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NOTATION AND TERMINOLOGY
Span Length

moment and shear which would occur under the load in a simply
supported beam having the same span as the arch

fixed end moments

total vertical displacement (positive for downward direction)

vertical displacement due to H being a unit
vertical deflection due to external load

moment of inertia of the cross section at x

moment of inertia at center position

radial displacement taken positive toward the center

function used to determine moment of inertia at x(i.e. I(x) =
T(x)Io)

assumed horizontal reaction

iyl
EI0

a parameter A

true horizontal reaction H = H(n)

load uniformly distributed on the arch

¢ . X
nondimensional parameter =1

nondimensional functions

d
operator a - D

e th

nondimensional parameter n =

rise of the parabolic arch

2 1
thickness of the cross section at £ =3

width of the cross section which is a constant



el

el

M,V

TV, TH

a set of discrete functions obtained by using the shooting method
(due to arch action)

a set of Green's functions obtained by using the shooting method
(due to the beam action)

influence lines of bending moments and vertical shearing force

influence line of transversal shearing force and thrust force



INTRODUCTION

Due to the improvement of construction techniques and materials, curved
structures have becoﬁe increasingly important.

Generally, there are two methods of stress analysis of an arch; one is
the elastic theory[l] which neglects the change in the geometry of the arch
axis under loads when formulating the equilibrium conditions.

The second method is the deflection theory[zl, the equilibrium condi-
tions are written for the geometry of the deformed arch axis. Since in this
theory the coefficients of the equilibrium equations depend on the displace-
ments, the governing equations are no longer linear and the principle of
superposition is not applicable.

For an arch with a long span length, the influence on the stresses by
the deflection of the arch axis is considerably significant. In other words,
it can not be neglected completely. At the present time, a completely satis-
factory method for the analysis of stresses in a long span arch does not
exist.

Practically, engineers use a method[3] based on both elastic theory and
deflection theory. As a first approximatibn, the generalized forces of the
arch determined by the elastic theory are applied on the arch axis, and the
resulting deflection curve of the arch axis is determined. (Certainly, if"the
arch axis is considered to be in this deformed position, it is not in equili-
brium under the action of the computed forcesv) Thus, a second approximation
is made by computing the forces for the arch in the deformed position. By
applying the forces, which are the difference of the forces between the first
and second approximations, the corresponding deflection of the arch axis is

found. Then the forces can be computed from the new deformed position. By



repeating this procedure the equilibrium position of an arch, at which the
forces and deflecﬁions are consistent, can be determined. This technique is
fairly straight forward but lengthy. Also it is valid only for fixed load-
ing conditions. For the case of moving loads, it is difficult to find the
critical loading conditions which provide the maximum stresses at the sections
of interest. Therefore, the following method is introduced in order to over-
come this difficulty.

From the following derivation, it is readily seen that the governing
differential equation is nonlinear. A linearization technique is introduced
to make this problem solvable. In turn, the principle of superposition is
employed so that the resultant forces in an ar;h can be expressed as the com-
bination of the forces due to a simple beam and an arch action (i.e., hori-

zontal reaction). The influence lines of sectional forces for different

LZ

EI0

With these influence lines the stresses at a particular section of an arch

flexibility parameters[A], , are calculated by the shooting method.

can be determined. Thus, the actual critical stresses or design stresses of

a given section can be obtained by an interpoclation technique.



DERIVATION OF GOVERNING DIFFERENTIAL EQUATION

Consider a fixed ends arch as shown in Fig. 1

q(x) fii[:]

Fig. 1. Geometry of a fixed end arch

The following assumptions are introduced:
(1) Hookes' Law holds.

(2) The effects due to the horizontal component of deflection of a

typical point of the arch axis is negligible.

(3) The change in slope at a point of the arch axis under loads is
small and thus, the differential length of an arch may be expres-

sed as ds = secfdx.
(4) The load is assumed to act directly on the arch-axis.

(5) The shearing deformation is neglected and the arch axis is inex-

tensible.

(6) The radius of curvature is large in comparison with the radial

displacement.
Based on the above assumptions, the bending moment M at a point x of

the arch shown in Fig. 2 is:



Figure 2
M=HO-H(y—n)+Ha [l—%]+Mb(X/L) (1)
in which x
M (x) = [V (t)dt (2)
X
v (x) =-[  q(t)dt +c (3)

where MO and V. are bending moment and the shear force which would occur

0
under the given load q(x) in a simple beam having the same span as the arch,

H is the horizontal arch reaction, y is the curve function of arch axis, Mﬁ
and Mb are fixed end moments of the arch, w is the radial displacement, and

q(x) is the loading intensity.

Then consider an arch glement slightly bent in its plane. Let R denote
the initial radius of curvature of the center line of the arch. For a thin
bar the relation between the change in curvature and the magnitude of the

bending moment M can be expressed by the following equation,

1 1
EI[E'--R—] =-M (a)

where E is the Young's modulus, I is the moment of inertia of the cross sec-

tion of the bar, p is the raduis of curvature after deformation at any point



of the center line. The minus sign on the right-hand side of Eq. (a) follows
from the sign convention of the bending moment which is taken to be positive
when it produces a decrease in the initial curvature of the bar. The change
in the curvature of the bar during bending can be found from a consideration
of the deformation of a small element m n of the bar between two radii with

the angle d6 as shown in Fig. 3.

Figure 3

Then initial curvature length of the element and its initial curvature are

ds = Rdb
do 1
ds R (b)

The radial displacement of a point m during bending, assumed to be a small
quantity, in the assumption (6), is taken positive when it is moving toward
the center. In addition, there is a displacement of the point m in a tan-
gential direction, but this quantity may be considered as a higher order
term in comparison with w, and thus be disregarded. The curvature of the
element m n after deformation is assumed the same as the curvature of the

element m, n, included between the radii m o and n o . This latter curvature

171

is given by the equation



1 _ do + Ade ()
p ds + Ads } =

where d6 + AdO denotes the angle between the normal cross section my and ny

of the deformed bar and ds + Ads denotes the length of the element m oy o

In calculating the small quantity, Ad0, which is the angle between the tan-

gent to the center line of m, and the perpendicular to the radius mo is %ﬁ-.

1

The corresponding angle at the cross section oy is:

2

dw , d w

dstaar % @
and thus dzw

AdB = P i ds .

s
By neglecting the small angle %g the length myny is found to be
(R - w)dd
ds

and Ads = wdd = - w g (e)

Substitution of expressions (d) and (e) in equation (c) yields
d2u
de +a-'§2-d5

1_
P dsll -%’

Neglecting the higher order quantities results in

—————— e —

1_1 w] , d%w
p-R[l—R]+—gd (£)

s
By substituting equation (f) into equation (a), the relationship obtained is
GErRETCE ®

and the equation for the moment becomes
_EI(x) [%‘; ¥ §2]= M_ - H(y-n) + Ma[l - %] M [—i—‘-] . (%)

Because of assumption (6), equation (4) becomes



2

= (5)

For the analysis of the arch the vertical displacement of the arch axis is

denoted as n as shown in Fig. 1 which may be written as

w = n sech
Hence,
dwwdn _dn
ds ds Seced‘dx
and
d?g _d_f[dn) _d’n 1 _
ds ds (dx dx sect

d Sz e ok

Without the loss of generality, the function for the moment of inertia may

be written as

I(x) = IOT(X) . (h)
in which I0 is the moment of inertia at the crown of the arch.
Upon the substitution of equation (h), equation (5) yields
d2n _ X X
-EIOT(X) rrrallr = Mo - Hy + Hn + Ma[l -1 ] + Mb [L] (6)
Defining G(x) = 1(x) cosb , Eq. (6) yields
d?n _ -1 (HL Hy i
G(x) E.XT = ‘I:‘z' [—-——EIO n+ £(x) + EIO ’ (6")
where the function f(x) is
-1 X X
f(x) = EIo [Mo(x) + Ma[l L] + M.b LJ (N

In equation (6') the first term on the right-hand side is the moment

due to deflection and the horizontal thrust, while the second term is the

end moment, and the last term is the moment due to the arch action.

In turn, Eq. (6') can be expressed in the following form:

2 1 (H12 H
c<x).§-;}+f,[-i-_] n= £ + B
o

EI
o

(8)



In order to eliminate redundant elements Mo, Ma, Mb and H, equation (8) is

differentiated twice with respect to x, and gives the following fourth or-

der differential equétion

G(x) g;% + 2G' %%% + (C"(x) + [%%i} %E') %;g
"
The boundary conditions for the fixed end arch are
n(@ =n) =0 ,
n'(0) =n'(L) =0 , i

where the prime denotes differentiation with respect to x.
Since the quantity H in Eq. (9) is unknown, an additional constraint
condition is required. The constraint condition is that the sum of hori-

zontal displacement through the span length L is assumed to be zero, i.e.,

L
[, n'ylax =0 (11)

Now Eqs. (9), (10), and (11) form a boundary value problem.



LINEARIZATION OF EQUATION

Equation (9)ris a fourth order differential equation with wvariable co-
efficients., The quantity H is also a function of vertical deflection n.
Thus Eq. (9) is a nonlinear problem., In order to provide comprehensive fun-
damental information for the rational design of an arch, the solution to
this problem should be wvalid for all kinds of loads. To attack directly this
complex nonlinear problem will be difficult to achieve. Therefore, the fol-
lowing linearization technique is introduced. Let X be defined as

2
AZ__H‘RL
T EI

which is a dimensionless quantity. HR is an assumed horizontal reaction.®

With the dimensionless quantity A, the Eq. (9) can be expressed as the fol-

lowing

L1}

z - + X
dx EI EI
o o

)\2] d?n _ a(x)

d'n ' d3n n
G(x) A + 2G (x)'agg + |G"(x) + 1z (13)

Now Eq. (13) is a fourth order linear differential equation with variable
coefficients for a given parameter A.

Since the differential equation is linear, the superposition principle
is appliable. Thus, the vertical deflection can be defined as the sum of
the following two components.

n=nw+th ¥ (14)

which A is the deflection due to external loads, and "y is the deflection

due unit horizontal thrust. Upon the substitution of Eq. (14) in (13), it

* In general HR is the total effect due to various loads which includes

dead load, live load, temperature, etc.
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becomes d¥n 43 ; 12) 2 £
e ' i " W _ 9
G(x) S + 2G' (%) =T + LG (x) + 'I‘"z: =T EIQ (15a)
d%n I d3n ¢ 21 d2n
h [ h " l h w5 2"
G(x) T + 2G' (%) e + ..G x) + '1—12: Frvaie EIO {(15b)

The boundary conditions are

nw(O) = n‘;(O) =0 (@) = n‘;(L)
for Eq. (15a), and
nh(O) = n}'l(O) = nh(L) = nk'l(L)

for Eq. (15b).

]
o

il
o
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NONDIMENSTIONALIZATION OF DIFFERENTIAL EQUATIONS

In this report, a parabolic arch is considered. Then, the function of

the arch axis is:

2
_Af | xD
- S {x T ] (16a)
. A P 4
y' = I [1 I ] (16b)
y = (16¢)
L

where f is the rise of the arch. Assume the width of cross section is con-
stant through the whole arch, and the depth h = h0 secf in which h0 is

the depth at the crown. Therefore,

sec3e

(%)

sec29

G(x)

Recalling that the slope y' tan6, the function G(x) can be expressed as

ex) =1+ N2 =1+ 1682112 @ - 2=/)?2 (17a)

6'(x) = -64£2/13 (@ - 2¢/1) (17b)
and

¢ (x) = 128£2/L% (17¢)

For simplicity, the following nondimensional quantities are introduced

E =xfL
n=£f/L ,
n
=¥
¢w L 3
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3

x)L
qee) = 4L ,
o)
and n
b i ot
h L ’
Where n, is the vertical deflection of arch due to a unit horizontal thrust,

h

and thus Qh is the nondimensional vertical deflection due to a unit hori-

zontal thrust, and thus is the nondimensional vertical deflection due to
unit horizontal thrust., Substituting these nondimensicnal quantities into

Eq. (15a), Eq. (15b) yields

d“@w d3¢w : d2¢w

G(g) A + 26" (&) EEE-*+ (G"(g) + A4) &z " Q&) (18a)
¢ (0) =& (1) =0!(0) =2!(1) =0
a4¢h d3¢h d2¢h

G(E) gaw + 26'(8) gz + (6"(8) + 22) gz = -8y (18b)

@h(O) = @h(l) = ¢! (0) = @ﬁ(l) =0

h
where

G(E) =1 + 155° (1 - 2£2)

G'(8) = -64n” (1 - 2¢)

G"(g) = 128n?

L2

Y T 5T

I
o
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METHOD OF ANALYSIS[S]

th
Any n~ - order linear differential equation may be reduced to n simul-

taneous first order equations.

1 _
FT fl (¢l,¢2, res dﬂn, £ ,
d@z
a = f2 (@l,cpz, <I>n, E) ,
d@n
EE—= fn (¢1,<P2, e @n, £) (19)

which can be conveniently written in the vector form

dd,

i ..
FTa fi (¢j, E) (i, 3=1, 2, 3,...,n) (20)

where fi are linear function of @i.
The n boundary conditions which are needed to specify a unique solution

of Eq. (19) are given at points £ = £, and n - m conditions are given at

E = El i.e.

]

-}
]

¢p (Eo) o 1, 2, ..., m (21a)

P

m+n,..., 0 (21b)

b q

6, (&) = B

q

Where ap and Bq are given initial and final values.

The system of differential equation (20) is linear, and its solution
can be obtained by the principle of superposition. A particular solution
can be obtained by integrating Eq. (20) from the left with the n initial
values at £ = EO; the m of them are given in Egs. (2la), and the remainders
are assumed to be zero. Besides the particular solution, there exist m - m

nontrivial homogenous solutions. The initial values for the set of homogenous
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solutions may be assumed as

(€) i=1,2,...,n (22)

®1(3) TR IR

£=g, g=t

where the subscripts of homogenous solutions denote the j - th homogenous

solution of the i - th component of the solution vector @i(E), and the sub-

script j ranges over those numbers associated with components of unspecified

initial value of the vector Qi’ and Gij is the Kronecker delta.

The solution of Eq. (20) can thus be expressed in the following form

2 2 n-m 2
9, ()| =P (&) + Z ¢ Hy (8 (23)

2
3

where the n - m integration constants C, are unknown quantities.

For the same reason, a particular solution can be obtained by integra-

ting Eq. (20) from the right with the initial values at £ = El, which in-

clude those given in Eqs. (21b) and the m unknown initial assumed values are
zero. Also there exist m nmontrivial homogenous solutions with the following
assumed initial value set
Qi(j)(g) ' = Hij(g) = Gij (1 = 1,2,3,---,1’1) (24)
£=t4 £=g,

Thus, a solution for Eq. (20) can be expressed as

T

¢i(£)

m

_ T = X r

R AR TRUNE (25)
r

where the m integration constants Cj are unknown.

The n - m unknown constants of Eq. (23) can be determined by the re-
quirement that the values of @i at the meeting point £ = 52, found by inte-

L
gration from the left ¢i , and those found by integration from the right
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T
o , must satisfy the continuity conditions and discontinuity conditions

at £ = 52 . The final solution of Eq. (20) is obtained by substituting C's

into Eq. (24) (or Eq. (25) ).
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SOLUTION FOR A FIXED END ARCH

The basic differential equations describing an elastic arch with fixed
ends as Eq. (18) can be replaced by two equivalent systems of four differ-

ential equations of first order.

(I) THE EFFECTS DUE TO EXTERNAL LOADS @

By the substitution of the following quantities,

' n ne 1 Y
2 > Os O, @w] = [91, 9,5 043 94,J =0

Eq. (18a) yields the following system.

3
G——i - [[G" + AJ 0, + 26" Bh, = Q] i (26)

and the boundary conditions are

81(0) = 62(0) = @l(l) = 92(1) =0 , (27)
If the meeting point is chosen at the loading point £2 = E} Eq. (26) in the
domain [0,52] and [62,11 is homogenous., The following sets of initial wvalues

of Gi for two homogenous solutions are assumed

i
e (0) =

oO-HOO
-
Ora
~
[=]
ot
(]
HOOO

and
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4
e (1) e (1) =

I
oM OO
==

Then by integration from two ends, the solutions of Eq. (18a) can thus be

expressed in the following form

- i 2
6 ®|*=c, e +¢c, " (28a)

L]
%]
[v]
+
(9]

Fk.»

