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-INTRODUCTTON

One of the more common ship building elements are the longi-
tudinally stiffened plates of Fig. l(a).(ljb Their frequent use in
ships makes a thorough knowledge of their behavior important.
Consequently, a computer program was developed for the analysis of
such sections subjected to the combined transverse and éxial loading
shown in Fig. 1(b). . The program described in this report is an
improved Fortran II version of the program originally written in WIZ#
by Jun Kondo. The progra% analyzes a stiffened plate panel and
determines the maximum fixed and simply supported lengths and panel

can have under a given loading.

The analysis is basically a two step process. The main prégram
first develops a moment=curvature-thrust curve for the given section.
Then the integration subroutine determines the maximum .fixed and
simply supported lengths allowable for a series of midpoint starting
curvatures. Plotting these maximum . lengths against the midpoint
starting curvatures produces a curve.which is concave downward. The
peak on this curve is the maximum .length the panel can have under

the given loading.

In the course of this analysis, the effects of residual
stresses and differing yield points in the stiffener and in. the
plate are considered. There are no limitations imposed on the

relative proportions of the cross. section other than the requirement

* A GE compiler used at Lehigh University
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that the ratio of the stiffener spacing to the plate thickness (b/t)

~be sufficiently small (less than about 40) to prevent plate buckling.

In the integration procedure used in the program,'the section

1is called upon to resist both positive and negative bending moments.

However, it was found that, for hybrid sections (different yield
peints in plate and .stiffeners) subjected to high values of axial
load, the moment-curvature curve would shift under varying load until
it was completed on-one side of the curvature axis (only positive or
only negative moments). Such a position indicates that under axial
load alone, the section requires the application of some internal
moment aldng its center iine in order to maintain equilibrium. The
integration cannot be perfdrmed for such casés and this is now

printed out on the output.

In addition to this alteration, provision has also been made for
some identifying run or data set number to be included on the output.
This number which is part of the input data, appears on the various

pages of the output and aids in.correlating results with input data.

The text of this report deals primarily with the preparation of
data for‘the program, technical information about the program and its
operation, and an explanation of the‘output. The appendices include
a program listing (the main program, integration subroutine, and two
required functions) and a series of example runs. The arrangement of
the explanatory text conforms to the standards of Ship Design,

Division Instructjon 10462 of the Bureau of Ships, U. S. Navy.
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'PART I - IDENTIFICATION

Title: Ultimate Strength of Longitudinally Stiffened Panels
(SMALL b/t)

Brief Description: On the basis of a computéd M-@-P curve

for the section under analysis, the program makes successive
computations of the fixed and simply supported panel lengths
corresponding to a given loading for each of a series of
mid-point curvatures. By comparing each new set of lengths
with those obtained on the last try, the maximum  length is

determined.

The program consists of four parts: ,
1) The main program which provides the M-@-P relationship

for the section.

2) Subroutine INTEG (integration) which determines the simply

supported and fixed lengths corresponding to a given combi-

nation of axial and . lateral load .for some midpoint curvature.

3) Function BC which compuﬁe& by parabolic interpolation, the

‘peak value between 3 pts. on a curve.

4y Function VAL which computes, by parabolic interpolation,

the peak value between 3 points on a curve.

Input data is read directly from cards into the main program.

Termination accurs when an END card is read. (The main program
will iterate through successive sets of data and within each of
these sets, subroutine INTEG will iterate the value of lateral

loading) .

a) .Author: .Jun'Kondo, Bruce A. Bott, and.Alexis Ostapenko,
‘ Lehigh University.
b) .Date: 'May, 1966
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4, Code: Fortran II

5. Machine: GE.225 (any other machine accepting Fortran II may
be used).

6. Security Classification: Unclassified

.7. Estimated Running Time: Punch input data 1.0 min

Run time 2.5 min
‘Total 3.5 min

PART IT - PURPOSE & METHOD

1. .Description of Theory: See "Ultimate Strength of Longitudinally
Stiffened Plate Panels Subjected .to Combined Axial and Lateral

Loading™, by Jun Xondo, Fritz Engineering Laboratory Report
No. 248.13, Lehigh University, 1965.

2. Assumptions:

1) No buckling - as a result, the program is applicable only

to sections with low b/t ratios.
-2) The édges of the plate are assumed. free.

3) The distribution of the residual stresses in the plate is
assumed to be rectangular. The residual stress distri-
bution in the stiffener flange is assumed to be triangular.
The residual stresses in the web of the stiffener have

small effect and are therefore neglected. (See Fig. 2).

3.  References: See report listed in 1) above.
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PART TIIT - RESTRICTIONS

1. General Restrictions: . None

2. Limitations For Use:

a) The condition of GPC = GPT = 0 (no residual stress in.the
stiffener flange) will not run. (It results in division

by zero).

b) Ratios of GST > 2.0 do not produce exceptable results in

all cases and the output should be closely examined.

3. Nonstandard Hardware & Tapes: None

4, Maximum Array Sizes: 6 Arrays are used: FI (200)
CM (200)
EPS (200)

AL (30)

X (25)

B (14)

PART IV - NONSTANDARD MACHTINE
OPERATING INSTRUCTIONS

1. Special Operating Instructions: None

2. Restart Instructions: None

3. Error Correction: None




248.16

PART V - DATA PREPARATION

l; Card . Input Form::

Card Format Variable Name

1 15 IRUN

2 7F10.4 AST
T

AFF

GRC

- GST
GEC
GET
3 BF10.4 p

az

QIC

QMAX

*DSI

FIC

Comment

Label for data set (i.e.-set #15)

Nondimensional area of stiffener

‘Nondimensional:depth

Nondimensional area of flange

Nondimensional residual stress
in plate

"Ratio of yield stress in stiffener
fo yield stress in plate

Nondimensional compressive resi-
dual stress in stiffener flange

Nondimensional tensile residual

‘stress in stiffener flange -

‘Nondimensional axial load

Nondimensional initial value of
lateral load- (for iteration in
subroutine)

Nondimensional increment of lateral
load (for interation in subroutine)

Nondimensional maximum value of
lateral load to be run

Increment of panel length to be
used in subroutine Integ

Increment of curvature for sub-
routine Integ

For additional data sets repeat the above sequence.

Last card - End (1lst 3 columns) this terminates the run with an

illegal character on a data card.
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Format
2. . Sample Input: Comment
55 I5
.3 10.0 .45 0.0 1.0 0.3 0.3 7F10.4
.4 0.0 3.0 3.0 .18 .15 6F10.4
3. Output Form Description:
Page Comment
182 Lists input data and run number for checking and later

identification. Lists some computed member properties
(identified on output). Lists 201 points on the M-@-P
plot for the given panel.

3(&4)*  Lists.values of axial .load P and lateral load Q.

Lists length, lateral midheight deflection, vertical
movement of ends, fixed end moment, and end slope for
a given midheight curvature. For each value of mid-
height curvature, this information is produced twice,
once for the fixed condition and once for the pinned

end condition.

As a peak of L is passed in each of the plots of PHC vs.
L, (fixéd end and pinned end) the peak value of L and the
corresponding values of other quantities are computed

and printed.

5 ‘Summary of results for each combination of axial and
lateral load.

4. Symbol List and Definitions:

A Total area of section divided by area of plate
AF Area of flange divided by area of plate
AFF Area of stiffener flange divided by area of stiffener

* -Depending on amount of output
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AT
AMPN

AST

AW

BC -

BRC

BRT

CMO
COSF

‘D1
D3

DST

EPS
EPSO

EY
FT
FIC
FIO

Moment of inertia of the section (Nondimensional)

Negative plastic moment capacity of the section
(Nondimensional)

Stiffener cross sectional area divided by area of
plate

Area of web divided by area of plate

Matrix which stores the results obtained by the integ-
ration subroutine for later printing in the summary
of results

Function which establishes equilibrium and compati—‘
bility for each length increment

Total width of compressive residual stress zone in the
plate divided by .the total plate width

Width of tensile residual stress zone in plate divided
by total plate width

Moment array for the M - ¢ - P Plot

Moment at point zero (see EPSQ)

Cosine function

Depth of stiffener divided by plate thickness
Total section depth divided by plate thickness

Distance from elastic neutral axis to the extreme fiber
in the stiffener flange divided by the plate thickness

Increment of length used in the integration subroutine
Strain in the extreme fiber of the plate’

In the original language used for this program, dimensi-
oning an array for 200 locations reserved 201 machine

locations (0-200 inclusive). In Fortran IT, dimensioning

.for 200 locations reserves exactly 200 locations (1-200

inclusive). Therefore in the Fortran II translation, it
was necessary to.create the variable EPSO to correspond
to the location EPS(0) in the original version.

