(k/inz)

Total load factor for the gravity loads at a gravity load

increment

Variables used in subroutines CSCOE'and HINRE

Fixed end moment in a beam due to vertical deflection of

joints (k/inz)



TOH

-XC

Xz

- YC

ZK
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Total height of frame (in)

Lateral load index

Distance from the end A to the maximum positive moment

point in a beam (in)

Distance from the end L to the maximum moment point in a

column (in)

Variables used in calculating inelastic hinge rotation in

" subroutine HINRE

A variable used in calculating slope-deflection coefficient

for a beam

A variable used in calculating the distance from the end

L to the maximum moment point in a column
Complement of X (in)

Complement of XC (in)

A variable used to indicate XC or YC in calculating stiff-

ness coefficient for a part of a column

A variable used to indicate whether the maximum moment

occurs at an end or an interior point in a column



7. APPENDIX III - FLOW CHARTS
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2
2

LA
LR
(]

;

IM = 1, KAA = 1, NNN = 1, NDER = 1,
KM =1, IT = 1, MAXP = 1,

14

NS =MF + 1
NSL = NS

IN = 2

T 71

———-
1
1
I
1

[y, wror), mrom))

No

NS =1
NSL = MF = 1
IN =1

= 13

it

S
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% HF (MF)

ER(M) = ER(MF)

DIVERGENCE OF HF (M),
NN, M,HF (M), ER(M)

—

|

|

|

'__

|

| [ETCe,n) = 0.0
ED(L,N) = 0.0

e ainy = ppce,my

|

NNN = NNN + 1, MPH = MF, MF = M,
- ERPOE)
DERN = oo typy * PPERN
[]

PROBABLE FAILURE AT
M, M

DERN = ERT (MF)/10. |

10— (DERN .LT. ERT(MF)/10.)

b =2

Yes
120
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Q

HHF (4) = HHF(3), HER(4) = HER(3)
HHF (3) = HHF(2), HER(3) = HER(2)
HHF (2) = HHF(l), HER(2) = HER(L)

HHF (1) = HF(M), HER(1) = ER(M)
[]

(w .EQ. 4 .OR = NN ,EQ.8)

90 § Yes
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. N
(HHF(3) .GI.HF(MF) ,AND. HHF(2) .GT. HF(@—N&@HFG) _LT. HF(MF) .AND. HHF(2) ,LT. HF(

91 * Yes

97

tNo

Yes ) Ye
F(3) .LT. HHF(2) ,ANU, HHF(Z) ,LT. HHG(I) GIHF(.’S) .LT. HHF(2) .AND. HHF(Z) .LT. HHF(I

1o

¥ o
¥ .
F(3) .LT. HHF(2).AND, HHF(2) .LT. miF(1))  ((HHF(3) .GT. HHF(2) .AND. HHF(2) .GT. HHF(1 Yes

[

iNo

HF(3) .LI. HHF(2) .AND. HHF(2) .GT. HHF(1)) (HHF (3) .GI. HHF(2) .AND. HHF(2) .LT. HHF(

o

&

HHF (1) - HHF(2)

ER(M) = HER(1) + JERCL) - HER(Z) 4 (ypp) - mHp(1))

ER(M) = HER(1l) + HHF (1) - HHF(3)

HER(1) - HER(3)

* (HE QF) = HHF (1)

HER(2) - HER(4

9% ER(M) = HER(2) + IO RETO)

* (HF (MF) - HHF(2)

(HER(NN - 1) + HER(NN))/2 }

>0

é(,

<0

i D

202 *

ET(M, 1) = [-SM(M, 1) - SA(M, 1) * ET(M, 2) - SL(M - 1, 1)
AET(M - 1, 1) - SM(M, 1) * ET(M + 1, 1) + (CUQ,1)
+SUM, 1))* ERQM) + (CL(M - 1,1) + SL(M - 1, 1))
#ER(M - 1)]/(CA(M, 1) + CL(M - 1, 1) + oMM, 1))

ET(M, NC) = [-SM(M, NC) - SB(M, NB) * ER(M, NB) - SL(M - 1,NC)
*ET(M - 1, NC) - SU(M, NC) * ET(M + 1, NC) +
(CU(M, NC) + SU(l, NC)) * ER(M) + (CL(M - 1, NC)+
‘L(M - 1, NC)) * ER(M - 1)]/(CB(M,NB ) +
CL(M - 1, NC) + CU(M, NC))

ET(l, 1) = [-SM(1, 1) - SA(l, 1) *
ET(1, 2) - SU(l, 1) * ET(2, 1)
+ (CU(1l, 1) + su(l, 1)) *
ER(1)]/(CA(L, 1) + CU(L, 1))

ET(l, NC) = [-SM(l, NC) - SB(1l, NB) *
ET(L, NB) - SU(l, NC) *
ET(2, NC) + (CU(l, NC) +
SU(l, NC)) * ER(1)]/
(CB(1, NB) + CU(l, NC))

ET@M, N) = [-sM(M, 1)) - SA(M, N) * ET(M,N + 1) - SBQM, N - 1)
#ET(M, N - 1) - SL(M - 1, N) * ET(N-1, N) -SUQ4,N)
AET(M + 1, N) + (CL(M - 1, W) + SLQM-1, N))
*ER(M - 1) + (CUQM, N) + SU(M, N))* ER(M)]/
((CAQM, N) + (B(M, N - 1) + CL( - 1, N) + CU(,N))

ET(1, N) = [-sM(1l, N) - SB(l, N - 1) *
ET(l, N - 1) - SA(l, N) *
ET(l, N + 1) - SU(l, N)*
ET(2, N) + (CU(Ll, N) +
su(l, N) * ER(L)1/((CB(1,N-1)
+ CA(1l, N) + CU(l, N))