N r
s ®|

L]
(]

6" +C (28b)

&

The constants Cl’ CZ’ C3 and C4 are determined by the continuity and discon-

tinuity conditions at the loading point, £ = £ . The conditions are

A r

Glali i elle |
2 r

"aly 2 ’ @
2 r

iy iy ’

and
17/ L2 oy 2 — Vs r - = r o
G'(®) o3 +G(® 0, B + [6'® o &) +c@® ¢ @] = 1,
which means that the first three equations are the continuity conditions of
deflection, slope and moment due to the effects of external loads, and the
last equation is the discontinuity condition of shear due to the effects of
external loads.
The solution of Eq. (18a) is obtained by the substitution of integra-

tion constants, Cl’ C,, or C,, C4 into Eq. (28a) or (28b) respectively.
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h

(II) THE EFFECTS DUE TO UNIT HORIZONTAL ARCH REACTION ¢,

Bt the substitution of the following quantities

-
1 " ny ey i — — —
[@h, A @h] = [wl, ¥ Wy wa,] =Y .

Eq. (18b) yields the following system

o

dg 2 *

2 =Y (30)

dg 3 ?

s W

dg 3 ?

dv, _

e 1t ]
G EE—- [[G + l] W3 + 2G ¥4 + Snj} 5

and the boundary conditions are

¥,(0) = ¥,(0) = ¥, (1) = ¥,(1) = 0 (31)
Since the structure and loading conditions are symmetric in this case,
therefore the boundary conditions can be changed to

v 3 v = v 1 - v =

¥,(0) = ¥,(0) = ¥, () =Y, () =0 . (32)

The following sets of initial values of ﬁ; are assumed

2

0 0
PO) = [of . ¥@ = |3, ¥o) -
0 0

HFOOO
-

i 2
P(0) is for particular solution part and ¥(0), ¥(0) are for the homogenous

part. Then by integration from left hand side, £ = 0, to the crown of the

arch the solution of Eq. (18b) can thus be expressed in the following form

S i 2
¥(£) = P(E) + D ¥(5) + D,¥(¢) (33)

By using the symmetric conditions that are slope and shear due to a unit
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horizontal arch reaction equal zero at the center £ = %. i.e.

1 2
1 v ol v 71
Pz('i) + Dl‘i’z(ﬁ) + D?_‘Yz(ﬁ)

]
o

~
. N0
~

[}

(34)

=t
(%]

- _ o £
¥,0) = B, Ca) + DY, () +D,¥,Cs)
Then the solution of Eq. (18b) is obtained by the substitution of D, and

D, into Eq. £33).
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GREEN'S FUNCTION

The solutioﬁs for the sets of Eq. (26) and Eq. (30) are obtained with
an assumed value A, which is related to H by Eq. (12). In order to obtain
the solution of Eq, (13), the horizontal arch reaction H must be found first
by using the following constraint condition.

fg n'y'dx = 0 ; (11)
which may be rewritten in the nondimensional form as

l —_

/, [62 * H‘Pz] y'(£)deE = O. (38)

Now the nondimensional function for n can be expressed as

4, =8, & H?i . (i = 1,2,3,4) (39)
Thus the Green's functions for bending moment M, vertical shearing force V,
thrust force TH, and transversal shear (parallel to the cross section of the

arch) TV in the given arch due to a single unity load across the span are

M(E,E50) = —G(8) 25(E,E50)

V(E,E5R) = -‘}Hg = —[G(a) 9, (£,E51) + 6'(2) ¢3(£,E;A)]

TH(E,E31) = H(E,)) cos[8(£)] + V(£,E,2) sin[6(§)] (40)
and

TV(E,E,1) = %(g,g,;\) = cos[6(£)] j—g [M(z,E51]

Now the Green's functions of generalized forces are obtained for assumed A.
The Green's functions for moment, thrust and sectional shear for each section
under assumed values of ) are calculated and tabulated in Appendix 2 for

a special value of rise ratio n = £/L = 0.2. The A's values are assumed as

0.7, 0.2%, O0.4mw, 0.67, 0.8n, m, 1.2m and 1l.é4w.
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QOUTLINE THE PROCEDURE FOR DESIGN WORK

With these Green's functions, the preparation work for the stresses at
a certain section can be determined by following the steps indicated:
Step 1G.
Using Green's functions M(E,E}l), the critical loading conditions
with an assumed value of A, at a section of the arch are determined.
Step 20.
Under these critical loading conditions, the bending moment

M(£,2), horizontal reaction HR(g,A), thrust force TH(Z,)) and trans-

versal shearing force TV(E,)) at the section £ are calculated by use

of the set of Green's functions.

Step 30.
With the result HR(g,A) obtained, by Eq. (12), a set of computed

value of A* is obtained ' HRL2
EL

A% =

Step 40.

A curve for (A,A*) is plotted as shown in Fig. 4. The true
value of Ao can be determined as follows:
(a) Draw a straight line through the origin of the cocordinates
with a slope 45°,

(b) The intersection point of the straight line and the curve

(A, A%) satisfies the condition

{c) Thus the true value of lo is determined.

Step 50.

Use interpolatioh technique, the bending moment M, thrust
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force TH and the transversal shearing force TV at a section of inter-

est are readily determined.

TZ
Zl = M()\)
‘ 2
i L
: o |R
| ET_
:
" .:
2, = THQ)
S
P e
. :
o\ 45° |
A
(4]

Figure 4

- A
assumed
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NUMERICAL EXAMPLE

For a numerical example, consider a fixed ends arch with parabolic arch
axis described by Eq. (16a). The moment of inertia of the cross sections
varies according to the following rule

I= Io sec3e(x)

The ratio of the rise and the span length of the arch is 0.2. The
span length is 600 ft. and EIo is chosen as 6 x 106 kip - ft. The EI wval-
ue at each section is tabulated in Table 1. 2 kips per foot is assumed for
dead load uniformly distributed over the full span of the arch. Two kinds
of live loads are considered; (a) One is the 1 kip per foot of uniformly
distributed load over the region which causes the maximum positive moment
at the section of interest; (b) The other one is the 1 kip per foot of uni-
formly distributed load over the region which causes the maximum negative
moment at the section oé interest.

Then following Step l0 and Step 20 described in the previous section,
the horizontal reaction, thrust force and bending moment which are func-
tions of parameter A, for each section under the critical loading conditions
are obtained. The numerical wvalues are tabulated in Table 2 and Table 3.
By the application of Step 30, the actual value X for each section is ob-
tained, The actual forces at each section are obtained by applying the
interpolation technique in Step 40. Fig. 5 through Fig. 8 illustrates
the method used to find the actual forces for sections 1 and 11 under load-

ing conditions (a) and (b).
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EI AT SECTICN 8= G.6525754GD
EI AT SECTICN 9= G.62318634D
EI AT SECTICN 10= 0,60576921D
EI AT SSCTION 11= Ge&CCCCEICD

(4331

ng

0t

07

07

o7

07

07

07



THE EFFZCT OF DEADR LOCAD ANMD
AT STCTTIuN 1
LAMDA MOMFENT
0e393R3.66) 01 CoGRELIGN26KD
0393812530 01 0.6R7T24220D
0393757490 01 Je63237195D
04393664030 C1 0,701 780680
0e 393524930 Cl 0,714A9942D
0.3C33473150 Gl $s73240855D
06393112730 01 G,75594503D
00392812470 €1 G TEO6BRTARD
AT SFCTIuN 3
LAMUA MOMENT
0a345625840 21 0.18220745D
0e345RZ1760 ©1 0.1829232720
003456802430 01 0,185814576D
Co 345782590 J1 0,18876318D
0,33857361D Cl1  0.19714706D
0.33R637130 &1 (e2CG491646D
06333835460 61 0.215324448D
0¢33897893D0 C1 G.226217330D
AT SECTION 5
LAMDA MOMENT
0,205714660 81 0.23766360D
0.205694820 01 ©G.23827774D0
0.2056510640 01 0,26014020D
0,20557*53D J1 D.24332407D
0.,205456030 81 04247955910
0,2053{6320 01 C.254234820
04205122170 21 ©,26245998D
0,20489783D 01 ©.27307359D
AT SECTIPN 7
LAMDA MOMENT
0.2702712420 21 04315524120
0.2787214u0 C1 (,31684139D
Ne2787T4%49D 01 0.32082764D
0,27873478D J1  0.327695790
0,278862130 €1 0,33781304D
Ne27RI5364D 01 02351763520
0270074100 51 C.370440340
0.279231090 C1 (0.39521137D

POSTIVE:

04
(34
Sh
Cé
04
Ca
(9
U4

{4
C4
04
G4
04
04
04
G4

C4
4
G4
04
Ca
C4
C4
04

Cs
U4
J4
04
C4
04
C4
C4

LIv:

H=RE£ACTIUA

G,25£5346520
0.25848052D
Le2584086390
Le256285050
Ge258102378
04257872170
0625756178C
04257169420

G3
C3
33
C3
o3
C3
G3
G3

H-RZACT10N

Cel99325360D
Ua193321150
{e193305730D
(4189275290
el310534SD
0191192981
(21913491105

0.191511190

C3
03
03
G3
c3
3
C3
03

H-REACTI0ON

0., 7C5308710
0. 705203110
U.T048T7251D
Ce TH432C06S0
0+703536695
(702511440
C,701238J6D
Ue 699719240

H=-REACT IO~

0129467740
CGel2947 50Ul
06129501200
0el2954421C
(e12962¢822
01296721380
CalZ29803920D
Uel12995C2CD

c2
€2
Cz2
c2
c2

~
L¥]

a2

gz

-t

c3
i~
o

G3
a3
Cc3
J3

n
-

C3

25

LCALC - Table 2.

THRUST
0.,25792548D
0257857560
04257630430
04257296730
0.25678197C
De 2560030650
0225167930
0.25398395D

THRUST
0.,214718C6D
0.214313480
0.21551878D
0.21659025D

'0.192886580C

0419237921D
0199695530
0.20490183D

THRUST
0,89019213D
0.89182315D
03968353410
0.9C5720664D
0,91930568D
0.93712685D
Ca96776697D
04101123120

THRUST
0+135311C6D
0,135406325D
32135962980
Del368365H0
0.,13E203420
0.14025114D
Dela3333640
0.14£106156D

€3
03
¢3
C3
03
C3
C3
L3

03
03
G3
03
G3
C3
c3
03

02
02
02
02
92
92
02
03

03
03
23
c3
03
c3
a3
n3



AT SECTITY
LAKDA
0.37693.224510
0336984550
0.337232°830
0.337597710
0.33RC37072D
0333520090
(e 338GR2TLD
0340090210

AT SECTICH 1
LAMDA
0.31194411D0
04312041230
0.31223463D
0.312830550D
04312539910
04314479210
0.315671930D
0317150780

g

€1
21

91

21
31
01
J1
Cl

1

1
01
01
Ccl1
01
01
01
0l

HOMEMT

H-RCACT L GH

ACTUAL STRESSES AT EACH SECTIQR

LAMDA
0.457213230D
0437119540
0273715210
0389201860
0+43683314D
0.,31578999D

o1
0l
g1
cl
01
Gl

0a?239%7298D 04  (4,159171870
Co240:105390 04 (0618926831v
Coalb326530D0 04 Coll9343360
C.24RT44950 (04 Q41839953760
Ce2868082T7T70 C4 UL 1904&6546D
GL26R20294D 34 0,19098067D
C,2B2493690 T4 (,191515+06D
Ce 303392220 U4 (Cal9:7684320

MOMENT H-REACTIC®
0.17686380D 04 (.16218188D
0,17734037D 04 0.16222283D
ColTBTES554D C4& (04162580290
G.18124638D 04 0.163104920
Ca1843C815D C4 (a.16384546D
0169596690 04 (2164828620
Cel9576574D C& 0.166081250
0.2C366452D 04 (Ca167641030

MOMENT THRUST
Co 763845380 04 (C,25486563D
0.,20899793D 04 G(G.196833760
0,24458052D 04 G.90941C12D
0.,34393546D 04 0,139102100
06274173720 04 (04132632450
0.,18962887D 04 (o16483512C

OO0 0
W W L LW W

33
g3
G3
C3
03
C3
G3
G3

C3
03
02
C3
c3
c3

26

THRUST
0s18E594540
ODelBETITHTD
0.1891570€ED
Del89834570
0.192768910
0.19199231D

0.193631650
Qe L9GTLGTEL

THRUST
0.16218188D
D.16228288D
Qelb256820D
0el63104932D
De16384546D
01064828620
0e16608125D
0el6T7641030D

03

r

23
Q3
03
03

[
1Y)

c3

03
03
¢3
03
03
c3
03
c3



THF EFFZCT CF CLADR

AT SICTION

LAVDA
Q267220790
Ce 261727210
0.2572160GKHE
N 267651930
Q267647690
Qe 2GTALO3TD
0268250980
0266680610
AT SFCTIN

LAMDA
0e326967910D
06326973010
De326955%290
Ca32701124D
Ue3344EH690D
0633433558D
0e33419483D
0. 334&45’!5D
AT SECTINYH

LAMDA
0642916271
044291759390
0.42913736D
0e4292356G2D
00429287780
06429355240
0e42G44307D
0e 4295461 D

AT SECTION
LAMDA
0e385ITLTCD
0a 38576900
0.3,.'5?'1‘47)130
0395714170
C,385L6321D
Q04,3R559427D
0, 385503360
00 3853856710

1

01
Cl
21
01
2

0l
1
Cl

3

Cl1
Cl
g
01
Cl1
oa
01
31

5

cl
cl
01
01
Cl
cl1
01
Cl

7

01
c1
01
01
cl
Cl
01
cl

LA AND

MOFTNT

=0 6R6HI3TR)

—CaGUFTETT40
=G 672332710
=0 T01T6R510
0714722360
=0.7224R395D
-0.756091660
-0, 7ET12286D

MOMENT
-0,18217583D
-0,1829C411D
(2185126400
-0.18R935991D0
-0, 197167340
-0.2C437174D
-0,215448480D
-(.22939236D

MOMENT
-Cc23765290D
-0.23R26778D
=0,24213534D
-0.24332691D
-0.247770380D
~C.254266050D
-C.262514100
=0,27316363D

MOMENT
-0s315538570
-(,316842390
~0.320930040D
00327699250
=(0. 327817710
-Ce35176916D
-0.37044647T0
-0,395214410

NUGATIVE LIVe LCAG

06
Ch
J4
Uk
G4
Ca
U4
N4

Ca
C4
04
G4
04
U4
04
Ca

Ca
G4

04
C4
G4
G4
04
C4

04
04
G4
Go
04
C4
(4

O4

H=REACT IO
Ve llALT 286D U5
vell90262i0 C3
Uell9C97u10L 03
Coall921756C U3
€s11939L37¢C BDE
Cellve2661D O3
G.119G62098C 03
Cel2C319,3D U3

H-PEACTIONM
(0176181320 O
0«1781855ED
Cel7819962D
Cel78227250 C
Ue 186446850
Ue1856203810D
0e186143650
Gel8597727TD C

H~REACTICH
0e306976300
0e206986720
0e307C18150
Ce307CT1170
063071455560
Ue307245640
Ue 307368350
Ca30751655D

G3
C3
C3
03
03
VR
03
33

H-REACTIOM
Ce2430394230
Ce243C357C50
00248004200
€,247959030
V247693520
Ge24780492D
Uo24T7683%40
Ge247536450

33
G3
C3
03
G3
L3
o3
C3

27

THRUST
02255157300
De27558 346D
J2257E952D
Ce22614146D
D,226653350
2.22134925D
0,22826163D
04229441990

THRUST
02228054230
0.228410330
Ne2295G8150D
0a231434820D
0.25971964D
0e263912566D
0+2€6994013D
0.278862060

THRUST
0a330030550
0.,3305C228D
0.33196502D
0e334574C6D
0.338B63739D
C»34471952D
02353879370
0.36827048D

THRUST
C.26151571D
0261775100
0e26258209D
0.264031504D
0.266307600
De26976248D
04275340580
04283465000

03
03
G3
3
03
c3
03
03

J3
U3
03
G3
3
o3
c3
03

03
a3
c3
€3
03
ki
o3

03

L3
a3
C3
G3
L3

(el
(¥}

03
03



AT SECTIN

LAYDA
De 336156490
0.336049%70D
Qe335R252040
063354544450
06335009140
0.33452913D

De334045470
0e 332513980

AT SECTINN 1
LARLA
06359427310
0359252620
0.,35903653D
06358662770
0.35EC4033D
0357212680
00 356155730
0.35483581D

ACTUAL STRESSES

LAMDA
0.333277.720
0.414825%3D
0639682190
0417476240
0.41523,290
052586512D

9

1

MOMENT
01 =Ce23907937T0D
Cl —-Ca24C111750
01 =0,24326529D
01 -0,248T745255D
Gl -0.25687713D
Q1 =£,2681964R9
01 -C,292345n34D
Cl -,303922%70

MOMENT
Cl -G, 176872650
Cl -Cal7734637D
01 =C,1T737R874D
01 -0e1F124462D
01 -0.,1R&79629D
91 ~-C,1E£956K33D0
€l -0,195738810D

Cl -0.20355634D

MOMENT
31 =CsT1925518D
Cl -C.20832R81D
Cl -C,271415892D

1 -C.373795950
Ll ~Ge 273099730
Jl -C.193726500D

Ol
Ca
Jh
L4
O4%

04
Oh

L4
04
U4
G4
04
04
4
04

G4
04
O4
Ca
04

04

H=-RLACT IO

CelFB335310
(el@523792V
CalRTGOECAD
Ue187549417
0e187C51870
2,186516120
Ce 1859777300
Golis4 719530

H-REACTION

0e21532550C
Ce21522585D
0.,214917200
Ce2143938320D
0e21356545670
Ue21266317D
Ce211411510
0.209647420

AT EACH SECTICHN

THRUST
0226835230
Ve 26584263D
Ce3659128%0D
£e276180260
0,1952412CD
Us21182133D

>3
G3
c3
J3
Cc3
g3
23
G3

3
c3
a3
G3
C3
03
G3
C3

03
g3
03
03
€3
03

28

THRUST
(al94111U30
D.19409668D
06194335470
0,194133010D
De194362670
De194839303D

Gal19257624RB0
0.197223610D

THRUST
0.215325500
0,21522365D
0-,21491720D
0.21439332D
0.213654870
0021266817D
0.21141151D
0209847420

c3
03
03
c3
03
3
C3
G3

C3
o3
03
53
c3
03
c3

03



A computed
M1 (10%) kip-ft.
TH() (103) kip.
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Figure 5. Graphic method to find actual forces for
section 1 under loading condition (a)
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W) 1 (10%) kip-ft.
TH(A) (103) kip.