Yield strain

Curvature array for the M - ¢ - P plot

Increment of curvature in the integration subroutine

Curvature at point zero (see EPSO)
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GEC

GFT

GRC

GST

TRUN
ISW
ISWA
ISWB
ISWC
ISWD
JA
JB

PHC

Compressive residual stress in the stiffener flange

(0g,) divided by the yield stress of the plate (cyp)*

Tensile residual stress in the stiffener flange (Oft)
divided by the yield stress of the plate®

Compressive residual stress in the plate (Ofc) divided
by the yield stress of the plate¥®

Yield point in the stiffener divided by the yield
point in the plate

Resultant force acting on the cross section in the
z-direction

Counter

Run number or data set number

Switching parameter

Switching parameter

Switching parameter

Switéhing parameter

Switching parameter

Counter ' '

Counter

Counter

Counter

Nondimensional axial load as a fraction of the yield
axial load (P/Py)**, where Py = (yield point of plate)
x (total panel area)

Curvature at the midheight of the section

Lateral load (Nondimensional) (Q=(q)(E)(b)(d)/(yield
point of plate)2 (total area) where:

q = Hydrostatic pressure on section

E = Modulus of elasticity

b = Stiffener spacing

d = Distancé from elastic neutral axis to extreme

fiber in stiffener flange)

* See Fig. 2
Note that this quantity can reach a value greater than 1.0 for

o ate
W

some sections.
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QI Initial lateral load value to be run

QIC Increment of lateral load in the integration sub-
routine ’

QMAX Maximum lateral load value to be run

S Section modulus (Nondimensional)

SINF Sine Function

SQRTF Square root function

VAL Function for parabolic interpolation of curve peaks
W .Thickness of the stiffener web divided by the plate
~ thickness

The following variables and arrays are intermediate and have no

general definition:

AL* Cl1
Cl C12 X*
C2 C13
C3 Cl4

Array
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MAIXY  Proegam

e 1 PROGRAM LISTING .

HEAD [N THE FATA SET NUMBER AND paxnr IT ON THE Top OF THE FIRST

__THIS IS THE EEGINNING OF THE MAIN PAORAM WHICH COMRUYES THE Pace | eF |3
MOMENT = CURVATLRE = TWRLST CURVE FOR THE GIVEN SECTION,
ALL CUANTITIES ARE PLACEL IN COMMON SO THAT THEY WILL BE AVAILABLE
T0 ThE SUHROUTINE AnL THE FyNCTIONS. WHICH ARE REQUIRED,
COMMDN 12 . Ns EpS: . —— e N e
1P, KEL, 1SwA, ISKB, ISWC, ISWD, I1SWs ALs DBI, CM; CHU, AMLIs JH, A
2C1s C2, €3, REY, Ci11, (C12:.C13, C14, EY, CR, AMPNs C5, CA, CB, . . ...
3F1C, LFs GMAX, Q1C, IRUN
200 FOINTS WILL HE COMPUTED ON THE M = PHI = P GURVE - o
HENCE, 200 LCCATICNS_ARE. N RE S _
[ FI 1., &ND STRAIN Ih THE OUTER FIRER OF THE PLATE { EPS 1+
UIMENSTUN CHL201, FI(200), EPS(2001, ALT301, X(25) T

PAGE 0F CUTPLT, e

1 READ 33, IRUN
32 FORMAT ( 15 )
PRINT 2004« IRUN

200 FORMAT [ 9HIDATA SET, 19 ]

AEAU THE NEUESSARY INPUT DATA AND PRINT IT OUT ON THE pUTPUT SHEET
$0 THAT INPUY CAN BE CORRELATED WITH RESULTS. _

PRINT 201 S e
201 FOFMAT (11HUINPUT NATAZZ)
READ 20,AST,0,AFF ,GRC.GSTaBFC,QFT, e.__4ﬂi4nic,nnAx¢n§1451r O .
20 FUKRMAT (7F10,4)
PRINT 31 S -
31 FORMAT [ 1Hp, 35X, 3HAST, 7X, 1HD, /X, 3HAFF, 6X, 3HGRC, 6K,
1 3-GST, &X, 3HGFCs 6Xs 3HGFT» 7X, 1HP» 27X, 2HQ1, 6X, 3HAIC, 5X..
2 4KOMAX, &X, 3IHDSI, 6X, 3WFIC, //)
FRINT 30, aST, .0, AFF, GRC, GST, GFC, QFY, P, 0O}, OJC, QMAX, DST. . . __.
1 Fic -
3N FOKMAT [ 13F9,5) _

COMPLTE SECTION PROPERTIES,

EY = 1,3344595E-3 - — -
REY = 3.6530254F-2
L1 =D+ 1},
BRY = GRC / (1. + GR(C)
BRC = 1. = HRT
AF = AFF « AST
AW = AST = AF . e e e
W = AW / :
Az 1, « ASTY
p2 = D + 01
CMM = 5 % [ D2 « AW » D)
EL = CHM 7/ A
- FL

D3 = L1
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aocaoaoaaca

aanacdc

a0a

PAGE

Co = EL / N3 . . e
C? = EI 7 n

Al 2 A ¢ EL # U3 o ,5 (D ¢ 1,73, * AN ¢ D o} 1, ¢ D/3.,)]

S = Al 7 EL

RR = SCRTF Al / A}

REL = PR / EL

CR 2 D3 / AR

Cl = A « ¢ )

C2 = % «[ 1, +» OST + AST « 1}

C3 s C1 « FL

AMPN 30.5¢1GST#AWen+sD2)-2,4002¢(D12,5¢C2)=C3)/8

PRINT OUT ThESE SECTION FROPENTIES I8 A TABLE.

PRINT 22
37 FORMAT [19H0SENTION PROPERTIES )
PRINT 166
166 FQFMAT l1Fn.ﬂx-3HAST.13X.1NH.13‘.3“AFF-12X:3HGPC.13X'2HRR.13X.2HFL
1 » 12Xy 4RaMPN,» 134, LWP, 27)
PRINT 1067, aST. N, AFF, GNC,RRs ELs AMPN, P
167 FOKMAT | BF15,7])

FOR AnY MYRRID SECTION, WIGH AXIAL LOARS WILL CAUSE THE MOMENWT =
CURVATURE LUKVE 10 LIE ALL On ONE sl1hE OF THE CURVATURE axls.
HENCR, TRE FULLUVING CHECK 1S NECESSARY. o

SEE 1f THERE 1S A NEGATIVE LEU ON THE MOMENT =~ CURVATURE CURVE.
TF NCTs £C ON TC THE NFXT SET OF NATA,

IF [ AcPN ) 34, 35, 35
3% PRINT 6
S¢ FORMAT | SHrUAKIAL ((0AD TOC MIGH [SECTION CANNDY MAINTALIN EWUIL LHR
11ur )
GO TO0 1

SET 1P THE HFAUINGS FOR THE CUTPUT OF THE MUMENT o CURVATURE -
STHalN RELATIONS,

34 PRINT 1064
1674 FORMAT [ 140, 7%, tHN, 9X, SHFIIN). 11X, SHMCMIN), 11X, 6MHEPSINI,
120X, 1HNs X, SHFTIN}, 11X, SHCOMIN], 11X, GHEPSIN!, ///)

COMPLTE THE -EQUIRED 200 POIMTS ON THME CURVE,

X[1] = «gA47T
x{2?1 = KR!
X[X] = -g3g
x{a)} = BRC
xts) = -wW
X{er} = w
ALT17) = &1
ALT19) = 2%
ALFIR]) = ©
ALT20) = 2
ALr211 = 2