(701

205

208
Y
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NEMT / 69

NM 1
PHF No Yes | PHF = HF (MF) _—@
(ABS Gragy - ) LB 0.05 NM .IE, 10 MK = MK 4+ 1
Yes Ho
@ PROBABLE DIVERGENCE
OF HF (MF), NM, HF(MF)

Ye . DERN
@.—(ABS (ogp) LE. 0.05 )

INo
v Lk
QBS (%>'m' 0.005 JRee("NDER .GT. 5)—2°—{NDER = NDER + 1]
Yes 72 ' tes Yes
@ PRED,DOES NDT CONV.,
WITHIN 5 CYC. 76
PRED CONV, NDER. TDER, DERN ER(MF) = DERN| |ER(MF) = ER(Q}MF)
[NDER, TDER, DERN TDER = 0.0 + DERN
PDERN = DERN

NDER, TDER, DERN

—_— IL =11+ 1
r m NM = 1

TDER = PDERN

ERT (M) = ERT (M) + ER(M) ER(MF): PDERN
DOH = ERT(M)/E .
DEL = DOR * 1) ‘ HINGE REVERSAL

STORY M, HFT, ERT (M),

|
I
|
| . OCCURRED, NHR
l
|

HMAX = HFTP
MAXP = 2
KM = 2

FAILURE AT STORY

|ME, AKX




PHRO (M, N, 1
PHRO (M, IV, 2

=z =
N s

| L= kepa1, W) - ko, N)|

408 § >0

PHRO(M, N, = 0.0
PHRO(M, N, = 0.0

:

O

2

O

®

@+
gé@*

n

~ -
oo
=
SNl




ERP (M) =
HFP (M) = HF )
ER(M) =

<

| BAP(M, N) = BA(M, N), BCP(M, N) = BC(M,N)
| BBP(M, N) = BB(M, N), KBP(M, N) = KB(M, N)
)
<
BUP(M, N) = BU(M, N), BLP(M, N) = BL(M, N)
BMP(M, N) = BM(M, N), KCP(M, N) = KC(M, N)

CPP(M, N) = CP(M, N), ET(M, N) = 0.0
PP(M, N) = P(M, N)

Yes
(+9)

EDT(M, N) = EDTP(M, N) + ED(M, N)/E
EDTP(M, N) = EDT(M, N)
ED(M, N) = 0.0

PHRO(M, N, L) = PHRO(M, N, L) + HRD(M, N, Iﬂ

((P(M, N), N =1, NC), M = 1, MS)

¥
ER(MF) = DERN, PDERN = DER
TDER = 0.0, HFTP = HFT
KAA = KAA + 1, MK = 1

e (1)
No
'L(EDT(M, N), N =1, NC), M = 1,.MS)

S
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. [MS, NB, E, FY, FRC, FAC, GLF|

MS, NB, E, FY, FRC, FAC, GLF

. NC = NB
Ml = MS

+1
+ 1

/(S(N), N = 1, NB)

(HM), wH(M) , M = 1, MS)

((BI(M, N), BZ(M, N) H =1, NB), M = 1, MS)

((FL(M, N), N = 1, NB), M = 1, MS)

((CI(M, N), Cz(M, N), AR(M, N),BC(M,N)N = 1, NC), M = 1, MS)
((D(M, N), N =1, NC), M = 1, MS)

i

(S(N), N =1, NB)

(M, H(M), waM), (FLM,N), N =1, NB), M = 1, MS)

((BI(M, N), BZ(M, N), N = 1, NB), M = 1, MS)

((CI(M, N), Cz(M, N), AR(M, N), D(M, N) PC(M, N) = 1, NC), M = 1,MS)

L

| ET(MI, N) = 0.0
. | PZ(N) = 0.0
v L———-@
MF = M

é—a

BP(M, N) = FY * Bz(M, N)
BAP(M, N) = 0,0, KB(M, N) = 1
BBP(M, N) = 0.0, KBP(M, N) = 1
BCP(M, N) = 0.0, X(M, N) = 0.0
Y(M, N) = 0.0

on a

CP(M, N) = FY * Cz(M, N), KC(M, N) = 1, PP(M, N) = 0.0
BUP(M, N) = 0.0 , KCP(M, N) = 1,ED(M, N) = 0.0
' BLP(M, N) = 0.0 , XC(M,N)= 0,0, EDT(M,N) = 0,0
BMP (M, N) = 0.0 , YE&(M,N) =0, 0 EDTP(M,N) = 0.0
BM(M, N) = 0 , ET(M,N) =0.0

HRO(M, N, L) = 0.0, KHR(M, N, L) =
PHRO(M, N, L) = 0.0

R
NER

| N EE
Galt g |




HFP(M) = 0.0, ER(M) = 0.0
ERP(M) = 0.0, ERT(M) = 0.0

P(M, 1) = Pz(l) + GLF * PC(M, 1) + GLF * FL(M, 1) * S(1)/2
Pz(1) = P(M, 1) _

P(M, NC) = PZ(NC) + GLF * PC(M,NC) + GLF* FL(M, NB)*S(NB)/2
PZ(NC) = P(M, NC)

{ NB -1

P(M, N) = PZ(N) + GLF * PC(M, N) + GLF * (FL(M, N) * S(N) +
FL(M, N - 1) * S(N - 1))/2

o
|
I
| PZ(N) = P(M, N)

SR

KAA =
GLF = 0.0
TGLF = FAC




TGLF = 0.0

| TGLF = TGLF + GLF |
]

"TOTAL GKAVITY LOAD FACTOR,TGLF
INCREMENTAL LOAD FACTOR, GLF

D

| SH(M) = 0.0

Yes

|

]

26y~ O

C]?GLF JLT, (FAC - 0.05)

Yes
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[L = kBQ,N) - KBPQ, N)|

C =2 (@)

414> 0
L 3,5' zf D) 4f 6f
__ BA(M, N) BB(M, N)

