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APPENDIX

Description of the Additional Subrout.ines and Modifications of NONSAP

In this section, the description of the additional subroutines

and modifications of NONSAP (5) ,t_vc__; accommodate the catenary element

is briefly outlined.

Subrout.ines:

RUSS

EQTCBL

EIKAR

:

4

To odléuiate the 7 en? forces in local coordinates of the
catenéry element. byfthe flexibility iterative process.

The tangent st.if fneéﬁ ‘mat.rlx of the catenary element is
evaluated and the Qéemblmg process performed through

st.a,tements number 7‘60, 765, 790, to 761. It should be

noted that this subroutine alre’ady exists in the NONSAP
5),{_ but is'modified to 1nclqde the catenary element.

To pert: orm the equilibrium iteration of the Newton-Raphson

method, the Kar methéd or the proposed technique.

To determine  the modifying factor for “the Kar method and

the "trial ‘equilibrium ' state “for'the proposed iterative

method.

Main Varibles:

APL1,ALP2,AIP4 - relate to the variable «,, «, and «, in chapter 2,

respectively.
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Element end force vector of catenary element in global
coordinates.
The tangent stiffness matrix of the element in global
coordinates.

' Unbalanced force vector.

Displacement vecto: in the previous load step.

Incremental di JF: or at the current load step.
Working -wector for the"sdisplacement and the unbalanced

force7-—' ]
Unbal sctor preceeding trial equilibrium

AU Inenineng

PIAINTUNN NN Y

V1081 65%
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Table 4.1 Data of EXAMPLE PROBLEM 1

Prescribed tolerance
Ei jJEIinEIHj NEINQ

Description Magnitude

Material proporties;
modulus of elastici V// (ksf.) 2.736X10°
cross-section / (sq. ft.) 5.509X10
unit weig A AR\ ip./ft.) | 3.160x107°
unstresseds eleient a | (ft.) | 412.8837
unstressed . f elen AN (ft.) | 613.0422
concentr: ed liﬁ’f&lﬂ

i
at node - (kip. 8.000
1.000X10 °

ammmmummmaﬂ
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Table 4.2 Relation between Z-displacement at node 2 (ft.) and cycle

of iteration, EXAMPLE PROBLEM 1

Cycle no. Newt.on-Raphson Kar itertion Proposed t.echnique
v
1 -134.3581 /| ~33.5890 -18.0056
2 -86.6933 5 | =18.9570 -18.6870
3 3872622 | -1825020 -18.4664
4 20 8886 | ~18. 4664
Y, e |
F _ini f‘}.:
s /A
6 | £ Aslases L ¥
f’ F r f :’!x ‘: ) ;.l
| a4
f SR
R
Final results| -18.4567 ft. | ~-18.4567 ft. -18.4567 ft.
. by Sl
CPU time fj 0.33 sec. - 0.82 q?g. 0.29 sec.
PT /1 7.78%10™° 1.4&){;‘1@’l 5 2.77X10

PT : refers to the ratio of the norm of the unbalanced forces to

that) of the“applied 16dds 1 1 (&P} I71 (B 1) (after convergence



Table 4'.3 Final displacements at node 2, EXAMPLE PROBLEM 1

' Sources Displacements at node 2 (ft.)

Knudson (V g\ 7720
NONSAP “"i""” N —2.7932
Jayaraman | ;T. ) \«

eaift 4'15 (2 iE\; -

by
s
o

Proposed

-18.0439
-18.4580

-18.4567

109 ?
/L
. ;;g S
, yer

:
Auganeninens
RIANIUNRINGINY

38
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Table 4.4 Final Z-displacement at node 2 (ft.) at the end of each

load step, EXAMPLE PROBLEM 2

Load step Newton-Raphson | Kar itertion | Proposed technique

-15.6329

hOW N =

A AR\ N
' y -y ; o :r:‘ f‘ 1
Final results .8329 ft.o4 Ji -15 . -15.6329 ft.

@U t’ime . :"‘ _‘h - .", . 1.36 sec.

AUEINENINYINg
AMIAIATUAMINYIAE



Table 4.5 Data of EXAMPLE PROBLEM 3

Description Magnitude
Material prop .
nodulus of elasticity, E // (ksf.) | 1.728%x10°
oé 1.578X10
1.000X10
104.2
99.8
. : 8.000
“‘*ﬂ‘ﬁsﬁmmwmm

QWW&Nﬂ‘mJ UANINYA -




Table 4.5 Data of EXAMPLE PROBLEM 3 (cont.)