2 oF |3




PAGE 3

ALl22) = 0. R e e e e e e e
CA = AF / [GFC + GFT]
Fitenl = P + GST =~ GFT
Ci = [¢. =~ GRC = P 1 « Cé6
C2 = (1. = GRC = GST * GFC) » 7
IFt FIt90] - C1) 2, 100, .100
100 FlI9n) s C4 . e e ettt ¢ e e et e 1 ettt e e L
7 IF[ FIt90l - €C2) 104, 101, 3
101 F1190) N1
3 OALL3D) P e« CA
€1 = P « GST + GFC
IF1 ALL30) - C1) 1n2, 102, 4
107 ALr30) s .C1 < e
4 [FI ALI30) - C2) 85, 103, 103
103 AL(30) = -,0% S
E N = 91
ISWw = 16 s e e
ISKC = 6
DEF = =.005 - e —
JA = 11
GO 10 24 B I TTa - -
& Nz 90 .
1SWC = 7 . SR . UL
ALI30) = F1(301
DEP = ,008 - [ — eeemen e
GO TN 24
7 X125) = .02
ISv = 14
ISwA i6 P
1SwB 18
1SWC 8 - e — e o
1SwD 9
1 = 3 X . . e e e
£ Nz N e 1
IFINY 21, 104, 104 . . e e e et e
104 AMLT = [AL126) =~ AL[2511/71AL(29) =~ AL[28))
Q ALI30] = AL (29). .+ X[28). . ...
GO TO 10 :
2¢ N = 91 e .- o R,
ISka = 16
I1SwB. = 18 [ R
1SvC 8 22 .
1SwD = 23 [, _ e e
xt?25) =& .02
‘ALL29) = Fl(91] . L .
AL128]) s F1(90])
DEP 3 2.005 . e
AL126) = CM(91] R .
ALL2S) s CM(90). . : oo C e
ALI23) = EPS[91) .
22 N s N« 1 e e e [ e e e
IFIN = 2001 109, 103, 27
109 AMLT = [AL126) = ALL23)1/71 AL{28) = _ALl291) . - e o e
23 ALI30) = AL(29) - x[29}
G0 70 .10 A

3oF I3



24
1n
104
s

10=

109

110

113

114

AL123) = F + ALI301/ C6
IFL ALI301) 25, 10&, 25

ALL30) = .01
F o= ALLSO0) 7 EL

CY9 = Cr o F
CR =2 P + F o DS
Co 107 K 3 1, 7

ALIK] = 0.

X(7) = -r3

X{&] = C5

X(6] = =2,

X[10) = -Fe2,
x{11) = G40 « L.
Xx(12) = x{11] - F

L0 108 h = 17, 20

X{h} = x{n-g] =+ 2,

Xx[13]1 & =F-GST

X(14) = X{13)] - F » D
x[15) = x[14) + GFC
x{16) = X[14]1 - QF?T

Lo 107 K = 21, 24

X[K]) = X[K=8) + 2, « GSF
o112 » = {1, 8

IFt ALI23) + XTwen)) 11, 411, 111
ALIKD = xIk)

ALITK*RY = Y[KeH]|

GO Y0 12

IFt aL123] « XIKe1s1) 112, 112, 12
ALIK) = XI[X)

ALITR+BY = xY([(<s16])
COMTINCE

ALT151=AL ({481 - GFr
ALL16] = AL 16} + GFT

c1 s 0. :

C2 = A+ F

C3 s -7, » 02 « CR

C11 = AL{7] « GFC

€17 = AL[2Y ¢ 6iFT

€13 = r11 « ¢12

€2 2 C2 + 13

C3 = C3 + 2,¢(C119AL(15) o C12¢ AL(16]1}+(C11eGFC+C12* GFT)

Lo 110 © 3 1, 7, 2

C11 = sL[A] + ALIKe+1)

Cila = aL (K] o AL[KeA)

C1% = AL[%e1]) « ALIK+9)

C12 = C14 « Ct5 )
ClY 2 €14 « AL[K+B) ¢ C15 « ALIK+9)
ClL = C1 + 1

c2 = C2 + C12

C3 2 C% « 13

IFIC2 » C2 - C1 » €3] 26, 113, 113
C2 = 2, » 2

AL124]) = RACIC1, €2, C3, ALI2)))

IFTABSF1.vAL(24) /4L 1231} « ,000001 ) 13, 114, 114

JA 8 JA - 14

PaGk

4

HoF I3
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11%
26
13

117
116

€3 = C3 +.L£2

PAGE

13, 118, 138

AL123) s ALl24)
G0 YO 10

AL1231 5 AL123] + DEP

GO TO 0 [
ALt27) =

[N
D0 16 K 54,5, 2
1

JB s K ¢
C3 = 0, - S

D0 117 JJ « 14 2

Ci = AL([24% + AL[JReB) . - U o
C2 = ALIJUBY « C1 o CL « [ALtUBe16) = CL 7 (3, ¢ F))

JB @ JP - 1 )
ALL27) = ALI271..+.€3. .. [ SO
JA E 10 . :

THE MEXT STATEMENT IS SENSITIVE TO AXIAL LOAD ( SERTION MODULUS §
usE Blyiglon BY ZERQ Fom H1G

APPRCACHES ZERGI..AND mAYy_CA

AXTAL

136
134

17

18

€y 3 ABSFLLALIZ68)eAMLT o XI2%) ) ¢ AL{27) o 31,3

loM YALUES OF

LOAD P, .

ALI27) = ALE30) +[A*EL®IAL[24)nCBI* 5¢AL{27]1/F1/S

LE = ISW , B
G0 TO 118 '

IF ( Cy -
I =1 e .
IFLI) 46, 16, 139
LB 3 [SkaA
GO tn 318
IF( C1 -

.001) 19, 130, 130

0N00045] 3322.1324 16 ... ..
I« 1

1Fel) 16, 16, 3133

LA = [SWR

GO TN t18 . i P . .

IFIN) ¢37» 138, 137

Flc s AL{30) o
CMC = ALlET7)

EPSO = AL[Z24)

GO TO $36

FIIN) & AL12D)

CMIN) & AL127)

EPSIN] = AL[24) . e e s
1 =3

DO 134 K s 23, 29

ALIK) & ALtK+1)

LB s [SWC

G0 TO 118

x[{28) »
1SWA 8 16
Iskf = 18
GO TO 435

x{2%) = .1
ISWA & 17
IS8 & 19

02 B e e
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PAGE

GO 10 135
19 x(28) = .t
ISWB = 16
IShA = 18 -
135 LR = ]ISWD
GO T0 118

PRINT QUT THE CCMFUTED PCINTS AFTER CHECKING TO SEE IF THERE S A
POSITIVE BRANCH ON TRE MCMENT = CURVATURE CURVE, { THIS CHECK IS
SIMILAR TO VTHAT PERFCRMEL AFTER THE PWINT UUT OF SECT]ON PROPEKT~
1ES ABOVE.!

27 N s D
IF (cMe) 27, 37, 129
37 PRINY 236
GO TCO ¢
138 PRINT 169, N, F10, CMO, EFSD

169 FORMAT [Z2t7x, 13, 3F16,7})) ’

CO 142 N = 1, 100

NN s N ¢+ 1np T

FRINT 960, N, FIINY, CMIN}, EPSIN), MN, FIINN], CMINN]), EPS|NN)
142 CONTINUE .

ONCE THE 200G POINTS HaVE BEEN CCMPUTED, GU TO THE INTEGRATION STEP
CALL INTEC

UPON RETLRN FRNM THE [NTEGRATIOMN STEP, GO FACK AND SEE IF THERE IS
ANOTHER SET ¢+ [avs,

GO TO 1

THE PEXT SERIES OF STATEMENTS IS A ROUTINE TO DETERMINE WHERE THE
PROGRAM SHOULD ERANCE TO NEXT, GIVEN TNE VALUE OF TWE SWITCHING
PAKAMETEFR 1Sk, ISwA, ISWE, ISWC, ISwD, THE ROUTINE PICKS THE
STATFMENT MUMBER T0 GO TC NEXT,

11% IFtLR=30) 119, ag, 120
11 LH 3 LF ~ &
GO T0 I 6. 7, &, 9 ), LEF
120 IF(LR-F0) 121, 9R, 122
121 Ld 5 Lk - 13
GO 10 (14, 98, 16, 17, 18, 19), Lb
122 LB = L+ - 29
GO T2 122, 23)» A

SHOULL AN INTEX IN SCME IF STATEMENT (EV GUT UF BCUNDS, THIS
STATEMENT WILL bF CallED AND THE PROGR)M WILL TERMINATE.