Acomputed
8~
- M1
6—
5+ HRL2
>lcomputed - EIO
4
3+
TH(X)
|
24 )
|
|
!
1 !
|
{
|
A5° X
l ] | 1 | 1 1 |
0.27 0.4m 0.6n 0.87 1.0m 1.27 l.4n
Figure 6. Graph method to find actual forces for

section 1 under loading condition (b)
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IM(A)1(10%) kip-ft,
TH(A) (103) kip.
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Figure 7. Graph method to find actual forces for
sectionII under loading condition (a)
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TH(A) kip
Acomputed
8~

|
7 1
i
1
HRL2 '
A - |2 ;
6l computed EIO ¢
1
1
I
i
1
5— '
t
!
]
|
4 [
1
1
I
i
!
3 |
i
i
t
. t
[}
]

9] TH(}) —
1M(A)1 l
1
I
|
1 |
¢
t
]
o Aol

I 1 1 1 l ou 1

0.2 0.47 0.6 0.8w 1.0n 1.2n l.4m
Figure 8. Graphic method to find actual forces for

section II under loading condition (b)
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CONCLUDING REMARKS

Stress analfsis of . an arch, in general, is a nonlinear problem, which
is so complicated that its solution is difficult to obtain analytically,
and thus it may not be practical for design work. For simplicity, a lin-
earization technique is introduced and then the superposition principle is
applicable.

Based on the deflection theory, the method used in this report provides
the following advantages:

(1) The real critical loading condition for each section of an arch
is determined by using a set of Green's functions obtained pre-
viously.

(2) The process of calculation is simple and straight forward. Re-
petitive calculation, which had been use& in the analysis of
Rainbow Arch Bridge[BJ, is avoided.

In addition, the élastic stability of an arch with varying rigidity

described by Eq. (h) can be studied. The homogenous part of the equation
(8) has the same form as the differential equation for beam-column prob-

lem. In other words, the elastic stability of a fixedzend arch is analog-
L

EI
o

ical to that for a beam-column., When the quantity is equal to the

eigenvalue of the'ﬁomogenous part of the Eq. (8), or horizontal reaction H
reaches to the critical loading, the arch buckles.

Also from Eq. (8), it is seen that the theory used in this report
changes from deflection theory to elastic theory if the second term which
gives the geometrical change of the arch axis, is neglected, i.e., the A

is equal to zero.

The numerical results show that the bending moments from elastiec theory
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and deflection theory differ comsiderable, Table 3 shows the percentage

increase of bending moment calculated from the following equation,
bending moment increase percentage = —— (42)

in which Md is the bending moment due to deflection theory and Me is the

bending moment due to elastic theory.

ading

Condition MOMENT INCREASE PERCENTAGE (%)
Section CASE a CASE b

1 11.32 4,85

3 | 14.70 14.36

5 2,91 14.21

7 9.00 18.46

9 14.68 14.23

11 7.40 9.53

Table 3.
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$J0OB

61
1CO1
3CCo
2C01
2C03
2C02

72
3109

62

65
8001

66

555
€97

998
71
75
79
90
91
78

85

70

38

_ WANG , RUM=NOCHECK y TIME=5,PAGES=60,LINES=60,KP=29
IMPLICIT IMTEGER*4(I-N),REAL*8(A-H,0-2)
DIMENSION HH(6,45) '
DIMENSTUN PSA(R645)3SAH{B4645)4BT(8:645)
DIMENSIDN T(21),HX(21)
DIMENSION TWH(4,21),Y(4),DY(4),A(4,5)
DIMENSION TA(4) 4APL4) ,ANGL4G)
DIMENSION S(4510,21)9S5PS(4421),C(4),SN(21)
DIMENSIOM XI(3),FA(3,21),ANV(4),PAV(4)
DIMENSION PAL(3)
DIMERSION TLl(21)
DIMENSIOMN W3(11,21)
DIMENSIUN AN(4) 4 ALM(B),G(21),CN(21),YP(21),GP(Z21),Q(4)4WH(444,21)
DIMENSICN TH(6421)y SVI{6421) sHF (4421 ) Wl (6421),SP(21),ST(6),S5(6)
DIMENSION U(B46,45) :
DIMENSION W2{11,21)
DIMENSICN TJP(4)
FORMAT(1HD, 20X, "LAMCA="',F9,6)
FORMAT(1HO,*SFCTION ',1I3)
FORMAT (1HC,'EI=",1D16s8)
FORMAT (1HO,*STRESS FOR CASE 1%)
FORMAT (1HO,"STRESS FOR CASE 2') ;
FORMAT(1HO, 20X, "MOMEMT* 311X, "REACTION® 310Xy *THRUST'410X, ' SHEAR")
FORMAT (5X,5D16.8)
FORMAT(1HCG, "EI AT SECTION',13,'=%',1D016,.8}
FORMAT({1HO,20X, 'TOTAL AREA',2X,3D1l6.8)
FORMAT(1HO, 20X, "MAX, PDINT',2X,3D16,.8)
FORMAT (1H-)
FORMAT (1HD,20X,"MINe POINT',2X,3D16.8)
FORMAT (15X,2D16.8)
FORMAT (15X,3D1648)
FORMAT (4F5.2)
FORMAT(B8F5,.2)
FORMAT (1H1) -
FORMAT (31X,2D16.8)
FORMAT(5X,4D1648)
FORMAT(1HO,23X, " INFLUENCE LINES FOR SECTION ',13)
FORMAT (8X,2D16a.8)
FORMAT(1HO,5X,*THE EFFECT OF DEAD LOAD AND POSTIVE LIVEC LOAD')
FORMAT(1HO,5X,*THE EFFECT OF DEAD LCAD AND NEGATIVE LIVt LOAD®Y)
FORMAT IZOX,'MDHENT',IIK,'YHRUST'.IUX,'SH AR' )
FORMAT (32X, '"{SPECIAL JUMP POINT)*)
FORMAT (20X, *MOMENT* 411X, *THRUST* )
READ(1+1)(AM(T)I=1,44) .
REAC(1,2)(ALM{J)yJ=1,8)
11=3
DO 999 JJ=1,8
X=0,
H=1e/20e
DO 278 1=1,21
GUlIl=la# (4 #=ANITT)*{1la=24%X) ) %%2



278

. 115
110
101
e

225
222

233

291

235

CNIT)=14/DSORT(GI(I)]

YP(I)=4a=AN(IT) *¥(1o=24 %X)
SNET)=YP(T)=CMLT)
GPUI)=—€4a*AN(T [} %%2%(1e=24*X)

X=X+H

ALM{JJ)=3,14159265358*ALM(JJ) ¢ 5
NEQ=4 ' 7 7

e 1.0/2040 e 3
'1'01 w=1.2 Mo 7/5)?&‘ ;e ke, A2

§ 3 102 1=1,4 (<)

0(11=CoD

Y(1)=0.0

Y [M!;‘I=l.0 — 7
DO 103 I=1,4 '
WHU L M, 1}-Y(I) ' e
X=0,0 -
KK=2 o
DO 110 1=2,21
CALL RKG(NEQsH, X, Y,DY,ALM ANyQeKK,JJ,IT1Y 7
DO 115 J=1.4
WH(J M, I)=Y (J)
CONTINUE
CONTINLE
KK=1
DO 220 I=1l,4
WH(I,341)=0¢
Y{I)=0.
QLI)=C.
X=0e
DO 222 1=2,21
CALL RKGINEQsHy Xs Y DY, ALMyANSQyKKyJJyI1)
DO 225 J=1,4 '
WHIJ,3,10=Y(0J)
CONTINUE
D=WH(2,1,s11)%WH{4,2,11)-WH(242,11)%WH(4,1,11)
Dl=-WH{2+3, 11 )% WH{4y2, 11V 4WH(242,11)%WH{ 443411}
D2==-WH(24+1+111%WH(443,11)+WH(2,5,11)%WH(4,41411)
C1=D1/D
C2=(2/C
DO 233 I=1,4
I1=1+1
DO 233 J=1,11
JK=22-J
TWHUT 3 J)=CLEWH( T 31, J)14C2%WHIT 2, J)+WHIT,3,J)
TWHII JKY=TWHIT yJ)=( (=100 %*I1)
DO 291 1=1,21
TLUI)=TWHI(2,T):YP(])
CALL INTGL(T1,HsAR,211
DTH=AR
DO 235 J=1,21
HF(1,J)=TWH(1,J)}/DTH
DO 503 J=1,21
HE(3,J)==GlJ)XTWH(3,J)

35
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533

1110

1120

1130

1504

1515

1525

1535
1505
1100
1111

1600

1760

40

HFE (4,4 J)=- "1’{Il*TbHi(J,Jl—[:(Jl*T\Hi(Q J)

DO 502 M=1,7

MN=F+2

Ci=-1

DO 5C2 I=1,4

CI=CI*(-1)--

DO 502 J=1,21

K=22-J

WHIT pMN, ) =WIH{T M, K)%C

DO 110C K=2,20

DO 1110 T=1,3

DO 111C L=1,4

A(T,L)=%wH{T,L+K)

DD 1125 L=1,4
Al4,L)==-GP(K}FWH{34LyK}-G(K)*=HH{4,L,K])
A[L15)=0od

DO 113C T=1:+4%

DO 113G L=3,4

A(I,L)==A(TI,L)

A(4|5)=1|0

CALL GJR(A}

SP(K)=C.0 _

DO 15C4 J=1,2
SP(K)=SP(K)=A(J45)*(GP(R)*WH(3,JyK)+G(K)*iH(4+JsK))
DO 1505 I=141142
I1=(1+1)/2
SV{I1,K)=0,
H3(I1,K)=0Cs
IF{]l.GE«K) GO TO 1525
DO 1515 J=1,2
SVII14KI=SVITLyKY=(GP{I)*WH(3,Jy I)+G{I)*WH(4,J,1))*A(J,5)
H2(T1,K)=HF(3,1)%HF(1,K)
M3(T1,K)=MH3(I14K)I=GIT)*A(JyS)*¥WH(3,J,1)

WLII1l KI=W3(I1l,K)+W2(I1,K)

GO TO 1595

DO 1535 J=3,4

SVII1 K)=SVII1,K)=(GP(T)}*wH(34J, I)+G{I}*hHl4 JeI1)®A(J,5)
H2(T1,K)=HFI(3,T)*HF(1,K)
W3(T1,K)=W3(I1,K)=GlIV*A(J+5)%WH(3,J,1)
WI(ILlsK)=W3(T1,K)+k2(I1,K)

CONTINUE

CONTINLE

DO 160C I=1+6

-Wl(Is+1)=0e

SVI14+11=0,

SV(1,21)=0,0

W1(I+21)}=040

SP(1)=1.9

SVil,1)=1.0C

DO 17CC I=146

NP=2%]-1 L
DD 176C K=1,21
THULZK)=HT{1,K)XCNINP I+SVIT K)ESN(IP)
SVIITyKY=(SVITK)+HF (&4 ,BPYEHI (1, K ) ) =CNINP)



1700

401

499

17

8l4
819

508
599

2500

STOII=HF (L, NPYECNIHP) PO IRSMN(NP)
SSOTI=(SOUTV4HF CAZNP)AEHE (Lo NP) Y RCNINP)
DO 508 T=l.6

DO 401 Jd=1,21

TWIH(Led)=W1014d)

TWH{24 0 =HF(1,J)

TWH{3,J)=T(1,4)

THH{4,J)=SVI(T,J)

NP=2%]-1

WRITE(3,9001)

AJJ=(Jd-1)

AJJ=AJJ*0,2%3,1415927

HRITE(3,6114J0J

WRITE(3,75)NP

WRITE(3,78) .
WRITE(2:997T)I({WL{TI4J)yTHII»J}SVIIsJd)ed=1,21)

JF(1 NEL1)GO TN 449

GO TC 77
STH=5TI(])
SSV=5S5I(1)
WRITE(3,:85)

WRITE(2,998)STH,5Sv

TJP(3)=STH

TJP(4)=5SV

CALL TINTGC(NPy TWH,TJP,PA,ANG, PAV ARV, T
DO 814 K=1,3

"PSA(JJI,K)=PA(K)

SAN(JJ, ] s K)=ANS (K)

DO B19 K=1,3 '
BT{(JJ,I,K)=T(K)
WRITE(3,3]}

CONTINLUE

CONTINUE

PP=6CC.
D=1e3%301415927
EI=60CCC00,
WRITE(2,3)
wRITC(37ruUl,

WRITE .{3,90)

CALL STRESS(PSA, BT HH,ET)
WRITE(2,3)
WRITE(2,80C1)

WRITE (3,91}

CALL STRESS{SAN,.RT,HH,&I)
WRITE(3,3)
WRITE(3,R001)
WRITE(2,3000)¢%1

DO 250C I1=1,11
T{I)=EI*(1a/CN{T))%%3
WRITE(3,3100) I,7T(I)
sTare

END

41



1C2

2C1

2C3

204
202
2C0

SUBRCUTINE GJR(A)

IMPLICIT INTEGER*4(I-N},REAL*8B(A-F,C-Z)

DIMENSION A(4,5)
FORMATI5T1648)
N=4

N1=N+1

DET=1.C -

DO 200 J=1,N
DIV=A(J,Jd)
S=1.C/CIV
DET=CET#DIV

DO 201 K=J,Nl
AlJyKI=A(J,K)%S
DO 2C2 I=1,N

IF(I-J) 203,202,203

AlJ=-2(1,J)

DO 2C4 K=J,N1

Al K)=A(TK)+ATJ*
CONTINLE

CONTINLE

RETURN

END -

A(JyK)

42
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SUBRRCLTIMNE RKGINEQ,H, XY, DY, ALMy AN, CsKK4L,IT)
IMPLICIT IMTEGER*4(I-N),REAL*E8{A-H,C-1)
X ok Bk % & & & & & K % % % % & % Kk & & % * & & % &k £ % & ¥ & ¥ #
% 0k £ B % & %k %k & % & % K % & % k % & % &k % & # &£ % &% ¥ & ¥ % #
THE INCEPFNLENT VARIABLE X IS IMCREVMENTEZC IN THIS PROGRAM
Y(I) ANC DY{I) ARE THE LEPEANCENT VARIABLE AND ITS DERIVATIVC
ALL THE C(I) KUST BE INITIALLY SET TC Z=RO IN THE MAIN PROGRAM
NEQ = NUMEER 0OF FIRST ORDER EQUATICNS
H = INTERVAL SIZE
ok & % & &k & % & &
% & %k % &k & ¥ % &k %
DIMENSICN  A(2)
DIMENSICMN YI(NEQ)+DY(NEC),CQ(NEQ),ALM(B),ANI(4)
?A(Z)“l¢7071C67811865475
i CN-4
' A{1)=0.292893218R124524
CN-4
H2=q4 E¥%}F
CALL £EEi§:%“EQ|x|Y!DY|ALMiANYQ'KK!L’II]
DO 13 I=1,NEC
B=H2*DY(I)-C(I)
Y(I)=Y([I}+R
13 QUIY=C(I)+34*P-H2*%DY(I}