41

Node Coordinates of nodes at initial configuration, ft.
number
Assumed conf igurat ion Self-weight configuration
X - - Z X . Y VA
1 0.0QQM'iO0.000 30.000 0.000 | '100.000 0.0000
2 0.000{" 280,4000{ - ©.000 | 0.000 | 200.000 0.0000
3 100.000, " JoJooo| 6_.6’00 100. 000 0.000 0.0000
1 |
4 100.000 | 100000 —sqéﬂoo 100.247 | 100.247 | -27.3377
5 100.000 zoo_.p’gi?i' -30"3691 100.247 | 199.753 | -27.3377
6 100.000 3091 %)0;6 oﬁo 100.000 | 300.000 0.0000
7 200.000 0.000]  0.000 200.000 0.000 0.0000
8 200600/ 100.000| ~20.000 | 198.753 | 100.247 | -27.3377
9 200.000| 200.000| -30.000 | 199.753 | 199.753 | -27.3377
10 200.000[" 300.000 0-000 |'"200.000 300.000 0.0000
11 300.000| 100.000] 0.000 | 300.000 | 100.000 0.0000
12 300.000( |200.000|" | ©.000 ‘| 1300.000 | 200.000 0.0000
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Table 4.6 Relation between Z-displacement at node 4 (ft.) and cycle

of iteration, EXAMPLE PROBLEM 3

Cycle no. Newt.on-Raphson Kar itertion

Proposed technique

1 -4.0491

2 -4.1395

3

4

5

6

7

8
final resul . 3 -4.1393 ft.
CPU time j 1.59 sec. 2.18 ﬂc 0.69 sec.
| 3.22X10

" AU I W

AMIANTAUININAY
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Table 4.7 Final displacements at node 4 (ft.), EXAMPLE PROBLEM 3

Sources Displacements at node 4 (ft.) DF

(with reference to initial state)

Knudson (15)
NONSAP
Jayaraman & Knu S0N

Proposed technioc

-1.4707" |-31.4707

-1.4717" |-31.4717

-1.4643% |-31.4643

-4.1393 |-31.4770

DF

Displacement 15*,@1 ased on the assumed initial

_£d)

ﬂumwsmwmm

QW’W@\‘iﬂ‘iﬂJ UANANYIA Y



44

Table 4.8 Results of analyses using various numbers of subdivision of

the first trial displacement, EXAMPLE PROBLEM 3

Case | NSFD NTE DFC NT | CPU time(sec.) PT
A 10 1| -0.3185/. r“’f«g, 1.93 3.269X10
B 100 {eetf=2.0823 {4 0.92 2.770X10
c 200 | 4" -3.1'%12 3 0.73 1.033%X10 "
D 300 4" 2 —4.0&1 2 0.69 3.216X10
E 400 J 2 _-é:‘é@é’z 3 0.87 3.640X10
F so0 | 2  14.02¢§.1' 2 0.69 8.363X10 "
G 1000 [f 4} :4.057_#‘;‘ 4 2 0.89 3.082X10
7 T
o ? <=
NSFD - ref er_ér to number of subdivision of*:'ﬁt.he first trial
dis;lgjeement. R/
DFC - ref ersh-.to displacement. at the end of the first iterative
eycle
NTE - refers to number of trial equilibrium state employed

NT ~ refers to number of iterative cycle required for convergence



Table 4.9 Data of EXAMPLE PROBLEM 4

Prescribed tolerance

Description Magnitude
Material proportiess;
nodulus of elastitMRSAE///s”, (kesf.) | 3.312x10°
cross-sectional area, A (sq. ft.) 1.667X10
Physical proi»ort.ies;
unit veightOF dable — (kip./ft.) | 8.170X10°
unstressed lérng(;h;of elem%nﬁ a (fh.) 14.9963
unstressed 1ghgth bf elemem b (ft.) | 14.9983
unstressed lexét!x. ofdelemel{t: (j‘ (ft..) 14.9934
unstressed length of elemegf—q (ft.) | 14.9936
. i IDad; .
concent.raﬁé-zd dead load acting downwards
at ‘nodes 1,3,7,9 tkip.) 0.50112
concentrated dead load acting downwards
at node 2,4,6,8 (kip.) 0.50053
concentrated dead load acting downwards
-at node 5 (kip.) 0.48577
concentrated live load acting downwards
at node 3 (kip.) | - 200.000

1.0X10




Table 4.9 Data of EXAMPLE PROBLEM 4 (cont.)