3¢ FRINT &7
97 FORMAT (aknicR]
96 CcalL ks T

ENT

[

Gok 12




aoaaaaa
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aQaan

aaaa

aooaoaaaaan

_SvaRrovrivg InTEe PAGE
SURROUTINE iNTEQ

SUBREUTINE _INTEG 1S A PROGRAM WHiCH WHFN GIVEN THE MOMENT =
PURVATURF REIATION FOR A SECTION, WTLL DETERMINE TWE MAXiMUM
FIXEL AND PINNEL LFNGTHM THAT THE QFCT!ON CAN SUSTAtN UNDBR A GIVEN

LATERAL AND AXIAL LOAD.

THE FOLLNWING DULANTITIFS ARE PLACED IN COMMON SO THEY WILL BE

AVAILABLE FRNM THE MATN PROGRAM,

commoN 1, ~, EPS, ART, X, WR®, Fl, C7, GST, epSO, FiO, Ql, F, JaA,
1P, REL, ISwA, 1SWR, ISWC, fSwD, }SW, gb, nix. EE: CMO, AMLT, JB,
. 2C1, c2, c3; REY, €11, 12, €13, ci4, EY, CN, aMPN, C5%, Cci, CB, K,

SFIC, LB, CMAX, QIC, IRUN .

DIVENSION Fni2007, Fii2001, EPST2081, ALI30), X725), B{14)

MOMENT = CURVATLRE CURVE_ARE CHECKED FOR_A POSSIBLF SYARTING

_ PROM STATEMENTS 5 AND 51 RELOK,
.4

CURVATURE, {F N0 TRANSVFRSE LOAD ]S ARTING ON THE SECTION, THMIS
WILL USUALLY BE CHOSEN AT THF ORIGIN, | POINY 9681

___ N ='90 ) e e
102  IF TEPsiMIa1.) ®0, 100, 106
108 IF {EPS[N)eRRY=-X7111+BRC=,99) %0, %90, 51

70F I3

50 IF (FP“(N]-FI(NI/C7¢G!TI 54, 101, 101
_}F“JFPSO =1,1.3,

4,
rsvtc-9w1‘x1111anac‘ 99178, 3,8
101, 108

:UIMM

IF [EP8O- FYD/C7OPST! 5.

fT AN BE SEEN TWAT SOME CURVATURE

" LESS THAN ThAT DETFRWINED ABOVE 1S USED AS A RTARYING POINT
TO INSURE THAT THE PEAK CF THE CURVE N[Lemgingigggg”lﬁgngN. o

O THE NEXY DATA SET.

iF NC

"1 RETURN

54 6.5 FIIN) = ,4 . .

4 Qe 0!

THE NEXT STATEMENTS ARF THE ONES WHICH cuooss ‘TME RURVATURE AT ThE
NRIGIN AS A STARTING POINT 1F LATERAL LOAD 1S 26RD.

1F (o) 60, 103, A0 ' R

108 F = FIIS0) - ,4
GO T0 A1

49 F = G

61 PHC = F
JA = 20




aaaaAaaQag Q

RET 1P TeE TITLES FOF THE INYEGRAYVDN AND LIST TWF VALUE OF TuHE
J0ADS AT THE TNF oF 1WMF SMEET,

IF Jxa DR JUXH ARE 1, THIS lNDlClTES THAT: CONVERGENCE HAS NOT BEEN

NBTAYNED YET Fok ETTHEP TME FIXED nR PINNED END CASE FOR THE

PRESFNT wALUF OF @,

WHE?

SET T0 ZFRO &ND TWIS WILI
QUUMMARY CHFET,

aps

104
1

in=
1

in
]

11

10¢
62

307

10#
aon
1ne
200
201

i1e

202
114

82
204

20%

CONVFAGENCE 1S OBTAINEN, THEY WILL BE
CAUSE THF RESULTS 10 RE PRINTEN ON THE

PRINT 400

FORMAT [1k1

PRIMT 404, p , 0

FORMAT [ 17WnAa> 1AL IOAP tPY =, F7.4,
F7.4 1

0 = NePEL

Jxa = %

JXE = 4

PRINT 0%

FORMAT [ 1un, 7¥, QHCURVﬂTUPF. BYn GHLFNGYN:
ALVFRYICAL, 9%, &+ ENP , 11X, 3HEND ,

PRINT 40

1AMI ATERAL LOAD (0) =,

PAGE

FOEMAT [11%, 2WAT, 24X, 10HhFFlEPTION; A HHNOVFHENTp QX: SHMOMEN

Te 10X, SHS| OPE )
PRINT 11

FORMAT { BY, ORMIDKEIGHT) ?4&@ L3HAT ninﬂslai? y

ISvA = 1

1Sw8 = 74

1Sk0 = 1 )

0O 106 K 2 9, 3

ALIK) = n,

ISk = ¢

1§D = 1

Xf17) = p

X[19) = NSt

DST = FSI

PO 1n7 K = 4, 1¢

Xf¥) =z 0,

SN =2 0,

cs = 1,

N s 20n

N =N+ 3

1F [N]_761‘2000 109 _ o
IF (FIIN) = PHC) 108. 110, 110
IF (FIn- FUC) 10A, 201, 20%

AMI T = lFlﬂ-PHFIIIFIO Fl(lll
X011) 8 CFNeAMLTo[CMO=CM{1)]

GO TO 202 ) L
AMILY ® (FIIN) = PHFIZEFIINI«FIINS1))
X[11) s CM(N) -AHLTn(CH[N)-CN(N‘i)l
1F (x(41)) 111, 1124, 63

PHE & PHC « .1

GO 10 T00

IF [N) 203, 204, 203

X(21) » EFSO~AMLTelEPSO~ FPS!1)1
GO TO 205

X{21) s FFSvN)vAMLTo(EPS(N!-PPS(Notll

2

Y o= I3



131
11?2

90

204
114
11¢
117
114
i2n
116

64

6%
4x

[
20F

67

68
121

x(23) = Phn

J8 s 5N

JA 8 JR - ¢
IF (JRY 112, 90, 9n
ALIT2). = 1,

GO TO @5

1 =1 . C O OO UOIOt

X[20) = DST

X{75) s X(23) o .
C1 & [Y{231/3, +X1251/76,)%RELex(20)
C2 = [rS-SNef1eREYIeX[20)

C3 = {SN/RFY+CS«C11ex{20)

C11 = REYeCR T,

C13 = Y[15) +» 0 & IC2 + C19 « SN
C1? = © ¢ BY - L .
C14 = ¥{171 + C12 + [(C3 = CR # CS)
X[1421EV(111=(24(C13,520¢C21434({C14~,5¢C12+C3))/REL
N =2 N « ]

IFf IN} 64, 206, 194 .

IF [OMO=X(121] 115, 114, 1396

IF [MMIN] = X[321) 115, 116, 116

[F {x[12) = CMIN+1)) 117, 66, 66

Nz N+ 1 X .

IF [ Ne200) 416, 11Rs 118

C1 = X112} = AMPN

IF (c1Y 119, 119, 1
GO TO 65, 67)s TSW
C1 = X111] = AMPM ‘
Xt1201 = ,5ex(201eCi/7tX111)=Xx112])

GO TN 43

€1 = C*U = xI111

N = 1 A .

X{70) = .2 & X{201 & C1/0XP12)=x111)])

GO TN 43

Xton) = .1ex1201

L =1+ .