X=X+H2

D0 20 J=1,2 ; :

CALL CERIV (MEQ.X,Y DY ALM ANy GyKK,L,1I1)

DD 20 I=1,NEQ

B=A{J)E(H=DY(I)-C(I))

Y{I)=Y(I)+E .
20 Cl1)=C{I}+3,%B-AtJYXH=DY(I)

X=X+H2

CALL CERIV {MEQyX2YyDY ALM,AN,QsKKyL, Ill

DO 26 I=1,NEQ

B= Do16666666666666666*[H*DY(I) 2¢%G(1))
——— CN=-4
‘ Y(I)=Y(I)+P
26 QUI)1=C(L1+43,%B—H2%DY(1])

RETURN

END

* % % % ¥ % % w % % % % % % % %
£ % ¥ ¥ % X ¥ % & d& & % ¥ % % %

#* 3F

¥ % & %
% % % & %

|
%
|

i
i
i
]
H
|
i



1C0O

25

20
70
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SUBRCLTINE DERIV (NEC+XsY,DY,ALM,AMN.CiKKyJJ, 11D

IMPLICIT INTEGER*4(I-N),REAL*B{A-H,C-Z)

DIMENSTON Y(NFQ):OYINEQ)sALM(8),AN(4)GINCQ)

K=NEG-1 . + ®

DG 1CO I=1,K

DY({I)=Y(1+1)

G=le+ (4o*AN{TIT)*(1a=24%X) ) %%2

GP=-64o%ANITI)%%2%(la-24*X] R
SB={-ALM{JJ1*%2) %Y (3} =128 *{AN(IT)*%21 %Y {3 ) -2, %GP*Y (4] ¥ 3
IF(KK.EC.1) GC TO 20

4

DY{41=SE/G J
60 TC 70 ¢ v
DY(41=(-84*AN(TT1)+SB)/G ,qaﬁyy
RETURN L

END



SUBROUTINE TMTGL({F,H,AR,4N)

10

IMPLICIT INTEFGER#4(I-N),REAL*B(A-I,C-1}
CIMENSTION F (M)

AR=F(1)-F(N)

M=N-1 w2

DO 1C I=2,¥,2

J=1+1 '

AR=MAR+4XF (1) +2a%F(J)

AR=AP%*F/3.

RETURRA

END

45
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SUBRCLTINE TINTGCINTWH TUP,PA,ANGyPAV, ANV, T)
IMPLICIT INTRGER*®4(I-N),REAL*¥B(A-H,C-2)
DIMENSICH T{21)
DIMENSICH PAC(3)
DIMENSION XI(2),FA{3,21),ANV{4),PAV(4)
DIMENSION TJP(4)
DIMENSIONM CRIVI21),CX(21)+1IX(21)+A04,21),TIG(4,21)
DIMENSION TWH(4,21) 4 TAGG) JAPL4G )} 2 ANG(4) SYMX{4),SYMNL4)
DIMENSION Y(5),72(5)
63 FORMAT(1HG, 10X, "+4M,',301648)
64 FORMAT(1HO 310X, "=4Ma',301648)
10C FORMAT(IUO ,10X%, ' ToA"y4D16.48)
1 FCRMAT(1HH=,24X, Y INTEGRATION GF IMFLUENCE LINESY)
2 FORMAT(1HO,13X, "MCMINT",6X, "{ORs REACTION',7X, 'THRUST')
69 FORMATIIHC 44Xy "~ e Sa'916X31L01Ge8+16X41016,.,8)
65 FORMAT(LIHOs4Xe ' +eS501316X31D1¢e8y16X,101648)
NN=N+1
DO 10 1=1,3
Y{I)=C,
10 Z2{1)=0.
DO 15 J=242042
Jil=J-1
J2=J+1
IF (J.EC.2YIGC TO 16
B=TRHE{1,J1)*TWH(1,J)
IF(R.GTeDe) GO TO 16
GO TC 20
16 B=ThF{l,J)=THH{1,J2)
IF(BaGTsCe) 50 TO 17
GO TC 2zl
17 DC 22 I=1,3
IF(N+ECL1) GG TO 22
1FII.LE«.2)G0O TN 22
IF(JsECsNNIGC TO 23
GO TC 22 .
23 TWH(T,J1¥=T4P (1)
22 YUI) =Y (I )+ {THH{ T J1)+4o*TWH(I,JI+TWH(I,Jd2))/60.
15 CONTINLE
20 M=J1l
X=DARS(TWH( L)) /{CACSITWH{L,M))+DABRS(TWH(1lsM+11))
DO 30 I1=1,3
YOI =Y( D +TWHLT MY X /40,
30 ZUD)=2(I)+(TWHI T o M) 44 o ¥THH(T yM+ 11+ ThHIT,M+2} )1 /6Ca~TWHIIM)*X /40,
M=M+3
GO TC 50
21 M=J
X=DARS{TWH(1+M))/(CABSITWH(1,M))I+CABS{TwH{1s,M+1)1})
0Q &4 1=1,3
I(1)=2(1)+(1e—=X)%TWH(IsM+1)/4C,
40 Y(I)=Y(I)}+(TWHIT yM=1)+4,%ThH{I MI+TWHII, F+l}l/60.—l(1)
M=M+2
50 Do 159 J=M,20,2



1€9

179

239

£29
159

200

309

219

409

509

459
€99
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Ji=J-1

J2=d+])

[FlJeECa2C) GC TC 179 =

B=TWlE (14 J1)%THI(1,J)

IF(DLCT.%s) GC TN 166

GO TC 200

BeTubH (1) 5TW{ 1,42}

JIFIP.GT"e) GC TO 179

GO TC 219

DO 226G 1=1,3

IF(NJECsY) 6N TO 229

IF(I.LE.2)GN TN 229

IF(JeECeNNIGE TO 239

GO TC 229

TWHIT,J1)=TJ4P())

2UI)=Z{I 4+ (TWRIT 3 J1 ) +4a®xTWH(T4J)1+ThkF(1,J2))/7€0,

CONTINLE

GO TG <69

M=Jdl

X=DABS(TVH(14M) )/ (CABSITHH(L1,M) ) +CARS{TWH(1,HM+1)))

D0 2CS I=1,3

ZLI)=Z (1) +THHIT yM)IEX/4C,

YOI =Y I 4 (TUHIT yM) 44 e ¥ TAH( I M+ L) +TWE(T,M+2)1 /60 e=THHII M) %X /40,
M=M+ 32

GO TC E09

M=J -
X=DARS(TWH(1,M})/(DABS{TWHI1,M))+DaBSITWH{1,M+1)))

DO 4CS 1=1,3

YOI)=Y{I)+(1e=X)2TWH(I,M+1) /40,

ZOIY=Z (I )4 (TWHI T ¢ M=1) 44 o =*TWH(I yM)+ThHE(I4M+1))}/60e=(1o=X)%TWH(T M4
1‘/4Co )

M=M+2

DG 459 J=”, 201?

Jl=J-1

J2=J+1

D0 456 I=1,3

YOI =Y (I +(TWH{ Ty J1 )44 *TWH(L+J)+Tnuk(1,J2))/€0,
IFIY(1)eGTa®e) GO TC 659

CO 756 I=1,3
ANG(T)I=VI(])
TII =Y(I)+Z(T)
PALIYN=Z(T)

GO 10 <9 .

CO 769 I=1,3
PA(TI)=Y(T)
ANGLTI=21(1)
TII)=Y(I)+21(1)
WRITE(3,1)
WRITE(2,2)
WRITE(2,100)(TIT},1=1
WRITE(3,63)V(PA(T), =1
WRITE (2,64 (ANG(T),1=
RETURN

END



Appendix 2

INFLUENCE LINE TABULATION
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SUOT392§ JO UOFIFsod

‘6 2an3t4d




LAMCA= C0.,001COC

INFLUENCF LINCS FOR SECTION 1

MOCMEMT
Go0CCC300CD 00
-0.4C6G16820-01
—0e 643596506N-01
-0.,73700272D-0C1
-0.,713111420-01
-0,6C00292820-C1
-0,427081870-01
-0.220€197CD-C1
—0.654509600-03
0.19270777C-01
0,35865107D-C1
0.47918045D0-01
Ce546157210-01
0. 55857837D-01
0.520801920-01
0.,442208120-01
0e33631415D-01
0.21977774D-01
0.11141039D-01
0.31286899D-02
-0.0CCCO00CD 00

THRUST
0, 624695050 00
0.64993274D Q0
0717003500 0O
0212656040 CO
0.923497720 00
0.10363785D 01
05113887670 01
0.,121966780 01
0127013620 01
0.12629660D 01
0.12546302D0 01
0.11847052D 01
0.10761438D 01
0.9351¢788D 00
0.77C57189D 00
0.5937701CL 0GC
02417567040 0GC
0,25583062D 00
0,12286781D 00
0¢32958495D-01
-0.G00C0000D QO

SHEAR
J,76C8688B10 Cu
0.752764900 0UC
0;67569885L Cu
0,560933880 L0
UDe.42C09348D0 GO
0,26488354D Cu
0.106723750 GU

=-0,437027370-01
-0,17695429D LG
-0,285343110 GO
-0,363391840C GG
-C.4081690G60 GO
-0,41944476D QO
-0.399652580 0OC
-0,353657280 00
-0,288377020 GJ
-0,212319880 GO
-J.13509790C GO
=-0.66970753D-01
-0.,18452909C-0C1
-0, COCCO00CE OOC

INTEGRATION OF INFLUENCE LINES

MOMENT
00 17077586D-05
0.1906C007D-01

-0.19058299D0-01

HORe REACTICN
0.62501188D 00
0428757160 00

06196254720 00

THRUST
0,3C0039964D 00
0.42720781D UC

0,37319183D GG

50



LAMDA= 0.0000C0

INFLUENCE LINES FOR SECTION 3

MCMENT
0.00CCCO0O0D O
0.600741020-02
0.23234356D-01
0,407708490-03

-0,13843271D-01
-0,209672740-01
-0.22459723D0-01
-0,158198030-C1
-0,14496729D-C1
-0.783C3699D-02
-0.98811767D-03
0.50E74955D-02
0.971G634180-02
0,12516139D-01
0.,13371063D-01

0o 12442930D-C1

0.,10110778D-01
0.695C19510-02
0.366682850-02
0.,10626717D-02
=0.,0CCC0UO0CD 0D

.

THRUST
0,4C0GLICCD 0O
0.280549820-01
0.132863200 00
0.749115350 00
0874162610 0UC
0100274980 01
0,112132240 01
0121769360 01
0,128170532D 01
0.130586990 01
0.,128590480 01
0,12210800D 01
0.111430800 01
0.97197234D 00
0.80350970D 00
0.620813996D 00
0.43759154D 00
0.26862687D 00
0129232120 CO
0s34717347D-01

-0, C20000000 00

SHEAR
0.CICCO000D CU
-0,252920950-01
~0.948722410-01
Us66333712D ul
0.514942830 GO
0,37247337D GG
0,225977860 00
0. 84909469D0-01
-0.423123630-01
-0.148749260 Q0
-0,22934644D CO
-0,28123339LC 00
-0,30387071C GO
=0,239C2997D Cu
-0.27C6024560 00
=-0.22429203D 00
~-0:167193%440C OO
-0,107426132D 00
-0.536692390~-01
-0,14882152D-01
=-0,C00COCOCD vu

{SPECIAL JUMP POINT]}

0. 651770680 00

0.,76279%:690 0

INTEGRATION OF INFLUENCE LINES

51

FOMENT HOR, REACTICN THRUST
ToaAe 0,87846041D-06 0.62501188D 00 0,733C66706C 00
teMs 0.506131810-02 04330126390 00 0.,355419880 00

—eMs -0,506043960-02 0,29488549D 00 0.377646820 00



LAMDA= 24097000

INFLURNCE

MCMENT
0,000CCN0DD €2
0.33026755D-02
0.,13072737N-01
0.2950623310-01
0,509638940-01
0.284C58CED-C1
0.1C4511550-01

-0.1899787GD-C2
-0, 1070157&D-C1
-0.16C53092D-01
-0.185638390-01
-J«188£16410-01
-0.17539286Nn-01
~-04151477390-01
-012175690D-01
=0 60380226D-C2
-0.607C6123D-02
-0.353C08951D-C2
-0,16028901D-02
-044C512377D-03
-0.000C0200D 0O

THRUST
0.00CCTOCGD 00
0,3091996GD-01
0.11362749D 00
0.2320674640 QO
0.372394580 00
0.950C6929%0 00
0,108556170 01
(0:119835760 01
0127735170 01
0.,13142685D 01
0.,130424320 01
0,124620250 01
0.11429717D Ol
0,10011C025D 01
0,-830434040 00
0,64347097D 00
0,454663510D 00
0279688450 00
0.13479622D 00
0.36268243D-01

-0.C0COLOCCD QO

LINES FCR SECTIOM 5

SHEAR
0.CC0CTCOGD Ju
-0,216962860-01
-0, 8L6724100-01
~Gx1719597T680 00
-0.28419061D Q0
0,49154C61D OC
0. 360535860 00V
0.23222073D0 00
0113718190 0U
0,11005502D-01
-0,71420272D~01
=-00130798570 WO
=0,166240180 00
=-0,17872797D GO
-0.170979990 00
-0, 147205880 CO
=-J,11279701D GO
=-0,739943350-01
-0,375706860D-01
-0,105540300-01
-0,C6C005C2030 GO

(SPECIAL JUMP POINT])

0.83567576D 00

0.680978480C 0O

INTEGRATICN OF INFLUENCE LIMES

MOMENT

HOR., REACTION

0625011880 0¢

THRUST

0,693790990 00

52

TeAs 0.29718300D-06

teMe - 0.66017667D-02 0,11546808D0 00 QJ.14605272D 29

~aM, =0.660146950-02 0.50954380p0 00 0.54T773827C ud



T«A.
+e M,

-OMI

LAMDA= 0,0C00C0

ITNFLUENCE LINES FOR SECTION 1

MCMENT
J.00CCO00QD D
0.119416650D0-02
0.51156217Dh=-32
0.122635590-01
02311019C0-01
U, 38079766D-01
0.57524336D-01
0.3165£7040-01
0.10731502D0-01

-0.,538€4034D-02
-0.1683220450-01
-0,239293360-01
-3.2716C130D-C1
~0271337550~01
-024560024D-01
-0,20216009D-01
-0,14912727D-01
-0.94652082LC-02
-0, 4606810760D-02
-0,12776940D-02
=0.CCCCOCOGD CO

THRUST
0. 00CCO0COD 00
0a336274470-01
0123770350 GO
0,2540E69770 GU
0.,407906080 00
0.56875690D0 09
04720962250 00
0.115%09250 01
06124961760 01
0.,13C0z29520 01
0,130168870 01
0125235580 01
0115497270 01
0,10161640D 01
0.54604958D0 00
0.657593100 09
0.46584873D 00
0.2872GC197D 00
0138679660 00
0,37374285D-01
-0.00C0OL0O00D 0O

SHEAR
0,209CC00SD GO
-0,172427620-01
-0.652877930-01
-0.1383445CD (O
-0,23033618L 09
-0, 335022590 0C
-2,446170860 00
0,394650720 00
0,2€812399C 4G
0,191456780 00
0,10843521D GG
0,416461790C-01
-0, 764137230-02
-04395€09350-01
-0,55273000D-01
~0.574094810-01
-0.492654140-01
-0.348688900-01
-5,166962250-01
-0.54713964D-02
-0,00C00000D 00

(SPECIAL JUMP POINT)

0.10717256D 01

0649964410 0O

INTEGRATION OF INFLUENCE LIMES

FOMENT
-0+4C168395D-07
Ve 87648367002

~-0,87648769D-02

HORe. REACTICN
0625011880 00
0.21369619D 00

0,411315690L 00

THRUST
0.65699797L 00
0.22332844D GO

0,433669530 00

53



LAMDA= 0.020000

INFLUENCE LINES FCR SECTION 9

MCMENT
J,0CCCODNCHD 0D
-0,318115810-03
-0e6365E679D-03
0.11489768RD-24
0.259578970-02
0,8C547029D-C2
0.,17260926D-01
0,303736070-01
0,458C02048C-01
0.24154456D-01
0+442070451D-02
-0.10115781D-C1
-0.191433459D-0C1
-2.23442043D-01
-04237820C460-01
=-0.,21093107D-01
~0.,16415619D-01
-0.108528650-01
-0, 552E8285D-02
=0.15540428D-02
0.000C000CD 02