PHRO(M, N, 1) = 0,001 * PHRO(M, N, 2) = 0,001 *

* ABS (BA (M, N)) ‘ ABS(BB(M, NY)

‘ PHROM, N, 1) = 0,001 *'ﬁﬁ%

= KC(M, N) - KCP(M, NJ PHRO(M, N, 2) 0.001 * BB(M, N

ABS (BB(M, N))

4 6'
_BLM, N) _ BU(M, N
ABS(BL(M N)) PHRO(M, N, 5) = 0.001 * ABS (BU(M, N))

PHRO(M, N, 4) = 0.001 *

U

@ PHRO (M, N, 4) = 0.001 * XE%‘IZ:E_IL{?%)N_))

PHRO (M, N, 5) = 0.001 * ﬁ%)
I
|
l

BAP(M, N) = BA(M, N), BBP(M, N) = BB(M, N)

BCP(M, N) = BC(M, N), KBP(M, N) = KB(M, N)
b — —— ———()

BUP(M, N) = BU(M, N), BLP(M, N) = BL(M, N)

BMP (M, B) = BM(M, N), CPP(M, N) = CP(M, N)

KCP(M, N) = KC(M, N), ET(M, N) = 0.0

PP(M, N) =P(M, N), ER(M) = 0,0

A .EQ. 1 1e8 ,@
No

EDT (M, N) = EDTP(M, N) + ED(M, N)/E
EDTP(M, N) = EDT(M, N)
ED(M, N) = 0.0




((P(M, N), N =1, NC), M = 1, MS)

1A .EQ.1 Yes =@

No

((EDT(M, N), N = 1, NC), M = 1, MS)I

:

CI‘GLF .GT. (FAC - 0.05} Yes o

No




No Yes
i LA .GT, 1) 1
FED = 0.0 N 8
TOE = 0.0 9 - FED = - (ED(M, N + 1) - ED(M, N))
\f TOE = 6.% FED * BI(M, N)/S(N)/S(N)

CA(M, N) = 0,0, SA(M, N) = 0.0
CB(M, N) = 0.0, SB(M, N) = 0.0
FBA(M, N) = 0,0, FBB(M, N) = 0.0
FM = GLF * FL(M, N) *S(N)*S(N)/12.

Y

[

CA(M, N) = 4 % BI(M, N)/S(N) XY = XM, N)3 + y(M, N)32 CB (M,N)=3*BI (M,N) /S (N)
SA(M, N) = CA(M, N)/2 CA (M,N)=3%BI (M,N)*X (M,N)- /XY FBB(M,N)=TOE /2+1, 5%FM
CB(M, N) = CA(M, N) SA (M,N)=3*%BT (M,N)*Y(M,N)“ /XY SM (M, N+1)=SM (M, N+1)+FBB (M, N)
SB(M, N) = SA(M, N) SB(M,N)=SA(M,N)
FBA(M, N) = TOE - FM TO=3%S (N) /XY @ @
FBB(M, N) = TOE + FM TT=GLF*FL3(M,N)*X(M,N)*(T0 ’
SM(M, N) = SM(M, N) + FBA(M,N) Y (M, N) I+ (M,N)) /8
SM(M,N+L)=SM(M,N+1)+FBB(M,N) | | TTH=GLE*FL (M, N)*Y (M, ) * (TO FBB (M, N)=GLF*FL (M,N) *S (N) %Y (M,N) /2
"?X(M,N)S‘FY(M,N)) /8 SM(M,N+1)=SM(M,N+1)+FBB(M,N)
FBA (M,N)=SA (M,N) *FED/Y (M,N) -TT
FBB(M,N)=SA (M,N)*FED /X (M,N)+TTH
SM(M, N)=SM(M,N)+FBA(M,N)
SM(M,N+1)=SM(M,N+1)+FBB(M,N) @

CA (M,N)=3*BI(M,N) /S (N)
FBA (M,N)=TOE/2-1, 5%FM
e SM(M,N)=SM(M,N)+FBA (M,N)

m FBA (M,N)=-GLF*FL (M,N)*S (N) *X (M,N) /2

SM(M, N)=SM(M, N )+FBA (M, N)

U

15
[RY (M, N) = SQRT((1 - POPY)/FKC) ]

[ pory = p(, N)/FY/ARQLN))|

PHI = H(M)*SQRT[P(M,N)/(E*CI(M,N)*RY(M,N))]
SMS = (% - 1)/pur?
sMc = (1 - ———————Hﬂg’;ggig?I y/ pur?
psq =-<8MC%= sus?yin (o)
Q= CIOLN) FRY O,
CC (M, N)=SMC/DSQ
CS (M,N)=SMS/DSQ

12
[ CP(M,N)=FY*CZ (1,N) |

ICP(M,N)_ = 1,18%(1 - POPY)*FY*CZ(M,DL)[
T
17 Ve
\./—




P

RCP = CP(M,N) - CPP(M,N)
CU(M,N) = 0.0, SUQM,N) =
CL(M,N) = 0.0, SL(M,N) =
RAT = CS(M,N)/CC(M,N)

1 g 5 KC (M,N) 3
&~ B

0.0
0.0

© OO

CIIJ:(M,N) = CC(M,N) Z(1l) = XC(M,N) BL(M,N) =CP(M,N)*BL(M,N)/ABS(BL(M,N)
&Eﬁﬂﬁ - Sgﬁﬁﬂi 2@) = Y00LN) CU(M,Nl = (CC(D/I,N)Z-CS 01, %) /cc e, w)
- : AX=RCP*BU(M,N) /ABS (BU(M,N) )

SL(M,N) CS (M,N) SHQM) = SH(M)+(l + RAT)*AL

*RY (M,N)) ]

SM(M,N)=SM(M,N) + AL #RAT
PHI = Z(L)*SQRT[P(M,N)/ (E*CI(M,N)| | SM(MFL, N) = SM(M,N+1)¥+ AL
FBUQM, N) = AL*RAY

_ Pl
SM8 = (3Tx (pHT)

*GCOS (P
sMC = (1 - MA_I_{.Q)/PHIZ

SIN (PHI)

2 2
- .
psq = {SMC~- SMS®)¥z (L)

CI(M,N)*RY (M,N)

1)/pu1?