IF 11 = 151 113, 113, 49

IF (M) 207, 208, 2n7 )

AMIT 2 [CMA-X[121]/([CMA=CMI1])

X124 = FIN-AMLT«[FI0=FI10YY

X(22) = FFIO-AM[ TelFPSO-FPSI11)

GO Tn %8 ) »

AMIT = [CMINY = X[12)]1/0CMINI-CMINGL)]

X[74) & FIINT-AM] Ta(FIINI=FT1IN+11]

X221 & FFQIN) <aMI T ¢ [FPSIN) = EPS({N+1)]

GO Tn A8

C4 = {(rM[2n0) - AMPNI/C1 L

C5 = CA*C1/(FM[1091-CMI200%1 )
1}5741 = [C4 « 1. 1«FT11200)=CNRYFIABSFIFI(200) «[FI(200)-F1{199])eCS

20
n

X(22) & (C4a+1,)+EPS{200)~SORTF{ABSFIEPS[200)« (EPS(20U)-EPS(199))»
1Cc51) :

IF (ABSF[1,-x125)/%¥(?4)1)=-,00001) 69, 121, 121
1 1 + 1

IFI1-1%5) 122, 122, A9



_PAGE 4

122 x(25) & X1241 JOoom 13
60 Y0 113 .
69 C1 = X123) + x[24)
X{14) & XI13) o . BeREVeRELRTon120]
SN = SINFIX[14)}
CS o CASFIx(14)]
X{163 = 611,91911!_ﬂ.-,__",.““.HWH“ e e
X181 8 Ci14¢Ci124CReCS
X(9) = x18y + €3
X{&) & X(51 « 2, o £2 s
XUX) = X[2) « 4, -xipo!/tz.-:v-txvaaloxtzzl-csol!L'enll
C5 = X124) « X123
CCA s X119}
CB « X120)
GO TO 170, 71),i8K
70 {F ix(12)) 423, 71, 71
123 €1 = I¥[12)ax[1{10eX(19)
C2 = (¥({101X[11))ax20)
C4 = [Y[163+x1201)ext10)90(20]
 §
s

c3 [c1 + c2)1/C4a.
C4 s [F1 o xuv)-chxl?on/ca
C1 = BCICY, €4, Y“l,o 0,)
ALl29) = X113y otxr?!lnhChC!/x(Nl)'REV'ﬂEL'Cl
ALT23) = 0,
ISw = ¥
1SwD s 2 .
NST = ,2eL%1
K & & .
PO 424 1 =4, 7,3
ALIK) & VALIXII), XIted), Xife2), C1)
124 K e K o 6
71 IF Ix(44)) 128, 72, 72
12% C1 = 5eCS«REY®RE| /X(21)
C2 = X1231eREY*RFL
C3 = =¥[20)s[C5+x1231/€5)
C1 = BFICY1, Ff2, X131, CX)
AL130) = 0,
K e A :
no 126 1 8 1, 10, X . e
ALITK) = VAL'IXITY, xiTet), XiTe?2], C1)
124 K = K » ¢
9% K = X0
128 PRINT 427, PHC, ALIK-241, Al [Kei1R]s ALIKe ~421, ALIK#6), ALK}
127 FORMAT [1kn, 7Fi6,.R)
K = K g 1
1F K o 281 129.A1?9. 128
126 GO TN 173, 751, 1ShA
72 DO 130 1 = 1, 23
1370 X[1) = X(let)
1 =1
GO TN 131 N o
7Y 1F1AL (&) - ALT41) 433, 132, 132
132 GO YO 175, 77), 1SsC
133 1Swa = 2
Kus



aaaaa

74

134

13%

PRINT

PAGE 5

1548 = ISkn = 9 _ Il oF I3

€1 = At freal = ALIK)

c? AL (K] - 2.0ALTK=21¢ALIK=4)

c3 Eow FIC s C1/02

cA Fre

c8 (o )

ALIK) & ALtk=21=_5eC1¢01/C2

K 2 K ¢ 6 R .

ALIKY B VAL TALIK-41, Al {K=2), ALIK), C3)
K = K « 6
1F [K=31] 134, 135, 13%
AAL = PHC < FIC o 3

CUT WHETHER THE PINNFD ENC CASF PR THE FIXER END CASE HAS

AEEN FOUND. TACCARDPING TC WMETHER THF FND MOMENT {8 28RO OR NOT,

12
14

137

138
13¢

14r

7%
141

IF { ALIK=61] 13, 12, 13
PRINT 14

FORMAT [ 18unFIxFD END CASE )
JX = 8

Jxs = n

GO TO *5

_PRINT 16

FORMAT [ 1&KNPINNEP END CASE )
Jx = 1

JXF =z D

PRINT 127, AAA

BlJX) = AAA

AAA = ® + OSEY@TALIK=18Y4i00SFIALIK=6])e1,]1CR)
Alux + 1) s ALIK-3N}

B{UX+2) = AL[K=24)

Bl X+3) = aALIK=1R)

RIUX+41 = AL IK=121

BlJUX+5Y = al[K=61

BLUX46Y = AAA

OUT THF REALUIRED TNFORMATION,

PRINT 136, ALIK=301, Al [Ke241, AL[K-18), ALiK~121, AL[K=8), AAA
FORMAT [1kn, 16X, £F16.8) )
1FL1swR=65) 137, 17, 138

LB = ISHR = 89 _

GO TN 160, 61, 62, 63, 64, 45}, 18
IF t1SWB - 70) 139, 139, 140

LB = [SWP - 65 -

GO TN 166, 67, 68, 69, 70}, LB

LR = [SWR = 70 B N

GO YO 71, 72, 73, 241 7511.76]; [W:]
IF (ALIS) < ALI31) 144, 77, 77

K s 5 .

1SKB 2 IShA + 1

. 18SwC = 2

T4

G0 TO 74
0 = Q/REL
PRINT 408, 1RUN



aoaaa

agn

ann

401
402
406
408%
403

404

FORMAT [ SHINATA SFT, 1X, 18 )
PRINT $04, P, 0
PRINT 400

FORMAT [ 19HOSUNMARY OF RESU| TS 1

PRINT 405
PRINT 10

PRINT 41

PRINT 6 o

IF [JXR ) 402, any, 402
PRINT 127, [RALJX1, JX & 1, 7
GO Tn 405

PRINMT 406 3

FORMAT [ 1SHONC FONVERGENCE )
IF { JYA ) 4ana, 4p1, 4fa
PRINT 427, (BlJX1, JX = B, ‘T4)
GO TO 407

PRINT 406

PAGE

INCREMENT THF VALUE OF 0 AND CHERK TD SEE 1F THE MIXTMUN VALUE HAS '

BEEN REACHED,

NATHERKISE, RUN TWE NExT CASE;

407

142

77

1473

=0 QIn )
IF_ 10 » QFaX) 60, 40, 142
RETURN

JA = JA - 4

PHE 8 PHC + FIC

00_143 K s 1, ‘221 2

ALTK] = ALIK ¢ 21

ALtKk+1) = 4L (Ke3]

GO TO &2

ENT OF PRCGRAM

IF 1T HAS BEEN EXCEEDED, RETURN T0 Y

ME MAIN PROGRANM



o140

8111
H19n

Fuxcriory BC

FUNCTICLN BCrBC1, HC2, HC3, Bre)

C3 = Kr3

Cs = bLAY

KK ® 1% . .

C3 a BC1 * C4 o Cé4-+ HCZ w» Cdee. BLI.
C4=C4=-r3/12,«BCLleCa+HC2Y Y
KKeKK=1

IFIKKI®19U,R180,R1RD
1FtABSFIC3)-0,00000011R190,8190,8140
BC=C4

RETURN

ENC

Fuveriovn VAL

FUNCTICN VALTA, Rs ¢, DI

CovMnN 1, N, EPS, BRT, X, BRG, F1, C7, GST, FPSQ, FIO,

1R, REL, I%9A, JSWB, 1SWC, 1SWD, ISW,
2C1, €2, C¢, REY, Ct1, C12, £13, C14,
SFICs LEs LHMAX, QIC

AA = |C=Ble*CA

BB = UAsrEe([NA*CH)

CC = (A=H]eCR

DU = [AA+(1/BE

CC = [AA«L4-CC*CB)/BB

VAL = NU«Le+T + CCol + B
RETURRN
ENT

AL,
EY,

DS!., CM. CHO,

CR,

AMPN,

‘CIMENSION oMr2Uny, F1l2u0l, EPSI2001, AL{30}, X(25)

c5,

ol Fy Jas

AMLT, JB,

CA, C8,

Ks

Sl:!ﬁlifé}J;’"



DAH ser so /&L S"" QI INPVTT DPATA

INPIT DATA

AST [+ CAFF GRC GST GFC GFT F o1 vic GMAX ps! FiC

“n,30000 10,0000 U.aS500C 0. 2.00006 U.30000 r.300VU0 O0.6U0.0 1,00000 €,00000 3,00000 O0,14pLU U,15000