THRUST
0.C083CC0O000D €9
0,35819378D-01
0.13218521D 00
0.,272C13930 00
0.437921240 00
0.61263318D 00
0., 77989043D 0C
0,924565470 00
0:1034C433D 01
0-12566808D 01
0127055100 01
0.1231£2980 01
0.11429720D0 01
0.101G53780 01
0.84473360D 00
0. 65874438L 00
0.46795T773D 0O
0.28917874D 0C
0.,13991394D 00
0.,37772043D0-01
0.000C0000D 00

SHZ AR
J,CCCLS0CUD GO
-0,119833990-01
~0.45920243C-01
-J,955354830-C1
-0-166334440 00
-0.245625090 QU
-0.332604960 GU
-0,423472000 00
—U,514561990 00
J.38493767D 0O
0,3C30710CD 00C
Ce229619060 (LU
0.166239040C 0O
0.113855100L €O
072664802001
0.421948370-01
0.2139363CD-01
0.87445444D-02
0.238432530-C2
0.,214756830-05
0,0G00000GD 0O

(SPECIAL JUMP POINT)

0.123148020 01

0,71941519D GO

INTEGRATION OF INFLUENCE LINES

MOMENT
=-0s 177E£2495D-06
0.664091610-02

=0:664107370-02

HOR, REACTICN
0. 625011880 00
0313253070 0O

0.3116C881D 00

THRUST
0.63361860D 00
0,312212180 00

0;3214C6420 CO

54



LAHDA= 00000950

INFLUENCE LINES FOR SECTION 11

MOMENT
0.000QCCo0CR 0D
-0,123418090-02
~0.41851229D-02
~0.76939489D-02
-0.105794210~"1
-0.116€95030-01
-J+98419301D-02
-0,407288220-02
0.,651C74R3D-02
0.22578699D-01
0.445531100-01
0222578700001
0.651C7504D~-02
~D:40728799D-02
-0, 9841238CD-02
-0.116€69501D-01
-0,1C579419E~-C1
-0, 769394820-02
-0.41861226D-02
-0.123418GSD-02
0,000C000CD 07

THRUST
G.0C000000L 00
0,372657190-01
0.137780C1D 0O
0.,284165270 00
0.456750470 00
0. 643804550 00
0.822643890 00
0.979858030D 00
0.11023528D 01
J.,11800811D Gl
0120671130 01
0,118008110 01
0.110235280 01
0.979858060 00
0,82264391D 0O
Qs 643804570 Q0
0458700480 00
0284165280 00
0.137780010 00
0.,3726372CD-01
0.0000C000D 00

SHZ AR
05,0200CCA0D GO
-0,617969240-02
-0, 244524870-01
-0,5432228:20-01
-0,;3505793.0-U1
02145740420 VU
=J,205212280 GO
=0,27208080D 0C
=0, 34473022D 0D
-0.42135296D GO
-0,500002010 0OC
0,42135296D JC
0.344730230C GJ
0,272C80810 0C
0.,23521229C O
0,14574043D CO
0,95057944D-01
0,543222890-01
0,244594900-01
0,617969340-02
0.000000000 €O

(SPeCIAL JUMP POINT)

0.12067113D 01

0+ 854259770 00

INTEGRATION OF INFLUENCE LINES

MOMENT

HOR, REACTICN

THRUST

55

TeAe —04190236310-06 0.625C11880 00 0.62501188D GO

+tsMs 0.49128833D0-02 0.26821976D 00 0,26821976D CO

-eMo —-0,491307360D-02 0,356792120 0OC 0,356792120 0OUC



LAMDA= 0,629319

INFLUENCE LINES FOR SECTICN 1

MCMENT
0.000C0C0CD 02
-0 40716601D-21
-J. 64478194D-01
-Ue 738349020-01
-0, T7T14857340-01
-0, 602270690-01
—0:42ET7BRKLD-01
-0,221£88200-01
-0.718673540-03
De19276197D-01
0s3532£63220-01
0 48041N98D-01
0.547701320-01
0e560208620-01
J,5223210470-C1
0s44344093D-01
0337191500-01
U6 22029R90D-"1
0.11164272D-01
031341966D0-02
-0.000C00GCD 0D

THKUST
0062469505D 00
Ue 649294950 €O
0,71690521D CO
0.,81253120L 0O
0,92340742D GO
0.10363844D 01
01139061980 01
0-,122015510 01
0.127CG53670 01
04128341600 Ol
0125504770 01
0.11850060850 01
0,10762709D 01
0535033050 00
D.77C31330D 00
0.593387500 00
De417149C40 00
0.25547251D 00
0.12264240D 00
0.328827C5D-01

-0.000000Q00 00

SHE AR
0.780868310C 00
0,75283407D Cu
Js 675307760 0O
0,561272810D 0O
0,42C5G1570 €O
0,26527697D0 00
0. LCTC20930 wy

-0,435614T73D~u1
-0,176994480C (00
-0, 285552500 07
-0,36372584D 00
-0,40856218D 00
-0,41982672D 0O
-05369963970 U
-Ve 353862170 LU
-0,28846917D0 0C
-0,212322141D 00
-0.,135G5054D 06
~0,669207420~-01
-0,184312300-01
-0.6G60GoO00C00 00

INTEGRATION OF INFLUENCE LINES

MOMENT

HOR. REACTICN

THRUST

56

TeAs 0015684432D0-05 0a625C11140 00 00800392040 00U

+eMy 0419106783D-01 04425717490 00 0.42709427C OU

—eMy -0,19105215D-01 0.19629365D0 GO 0.373304770 CG



TeAs
teMa

- M,

LAMDA= 04628319
INFLUENCE LINES FOR SECTION 3
MCVMENT THRUST SHEAR
0.00CCCCOOD GO 0D.00CCTOCCL 00 0,20000000D OUL
J+6CO616610-02 0,281251510-01 =-0,251326430-01
06232249100-01 0-.103221300 00 -90,942429900-01
U, 3275974830D-03 0.749R7857D 00 0,6%4453770 00
-0e13931717C-01 Q.87529830D 00 0.351627229D 0L
~0.210460010-01 00100423170 01 0373763780 0G
~J,22545947D-G1 04112310860 01 0.,227C23770 0O
-0.158G86380-01 0.,121971260 01 0.,855633760-01
-0.14555923D-01 0.,12838528D 01 -0,42106755D0-01
-0 TE5E5689D-02 0.13080151D 01 -0G,14899333D 00
-0.,98251898D-03 0,128790670 01 -0,22997252C 00
9,51237686D-02 0.12226085D0 01 -3.28212867D U0
0,97754856D-02 04111566520 01 -0.,30483982D0 09
012589847D-01 0.97291065D 00 -0.3C0058660 GO
0,13447079D0-01 0804040330 00 -0.27152043D (O
012509153D-01 02621G1057D 00 -0,225C19280 00
0.101639520-C1 0.43755226D 00 -0,167705890 00
0.69846845D-02 0,26848594D 00 -0,107722230D CG
0.368412990-02 06129104920 0G -0,53799839D-01
0.1068357TTR-02 0o346657470-01 -0.149129610-C1
-0.CCO0CCOOCGD 0O -0.00G00000D 0D -0.,0COCOCGCO0 GO
(SPECIAL JUMP POINT)
0.65175320D 00 0,7628380ED UC

INTEGRATION OF INFLUENCE LINES

MOMENT
0. 794£3673D-06
0.50814643D-02

-J.50806697D~02

HORe REACTION

THRUST

0625011140 00 0,733981310 00

0.33011854D

0,29489260D

00

e

0. 355743200 00

0,37823812D 0D

57



LAMDA= C.628319

INFLUFNCE LIMES FCR SECTION 5

MOMEMNT
0.000CCOO0D 0D
0.331230180-02
0.131075680n-01
0.291277380-C1
0.51049486D0-01
0.28485745N-C1
0.110C6470D-01

-0.18770275D0-02
-2.107107204D-C1
-0, 16C853910-01
-0.18€616011D-01
=0.,189203300-C1
-0.175970760D-01
-0.15197695D-01
~0s12214261D0-0C1
-090643582D-02
-0,60860461D-02
=J035381634D-02
=0,160524010-02
~0040543430D-03
-0.000CCO00D 0O

THRUST
0. G000000CD 00
Ne30919895p-01
0,11370R18D 0O
0.233C13110 00
0,37323079D 00
0,9514%98520 00
0,108749590 C1
0.12C06805D 01
0,127991450 01
D.131689760 €1
D.13G675670 01
0124543340 01
0114479130 01
0.1C024396D 01
0.83128600D 0O
05642900040 QO
0.45478353D 00
0. 279638980 00
0134708600 00
0,362265420-01
-0, 00C00QC0OD 00

SHZAR
0.CCCTCO02GD 00
~U2216601350-01
-u:815123960-01
-0.1715%26264C 00
-u,28332125D €O
J3,492734280 00U
0.3618205C0 GO
02233271650 U0
0,114368020 OU
0-111834740-CL
-0, 71698662D0-01
-9,13145026D 00
-02167138760 QU
=0,17973009D 00
=-0,17195C040 00
-0:148035870 0C
-0.,113419720 00
=0, 7438304(0~01
~-J.377621390-01
-0,13604682C-01
-0, CG0oCoo0Ch 00

(SPECIAL JUMP POINT)

0., 83580997D 00

0,68038533D (U

INTEGRATION OF INFLUENCE LINES

MOMENT

HORes REACTION

THRUST

58

TeAo 0:25732231C-06 0,62501114D0 00 0,69484205C 00

teMe 0.661EB067D-0C2 04115449980 00 0.146321050 GO

~eM, -0,661854940-02 0,509561160 0C 0.548521000 00



LAMDA= 0.628319

INFLUSNCFE LINES FOR SECTIOVW 7

MCMENT
0.0CCCCO00D €O
0,120304430-02
Da514941640D-02
0.1232238960-"1
0.232211970-C1
0e382241315-01
Ne 576785630L-01
D0.318246560-C1
0.108651320D-01

-0053%7¢€64920-02
-0.16E77993D-01
-02.240199000-11
-04272775220-01
-0,272593460-01
=0a246TT7T4640-01
~0620313369D-01
-0,14883592n-C1
-0.95087960C~-0C2
-0+46885898D=-02
-06128294€6(0GD-N2
-0, 000CGC0O00D 00

THEUST
N, COCOCCCOL 00
0.335586660-01
0.12365R84E0 00
0,253998%040 00
Dod079792RD GCU
0569168340 00
Do 7216886600 00
0,11565490D 01
0125145500 01
02130233270 01
0.136373330 01
0125422560 01
0.11565226D 01
0.10173060U 01
0.84676455D 00
0657929820 00
0. 46594990D 00
0.28711852D CU
0.138576G3D 00
0.373282190-01
-0.,000000900D0 0O

SHE AR
0,G03000000 09
-0,17286624D-01
-0,654383850-01
-C, 128609090 GO
-0,230642310 Gu
-0,335195680C 00
-0.445915810 0O
0.,39532950C Qv
0,28890176D 00
0.19211382z0 00U
0. 128849200 QU
0,417793170-01
-0,77617688D-UZ
-0,398052160-01
-0.556722420-01
-0,578169262D-01
-J.495609131D-01
~0.351076200-01
-0,1882104906-01
-0.,550677320-C2
-0,CC0090000 GO

(SPECIAL JUMP POINT)

0,107221490 01

0,64885988C 00

INTEGRATION OF INFLUENCE LINES

MOMENT

HOR, REACTICNM

THRUST

59

TeAo -0.469516960-07 0.62501114D 00 ©.657689320L €O

+eM, 0.88011472D-02 0,21371001u 00 0.223589790 00

—eMs =2.88011342D0~-02 0.411301120 00 0,434099530 00U



Te As
teMe

-.Ma

LAMDA= 0.628319

INFLUFMCE LINES FOR SECTIUN 9

MOMEMT
Ue 00OCCCCOCD O©OD
=04315603460-03
-0.626210020-03
0637212273D-04
0.264222560-02
0e81298919D-02
De173613430-C1
0.31C936630-01
0.469918545N-01
0s24223465D-01
0e422¢79070-02
-0.10149968L-01
~06192227150=01
-04238481650-01
-0.238649900-0G1
~00211955270-01
-0.164955G1D-01
-0,109049060-C1
-0.55545690D-02
-0.156C%628D-02
0.0006C20CD 00

THRUST
0,00006000D GO
0.357472010-01
0.13198061D 0O
0.271713430D 02
0,437619230C Ovu
0612506160 G2
N. 779927210 00
0.,9249C671D 00
0.1034733GD 01
0.125765110 01
0.,12716379D 01
02123286990 01
0,11438291D 601
0.,10111245D 0Ol
0. 845024430 00
0.65877635D 00
0s 46781LT770D 00
0.28897869D 00
0,139756930 09
0,37712219D0-01
0.,00000C0GUD OU

SHEAR
G, Ccocococe oo
-0a.120605340-01
-0,461843330-01
-0,9906967350-0U1
-0.,16715223D GG
-0,246657550 0Ou
=0a. 333664060 0OU
-0,424317620 GO
-0.,51477443D 0C
0,38539943D 0O
0,30387215D0 0
0.23051719D 00
0.167075900 03
0,11454366D 0O
0,73173502D-C1
0.425310580-01
0.215881400L-01
G.883818820-22
0.241766180-02
0.22C5825350-03
0.GL0C0CCCD OO0

(SPECIAL JUMP PUINT)

0.123222620 01

0,719557340 00

INTEGRATION OF INFLUENCE LINES

MOMENT
-0.16271577D-06
0.6665$5941D-02

-04666975680-02

HORs REACTION
0,625C1114D 06
0. 313364640 00

0.31164650D 00

THRUST
0.63383485D 00
0.31244984D GO

0.321385010 GJo

60



Tehs
+aMas

".Mo

LAMDA= 0a.628319

ITMFLUENCE LINES FOR SECTION 11

MCMEMT
0,0C0CCODGD 0O
-0s123813850-C2
00 41688322D-02
=0, 771505920-07
=0, 10612695D-01
-0,117C39010D~-01
~0.98644436D-02
~0s40T2442E80-72
0,654234945-02
Ue22860760D-C1
0.446297580-01
0e226407610-C1
0e 65423515D-02
-0.,407244050-02
~0.986444150-02
-0011702999D-01
-0.,106126930-01
-0,77150585D-02
-06416238319D-02
-0.,12381284D-02
0.000C00005D 0OC

THRUST
0. 00CC0GOCOD QO
01237190994D-01
0,137572750 00
0. 2383856060 00
0,4538375020 00
0.64356335D 00
0.822569960 00
0979994120 0C
0.11026905D 01
0.11805634D 01
0.12072459D C1
0,11805634L 01
0,110269C6D Q1
0.9799%9414D 00C
0822569980 00
0.6435¢3360 00
0.45837503D0 00
0,28385606D0 00
0.13757275D 00
0.371909950L-01
0,000000C0OD 00

SHEAR
0. CCCCO020D Cu

-2,4623092580-02

=0,246581360-01
=0. 54746873031
=0,985757095D-01
-0,14671935D QO
-0,206418470 00
~0.27329C33D0 Cu
=0,345935580 00
~0s422154120 GU
~-0.5C0CGC01D QU
0.42215412C COC
0,345935590 CU
0,273290340 0OV
0,206418490 CO
0.146719340 U0
0, 957571060-01
0.54746880D0-01
0,246581390-01
0.6230926705-02
0, CC3CO00LD GO

{SPECIAL JUMP POINT)

0,120724590 01

0.857387430 (G

INTEGRATION OF INFLUENCE LINES

MOMENT
-0:16642896D-C6
0.492€1215D-02

~(0e492£2380D-02

HORe REACTION
0. 625011140 00
0,2683288100 00

0.356623040 00

THRUST
0,62501114D 0C
0,268388100 Q0

0.35662304D 00

61



LAMDA= 1.256637

INFLUENCF LINES FOR SECTIUN 1

MCMENT
0.0CCCCD0OOD 0O
-0,40752747D-01
-0,64716327D-01
-0,7424360730-01
-00720154628"01
-0, 607683850-01
-0+ 433691746D-01
-0,225763290-01
-0.91678R2210C~-03
0.19261260D0-01
0+3618211€8D-01
0+ 48415273D-01
0.552463020-01
0.5£5176330-01
Ue52695958D-01
0044720269D0-01
0.33G686806D-01
0.,22188942D-01
0.112352210-01
0.,315103020-02
-04000CC0O02D QD