Node Coordinates of nodes at initial configuration, ft.
number'
X Y Z

1 15.0 .';isuq -0.30619
2 15,0 36.0 -0.38926
3 15,0 45.0 -0.30619
4 30.0 15.0 -0.38926
5 80.9 -1.30.0 -0.49859
6 " 3.9 \ “ 25.0 -0.38926
7 48.0 4 45.0 -0.30619
8 4540 i#figo.o ~0.38926
9 15.0 7;f;s.o -0.30619
10 ) 0.0 " 15.0 0.00000
11 /0.0 30.0 0.00000
12 0.0 45.0 0.00000
13 15,0 60.0 0.00000
14 30.0 60.0 0.00000
1% 45.0 80.0 9.00000
16 60.0 45.0 0.00000
17 60.0 30.0 0.00000
18 60.0 15.0 0.00000
19 45.0 0.0 0.00000
20 30.0 0.0 0.00000
21 15.0 0.0 0.00000

46
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Table 4.10 Relation between Z-displacement at node 3 (ft.) and cycle

of iteration, EXAMPLE PROBLEM 4

Cycle'no. Newton-Raphson | Kar itertion Proposed technique
1 -1.7523
2 -2.7416
3 -2.5735
4 -2.5319
5 -2.5295
6
7
8
9
Final results D _2.5295 T -2.5295&. -2.5295 ft.
CPU tim ¢ . 5.’ 3.99 sec.
PT QF:E' u EJ jﬁﬁm T{ﬁj?] j 5.21X10
s

TR AV TINE TR D



Table 4.11 Final displacements at nodes 3, 5, 6, 7, 8 and 9,

EXAMPLE PROBLEM 4

48 .

Displacements (ft.) Sources
Node | Direction |Proposed tecﬁﬁfﬁug NONSAP Kar (4)
=

3 X —0.;7365 -0.17359 Not. given
Y 0.37365 0.17359 Not given

Z :;2.53§54 -2.52908 -2.50000

E 4

5 X 5 -o.oé?es: -0.03240 Not given
X - O.Oéé%QIJ 0.03238 Not. given
YA —0.56§§§:_A -0.56735 Not given
1% - Not given
6 X+ ~0.14353 ~6.14351 Not given
S 0.04853 " 0.04843 Not given
Z =4.11120 =1, 11052 Not. given
Not. given
T X -0.00336 =0.00336 Not given
Y 0.00336 0.00336 Not given
Z -0.04540 -0.04478 Not. given
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Table 4.11 Final displacements at nodes 3, 5, 6, 7, 8 and 9,

EXAMPLE PROBLEM 4 (cont.)

Displacements (ft.) Sources

Node | Direction | \\;‘\‘ t &e NONSAP Kar (4)
8 X - -0.01733 Not given
Y | N 0.00637 Not given
z : -0.17755 Not given
9 X -0.07484 Not. given
Y 0.01004 Not. given
-0.41014 Not. given

FX

:
AUEINENINYINg
PIAIATUAMINYIAE



Table 4.12 Data of EXAMPLE PROBLEM 5

Description Magnitude

Material proporties;

modulus of elasticity, E // (psi.) 1.9X10°
cross-sectional area, A, (sq. in.) 0.3610

g}ﬁsmal prq)orhles,

unit welght gf o'a.ble L8 (1b./in.) 0.106667
unst.ressed lghg}’h of elen&ant. a (in.) 409.8004
unstressed 1e Df elem,%t b,c (in.) 899.7284
unstressed le h ofa elemeﬁb d,e (in.) 583.9186
unstressed leng'hh of- elemenfi‘.-: f ’8 (in.) 915.9247

unst.ressep. lengt.h of element. h 1,J,k } ~(in.) 1151.8698

_n'

A 7 g ' v
~' Load; —
coneentrated - 1ive load, at.-node, 2 (1b.) 510.0
concentrated live load at node 4 (1b.) 510.0
| concentrated livecload at node 6 (Ih.) 510.0
concentrated live load at node 8 (1b.) 3170.0

Prescribed tolerance 1.0x10




Table 4.12 Data of EXAMPLE PROBLEM 5 (cont.)