SECTJON PRUPERTIES

AST D AFF GRC KR EL AMPN P
’ n.éEnnoir 1U,000(000 0,450000( v. 3,0847850 6,7115385 *1,7736882 - T U.sGU0000
- -
v Th : CrIN) EPSIN) ! [} . FIIN} CMIN) EPS(N]
o _1%.402aMHg  2.,4077520  31.04793n3 | - = NOVE! LINAY ORAWN BY HAND O OUTLIN
1 T 14.90zran8 2.4072640 11.5600760 11 ©1.,3000000 *1.2793965 n.26208%7 TABLE,
£ 1, 4Ug BB L.8lif2272 11 1722'1jq 1.2 1 82000600 4, 2949283 Uea2976010
3 13,907 6RRA 2.4081707 10.7843703 .43 -1.,3400000 *1.3101123 0.2531943
M 15.%UcbHBB  2,40%4635 _ 10,3965226 0 1u4  -1.36G000G  ~1,3247933  0.248K664 .
5 12,90 6888 2.4047186 10.0U86703 1.5 «1.,3600000 *1,3350161 Ve2a46182
B 1€.6Uc6BHB  2,403817  9,6208178 ] 106  -1,4000000 -1,38225¢5 U, 2404536 ...
’ 11.9ucobbs 2,4029371 9.2329658 1u7 =1,4200000 ~1,36586¢38 0,2564406
b 11,40cpHBH 2,401865¢ B.46%4136% 1LH -1.4400000 =1.3782449 (a238246068
9 1u.v0e6888 2,4006459 8.4572609 119 “1.,4600000 -1,3900267 02286527
Ay lu,40ceBHB  2,5992410 000 s.ue@anet | 434 1, 4BUGOOD  -3,4010867 0, 2p4vSHY .
11 Y. YUehbbY 2,5976206 7.6815565 111 “1.5000000 “1.4114634 0.2¢15860
e v . 4uzeH68 2.0957350 7,2937046 I -1.% - 46 0.21/7848 .
Ts PP 2,8935227 6. YUSESr e 1.3 <1.5400000 -1,4301976 Ue2145u61
14 todunhb 2,4908(39 6,5180005 114 ~1.56000600 -1,43684652 3.2104007
5 CTPTYLT) 2., 9B877524 6.3001461 1.5 “1.56000u0 “1.,4460057 Je2U0819/
_ i6 /o9l bBUY 2.cH838bbe H./7622902 i1i6 =1,6000000 “3,4538008U YedUa364y _
17 YT 2,2831220 5.6647287 117 ~1,6200000 ©1.4592163 0.2025348
1s /L eUcabbY 2.3822450 5.5871553 118 -1.640T300 ©1,4647206 Delyro 83y o
iy SXPIYTD 2,9813191 5,5095649 1.9 ~1.6600000 “1.469510¢ Jely/é60u
| /L UUZOERY £,9803534 5,4520143 1y ~1.6800400 =1:4787263% Jal¥4/914
- 21 S TPIILE 2,3793456 Y. 3544440 ic1 =1.7000000 <1.4777878 FSTPIE L]
CZ G,bUcHERY 2,478252n 5,2768735 162 ~1,7200000 -1,4817238 01899486
P 6./UchBhY 2.8771%24 5,1993032 1c3 “1,740000V *1.,4855400 Uelt /2386
} ¢4 ... b.bUcoEEY 2,37€0419 5,1217328 1c4 - *1,7600000 =1,4892413 Lel921984
75 6.0z ARAD 2,374R279 5.0441674 1:5 -1.,7800000 ©1.4923325 De1823424
. o e.4UchbaY 2,0745769 4.96659Z1 1eb -1,8000401 -1,49631€0 JelBU2497
PY] 0.oUc6BHY 2,3722554 4.8890215 107 “1.6200001 =1.4997021 Ve l73259/7
e8 bz uc6BES 2,3708695 4,8114511 1c8 ~1,.8400001 -1.5029887 Uel/od918
zy ©.10:688Y 2.3694150 4,7338807 1¢9 <1,8600001 -1,5061817 U.L787458
ol b.uleebby 2,4078672 ____ 4,6563103 190 . =1,4800001 ___ =1,3092948 01715196 .
31 CNTPTYTT) 2.3662609 4.5787399 101 <1.v000001 <1.5123013 V1098141
o o NPT 2.3645911 -~ 4,5031685 392 -1,9200001 -1,5352346 Ual6/1283
K] 5. 70c688Y 2. <628116 4.,4235991 153 <1.,9400001 “1,51680878 Velo49016
4 5,6Uz68H9  2,36093%8 4.3460267 194 «1,9600001 -1,5208659 041623135 -
$5 5,50 6890 2.3589568 4,2684563 155 <1.9800001 “1,5235659 0e1606335
6 5,4026890 2,4568671 4,1906878 156 -£.0000001 *102261963 Ue1942731
37 5. 306890 2,85464%79 4,1133175 137 <Z.Uz00001 “1.5287577 0.1504/58
ob 5. 2uenE9y 2,9523201 - 4.0387470 158 -2.,0400001 -1.,53125¢8 Ge124397¢
37 5.1Uc6890 2,0468436 3.9581767 159 ~Z, 0600001 “1.,5336838 Ve1923349
80 D.U0e6E90  2,3472173 $,8806043 190 =é.ubLULLL ~1,5360530 Us15J2884 i
ai NPT I C,4444:8z S, B0303%9 141 “Z.10UGU01 -1,53636¢6 Uel98e374
47 L bUekBYD 0 2454140632  8.72546%4 142 ~€.1200001 =1.940L6147 Ueld6c4lye
49 9. /uetld9D 2.,338204) 3.6478075 149 ~Zz.1400001 -1.94¢6111 Uel944c39b
44 Y bUEEEYD 2,8341905 $.5675264 144 ~2,1600001  «1,5449549 Vel42¢526




a5 4,50e6890 2.,9289915 '3,4841740 145 “.3800002 e1.5470449 0.140c?794
40 L 4.%Ue6B890 2,8280U31 3,3984828 346 ~2.2000001 *1.0460857 _.Qalosdi96
47 43076890 2:31506804 3+:3100478 147 *2.2200001 “1.5510781 De1383784
48 S e A YA 1511 N F 1€ k) Ly aY e 2 et 1844400
4y 4.1yehAI0 2.2987435% $.1317659 149 =z.26000012 *1.5549239 Uel8d315¢
2y 4 UUehE9l 2.6889851 d,U40632% A5 eZ ZhULDLL =1,98678L2 Ualdusiing
51 S.7Uchu90 2.¢782701 2:,9487667 1v1 *2.80000VL *1.558894¢ Ueled/1l4e
-1 20UehEYl  4,¢066458 4 HY hd 1 L =1, { 1Y -
54 $./Uen891 2.¢%40052 2.7638351 193 =2, 34uu001 *1.96z10(2 Leledviee
. D8 9.00606B91 £ Y L] - PRITTY -
) oh 3.90e8691 2,¢25773¢ 2,5780400 1$-1) eg.8b6L000D ~1.56545¢0 Deleledd)
T 1 I $.4 F y LY O 2 y
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2.81450250 2,84153547 0.71036223 0. ).02885095%
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DATA SEY 50

AX]AL LOAD (P} = 0.6000 LATERAL LQAD 1Q) @ 1,0000

SUMMARY QOF RESULTS

CURVATURE LENATH LATERAL YERTICAL END END M
AT DEFLECTION MOVEMENT MOMENT SLoPE
MICHEIGHT AT MIDMELIQHT

PINNED ENL CASE

221638395 2.812596844 2.81364870 0.4949943% Do - 1402837476 L. 6upsB7bHY
FIXED END CASE
1.84156763 4,13623729




INTErRATION (2R vaALuE OF LAT&RAL LOAD)

LAYERAL (QAD fQ) s 35,0000

AX]AL LUAD [P) = 00,6000

CURVATURE LENGTM LATERAL MERTICAL END Enil "
AT DEFLECTION MOVEMENT MOMENT SLoPE
MIDHEIGHT AP MIOHEIGHT .
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~1.75(42444