© o

27
CY(M,N) = SMC/DSQ CX(M,N) = SMC/DSQ
SY(M,N) = SMS/DSQ SX (M,N) = SMS/DSQ

OK = (CXQM,N)>- SX(M,N)°)/CXQM,N)

K = (CY(M,N)Z— SY(M,N)Z)/CY(M,N)
THK = OK*YC(M,N)/XC(M,N) + TK*XC(M,N)/YC(M,N)

~PT(M,N)*H(M) /E
CL(M,N) = OK-OKZ*YC(M,N)/THK/XC(M,N)
SL(M,N) = OK*TK/THK
CC(M,N) = OK*H(M)*(PI(M,N)/E-TK/YC (M,N))/THK

SK = SX(M,N)*YC(M,N)/CX(M,N)+5¥ (M,N)*YC (M,N)
/CY (M,N) + H(M)
AM = RCP¥BM(M,N)/ABS (BM(M,N))
FBL(M.N) = (OK*SK/THK/XC(M,N)~SX(M,N)/CX(M,N))*AM

CU(M,N) = TK-TKZ*XC(M,N)/THK/YC (M,N)
SU(M,N) = OK*TK/THK
CS(M,N) = TK*H(M)*{ XC(M,N)*(TK/YC(M,N)-PL(M,N)/E)

/THK-17/¥C (M,N)
FBU(M,N) = (SY(M,N)/CY(M,N)~TK*SK/THK/YC(M,N))*AM
SH(M) = SH(M) + FBL(M,N) + FBU(M,N)
SM(M,N) = SM(M,N) + FBU(M,N)
SM(M+1,N) = SM(M+L,N) + FBL(M,N)
BM(M,N) = CR(M,N)*BM(M,N)/ABS (BM(M,N))

IMCOB OF KB OR KC M,N

BU(M,N) = CP(M,N)*BU(M,N)/ABS (BU(M,N))

CLOL,N) = (CCQ,NY2- cs(,N)2)/ac (M, N)
AT = RCP*BU(M,N)/ABS (BU(M,N))

SH(M) = SH(M)+(1 + RAT)#AT

SM(M,N) = SM(M,N) + AT

SMQMFL,N) = SMQFL,N) + RAT#AT

FBL(M,N) = AT*RAL

BU(M,N) = CP(M,N)*BU(M,N) /ABS (BU (M,N))

BL(M,N) = CP(M,N)*BL(M,N)/ABS (BL(M,N))

SH(M) = SH(M)+RCP*BU(M,N)/ABS (BU(M,N))
+ RCP*BL(M,N) /ABS (BL (M,N))

SM(M,N) = SM(M,N)+RCP*BU(M,N)/ABS (BU(M,N))

SM(M+1,N) = SM(M+1,N)-+RCP*BL(M,N)/ABS
(BL(M,N))

®



> 0

50

(x-1 )

9
- [ oy =A@y, 1) + cLu-1,1) + cuqe, 1)

DN .EQ. 0.0 Yes @

No

1 1
[on =caq1,1y + cu@, 1)

No

ET(M,1) = [-SM(M,1) - SA(M,L)*ET(M,2)-SL(M-1,1)*ET(M-1,1)
-SU(M,1)*ET (M+1,1) + (CU(M,1)+SU(M, 1)) *ER(HM)
+(CL(M-1,1)+SL(M-1,1))*ER (M-1)] /DN~

ET (M, 1)=-8M(1,1)-SA(1,1)*ET(1,2) -
SU(l,1)*ET(2,1) + (cU(l,1) +
SU(L,1)*ER(1)] /DN

LDN = CB(M,NB) + CL(M-1,NC) + CU(M,N(iI

DN .EQ. 0.0 @

No

es

ET(M,NC) = [-SM(M,NC) - SB(M,NB)*ET(M,NB) - SL(M-1,NC)
#ET(M-1,NC) - SU(M,NC)*ET (M+1,NC) + (CU(M,NC) +
SU(M,NC))*ER(M) + (CL(M-1,NC) + SL(M-1,NC))*
ER(M-1)]/DN

DN = CA(M,N) + CB(M,N-1) + CL(M-1,N) + CU(M,N)]

DN .EQ. 0.0 @

No

i
[y = cB(1, NB) + cu(l, NC))

Yes
DN .EQ, 0.0
No

ET(1,N¢) = [-SM(1,NC) - SB(1,NB)*ET(l,NB)
-SU(1,NC)*ET (2,NC) + (CU(1,NC)
+SU(1,NC)*ER(1)] /DN

8 3> 0

[ov = cB@, 8-1) + ca(L,N) + cu(1,m)|

@ DN .EQ, 0.0
No

=0

Yes

ET(M,N) = [-SM(M,N) - SA(M,N)*ET (M,N+1) - SB(M,N-1)
*ET(M,N-1) - SL(M-1,N)*ET(M-1,N) - SU(M,N)
*ET(MFL,N) + (CL(M-1,N) + SL(M-1,N))*ER(M-1)
+(CUQM,N) + SU(M,N))*ER(M)]/DN