Node
number

Coordinates of nodgs at self-weight
equilibrium configuration, (inch)

QORI 0.000
|  “»\§9,344
| 333.294
. 1412.435
91.135
| 2172.037

2773.820

PRN RN INY T Y
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Table 4.13 Relation between Z-displacement at node 8 (inch) and cycle

of iteration, EXAMPLE PROBLEM 5

Cyclé no. Newt.on-Raphson Kar itertion Proposed technique
1 -124.7506
2 = -202.9092
o -188.2583
4 -187.5854
5
6
Final results 5840 in. | -187.5840 in. | -187.5840 in.
CPU time “’\‘l 7 e 1.37 sec.
PT 1 semawo® | aeexie 1.93X10"°

AUEINENINYINg
RIAINTUNRIINIAY



Table 4.14 Final displacements at node 2, 4, 6 and 8,

EXAMPLE PROBLEM 5

53

Displacements (in.) Sources
Node | Direction |Proposed teéhmigue™|  Nonsap” NONSAP (5)*
w
2 Y 29,8770 29.8059 29.7238
Z -36.0719 -36.0004 -36.0215
4 Y © 1364908 135.7660 135.6290
VA ., 1=160.9344 -160.1029 -160.0370
s,
7 )
6 Y -~ 185.9696 187.5736 187.4120
2 -219.8339 £18.2299 -218.1240
8 245.1383 “'242.3343 242.1490
y L2979 /2428 ~276:0396 -275.8950

Final displacements after self-weight load and concentrated live

. loads are applied.



Table 4.15 Data of EXAMPLE PROBLEM 6

Description

Magnitude

°°ﬂ%8d‘3 °fl %ﬂ‘%“iﬂN d ’1 1]

nodes : (k1 5

ammnm um’mmaa

Prescribed tolerance

3.812X10°

1.000X10 -

4.900X10 "

12.4758

12.1003

11.9725

10.6720

10.4955

13.498

1.000X10 2

54



Table 4.15 Data of EXAMPLE PROBLEM 6 (cont.)

Node Coordinates of nodes at self-weight equilibrium
number | configuration, ft.
X ., z
1 12.00016 10.49984 ~1.29086
2 1zzﬁ6602 | '21.00000 ~1.97993
3 12000016 - “31.50018 -1.29086
4 ‘29{69603 ¢ -3 10.49982 0.46903
5 24,60955*-#! fﬁzf.ooooo -0.21985
6 '24.Q5;9§2:' ?i%%?§0018 0.46903
7 35.99994 §§§£§?982 0.46903
8 | \-2s5.99099 21.00000% /.|  -0.21985
9 “35.90994 31.50018 — 0.46903
10 "47.99984 10.49984 -1.29086
11 47 /99988 21400000 -1.97993
12 47.99984 31.50016 ~1.29086
15 0.00000 10} 50000 L 4.81000
14 0.00000 21.00000 ~5.50000
‘15 0.00000 31.50000 -4.81000
16 12.00000 42.00000 0.77000
17 24.00000 42.00000 2.53000
18 36.00000 42.00000 2.53000
19 48.00000 42.00000 0.77000

55
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Table 4.15 Data of EXAMPLE PROBLEM 6 (cont.)

Node - | Coordinates of nodes at self-weight equilibrium
number | configuration, ft.
Z
20 -4.81000
21 -5.50000
22 -4,81000
23 0.77000
24 2.53000
25 | 2.53000
26 0.77000

Ve

y |
AUEINENINYINg
RN IUANINYA Y
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Table 4.16 Relation between Z-displacement at node 5 (ft.) and cycle

of iteration, EXAMPLE PROBLEM 6

Cycle no. Newt.on-Raphson Kar itertion Proposed technique
1 .15 \k\ - “9.3849 -0.1428
4;”~55' ‘?"l'
2 0 08 . -0.1508
3 7 § | 16
Final results -0.1508 ft.
CPU time ' 2.50 sec. 1.39 sec.
PT 1.77X10 >

‘

0

ﬂ‘lJEJ’J‘VIEJﬂiWEJ’m‘i
ammmm URINEAY
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Table 4.17 Final displacements at nodes 1, 2, 4 and 5,