1.72268907 1.8393214% 1. 88223904 0.262147209 Oa A N1610997
o ! v -
1.8/7208507 1,94101678 1,6395u295 0,298%9419 0e u.U1769194
2.02268907 2,80962916 2.80646301 0,526912796 ~1.769 7862 s
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L 2.1/2685086 2.00829611 2.00014818 U.40713410 Je U.Ugeney2l
2.92268506 2.8u782801 2,403906684 0.65918540 ~1.77325347 re



o 2.9:268906 2,01070845 2.000845912 0.424388/¢ 1. U.U230u8e/
- - 3.07268906 2.0U4868144 2.80089946 0.AB359204 ~1.72361226 La
$.0/2685U6 2.0130533y 2,04070495 0,4416138> de U.U24391069
e 3.22268606 2.8018%%28 2 79770‘909 0.20721922 ~1.77390540 u
- 3.2:268996 2.0152317¢ 2.01278707 0.45876549 1. L. 2516706
3.37268906 2,79879633 2.29450598 0.7309935¢ -1.774132834 s
3.37268906 2.01708852 2.01454851 0.47537400 2. - 0.U2591872
3,5226H8906 2.29564367 2.279121209 0,2%253704 ~1.77428860 1l
3.52268906 2,01836653 2.01523656 0.49078962 I'iN 0. U2004514 i
 3.67268905 2.79299571 2.78850663 0.72237551 -1.77587318 . ;
3.67268905 2.01902921 2,01631508 0.5049799¢ 1. 002725851 ;
3.82268905 2.74947544 2,76436383 0.7907779/ ~1,77974892 o |
3.8:268905 2.01910828 2.01631442 0.9181872¢ 0. V. 02785472 i
. 3.97268905 2,787221121 2.78246110 0.A0440108 -1.72353224 .
3.97268905 2.01853893 2,01566842 0,53055271 0. L.02842863
PINNED ENL CASE
,,,,, 3.76597961
2,01929363 2,01639054 0,51329301 0. U.02764251 Y. OUUBSLYD




DATA SET___ 50

AXTAL QAL [P) = U.6000 LATERAL LCAD (0] & 3,.0000

SUMMARY (F RESU IS

CUSVATURE LENGTR LATEQAL VERTICAL

e e END Enb i
AT DEFLENTION " MOVEMENT MNOMENT SLoPE
MIPHE IGHY AT MIDWEIGHT
LPINNEN ENI" CASE
3.7%£597961 2.0192913483 2.01639054 n.51329301 da 402703251 LB yHEr Yl
B-iXED ENU CASE
2.074559%9% 2.81482425 2.80772179 0.95364265. 1420523959 Ua LabuuoYtyy




arassr s, 2@ sov om iverT DaTa

INPUT DATA

AST D AFF GRC asTy GFC QFT 4 Q1 Qlc UMAX nsi FiC

0.30000 10.00000 Ovs4%500u 0.12900 1,00000 0.30000 0,30000 0.700u0 1,00000 1,00000 2.00000 @P.1R00U u,15000

SECTJON PROPERTIES

i AST D AFF . QRC . KRR EL AMPN ?

0.4000000 10,0000000 0,4500000 u.u;no_w’_ 9,6349850 8,7115385 *0,4334045 L.7000000
gu—mm criNy - EPSIN} -8 N FLIN) CHIN) . EPS{N)
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14 2,9861764 1,9083329 2.5241%32 114 ~0,4600000 =0,3230274 LaBu32924
15 2.9661764 1.,5878438 2.9033322 119 =0,4800000 =0.352779483 U.6b111598
i6 2,9401764 1,5873278 2.,485%4110 116 =0,20000VU0 =0, 3317800 U BYbbS/4
1/ 2.9261764 1,3867853 2:,4673963 117 =0.,%200U000 “0+s35349856 UsHY6/71064
_ 18 2.90681764 1.98482182 2.4492040 4118 =0.,5400000 »0.3324163 1.5447504
19 2,8861764 1,58%6224 2.4311093 119 =0.560000v. =~0.3390818 U.5%29383
<y 2,86€1764 1.963002% 2.41284722 120 =0,5%80000y ~0,84U3086 DaBY1c213
21 2,8461764 1,358435975% 2.3945124 121 . =0s60000uU4 “0.841431y U5bY2394
. 2z 2.8261764 1,5636873 2.3761090 122 =0,620000¢ ~0.3424614 L.5b/8890
3 2,8061764 1,9829923 2.3576409 123 =0,640000U ~0.84541L5 U.StbcolY
— 24 2.7861764 L 1.9822722 2,3391122 : 124 “0.6600000 =0,344287% U 5k8072%1
29 2.7601764 1,5815273 2.5205261 145 ~0.08uUQLY =0.3451000 U.560L0%8
co 2./461764 _1,9806475 2,5083410 16 “0.,7000ubuy 0. 945855/ UsBbin99d
27 2.7261764 1.5794304 - 2.2842%R9 127 =0,72001000 =0 .J4064597 0.5¢00333
28 2,7061764 1.,9778886 2.2669057 1¢8 =0.7400000 =D.34721/76 u.5/b%268
¢9 2,68€1764 1.5760353 2.2499894 o 1e9 =0,760000v ~0.3478348 V.5770381
o U 2.6661764 1,5738801 2,2334990 150 “0,7800UVY ~D.348412% V.5752660
$1 2,6461764 1,5714299 2.2172723 101 =0.800000V “0+34895/1 V.5/41093
32 2,06201764 1,5686893 2,2013937 152 ~0,8200u000 =0.5494706 Le5726670
33 2,6081764 1,5656611 2.1857933 103 ~0.840000v =0.5499504 U.571¢380
34 2.5861764 1,9623471 2.1704454 3194 =0,860000u ~0 8504104 U.5698£16
35 2.5661744 1.9587476 2.15832A2 135 ~0.8800000 =0.3508527 n.5¢84168
o 36 2,954681764 1.5548621 21404228 136 *0,900000U ~1,35126/77 B.567u230
37 2.9261764 1.5906892 2.129713¢0 197 =0,920000u “0.551662¢ Uu.5650396
38 2,906176 PX) S - 1 - F 4057
39 2,4861764 1.5414734 2.0968252 199 “0.9600000 =0.3524005 U.5bcv01U
a4 2.4601765 1,5364247 2.0826239 340 “0,98uU0040 0.35¢74506 UeHt10448
4% 2,4401765 1.,5310778 2.068%713 141 =1.0000000 «0:3530704 UsHL L1967
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: 43 2.406176% 1,5194735 2.0408797 1438 =1.0400000 =0.35356997 Uabb/ogdu
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X
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49 2,2861765 1,478459) 1.,9601703 149 =1.16U0000 ~U.8553211 U.ba90boU
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- A0 1.6264765 ¢ - | /4 0 =2.,780000L 0 =0.d66760b  u.4ble9B2
/1 L.92617465 1.1608981 1.,4060959 1/1 T =Zd.88U0U00UL “U.3672994 U.aabY4bY
e M 1,00€1765 00 1,1949892 20000 1,49913945 § 0 1/2 000 -3, S8UUUUL 0 en.969Y¥UYe  u.41tQ140
73 1,4861745 1,1430623 1.3787232 1/3 =3.8800001 ~0.3872440¢ (a3 7H221.
/4 1,966176% 1.1344166 1.4620218 1/4 =4, 3800UUL =1i.374494158 La3obhy2S1
75 U.¥661745 0,9024613 1,0043033 1/5 =4,8d0ulvul 037736y bedoUel/y
— /0 U,9461765 0,4930169" 0.99017172 1/6 L PRI A clied2Y%50U/y baedUel79u s
/7 Ue¥261765 0,8832963 0.9762963 1/7 =5,8800uue =0.381405¢% . u.2/boBeu
SRS A - BUS—— %111} 1/8 =0, 8H000UL  =0.9H8111y o ll.Phbvaele
/9 U,8661765 0,0584339 0,9535061 1/9 ~6.88000U1 ~0.3R46654 U.2rtogee
by U.b661765 U,8440758 0,9438272 184 =2.8800Uys “UedB0YYLS Ve2Lgdllb
81 0,B461745 0.,8288139 0.9340235 161 =7.8R00001 “0.38742A4 0.1791205
a2 U.82617565 0,4128177 U.92664566 142 ~3.880000% ~0 . 38UB670Y u.1%09844
83 U.B061745 0.796177% 0.918R953 183 ~8,8800001 0+ 3BOR5R 1.1441451
o b4 u./861765 0,7789724 U.911597% iv4 =9, 8804y Ul =Y.89uY7/1 Uelleabs™
CE] U, /661765 0.7612577 0.,9046977 105 ~9,8800001 ~0.3892047% UYL s6/8
bo U./461765 0,7430743 V.8984556 196 -190,34000U1 =l $95078/ U.lbbyeid
CH V./261765 U,7244535 0.,8919383 107 =10,868000U1 ~Ued94ub2L LelsYe/do
e 1] Ue/U01765 0,705419¢0 0.8860199 148 =11,38unuuL ~JedYNllty UellebYUsy
vy U, 0861765 0,0859889 0.8803795 109 “11.88U0uul ~Ue3959425 li.gubol9U
o () U.€661765 0,0661/65 0.8750000 19y ~12,38u0uyl ~U . SY6B4ELY “y.Uiluyye
vi “u,u0uU0000 =0,0000000 0.7000000 1v1 -12,88u00u01 “0.8977174 “liQuboddy
$2 ~0,0201%000 -0.019800% 0.69478179Q 192 -13,. 34800031 =0 3UNRKKEYU UL, 0h (072
Y3 -“u,U4uyouo =0,0391v91 0.,6896317 1y =13.8800u01 ~Ued9Y3B8Y 0 UL UEY0369
o y4 ~J,U6U0000 ~0,0581916 0.0845532 194 =14,3b0u0Uu1 ~U.40u1921 e TlaObE4369 —
95 “U.,UBU0000 «0,0767738 0.6795462 145 =14,80000UU1 =U.4UlYyBLY SlelL/o842
%6 -u.1000000 -0,0949441 U,67461.4 176 =15,3800401 ~G.4417%0¢ tuelcblBOY
Y7 -u,1204000 -0,1126492 0,6697495 1v7 -15.840u0v1 ~0.40e5177 “ULl4uBHIY
98 =y,14493000 =0,13uU0134 U.6649615 1748 =16, 980UUUYL ~0.4052807 L, 183917
Y9 -u.16V0000 =0,1469092 0.,0602480 1v9 “16.8b0000L =~0.40400%) “u.1t1lbyube
_ tuu -~u,1895000 =0,1633719 0,0556100 20U ~1/,8800u1 0. 4042380 U.2lUilla .
—
- -