ET(1,N) = [-SM(1,N) - SB(1,N-1)*ET(1,N-1)-
SA(L,N)*ET(1,N+1) - SU(L,N)*ET(2,N)
+(CU(1,N) + SU(L,N))*ER(1)1/DN

PT = 0.0
SSCT = SH(M)
S (T
l PT = PT + P(M,N) :
| SSCT = (CUM,N) + SL(M,N))*ET(M,N) + (SU(M,N) + CLQM,N))*ET (M+1,N)

| . -(CUM,N) + SU(M,N) + CL(M,N) + SL(M,N))*ER(M) + SSCT




BAL(M,N) = FBA(M,N) + CA(M,N)*ET(M,N) + SA (M,N)*ET (M,N+1)
BBI(M,N) = FBB(M,N) + CBQM,N)*ET(M,N+1) + SB(M,N)*ET (M,N)
BCI(M,N) = 0.0
BA(M,N) = BAP(M,N) + BAI(M,N)
BB(M,N) = BBP(M,N) + BBI{M,N)
e
1, 3, 5: @ 2, 4, 6%
SBM = - (BA(M,N) + BB(M,N))
X(M,N) = S(N)/2 + SBM/(TGLF*FL(M,N)*S(N))
| I -0 22
(XOL,Y) ~ DQM,N) /2 e Y(L,N) = SA) - X1, | ’y
1 = SN
n 450 @om - panwn 2 )—=4 T,
X(M,N) = 0.0 2% 1> 0

BCQL,N) = 0.0 BC(M,N) = TGLEFL (M, N)*Y (M, N) X (M,N) /2

+ BA(M,N) + SBM*X(M,N)/S(N)

-

[BCI(M,N) = BC(M,N) - BCP(M,N) |

BUI(M,N)
BLI (M,N)
BMI (,N)

N NG 2@ h e 7&)

Bouon
loRoNe)
[oNeNel

BUL(M,N) = CU(M,N)*ET (M,N) + SU(M,N)*ET (M+1,N) BUI(M,N) = CU(M,N)*ET (M,N) + SU(M,N)*ET (M+1,N)
-(CU(M,N) + SU(M,N))*ER(M) + FBU(M,N) +0S (M,N)*ER (M) + FBU(M,N)

BLI(M,N) = CL(M,N)*ET(Q&1,N) + SL(M,N)*ET(M,N) BLI(M,N) = CL(M,N)*ET (M1,N) + SL(M,N)*ET (M,N)
-(GL(M,N) + SL(M,N))*ER(M) + FBL(M,N) +CC (M,N)*ER (M) + FBL(M,N)

BU(M,N) = BUP(M,N) + BUL(M,N) BU(M,N) = BUP(M,N) + BUL(M,N)

BL(M,N) = BLP(M,N) + BLI(M,N) BL(M,N) = BLP(M,N) + BLI(M,N)

©

_ ABS(BL(M,N) )*BU (M,N)
~ ABS (BU (M,N))*BL (M,N)

RAT

> 0

o]
( ABS(BL(M,N)) - ABS(BU(M,N)D
4] p<o 42 ‘
AM = ABS (BU(H,N)) AM = ABS (BL(M,N))
BM = ABS (BL(M,N) )*RAT -4_@.— BM = ABS (BU(M,N) )*RAT
I=-1 1=1

-70




©

PHI = H(M)*SQRT[P (1,N)/(E¥CT (M,N)*RY (M,N) )]

_..-1, BM+ AMKCOS(PHT)
ZK = tan”" (- TomeTyipRT) ) 45
>0 BMAX = SQRT[ (AMZ + BM® + 2*AMFBMHCOS (PHI))
ZK - /SIN(PHI)]
<0 = %)
44 XZ = ZK¥H(M)/PHL
XCQI,N) = 0.0
YCQMLN) = 0.0 46
BM(M,N) = 0.0 [Re(iy) = RGD - %2
BLQM,N
49 Yo BMQN) = BMARY o s

YC(M,N) = H(M) - XC(M,N)

[Buzca,x) = Buu,y) - BMROM,N) |

P(M,1) = PZ(l) + TGLF*PC(M,1) + TGLF*FL(M,1)*S(1)/2 - (BA(M,1l) + BB(M,1))/S(1l)

PZ(l) = P(M,1)

P(M,NC) = PZ(NC) + TGLF*PC(M,NC) + TGLF*FL(M,NB)*S (NB)/2 + (BA(M,NB) + BB(M,NB))/S(NB)
PZ(NC) = P(M,NC)

P(M,N) = PZ(N) + TGLF¥PC(M,N) + TGLF¥*(FL(M,N)*S(N) + FL(M,N-1)#S(N-1))/2
- (BA(M,N) + BB(M,N))/S(N) + (BA(M,N~-1) + BB(M,N-1))/S(N-1)
PZ(N) = P(M,N)

MI = MS

EDI = PL(MIL,N)*H(MI)/AR(MI,N)

34 |
%]
EDI = EDI + PI(MI,N)*H(MI)

AR(MI, N)

=71




TA = - HFT*100

1, 2,5

(ams (az(e,m) . 11, 20

Yes

~BP (M,N)

CBP = BP(M,N)

PRE (1N, 1) = % * (CBP - BAQM,N))| 12
< 4, 5,6, 7,8
1, 2,3

Y
C ABS (BBI(M,N)) .LT, BP%@ =

2,3, 4,6, 7,8
PREQGY,2) = gty * (5P - BB(M,N)‘é‘Q
”

(X@LY) .6r. DQLN)/2 LAND, Y(O4,N) LGT. D(M,N+L)/2)—— O

41 Yes
CABS (BCIQM,N)) .LT. Bpl(lg(,& =

0
CBP = BP(M,N)




D

PRE QM,N 3) = ‘;f:I‘"(‘fi 5y % (CBP - BOQLN))
2,3, 4, 6, 7
1, 5
CP(M,N
@S(BLI(M,N)) LLT. ;059 Yes
Yo - 24
<0

BLI(M,N)
25 >0

CCP = CP(M,N)

CCP =.-CP (M,N)

HF (MF)
BLI(M,N)