THRUST
0624695050 00
D.649781080D GO
D,71662901D OC
0. 812155200 00
09231363220 0C
05103640480 Gl
0113945600 01
0.122103283D C1
0.127175250 01
0.128478130 01
D2125631270 0Ol
0118592500 01
0.107665230 01
0.934801670 QO
0,769525020 00
00592224530 00
0. 4158806002 00
De 254387310 0O
0121960170 00
0.326535980-01

-0.206G00092D 0O

SHZ AR
C. THURGBBLIL GU
0.753u43260 0OC
0.676542350L 00U
0,5623204460 0O
J:42174C530 GO
0.266473440 U
0.10792686/0 00
-0,431280420-0C1
-U-17711209C CO
-0,286185270 00
-0,3647381l60 GO
-0,409755610 G0
~0.420987410 00
-0.40091137D0 00
-0.,35448687D CO
-J,288751910 0C
-0,21232905D 0OC
-0-13450941D 0C
-Je667707040~01
-0.183660920-01
-G« CGI3000CD GO

INTEGRATION OF INFLUENCE LINES

62

MOMENT HOR. REACTICN THRUST
TeAs 0.11453437D-05 06625008940 00 0,800397260D0 Q06
+eMs  0019249221C-01 00428597290 00 0,42674933D 00U

—eMs +=0,192480750-01 06196411650 00 0.37364787D CC



TeAs
teMa

"oMc

LAMDA= 1256637

TNFLUZNCE LIMES FOR SECTICH 3

MCHENT
0.000022000 0O
0.60022114D-02
Ga23195701D-01
0.27893195C-03

=0,14079969n-C1
-0,21285366D-01
-0.22808795C-1"1
-0,2901329952D-01
-0.14722283D-01
-0,79446378D-N2
=Je967135150-03
0.52344229D-07
0.996304350-02
0,12814834D-01
0.12679111D-21
0.,12717371D-0C1
0,10326205D-01
0. 7C909759D-02
0,373€88760-02
0.10826415D-C2
-0, 020C0000D 0D

THRUST
0.2006000C0D 00
0.283403190L-01
0.15431435D QC
N0.752269010 00
C.878773450 00
0.100877480 01
0.112859220 01
0,122591740 01
0,12904574D 01
0213146175D 01
0,129407280 01
0.,12281376D 01
0.,11198568D 01
0.,975817980 00
0.80569697D 00
0.62162291D 00
0437456220 00
0. 268072630 00
0.128723240 00
0+34511365D-01

-0o,00000C00GC0 00

SHEAR
U-C00CI20L0 CC
=0,24649229C-0C1
-0,92337C350-01
0.66783813LC QU
0.52C33833D 00
0,37763887C wO
J,230212540 GO
3,875885920-C1
~U.414683940-01
=0,149724910 Q0
-0.,231879190 Lo
-0.28484375D GO
-0,30803179C 00
-0.303191750 00
=0.,27431123D 06
-0,227235980 (O
-0,16924985D 00
-0.10862494LC GC
=-J.54198151D-01
-0.15006970D-C1
-0,0C0056500GD CO

(SPeCIAL JUMP POINT)

0.651700480 00

0,762953780 (O

INTEGRATION OF INFLUENCE LINES

MOMENT
0.53787933D-06
0451429378D-02

~0.51423999D-02

HORe REACTICGN
0.,6250uB940 00
0.,33009295D 00

0,294916000 00

THRUST
02726799560 00
0.35674197C 00

0.38005759D 00

63



T' A.
+o My

-.HQ

LAMDA= 102566357

INFLUENCE LINES FOR SECTION 5

NMCME™NT
0., 0COCON0CD 00
0+334189211N-02
0.132131310-01
0,2%3259750-01
0.513G92017D0-01
0.2R8728529N-01
0,111749850-01
-0,1807C241D~-C2
-0,10738411D-01
-0016191796D-01
-0s18774192D0-21
-0.191C1047D-0C1
-0017772865C-01
-0.15349807D-01
-0612331808D0-01
-0.91446818D0-02
-0.61331630D-02
-0.35603844D-12
-0+.16124462D-02
-0.40639583D-03
-0,0G0CCOOCD 05

THRUST
0,C00000G0OUL OO
0.30924316D-01
0,11396951D 00
0.234C72860 0OC
0. 375818030 00
0.,955904490 GO
0,10934564D 01
0.12078411D 01
0.12878191D 01
00132501180 01
D,13145202D 01
0,125533120 01
0.115G4266D 01
0,10065931D 01
0.83394616D 00
0.,64525722D 0O
0.455185240 00
0,27951157D 00
0.13445384D 00
0+43610631570-01

-0,50306000D €0

SHEAR
0,340C0C2C0 CC
-0,215485430-01
-J,81C217810-01
-0:17625845D CJ
-0.,2806701C0C CO
Js 496610690 a0
0.3657336GD 0O
0,23647701D GG
0.11635418D 00
J,117319670C-01
~Ja72543118D~-01
-0.13343587D 0¢
-0,1696802¢6D 0OC
-03,182789560 (O
-0+,17491265D 0O
-J, 150571100 GO
-0,11532177D 00C
-0a755944830-01
-U538346094D-01
-0,10759292D0-01
-0.020000000 0O

(SPECIAL JUuMP POINT)}

0.83622236D 00

0,678505550 00

INTEGRATION OF INFLUENCE LINES

MOMENT
0413496066D-96
0« 66705610D=02

-0.667C4260D-02

HOR. REACTICN
00 62500894D 0T
0.11539539D 0C

0.509613550 00

THRUST
0,69809¢630L 00
U,14714858D OC

0.55094805D 00
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LAMDA= 1.256637

INFLUEGNCE LINES FCR SECTION 7

MCMENT
Us GCCCCOOCD-CO
0.123C13550-02
0.52525177D-02
0.125483930-01
J.235595400-01
0.3866392290-01
0.,581483532-01
Js,3221C868D-C1
0,1103C265D-01
-0.533989180-02
-2217017259D-01
-0.242G55545D-01
-0.27635389D-01
-0e27€42560D-01
-0.,250262%21D-01
=2,20610734C-01
-Ua152C00850-01
=0+.96419725D-02
=0,47511733D0-02
-0.12989939D-02
-0.000C0G000D 00

THRUST
C. 0CGCCLO00D QO
0.33414145D-01
0123331230 00
0253744130 00
0.408240450 00
D.57C47140D OG
0.72476000D 00
00116104990 01
0,12571242D 01
0.130861790 01
0e131CC4260D 01
0,1260C0120 01
0.11613178D0 01
0. 102685000 01
0. 84899728C 00
0. 658999120 0C
0.46612861D GO
0. 286885820 00
0.13627191D 00
037191443D-01
-0.,0000C00000 00

SHEAR
0. 03020006000 OO
=-0,174187970-V1
=-{(.65871779D-01
-0,13940450D GC
—-0,23155965%C CU
=0,335757500 C0U
=0:,445134100 GO
0,39738846D0 00
Ge 291262430 0OU
0.,194128530 09
0,11019556D LU
Ue421811660-01
=-0,813219060-0G2
-0,457361520-V1
-0.568926200-01
-0,59058446D-C1
-0,52659160D-01
-0, 35836727D-01
-0,192021480D-01
=0,5614T7T417D=-02
-0, 000600000 00

(SPECIAL JUMP POINT)

0107371330 01

0.645344830 00

INTEGRATICN OF INFLUENCE LINES

MOMENT

HOR. REACTICN

THRUST

65

TeAe —00.66592958D-07 0.625008940 00 0,65983803D QO

+eMs  0,89118788D-02 0.21375198D OC 0,22442068D GG

=eMa —0.89119454D-02 0.411256970 00 0,43543736D 00



LAMDA= 1425&637 -

INFLUENCE LINES FDR SECTIO' 9

FCMENMT
0,000C3700D €D
-0.,207838270-03
~Je59297T7060-03
0.116237550-03
0.,27867813D0-02
0,835599210-02
0e17670787D0-01
0.314595860-01
0.,502730660-01
0.,244737660D-01
0.426€83C2D-02
-0,10254357D-01
-0s19464R620-01
-0 23871978D-01
-0.24229683D-01
-0.215C813RD-01
-0,167293350-91
-0.,110£3751D-01
-0e563209920-02
-0,15820801D-02
0.00CC000CD OC

THRUST
C.GCOCGOGOD 00
0.35529857D-01
0.13136465D 00
0,2708(987L 00
0,43671471D 00
0611954580 00
Js 78CC5941D 0O
0.92596760D 00
0.103685340 01
0,12606272D 01
06127496970 Q1
0,12360603D 01
0:11464622D 01
04101293350 01
0.845931090 30
04658892740 GO
0,46740751D 0O
0.288381838D 00
0.13928633D QU
0,37532613D-01
0,0C00G0O00D 00

SHEAR
J.023CoC00E 0L
~-2,122774180-01
-0.46983405D-01
-0,100697740 v
-0,169643350 GO
-0,2498720650 GO
-0.336967080D (C
-0,426890100 Gu
—Ua 515428460 CO
0.38B673C08C 00
0.30623949C 0O
05233247100 0Ou
0163626150 GO
0.116646386D 0OC
0, 747308490~-01
0-43562812D-01
0-.221666370-C1
0.,91273013D-G2
0.252102820D-C2
0,2396C4640-03
0,0300000OGCD 00

(SPECIAL JUMP PODINT)

0.12345053D0 01

0,719839518D 0O

INTEGRATION OF INFLUENCE LINES

MOMENT

To Aa -Ou 113698080'06

0, 67573694D-02

HORe REACTION
0.6250C38940 00

0.313822240 00

THRUST
0.63450850C 00

0.,31314775D 00

-eMy —-0.67574831D-02 0,31118670D 00 0,32136076D 00

66



LAMDA= 14256637

INFLUENCE LINES FOR

MCMENT
0.000C50000 OO
-J.125381516C-02
-0042404417D-02
=20s779525790-02
~0,1071363220-01
=0a11824556D-01
~0.993242170-02
-0+407C9486D-C2
0.663828040-02
0.228268865D-C1
0.448€1942D-01
De2282886T70-01
0. 6633285260-02
~-0.40709462D-02
-0499324195D0-02
-0,11804554D-01
-0, 10713631D-01
=0.77952571D-02
~0:42404414D-02
-00125C15150-C2
0.000CC00GD 0O

THRUST
0.0000CC0O0D 00
N.36971400D-01
00136946280 00
D.28202048D 00
0,457369310 09
0.642823184D 00
0,82234466D 006
0.98040526D 00
0,11037134D 01
0,1182C2470 01
0,12088661D 0Ol
0,118202470 01
0-,110371350 01
0.98040528D 020
0.8223446R8D 00
00642831860 00
0457389320 00
0282920490 00
0.,136946290 0C
0.369714000-01
0.00C000C0D 00

SECTION 11

SHEAR
0., CCCO0A0GD 00
=0, 628795420-C2

-C.252668450-01

-2.56C47365D-01
~U,27897211D-0C1
-0,143713120 CO
-U,210183130C GO
=0.277334970 Q0O
-0, 34956061320 GO
-0,424538870 3O

-0,50003001D 20

054245838370 0U
0.34961614D GO
0.277384990 GO
Ua210103140 GO
0.,14971313D 00C
0.978972210-01
Je 56L47372D-C1
0.,25266848D-01
0,636795510-0C¢
0,00CCa00GE Q0L

(SPECTIAL JUMP POINT)

0,12088662D 91

0.,86705722C GG

INTEGRATION OF INFLUENCE LINES

MOMENT

HDOR. REACTIGCN

THRUST

67

TeAs -0,888336C7TD-07 0,62500894D 00 0,62500894D GO

+teMs 0.49€€2650D-02 0,26889697D 00 0.268896970 OO

-eMs —-0,49663528D-02 0,35611197D 00 0,35611197D G0



LAMDA= 1.88495¢

INFLUENCFE LINES FOR SECTION 1

MCMENT
C.Q0CCCN0OLD OO0
-0,409201610-01
-0: 65121 74EN-01
-0,74941366D-01
~0aT72924981D-01
-0e61779078D-01
=0, 44255%63Nn-01
=0,23246289D-01
-0,12619161D0-02
0.19312113D-0Q1
0.36549124C-01
0e49056167D-01
0.56047868D-01
0.57372210D~01
0.53482308D-01
0s45367958D-01
0.34448338D-C1
0.2246324210-01
0,11357805D-01
0.31801761D-92
-0.0CCCCONOD 00

INTEGRATION

MOMENT
0.42148434D-06

0,19493908C-C1

—eMs =0a 154934860~01

THRUST
Ve 24695050 00
0. 649563680 0D
0,71611097L 00
0.81152369D 00
09226864180 00
0.103644880 01
0,114020760D 01
0,12225232D 01
02127382890 01
0.128710880 01
0.12584646D 01
0118747790 01
0.107728860 01
04934392000 00
0.768168090 00
0,59023411D 00
0.41371701D OO
0.25254131D 00
0.120802580 00
00322658180-01
-0.000000C3D 00

HORs REACTICN
0« 625005370 00
0.42839279D 0C

0,19661258D CO

SHEAR
0, 730568810 €O
J» 133397620 00
U, 677614720 OU
0. 56405C370 GO
0. 423856340 (G2
Je268523260 CU
U,1C94B650C CU
=0,423721700~C1
=0,177237620 GO
=0,287253780 QU
=0,36546014D 00
=0,411792330 0O
-0.422972920 uG
-0.40£53612D GO
=0,355562850 2y
-0,289245150 (O
=0,212352630C 00
-061346776uD Cu
-0.665207610-01
-0.182572110-0G1
-G, C000J20CUD GV

OF INFLUENCE LINES

THRUST
0,80033435D (O
02426159900 GO

0,37423445p GG

68



LAMDA= 1.884956

INFLUENCE LINES FCR SECTIGH 3

MCMENT
0.000CCOCON 0D
0, 58548489N-02
0+23144007D-01
0.11081721D0-03

=-0,14387143D-01
~0,21659006D-01
-0.23261305D-01
-0,205532740-01
-Us 1 50380270~01
-0.8G935001D-02
-0,940191470-03
0,54251896D-02
0.,10279794D-01
0.13203196C-01
0.140796280-"1
0,13076690D-01
0.106060730-01
0.72728663D-02
0.382777210-02
0.11072295D-02
-0.,0000G000D 02

THRUST
0,000060005D 00
0,287154350-01
0,10620235D 00
0.,75623754D 00
0, 884806680 00
00101669210 0Ol
0,113817620 01
0.,123678510 01
0., 13C02C4450D 01
0.122621750 01
0.,13049236D 01
0.12375360D 01
0.11272754D 01
0,98093805D 00
0., 80869417D 00
0622792650 00
0.43737782D 00
0.,267420320 0C
0,1280698840 00
0.342559490D-01

-0.0000G6000D 09

SHEAR
0,.000CGJ00C0 Q0
-0.23826206D-C1
-0, 8903979148D-9
026535269CD 0OU
0,5271990ED Gu
0,384416330C 0O
Ua235743510D Cu
U.310929830-01
-C.40327216GL-01
-G.15094103D 0U
-0123509918D 00O
-0.28952602D0 00
-0.31340581C €O
-0035857622D QU
-0,27911209D GO
-0,23105154D 0D
-0,17190851D 00C
-0,11018002¢C 00
-0,54334661D-01
-3.15169168D-01
-0,C0000004D 09

(SPECIAL JUMP POINT)

0.,65161194D 00

0. 763124550 00

INTEGRATION OF INFLUENCE LINES

MOMENT

HOR, REACTION

THRUST

69

TehAs 0.909S3746D-07 0,62500537D 00 ©.74176336D 00

teM; 0e52489773D-02 0,330043310 00 0,35851121D 00

—eMo -0452488863D-02 0,294962060 00 0.38325215D o0



LAMDA= 1.884956

INFLUSENCE LINES FOR SECTION 5

MCMENT
0.,0CCCACOECH 0D
D,33618615ND=-02
De133927440-01
029663286001
0.5175173G60-01
0.291423970-01
0.114647C6D-01

-0,16847369D-02
-0.1378:563D-01
=0.,16372353D-01
=06.190425120-01
-0,194C83620-01
-0.18074203D-01
-0415611103D-01
-00,125340790-01
~0a92831313D-02
-0e62145269C-02
-0,35988782D0-02
~0e.1625C2710=-02
=-064G81C5260-02
-0.000CC000D 0D