EXAMPLE PROBLEM 6

Displacements (ft.) Sources
Node | Direction |Proposed techﬂiﬁﬁe* NONSAP® |Baron et.al.(8)
-
1 X # 0.01974 _ 0.01976 0.01990
o l *
Y b ~0.01139 ~0.01138 -0.01150
z 4 4 ~0-12247 =0.12256 -0.12300
P § # ::I ‘,-
2 x SIf 7 ro.0zere 0.02278 0.02300
Y | /755 0.000004 0.00000 0.00000
7 SR { A RS -0.14158 -0.14300
4 x @ 0.00679 ' 0.00680 0.00680
Y -0.01208 -0.01209 -0.01210
Z ~0.12999 £0.13013 -0.13100
5 X 0.00782 0.00787 0.00790
Y 0.00000 0.00000 0.00000
yA -0.15077 -0.15088 -0.15200

: assumed unit weight of cable of 4.9X10 = kip./ft.



AUEINENINEINT
RINNIUUNININY
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Figure 2.2 Cable configuration at step i
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Load

Au,

~ Displacement

[ g

e, NEWTON-RAPHSON METHOD

N0 UM

T

e AU—3 : Displacement

pua Y B4, Y

Figure 3.2 Load-displacement curve, UNDERRELAXATION METHOD :
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Load
A
)
P-P ] y
P, :
Ro5o
-
T
: g
Figure i-displ

b
| E%n

Displacement

1
e, KAR ITERATION PROCEDURE

Displacement

. Figure 3.4 THE PROPOSED ITERATIVE IMPROVEMENT



Z-Displacement at Node 2 (#t.)
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:::E ' \ ' ::;:hson method D—D—D
i

3
FULIMENINYINT
ARNAINTNUNIINYAY

Figure 4.2 Speed of convergence of each iterative method

Cycle of iieraiion

EXAMPLE PROBLEM 1



Z-Displacement at Node 2 (ft.)
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. . Newt.on-Raphson method O—0—0

26 - Kar method —t

’*’&\\ .

O L

t each iterative method,

ﬂumwﬂmwmm
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Z~-Displacement at Node 4 (ft.)

64

~1AUEIENTNINS
TRANINIWIINY1A Y

Cycie of iieraiion

Figure 4.5 Speed of convergence of each iterative method,

EXAMPLE PROBLEM 3
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No. of Cycle of Iteration
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S A

: 2p
Number of Cycles of Iteration o—o
9.- .
.cdmﬁgtational Time D—D
B : £
» i
'5-'- .v-
5§ _ 10
A
4 B eI
//
5+ 5
3 -2.—' —————eyp |
1 i
. 55
100 . 500 1000 .
S 'rst_ Trial Displacement
Y]
Figure 4.6 Rﬂ of co ce v.s.number of subdivision of the
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Load
Ra
P .
‘ | Displacement
- =0 . u‘ 1
Figure 4.7 Disp esent utf & the first iterative cycle in
L~ e ;f“'
. Gase of sma iV isions, EXAMPLE PROBLEM 3
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Newton-Raphson method 0—0—0
28 - | - Raen —t——t

Proposed technique 0——0—0.

Z—Dl-plaeamini ot Node 3 (ft.)

. h iterative method,

T e
- Augineninens
~ ARNNIUARINGIAY
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CE
12 @3 : i iy e
= guddneninens T
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F1gure 4.10 Isolat.ed prestressed cable, EXAMPLE PROBLEM 5
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-
500 ' '
Newton-Raphson method 0—0—0D
Kar method +—tt
o A Proposed technique ——2°
1 v
s
)
(3 ?
- SRy ¢
5 z
]
& 5 200
.
[a)
i
- 100
‘ 0 L i
| 7 8 9 10
i - A
\
1
» - Figure 4.11 - Sp = iterative method,

)

EXAMPLE PROBLEM 5
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Figure 4.12’ swqg-hape cable pet st plan view , EXAMPLE PROBLEM 6
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Z—Displacememt at Node 5 (it.)
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B Newton-Raphson method 0—0—0
Kar method L
0.4+ Proposed technique O—0—=%
0.3 -
0.2 -
0.1 -
0.0 T v
4 S
| i)
Figure 4. l

L i¥
‘.EXAHPLE PROBLEM 6
=Y ¥
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of each iterative method,
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