PRE (M,N,4) =

#* (CCP - BL(M,N)) 27

CCP = -CP(M,N)

@S(BUI(M,N)) LT,

2, 4, 5,6, 7

CP(M,&

Yes

100J

CCP = CP(M,N)

PRE (M,

HF (MF)

N,5) = BuT(M,N)

* (CCP - BU(M,N)

2, 3, 4, 5, 6,7

Yes

CCP = CP(M,N)

PRE (M,N,6) =

MF

HF -
TR % (GCP - BM(M,N))

©
-

I (Craray,ny EQ, 0)—225—
N

I °

| PRE (M,N,L) = TA
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32
[ smaL Qo) = PrE (i, 1,1)]

MAXP - 2 =0

33
% PRE (MF, 1, 1)

ER(MF
HF (MF )

DERN =

|
NS(M) =N I_.
LC(M,N) = L —_——
SMAL (M) = PRE (M,N,L) |
| _ ERQF)
| | DD = Gy  PREQF, N, L)
- I
SMA, = SMAL(1) L
_ ERQWF)
CED HF (F) © TA
| MC =M
S - S

_ ER(MF)
DERN = friy * SMA
NSS = NC(MC)

MC, NS(MC),LC(MC,NSS),
SMA, DERN

No

(‘DERN 6T, 0.0025*E/H(MF))——-N°—c-I DERN = 0.00257"~‘E/H(m?)

43 Yes

( 4BS (DERN/ERT (MF)) ,GT. o.

‘No
| DERN = ERT (F)*0.03 |

No

(pery .cT. ERT (m)/l@&.@

= ERT(MF)/10]

SPECTAL PRED ADOPTED
MF, DERN




=
E

F\A

48
FED = ED(M,N+1) - ED(M,NH

| [ rRo(,N,1) = 0.0]

=

TIZEBILN)

_ GLE#FL(M,N)*S ()’ a3

@@w

O OO

X0 = 0.5/(X0L,N)° + YN YY)

HRO(M,N,1) = ET(M,N) + ET(M,N+1)/2

-1, S*FED/S (N) -FM/4

XT = 267 QL,N)° + 3R FY LN - XN
XF = YL - 3%y QN AR QLN 2. 24xQe )3
XS 3(X(M,N)2 - Y(M,N)Z)

XE = 6%K (M, N) 247 (M,N) 248 () “*X0-1/X0/6
HRO(M,N,3) = XO* XT*ET (M,N) + XF#ET (M,N+1)
+XS*FED] + GLF*FL(M,N)*XE/16/BI(M,N)

Y

- 1,5%FED/S(N) + FM/4

HRO(M,N,2) = ET(M,N+1) + ET(M,N)/2

?

T0 = (4*X(M,N% + 3KY(M,N)) * Y(M,N)B/X(M,N) TO = (3%X(M,N) + 4*Y(M,N))*X(M,N)3/Y(M,N)
+ X (M, N) + Y(M’N>3
TT = Y(M,N) *(B*X(M N) + 3*Y(M N)) + XM, N) TT = X(M N)a*(S*Y(M N) + 3HKQMN)) + Y(M N)2
5 2 - £ El 3 H
*(6%Y (M,N) X(M N)2) (et N)2 v N)Z)
HRO(M,N,1) = ET(M,N) + Y(M,N)*ET (M,N+1) ’ ’
/X(M,N) - FED/X(M,N) - GLF*FL(M,N)*TO HRO(M,N,2) = ET(M,N+L) + X(M,N)*ET (M,N) /Y (M,N)
/24/BL(M,N) - FED/Y(M,N) + GLF*FL(M,N)*T0/24 /BI(M,N)
HRO(M,N,3) = =(Y(M,N)/XQM,N) + L)*ET(M,N+1) HRO(M,N,3) = (X(M,N)/Y(M,N) + 1)%ET(M,N) +
+ FED/X(M,N) + GLEF#FL(M, N)*TT/(24%X FED/Y(M,N) + GLF*FL(M,N)*IT/(24%Y(M,N)
(M,N)*BL(M,N)) *BL(M,N))

@

HRO(M,N,1) = ET(M,N) - FED/S(N) - FM/2
HRO(M,N,2) = ET(M,N+1) - FED/S(N) + FM/2
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| (HROGM,N, L) * PHRO(M,N,L))

15
<0 NHR = NHR + 1
KHR (M,N,L) =
[ ]

HINGE REVERSAL OCCURRED
M, N, L, PHRO(M,N,L), HRO(M,N,L)

&

3

[kBQM,N)=kB(M,N)-2 | [KB(M,N)=KB(M,N) -4] | KB(M,N)=KB(,N)-1]

| [HRO(M,N,L) = 0.0]

e —

K =
&5

OK = (CX(M, N)2- SX (M, N) )/Cx(M N)

K = (CY(M N)“- SY(M,N)° )/CY(M N)

THK = OK*YC(M,N)/XC(M,N) + TK*XC(M,N)/YC(M,N)
-PI(M,N)*H(M)/E

FK = (CX(M,N) + SX(M,N))/CX(M,N)/XC(M,N) +
(CY(M,N) + SY(M,N))/CY(M,N)/YCQM,N)

Cl = FK*OK*YC (M,N)/THK - SX(M,N)/CX(M,N)

C2 = 8Y(M, N)/CY(M N) - FKXTK*XC (M,N)/THK

C3 = [sx(M N)*YC (M,N) /CX(M,N) + SY(M,N)*XC (M, N)/
CY(M,N) + H(M)]*FK/THK

G4 = 1/CX(M,N) + 1/CY(M,N)

C5 = (TK/YC(M,N) - PI(M,N)/E)*FK*XC(M,N)/THK

C6 = (CY(M,N) + SY(M,N))/YC(M,N)/CY(M,N)

C7 = (CP(M,N) - CPP(M,N))*BM(M,N)/ABS (BM(}M,N))