AXIAL LOAL (P] = U,2d00 LATERAL L QAD (01 = 1.0000
CURVYATURE LENGTH LAYTERAL VERTICAL END Enb h
AT DEFLECTION MOVEMENT MOMENT SLoPE

MITHEIGHT

AT MNIDMBIGMT

04804234

~0.82298795

B

1.97617645 2.31663970 . 2.31363557 0. 44024998 Qo L.il192333A
FIXED END CASE - R
1,90112946
4,09536409 3.06000485 0.94263970 ). 4803A%H0 U IRV TP
N 2.12617645 2.72158491 2.21739727 0. 95416718 ~0.42927768 0
2212617645 2432976163 2.32260954 D.4434101/ Ua UL URDYH6YS
2.27617445 2.71282554 2.74348078 0. SARAEA23 ~0.422274006 0
2.27617645 2.,332264%48 2,32892178 D, 4750H43Y 0a 0.42258871
. 2:42617645 2.71337384 2.708531481 0.64822997 -n.42943830 fa
2:42617645 2.33564932 2.33222425 01.9041221/ e 0.12360Q%2
2:57617645 2,70685%8723 2.70159398 0.64339%919 ~0.4309382% '
2.57617645 2.33439902 2.33087364 D.92553409 D D.1i2456223
PINNED END CASE )
2.4507061% :
2,3361404% O 0.02385701 L, 70ueBeyl

2.33232119

0.90973443




LATA SET

21

AXTAL | OAL

lpy =

U.7400 L ATERAL LGAD fG] s 1,900

SUMMAKRY QF RESUL TS

N . _CUBVATLRE LaNGTH LATERAL VERTICAL Enl [ )
AT DEFLEATION MOVEMENT MOMENT sLoPk
MICHEIGHTY AT MIDMEIGHT
.. PINNEN ENI' CASE
2.4¢070614 2.33%614145 2.33232119 D.50973419 Je D 2385701 TOARYE RY B

b1xED ENQ CASE

o 1.90112546

4.073536409

3,060n00485

0,54763976

.= ).48)365840

I WA TTINY TS 24




—_ InTwepanony (i@ vm_um_n.m)

LATERAL LQAD tQ) ® 2,0000

AXIA, LUAL (P} = 0.7000

YERTICAL

CURYATUKRE LENGYH LATERAL END ENnU h
AT DEFLECTION MOVEMENT MOMENT SLoPE
MITHELGHT AT MIDMEIGHT
1.828176464 7.?09;0113 2.49942009 a ‘lnﬂ!il‘b *0.42384951 O
1.8£617646 1,87451370 1.87222364 0.2484891Y. e l.01425644
1.97617645 2.21284248 2.20943468 0. 33728325 *0.42869707 0
1,97617645 1.82575292 1.89334303 0.2749732/ ' 0. 045958%1
2.12617645 2.22019017 2 A215§9&&1 0.320412022 =0.43088532 ‘g
o 2:12617645 1.51297653 1.91043634 0.30155917‘ 0 D.D173756%
2.27617645 2.2262%429 2 925‘2539 0. 30048848/ ~0.43008033 0
e e 2.2/617645 1.922866224 1.92499349 0.3272127204 0. Q.U1B8/(494
2.42617645 2.23235133 2,22838954 0.424%0309 ~0.43107132 0
—  2.47z617€45 = 1,93903#18 = 1.Q3544920 0 38071936 L 0. 01989853
2.5761764% 2.23454%493 2,23043693 0.44639%27 ~0.431%59782 0 ‘
2.57617645 1094515398 1.94227928 0.36828580 0. ' 0.U2U/0947
2.22812£44 2.23304A1720 2.22RR%144 0. 498880610 ~0.43188793% o]
. VZ-/2617644 1.94576422 1,942833p3 0,379225¢% Qs M. 022180819
PIXED END CASE
2.5$058812
2,23462118 2.23044235 0.44291647 ~0.45103596 0 0.70u49¢2Y
2.87617¢€44 2.22944840 2,22526711 0.4650%799 ~0.43237573 0
2.87617¢44 1.94258A801 1.93952483 0 30458925 . 0.02159318
PINNED ENL CASE
2.67535293
‘ 1.94663361 1.943066/6 0.3761430Y e U.02115414 U.7Ub4iby1




UATA SET 51

AXIAL toall [Py = 0,7d00 LATERAL LOAD (0} 3 2,0000

-

SUMMARY 0OF RESLL &

CURYATLRE LENGTH LATERAL VERTICAL END ENU bs
AT DEFLECTION MOVEMENT MOMENT SLyPE
MITHEIGHY AT MIDHEIGHT
——_PINNED ENI CASE
e 267535293 | 1.94663361 1.94306676 0 3?41430%Y 0. _G.{1211%434 - ¢, Juvedtey

FIXEY END CASE

2.59p58R12 2.23462318 2.23044285 0.44791064/ "U.451063596 . WANLY ] A1 _




INPUT DATA
AST 3 AFF aRC asT arFc aFt ] a1 I UMAX us1 . FIC
FTTT9. 30000 10,0000V 0.45000 0, 2.00000 0,30000 0.30000 4.20000 1.000U0 2.U00U0 3,0000U 0.180u0 L.150u0
SECTION PROPEKTIES
- AST . ) AFF aRC MR el AMPN )
- n.50n0000" 1U,0009000 0.4500000 0. 3.6347850 8.7115305 “0.9533657 1.2000000 %
|

N Flin) " CMIN) EPS(N) L FIIN] LHIN] EPSIN]

AXTAL LOAT TOO HIGH (SECTION TANNOT MAINTAIN enuxunnum-T“ ALY COMPUTATIONS ON Towir DATA

___se&T. )
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Fig, 1:. LONGITUDINALLY .STIFFENED PLATE PANELS IN THE SHIP

BOTTOM STRUCTURE,

SEA
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2 Fig. 2 Typical Cross Section With Simplified
' * Residual Stress Distribution
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