THRUST
0.,0C006L0000L 00
0.30948301D-01
00114474090 0O
0.235997860 00
0.,380411180 00
0+96367033D 00
Ne 110395460 01
0.122046170 01
0.130176650 01
0.133934780 01
0.,13282589D 01
04126756500 01
Ce1l1604549D 01
0,1014C2620 01
Co 838758260 00
0.6477T7460D 00
0.456CC791L 0O
0a27937725D 0C
0. 134059740 00
0,359040890-01

-G.0000C000D 00

SHEAR
0.,UG0GN0o0OLn 00
=0.213507430-C1
-0.,3801581348D-C1
-0.168051240 wy
=0,2761232640 00
0.,503162750 00
0,372460130 GO
0:242001410 Qv
0.,119791620 Gu
0,126397G34D-01
-0,739822040-C1
~0,136850590 Ou
=0.174627730 G9
-0,188072590 GU
-0.,160032140 0OC
=-0,154953340 09
-0,118609450 00
-0.,77677510D-01
=0039354716D-01
=0,115261850-01
-0,00000300D CO

{SPECTIAL JUMP POGINT)

0.83694489D 00

0,675C0922D uG

INTEGRATIUON OF INFLUENCE LINES

MOMENT
-0.785280390-07

Je 67590019D-02

—eM> ~0,67590809D-02

HOR. REACTICN
04625005370 00
04115303430 00

0,509701940 00

THRUST
0. 70388531D GG
0,148608160 00

05555277150 GO

70



LANDA= 1.89495%06

INFLUENCE LINES FOR SECTIUN 7

MOCMENT THRUST SHZAR
J.000CATNCH 03 0.,CGC0OCVIACCL 006 0,TC002C0L0 Gu
0e 127636860 -72  0,331FC1330-01 -3,176420020-vi
Us543023520-02 0,122%16831 00 —J3,£46326360D-01
93129173291 =01  0,253399180 00 -G,1407250401 92

Ja2414L17390=-"1  D,40BE27140 00 —-2,233374550 (o
0.354200800-01 0,5728491909 00 -0,33653244:C Qu
D H5BISHANENR-D1 0,72991G260 08 —Js4437738210 CJ

0,32876216D0-C1  0,51169G2400 01 v,4lC355740 G
D.114202270-01 0,126723600 01 0,29523122C (G
-04527233950-72 0,131971160 01 Wal973212930 Cu
-02172542190-C1 0,13211872D 01 0,11224%64LC 00
=00 24T685TFD-01 0,127G222C0 Cl J.4285£8790~ul
—0.2EF25149G90-C1 0.1169H3226D 01l ~G.PT7218323250-u2

=0,283C3551D-01 0,10271820D 01 -0,423524660~-01
-0,256552240-01  (,85303628L 00 =-u.5903050120-01
~U0»21124675D-01 0.660996550 00 -0,61207422D-01
=0e155744300-01 00466622210 00 =-0,524744850-21
-0,937231C040-r2  {0,286563510 00 -0,375965400-C1
-0,48564279D0-02 0.137790470 0G -G,1928602120-01
=0 132675460-22 0,369689220-01 -0,580103610-02

-0.06G0CCOOCD 02

-0, 000C000CD 00

=0,3300CC0o00 00

(SPECIAL JUHP POINI)

0.,10763193D

01

Ue63875428D U

INTEGRATINN OF INFLUENCE LINES

MOMENT

HOR, REACTICN

THRUST

71

TeA, -0,9€1127380-07 0,62500537D 00 G,66368810D0 Co

teMo  00910266090-02 0,213R8:3670 00 0,22584367D GO

=a My, =2,910275700-02 0,41118179D 00 0,43783%44C

[ ]
[ ~



LAIIDA= 18124956

TNFLUFNCT LIMES FOR SECTICH 9

MOCMENT .
D= 200C0G0000L (D
=-0,2541a025P-03
=UJs 53444£2380-03
1.,255G6294C(:-03
D5 3ND4266G640="22
0. 87502236N-02
0, 182055540=-01
003208936020 -01
Je. 508813123D-0C1
De24BE855580-7
0:,441663951=-02
-0, 1C04324684D-01
-0, 168R24630-C1
-0,244305320-01
-0,248344580-C1
-0,22C47685N-01
-0517160214D-21
-0,11337914D-01
-0.57€861580~-02
-0s161R512CN-C2
0. 060GCCI00D 02

THRUST
0o LAQLCICOD 0O
D¢ 35165039D-01
0.1303214&0D 0Qu
0,26929275D 0J
G,43521%2%0 0C
D.61107206D QU
O TBC3803230 QU
0,927870C50 DG
2,104C57600 01
T,1265618KD 01
0,12807755%0 01
Cal2¢162580L Q1
0.,1151C705D Gl
0,101612340 01
0647565390 00D
0,659161630 00
Da66T6H11CD 00
0,287450620 00
N,1385G4390 00
0.372330480-01
0,0000C000D 00

SHEAR
0,<39C00020 €D
-J,126374850-01
-0, 423753290-0C1
-0,15349%770 GJ
=3,173925550U wu
~3,255196900 wO
=2+342596540 Gu
=-0,431320840 GJ
-0.,516576300L 0O
0,32912%27C Gu
U> 310426600 CO
U:237913260 uv
0, 174013450 GO
0,12028219C GU
0 T7453498(0U-01
0,45362866C-01
0,23236448D0-C1
0,96373579C-u2
0,275545900-02
Ja2274172641D-C3
0,9¢400C00L 0O

(SPZCIAL JUMP PDINT)

0.12384489C 01

G, 7206128240 CU

INTEGRATIUGN OF INFLUENCE LINZS

MOMENT

HOR, RCACTICN

THRUST

72

TeAs =0,16€C13990-07 05625005370 00 (Q.63572115D CO

teMa  D4169C95R19D0-02 00314506250 03 0,31427521C 0OC

—eM, =0,69C065985D-02 0.31C499120 00 0,321445940 o



LAMDA= 1,8B49%¢6

INFLUFNCF LINES FCR SeCTICH 11

MCMENT
J.0CCCON0CCH ND
=0e 127CE&5206L0D=-12
-0,432114362N-02
-0.792521920:-02
-0, 10€EE56690:-C]
=0, 115774361n-01
=2.10047R210-01
-0.,4067850C0D-C2
De68G23189D-n2
0+2314873410-01
0.45286581D-01
0,231489420-C]
0.68020212D-02
=0.406783474D-02
-0,10047819D-01
-011677434D-01
-0. 10885668001
=0,792521840-C2
=-0.431143590~C2
=0.127065290-02
0.0CCLCO0OOGD ©D

THRUST
0.C006Ce000L 00
Ca 3667(576U-01
0135806220 Q2
0231354130 Qu
D0,455714540 30
0 641585700 GO
G.82195721L 09
0,98110030u CC
0118545070 01
0,11845096D 01
0,121162210 01
G,118450960 C1
0110545070 01
0,981150330 0O
0,821957230 CO
D,641585710 0OU
Da455T714550 020
0,28133419D 00
0.,135886622D QO
0e366050C5770-01
0,000C00000D 0OC

0.12116222D 01

SHI AR
U,CT2a032250 00
-3,6661235350-u2
—us263256900-141
=), 5930 76300-01
-9,1016117290 ol
=0,1543205ul0 VU
~0,216473170 GO
-J,2°34271350 Go
-302355912940 QU
-02428754720 (5
-0.5G0020010 Gu
0.428754720 29
013559123070 Gu
0,2R42713el GU
Us 216473190 Cu
C,154920590 QU
0,101612000L Gu
0,583076348L-01
0,263256940-01
JueE6612345D-G2
- 020G0%2000C 00U

{SPECIAL JUMP POINT)

0. 884139890 0O

INTFGRATISGN UF INFLUENCE LINES

MOMENT
TsAs 0.628E8580D-07
telMa 0.50346357D-02

oMy -0,50345728D-C2

HORe, REACTICN
0.62500537D 0O
0.,269758160 00

0. 355247190 CC

THRUST
Ua 625C355370 00
0,26975818D 006G

0,355247190 GG

73



LAMDA= 2,513274

INFLUENCFE LINES

MCMENT
0.000CC0RCHY €3
-0,411247660-0]
-0, 65708279D0-C1
-0, 7595%5::530=-01
-0, T742502020-71
-0.622155640-01
-0,4561343703-C1
-0.242383290=-01
04 1776G4570~-02
01933214010-01
0,370789530-01
0, 4G9G17370-C1
0.57221858C-21
0.58628141ND~C1
00 5464861C0-11
0.46322703D0~-01
0.351291710-01
0.228682200-01
O, 115291940~01
04322244070-02
-J.000C0000D Q2

THRUST
Ne624695C5L (2
Qo 649318341 03
0. /15404570 0O
0.R10629830 0J
D,92:051730 00
C.1G56533%0 01
D.114131490 01
0,122470350L C1
0,1276t 4610 01
2,129548160 01
0,1261572c6 01
0,118970610L 01
C,107T817870 Ol
0.,933764038D 09
0,76617226D GCU
D.587332030 Q0
0.,41C57865L ©O
0,249874790 00
0.119136870D 00
0.317(9%99120-01

~0,00020G00CD QU

FCR SECTIO! H

SHZAR
U, 1806868310 CU
D,753%,6310 LU
Ca 573102930 GO
Dahb66532220 23D
J.426F275T70 vu
D,271516660 Gu
U»1l117#C93D0 G
-3:4123E5250-C1
-0,17753z650 GU
“L.28677342D Cu
-0,:;356894638L 04
~0Us414T745790 CC
-0,425865720 LU
~22404912T77 LU
-(.3571474C0 GO
-J, 289985710 (U
-J,212410850 00
-u,134351580 Ju
=U,561716260-C1
-0>18134231L-C1
-0,G30¢200G0 Gy

INTEGRATION OF INFLUENCE LINES

MOMENT

HOR. REACTICN

THRUST

74

TeAs =2,63728761D-05 0,625000550 00 0,8BC0039042D (O

teMs 0,168527620-71 0,42809728D 00 0.42530196C 0O

—eMs —-0.13853399D-01 0,196935327D 00U UJ,375088450 00



LALDA= 24513274

IMFLUSNCE LINES

MCMENT
0.0CCCCO005 00
0¢56828291D0-02
0e2306483203-01

-04138R82132D-03
-341483Q7525-01
-9,223C653500-01
-00229271330-01
-0.21163477N-0]
-0s15489180D-01
-0,831270770=02

-0,90159252D-03"

0,570642910-02
Qe 10747457(-01
Je137768700-01
0.,146712540=C1
0e136C726%0~-01
0,11019274D-01
0,754351060-C2
03%96162750-02
0e114342270-72
-0.0CCCCOOOD 00

THEUST
0, COCCTICCD

FOR SECT IO

(0]1¢]

0,22274351L-01

0,108992930
Na 762214460
0,892¢1738D
0.102858610
N.115263850
0.125323930
0.131963410
9,134386900D
0s 13214786D
N.125192640D
0,113870C00
0, 985060050
0.813468570D
0.624RC19CD
Cad37476720
0.26660412D
0,12725809D

0:339C4372D~-
-0,CCCQOOCOCD OC
(SPECTAL JUMP POINT)
2,763211930 U

0,65148773D

0o
GJ
05
01
01
01
01
01
01
01
Gl
0o
09
00
090
0o
00
01

00

el

-

SHEAR

0,2CCCoCaeD o
“0222625E010L-ul
-0, R4 25340L-01

V. 661920180 CU

Jy 537223570 UG

0,394247813 00U

0,243724780L L0

La963022565D-C1
=J,37562839C-01
=0,15263357C GO
=0,239764360C 00
=0,2362932240 (0
-0,321272480L CU
-Je316&TT7850 20
-y,2%6168190 QU
-J3-236665050 00U
-0,175822760 CO
-0,112470970 Qu
-2,55896953D-01
-0,154087370-01
-0, Cgcoccaon o

IMTEGRATION OF INFLUENCE LINRZS

MOMENT
TeAs -0.5798131CD-06
"'-M- 30547630730"02

oM, =2.547688T71D-02

HOR« REACTIOM

0625000550
0.316339140

0., 308661410

0s

00

(e]¢]

THRUST

Q. T49348560 Cvu
0.31897981C 0O

0,4303568250L 00O

75



TaA,

+.Fli

-.P-’,

LAMDA= 2,513274%

INFLUSYCE LIMES FOR SECTIOCH 5

MOCMENT
C.CCCCCON2D €O
0 34642058D=-N2
Je136522A8C0-01
0,231527550-"71
06523G07260-01
0297468682 103-01
0. 113G600710-0C1

-0, 15GL5949D-02
-0,10840354D-01
-0s 166291640-1
=0.194322989C-01
~0.1588570920-01
-0s18514A420-01
-0.156942710-01
-0,12831522D-01
-0s948727TR7TN-02
-0+633491450-02
=Je365610400-02
-0.164386590-C2
-0,410759150-23
=0.0CCCCOOCD 0D

THRUST
0., CCCOUQQ0OU 0U
0,3102168%0-01
0.115345320 00
0. 239070360 CL
D, 287568100 0u
0.975542970L 00
J.11199872u 01
0,123975670 01
0.132312690 C1
0,13613494D UGl
0, 134939850 01
0,12864552D 01
05117602140 01
0.102566510 01
0. 84641517D 0O
0,65192535%D 0C
0, 45753984D 00
0,27938587D GO
0.13358634D 00
0,3564266701-C1
-0, C0CO00CND 00

SHt AR
0. COCG2OILD YU
-0.21G475620L~-01
-0, TRAB433400-01
-0+ 164735%441 0
-0, 269275680 Cu
0,512762870 0O
Ue382234620 LU
D 2503143350 U
02124889860 GU
0,141638320-01
=0, 7606605060-C1
-0,14186576C L0
-0,181579390U o
=0.1958806730 00
-Ce 1E8THITOOL CO
-J2161440470 00
=2.1234762.0 00
-0 80T753836D-C1
-0,40846219C-01
-0.11420524C-¢1
-C.CCCCoCcOat gu

(SPCCIAL JU#P POINT)

0.83804107D 00

0,669234660 CO

IMTEGRATION OF INFLUENMCE LINES

MOMENT
-064G2012191x-06
Ue 6EBT6HL4EZD=-02

~0.688805620-02

HOR, REACTION
0.625000550 00
0.,115172780 0O

0, 509827770 00

THRUST

0,71286086L CO

0,15084141C 00

0,562019450 Lo

76



LAKDA= 24513274

IMFLUZNCE LIMES

FOR SECTION

7

MCMENT
0.000C0N000 GO
Qs 134562360-02
0,56G239730-0z2
De134621520-101
0.246621100-1
0s%435302R2N-01
Qe 6014129EN-0]
0e232B562070-C1
0.115992960-010

-0e516830570=-02

-0.175565500=-01

-0e254611110-01

-0,29157968N-01

-(e292782359D-01

-0e265T70609D-01

-0,218853530-01

-0,16128906D-21

-0.1C0213627D-01

-0.50158723C-02

-0e13679040D-07

-0.0CCCCHOCD 00

THRUST
0. COCCLOCOL 00
Ne¢323700350~-0C1
0.12217511D €O
0,253110C7u OQu
0,41CL18580 00
057685203 00
De T3T79ET181) GO
0,11813151C 01
0,128249309 01
Q133671290 01
0. 133E2864D 01
02128594940 01
0,11830036D 01
0. 1037C6E60D 01
D+85945376D 00
0,66421860D 00
0.46763234D 00
D.28627665D GO
0.127181650 00
0.366716850-01
-0,0CGC0COC0D 00

SHZAR
3, CCCCICIub 0o
=0, 17955961D-01
-0,677232040-01
-0,142626090 0O
-U,2352u478C Cu
=0,33763%420 QU
=324417398CC Ju
U,406018635C vo
0,301139750 09
0.23245977C CJ
0,115356520 03
0,4282371uvC-01
=0,97645191C-02
=0,4475147T7C-01
-J,621380040-01
-0.643911678-01
-0,551617890-01
-0,389533160-01
-0, 20832579001
-0.,60759945L-C2
-0.,CCCCO000D0 00

(SPECIAL JUMP POINT)