HRO(M,N,6) = CL¥ET(M+1,N) + C2*ET(M,N) - (C3 +
C4)*CT + (C5-C6)*ER (M)*H (1)

OK = CS(M,N)/CC(M,N)

TK = (CP(M,N) - CPP(M,N))*BL(M,N)/ABS (BL(M,N))

THK = TK/CC (M,N)

HRO(M,N,4) = ET(M+1,N) + OK#ET(M,N) - (1 + OK)
*ER(M) - THK

© g

OK = CS(M,N)/CC(M,N)

TK = (CP(M,N) - CPP(M,N))*BU(M,N)/ABS (BU(M,N))

THK = TK/CC M,N)

HRO(M,N,5) = ET(M,N) + OK*ET (#+1,N) - (1 + OK)
*ER(M) - THK

00

OK = (CP(M,N) - CPP(M,N))*BL(M,N)/ABS (BL(M,N))
TK = (CP(M,N) - CPP(M,N))*BU(M,N)/ABS (BU(M,N))
THK = 1/(CC(M,N) -+ CS(M,N))

HRO(M,N,4) = ET (M+1,N) - ER(M) - OK*THK
HRO(M,N,5) = ET(M,N) - ER(M) - TK*THK

26

| ®

NHR = NHR + 1
KHR (M,N,L) =
i}

v
o

HINGE REVERSAL OCCURRED
M, N, L, PHRO(M,N,L), HRO(M,N,L)

0 5

@ IKC(M,N) = KCQLY) - 2] [kc@,m) = kc@uN - 4| [KCOLN) = kc@LN) - 1]
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1:355’7 @ ? 46| %

((aBs(sc(u,N)) - BRQ1,N)*0, 99)—20—-’ BCQM,N) = BRQM,N)* igs(}gBl(\]:(M )
lgz)m“@jy s &% 2 z ‘+

KB (i, N) = 2 ABS (BAQM,N)) - BP(M N)¥*0,99 ) [kBOE,N) = 4] [kBOM,N) =

@ BEAM MECH,
M, N

BC MAX, OCCURRED NEAR CONN,

M, N, KB(M,N), X(M,N)

ABS (BAQM,N)) - BP(M,N)*0,99)

<0

© y
(aBs(BaQu,N)) - EP(()M,N)*O.%)————@" BA(M,N) = p(M,N)* %)

KB(MN) 3,4,7,8
LKB(M N) =KB(M N) +2J B

(ABS(BB(M,N)) - BP (M, N)*0.99)

21 *20

_ BB (M,N) M, N, KBQM,N), BA(M,N).
BB(M,N) = BPQLN) * oe i G, Ny BCQMN), BBQMN)

K =
1,2,3 KB (M,N) 4% 5,6,7,8
KB(M,N) = KB(M.N) + & IMCOB OF KB
[k o) ) + 4] M, N, KB(M,N)
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: = ‘
KC (M,N)
1( ) ? U de
- « ___ BM(M,N)
((aBs(BM@,N)) - CPQLN) *o.@i"—%} SNOLN) = CRGLI) ¥ 35S (aai (o, )
‘< 0 KC(M,N) = 2
20
z 0
(amstronn) - cparx O'M BL(M,N) = CPQM,N) * ABS?ESEMNN)) W, N, KGOLN
<0 - 5 s N >
1 ) i
N\ <0
(CABS(BUQM,N)) - CP(M,N)¥* 0,99 )
6 ‘ =0
BU(M,N) = CP(M,N) * —:_LABI;%]%(?I,N)) ]
KC(M,N) = KC(M,N) + &4

; <0
( aBs(BL(M,N)) - CP(M,N)*O@———@

BL (M,N)
CP (M,N) * m

Q

BU(M,N) = CP(M,N) * _%L

ABS (BU(M,N) )

O

M, N, KC(M,N) BU(M,N)
BL (M, N)

BL (M, N)




8. APPENDIX IV - SAMPLE OUTPUT
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TOTAL GRAVITY LOAD FACTOR=

1.300 INCREMENTAL LOAD FACTOR= .100
1 1 1 =-290.23 284.11 531,52 1 2 1 =531.52 284.11  290.23
1 01 1 290,23 239.28 1 2 1 0.00 0.00 4 3 1 =2980.23
2 1 1 -444,99  331.27 524,02 2 2 1 =p24.02 331,27 44,90
2 1 1 205.71 223.68 2 2 1 0,00 - 0.00 2 3 1 =205.74
3 1 1 =383.57 345.60 661.31 3 2 1 -661.31 346,60 383.57
2 11 159, 88 81.66 3 2 1 0.00 0,00 3 3 1 =159,.88
AXLO 13,99 33.34 13.99 32.18 73.70 32.18 49.82 115.16
ENDF .053 .122 .053 045 «104 . 045 027 .063
My HF,LER 3 5048 14.8000
My HF 4 ER 3 S 4283 14,8000
My HF 4 ER 3 « 4127 14,8000
PRED CONV NDER, TDER.DERN= 1 14.80000 14,80000
STORY 3 HFT= 4127  ERT= 7.8681 DOH= .0003 DEL=
STORY 2 HFT= 4127 ERT= 14,4546 DOH= .0005 DEL=
STORY 1 HFT= 4127 ERT= 14,8000 DOH= .0005 DEL=
FOR PLOTTING - LATERAL LOAD= «41265 DEFLECTION INDEX OF FRAME= .0
1 1 1  -282.55 285.37 537.95 1 2 1 =525.,10 282.89 297,90
1 01 1 282.55 234.27 1 2 1 -12.85 =-11.07 1 3 1  =297.90
2 1 1 -423,76 333.93 542,21 2 2 1 -605.83 328.84  L466.23
2 1 1 189.49 210.99 2 2 1 -25.31  =24.08 2 3 1 =221.94
3 1 1 =351.02 352.27 687.77 3 2 1 -634.86 34l.44 416,11
3 101 140,03 52,31 3 2 1 -28.82 =33.,58 3 3 1 =179.74
PRED ADOPTED AT MC,NS,LC= 3 -1 2 DERN= 20.12096
AXLD  13.91 33.34 14.06 31.88 73.70 32.48 49,20 115.16
CAXLD 50445
ENDF .052 .122 «053 <045 .104 045 027 .063
ENDF .028 -

‘239.2 8
~-223.68

-B1l.66
49,82
« 027

.0319
«0586
« 0600
gou2

-244.,29

"236.37

‘111.01

08-




BTN e
e R e S

MsHF L ER
MeHF LER
My HF 4 ER
My HF LER

FOR PLOTTING

1.2524

PRED ADOPTED AT MC,NS,LC=

PRED CONV ' NDERs TDER,DERN=
3 HFT= 6.9294
2 HFT= 6.9204
1 . HFT= 6+3294
LATERAL LOAD=
5 -121,19 359.87
1 121.19 160.24
5 18.60 543,79
1 -178. ‘SL} ‘33.59
5 217.79 732.79
3 -284,20 =-682.15
ADOPTED AT MC,NS,LO=
12.80 32.26
6252
045 118
034

94,5231
9445231
94,5231
94.5231
4 DOERN=
94452312
226.4160
L2h.4240
416.73326
DEFLECTION INDEX OF FRAME=
-326.11
148,04
-111.44
-404,75

~2.54777
«0075 DFL=

6392935

~24%.14 -L92.28 =279.73

-483.30 -461.70 =336.95

-L68.76 -616.98

9.41430

-386.61 -407 .81

3 DERN=

18-




MyHF 4 ER 3 , -.3604 148,9810

MsHF L ER 3 -e3604 148.,9810
PREN CONV NDER, TDER,DERN= 1 148,98103 148.,98103
HINGE REV MyN,LsPHRO,HRO 1 1 2 1.806hE+02 -1.103E+01
HINGFE REV M,N,L,PHRO,HR0 2 1 .2 3.918%+02 -1.355F+01
HINGE REV  M,N;LsPHRO,HRO 2 2 2 L.748E+02 -2.431E401
HINGE REV M,N,L,PHRO,HRO 2 2 4 -1 .427E+402 2.5055+01
HINGE REV  M,N,L,PHRO,HRO 2 2 5 -3,177F+02 1.771E+01
HINGE REV M,N,L,PHRO,HRD 3 1 2 1.0135+03 =-1.,A995+01
HINGE REV MyN,LsPHRO,HRO 3 1 3 1.155F5+403 -L,888E+01.
HINGE- REV "M,N,L,PHRO,4R0 3 2 2 1.119E+03 -2.737E+01
HINGE REVERSAL OCCURRED II= 41 NHR= 8
MyHF ,ER 3 -.3504 148,980
MyHF , ER 3 -.2604 148.9810
PRED CONV NDER, TDER,DERN= i 148,98103 148.,98103
STORY HFT= 5.9143 ERT= 285.6605 DOH= .0097 DEL= 1.1581
STORY HFT= 5.9113 ERT= 806.9564 DOH= 0273 DEL= 3.2715
STORY HFT= 5.9113 ERT= 1638.7313 DOH= « 0554 DFL= 6.6437
FOR PLOTTING LATERAL LOAD= 5.91126 DEFLECTION INDEX OF FRAME= .03076
1 1 1 -92.65 379.02 570.04 1 2 1 ~-282.36 301.98 501.8%L
1 1 1 92.65 . 187.27 1 2 1 -286,93 ~15R8,31 1 3 1 -501.85 -115,.8%4
2 1 1 169,30 643.25 725.67 @ 2 2 1 -5.75 536453 722.47 _
2 1.1 -356457 374440 2 2 1 -568,28 =-566.98 2 3 1 ~-606.456 =119.26
2 01 1 309.60 731.58 729,76 3 2 1 303.45 728439 72742
3 1 7 -684425 -684.25 3 2 7 -472.85 =472.85 3 3 7 -610.79 =610,79
SPECTAL PRED ADOPTED MF= 2 DERN= 153.87913
AXLD 12.67 32.09 16 .55 26,489 71.45 39,72 40430 109,88
AXLD 64.63 \ ,
ENDF N <117 067 «037 .100 . 057 022 .060
ENDF 036

8-
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w, =0.131 K/in,
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w,=0.164| ¥/in, _
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b4 ©0 x P
© = A C
K/ =
= w, =0164| “in. M
H —»
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”»r 777" 777 ‘_—'~
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Fig. 1 EXAMPLE FRAME
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Ve e FORTRAIN STATEMENT \DENTIFICATION

SEQUENCE | __LABEL | TYPE 1 WIZARD _STATEMENT JeT "o 1 40 T+ - J_EisE
PAGE | SERIAL | —| A ] COBOL STATEMENT IDENTIFICATION

pooopooc0o0O0O0OODOO0OO0O0COOGCOO000000000000000D00O0O000000000000000000000000000002D
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Note: The data Cafds are read correctly from the top of the page downward but the

cards themselves are stacked in the reverse order.

“Fig. 2 SET-UP OF DATA CARDS FOR EXAMPLE FRAME
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AC.ombinationﬁ | S . Hinge

‘No. , o Locations
1A — B NONE
. c o
2 A © B c
3 A 6 B A
C
4 A e —- B A,C
5 A —B B
. c | | |
6 A e —B.  (,B
7 A® —oB A,B
8 ‘Ae & eB A,B,C

Fig. 3 HINGE COMBINATION NUMBER USED IN PROGRAM
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Fig. 4 NUMBERING FOR POTENTIAL

HINGE LOCATIONS
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