0,108022220 01

0,627744650 CG

INTEGRATION OF INFLUENCE (LINES

MOMENT

HOR. REACTICN

THRUST

77

TeAo =0412979385D-06 0,62500055D 00 0,65972353C 00

teMa 0,93826955D-22 0,213928030 G0 0.22810662C 00

—eMs =0,.938382%30-02 0,411C7252D0 00 0,441616920 JU



TeAas
+o M,

oM

LAMDA=-2,513274

INFLUFNMCE LIMES FOR SECTINY 3

PCMENT
JaQCCCCOOND 00
~Je213561620-12
~Je 44536772003
e 4E4ETT43N-N3
De342256990~-172
0,923755760-02
Qe 186C69060-"1
0.230155920-01
Ve517716220-91
Ja2B84871760-01
0.,45E758150-02
=0.107C14310-01
-0.204965360-0G1
-J0e252847620D-01
~0625712%640-01
-0e22644532D-01
-Je 177B1681D-11
=0.117428340-01
-0.596870210-02
-De167228340-C2
0.000C0000D 0O

THRUST
0., COCBL0CGU N0
T, 3406494820-01
Ga 12BRT73860D 00
2267179040 00
0a%3314578D 09U
0.609955260L 00
0,75G96251D CO
0.930857950 00
02104623600 01
127303290 01
0,12894978D 01
00125000090 01
0,115804050 01
0102102430 01
D.8550149640 00
0.659722110D 00
Ue 465921370 QO
0o 28B60643ED 0G
D0,1374186€&0D 00
0»368141280-01
0.CCOCACO0D 00

SH=AR
0,L5032C000 00
=3, 132074 211=01
~0.,534137580-01
-CL. 10715210 CO
=0.182229570 Cv
=2,2631326ul VD
=04 350r29260 QU
=0.42775159D Ju
-U:51831757D Gu
Us392429460 Co
0.316:82540 GO
0.,24472965D €U
0,18C46041C wu
Us125€626ELC GO
U, B814652350-01
J,4R0651160-01
{0.,24825267TL—-ul
Vs LC41P3320-ul
0.229124300-C¢
0.328628835D-00
0,CGOCCCOGE CQu

(SPECIAL JUMP POINT)

0,12443061D 01

0,719619960 Go

INTEGRATION OF INFLUENCE LINES

MOMENT
06156495620-06
0,713563240D-12

-0.71354759D-02

HORe« REACTICMN
0.625000550 00
0315330770 0O

0.309669780 00

THRUST
0.,637635060 0O
0.31582273D CO

0.32181233C €0

78



T.AQ
+o My

'"o"‘t

LAMDA= 2.4513274

INFLUFMCE LIMCS FOR SECTION 11

MCMENT
0.0CCCONOCD COD
-04138C4255P-12
-0e441443030-102
-0.8112064910-02
-0s1113484RD-01
-0.,122273730-01
-0.102139540-C1
-0.,40621560D-02
0.703G5672360-02
0s236113°980-01
0.45825686D-01
0.236114000-C1
0. 703669610-C2
=0.4C6215330-92
-0.10213351D0-91
-0.122273710-01
=0011124847D-01
-0.81136482D-02
-06044144299C-02
=-J3.132C847540-02
0.00CCCO0OOD 00

THKUST
0, 03CO3CCCL 00
0,3607C9190-01
0,134267410 00
De 273054560 0D
04453360260 0C
06633782171 00U
T28213FP857D GC
0,98£09465D 00
0,11679535D 01
De L1BRL964D 01
0.121560220 01
0,118RC964D 01
G-110795360 01
0, 982094670 00
0,62138859D Qu
0.639782160D0 00
0645330027L 00
0,27905456D CO
0,13436741D 00
0o3607L92CL-01
0. 0CCCCCCOD 0O

SHEAR
0,CICoOC2ul QU
-0, T256357310-02
-0.2719379360-01
-U, 016822085001
-2, 107145260 Uy
-0,16260T7230 CJ
=0,2259245305 0Ou
—3.294423980 0V
-U>3651611350 GO
-0,434E276060 vu
=0.,5C004L0CD10L CO
C>434827600 L35
05365161140 U0
0.294424000 QO
0,22590&455> Co
0,162657250 U0
J.1%7145280C 00U
CrCGl6E32130-01
O, 279C0T7909C=-01
CesTL6232010C-02
Q. COCOOCOCD Qu

{(SPECIAL JUNMP POINT)

0,12156022D 01

0.910636810C CO

INTEGRATION OF IMFLUENCE LINES

MOMENT
0e329649200-06
0,513255260-N2

-0e513223020-02

HOR. REACTION

0.,62500055D 00

0,270992430 0C

0. 354CC812D 0OC

THRUST

Ja2625000550 GO

0.27C392440 CU

J.354C08120 OU

79



Te A,
+oly

-.Hn

LAFDA= 34141593

[MFLUFNCT LIMES FOR SECTION 1

MONENT
O.0CCCTCO0n Qf
=J+413315000-01
-Je 664573060 -01
-0 773266E30-01
-0, 76GCE22450-01
-0,651310950=01
Qe 4T428741N=-T1
-0.25%E15774N-C1
-0es25122025N~-02
Qe 192364550=-N]
De377E31440-01
N4512657030-01
0, 58853904Nn=0]
0.603545630-01
NDa562545330-01
047640164N-01
0.360706059D-01
0+234300470C-01
0117509450 -C1
0,32837456D-02
-0,0CCCCOO0OD NO

THRUST
0e 624695050 00U
D, 646903670 GO
0,714481020 05
04 829465300 00
Da221243260 Q¢
0,103669010 01
Jellé284340 01
0,122767C00 C1
0,128092920 01
0,129502730 Gl
0126573970 01
0,11926666D0 01
0-,10793214C 01
0.93285311D 00
0,763426T70 00
0.58338704D 00
NDesD634238DL €O
0e24629579D 00
0.116912800 00
De20971428D-01
-0.00CGCO00CD QO

SHI AR
0, 730863810 00
Us154533370 Ou
J,681234690 LC
0.563985340ul Ou
Js43119C46C UL
0,275294750 CU
J,11492E360 CC
-J,239638C230GC-L1
~Jd, 177735071 99
-C,29079321540 CC
=0,37223179D 0O
-0:418742920L LU
-0,429794610 0U
-0,40815911D 00
-0,35932237C Cu
=-05;291C33940 00
-3,2125356400 00
-0.,133973490 S0
-0,657255810-G1
-3 ITIDEISED~0]
-0,C0CG033uE 0O

INTEGRATION OF INFLUEMCE LINES

MCMENT
~0.2C09463250-05
0s203445682N0-C1

-0,230346777M-21

HORe REACTICN
0.624994680 00
0,42770020D 00

0,.197294380 00

THRUST
0. 800385600 L0
0.42413814D 00

0.37624T460 U

80



TeAs
+ot,

“e Mg

LAIMDA= 35141593

INFLUENCE LINES FOR SSECTIGN 3

MOMENT
0, 000CGOCOD M)
Je 5364G6030-02
Ds229504260-01
-0a4B66179T:-03
-Js 1546402350-01
-0e2314264402=-01
-0.243438560-01
-002250C4960N-01
-Q0416112751D-C1
-0 R61G26890-02
-0.848369740-03
046C545522N0-92
0113642050-01
0:1457C0TRED-N1
0,154500410D-C1
0.1434123GD-01
0.11589R8970-01
0791576940 -02
0+41461692D-02
0,11922015D~-02
-0,000C000Q0D 922

THRUST
0,00CCoLOLGD D0
0,300807480-C1
0.1129060%0 CO
0-,77CR75380 50
Co906558320 QU
0.104551420 0l
06117335070 Gl
0127691630 01
0.134504240 01
0,136945790 01
0.,134557470 01
0.127298650 01
0.,115556140 01
0100113890 01
0. 820649570 00
0,62820097D 00
0.43807631D 00
05265784740 00
0126261820 00
0.334692680L-C1

-0.,C00C000JD 0OC

SH= AR
Q.5900700G0 GO
~0,210351830-01
~0,78l642110C-C1
0,673122920 QU
0,550755320 Ou
C.407656970 UL
Ga2543128cl (O
Uo1U3584230 LU
-0,35962307C-01
-0, 154778680 JuU
-0,24602441C 00
-0,355515460 0O
—-0,332026450 (O
-0, 227317940 GG
-0.295E7C11D wU
-0,244374960 00
-0,18121856D 00
-0,115632450 GuU
=-0,572958900-01
-J,15742622D-C1
-0,000CLZ00GE OU

{SPECIAL JUMP POINT)

0651331660 00

0. 763125740 00

INTEGRATION OF INFLUENCE LINES

MOMENT
-0,1532E€3670-05
0569212380-02

-00 56336595D-C2

HOR+ REACTICN
0.624994680 00
D«31657165D 00

0308423030 Q0

THRUST
0,760413670 90
0,323097300 CO

0.43731639D ¢

81



LAMDA= 3,141593

INFLUBNCE LINES FOR SCCTIOGN 5

MCMENT
0,000C0000CD 02D
0:356135630-02
06140C07720-01
0.30RL54510-01
Ja522816430-C1
0e305647090-01
Cel24730520-01

=-2,123619328"-02
-0.1C09064920-01
=24169683830-Nn1
-0,19956300D-01
-J.2C4646650-C1
—0,191154240-01
-0.1£5194C40-01
-00,132428330-01
-0,97653434D-02
—De65020441N0-02
-0 373613610-02
=0.16736169N-02
=06414657620-03
-0, 000CO0N0OND 0D

THRUST
0,0007L0000 00
0.311968550-21
0 11ARCHEETD QO
0243798730 QU
S5 396701060 CU
Ne 292857860 GO
0oll4333620U 01
0:.126789990 91
0.135436000 01
0,139261770 01
0,1360519ED 01
Nea131440670L 01
0.119922760 01
0104222520 01
N,85821540D GO
0,65860962D 00
J,46033972¢ 00
0,2798346GD 00
0,133156010D 00
0,35346872L-01

-0 000000000 OGC

SH=2AR
JaCOCLLANLE CU
~Us206CF3130-C1
=G0, 7697498C-C1
=0,16011111C Go
-0.26C1733C ¢ Lo
0.5253C5610 (Y
J» 395387560 Cu
0,261373C2C UG
0,131984800 GO
02 162718230-01
-0,788731890-01
-0al4875115C 0O
-Js191227660 GO
-0,206694120 uo
=0, 178114050 (U
=-3,17044484D 00
=G>13023L700 (0
-0,850363880-G1
~0,429138640~0.
=-0,1196661U0-ul
=-0.0000020ul i

(SPECIAL JUMP POINT)

0.83962746D 00

J,659951070 Cu

INTEGRATION OF INFLUENCE LIMNES

MOMENT

HOR« REACTICN

THRUST

82

TeAe =0.8BE569154D-06 0.6249946ED 00 C.,72621225C OC

teMs 04706207850-02 06.1150C192D0 00 0.,154100430 00

~eM; =00 706294450-02 0,509992750 00 0572111320 GO



LAMDA= 3,1415903

INFLUENCE

MCRFNT
0,0CCCA3LIN 0D
0,144137860-02
0.6C541537N-02
5,142121360-01
0, 26175F300-71
0.420546T00-01
J. 61765526001
0,352C7382D-01
0.128C6490D-01

-0.501CC1760-02

-0,180558640-C1

-0.26457852D-01

-0.204056550-01

-0,306266390-01

-0,278388460-01

-0.229410500-01

~0.16859254D-01

-0, 1068E1150-01

-0.524299090-02

-0,142514010-02

-0.,000C0000D 0D

THRUST
0.020C603020 00
C.32511264D-01
0,121523560 09
De253159670 00U
Ne412341320 00
0. 583286070 00
0,750179870 00
02119945470 01
0.1305C0550 01
0.,12616041D 01
0136336100 01
0.13C91064G0L 01
G212025372D 01
0,10519187D 01
0, 869342120 0T
0,66971309D0 00
0,469623700L 00
Ca28627267D QC
0.136546800 00
0e363228370-01

-0,0000000CD €O

LINES FCGR SECTIOW 7
H

AR
G,230026020 GO
-3,183672370L-01
-0,6312586a0-31
-J0,145C20240 GG
-C,23756375L0 wi
-0,3389316340 CO
-Us438E73330 Cu
V,412%45150 (C
0, 30324443C U0
0,209146260 Gu
9,119547940 Q0
0,4508956901C-01
-0,1116R546C-C1
-0,431046310-01
-0, 664953550-01
-C.6E8B8131770-01
-0,588920920D0-01
-0-4154211C0-01
-0,221782270-U1
-0,645532460L-02
-0.0C0GCC0LI0 00

(SPECTAL JUKP POINT)

0.108575470 01

0., 609792980 00

INTEGRATION OF INFLUENCE LINEZES

MOMENT

HORe RcACTICHN

THRUST

83

TehAs =04 156840710-06 06624994680 00 0,67883116C QO

+eMs  D.977120R88C-02 06214069830 00 0,231483130 00C

—eMs =0,97713656D-02 00410924850 CC 0,447342030 oL



TeAs
+e M,

s My

LAMDA= 3,141593

INFLUFMCE LINES FDR SECTIGY 9

MOMENT
J,000C00GoP 02
-0 242557921-03
-0,317225990-03
Qe 763402641703
Je 39€164220-"2
0.,10159~630-01
0,200947665-21
003429CC25Mr=-01
0.52G68793D-C1
0,263C74370-C1
Da48B1R3062L-02
-0.110714610-01
-0.213498060-C1
-0.263539370-C1
=00 26926337C-71
—-0.22G47C130-01
-0.186421220-C1
=-0,123030710-C1
-0e62454463D-02
=06 174€61400-C2
0. 0GCCON0CD 02

THRUST
Q. 200002000 0U
0,339£04140-01
02126943590 0C
Cac2644(G823D 0C
Je 43C577260 COD
0. 606709220 00
0.,782223220U G0
0.,9353&8350D C©C
0. 105443730 01
0.12847924D 01
0.130191740 01
N,12619526D C1
0,116£¢5850 01
0C.10281341D 01
0,85409210D 0L
C.66G0R3862D 00
0s465125290 00
0028442927D 0OC
0«13605025D 00O
N.362792420-01
0,0C320000D 0O

SHEAR
0,CG630382.0 Cu
-3,13956520-01
-3.5321715i0-41
=0,113259370 Cu
-J,183882305C OC
=G,27392C40D 0O
=Jy362G72140 L0
-0,446562230 LG
-0,52081CE90 0O
U2 3967324F0 Gy
J,324362730C Q0
0,25398395C €O
0.18931756C dQu
0,133127820 U
V.87110261C-01
0.518872450C-01
0,27097082D0-01
0.115491360-C1
0.341272650~02
0.411147140-03
0;000306003%C0 04

(SPECIAL JUMP POINTY)

0.125250410 01

Ga 1171062070 (¢

INTEGRATION OF INFLUENCE LINZS

MOMENT
0.4571CH6020=06
0, 745CCEL160-N2

-0e T445&2450-D2

- HOR. RzACTICN

0.62499468D 09
00316217800 00

0,3C8776880 GO

THRUST
0. 64054867C QU
0,317852030 0V

0,32269665D GO

84



LAMPA= 3.141592

INFLUENCE LINES

MCMENT
0.0CCLONNGD 0D
~04134057110-02
=Je4A55240200-07
~0eB3IGTEII20-0E
-0 114703350-"1
=9.125630430-01
~0610435797C-01
~0,4C5232350-C2
0.736C64510-02
0424222040D-01
06 465876370-01
0.242220420-01
9+ 736C6478D-02
~04405230040-02
-0.10435794D-01
-0e12563046D-01
-0,11470333D-01
-00836769820-02
~0s455340150-02
-04134357C9C-02
0.000CC200D 00

THRUST
G.00C0CO0TL 0O
0.35371012v0-01
0.1327%5%206D 012
0,276017390 CO
$6.453070230 CC
0.637356460 00
0.820€09640D 0OC
0.98341127D0 CO
04111129940 01
0,11929C33D 01
0,122C9397C 01
0.11929033b 01
00111129940 01
02983411300 0O
0.82C619660D 00
0,63735648D0 00
0.450G70G250 00
D0,276C17390 0C
0,13225206D 00
0635371012D-01
0., 030240000 00

FOR SECTIuUiY 11

SHT AR
U,0000032C 00
=Ce TLHLOTOLD-02
vy 351313330-ul
U, 664130140-01
=Js 114838220 w0
U2 173354130 ULJ
=0,238997440 0OUu
-0,378438720C 00
=0, 37784120 00
=G.4430R58ID Cu
~0,50GC20010 GG
0.44308580¢D 00
J.377841250 GJ
0.338438750C 4O
0238597460 0O
0,173354170 Cu
0,114FR8826D 00
6,66413C22D-C1
0.3G1313390~-01
0.76446T170-02
0,3G0L3C0OSD CO

(SPECIAL JUMP POINT)

06122093980 01

0,94964159C 00

INTEGRATIOMN OF INFLUENCE LINE

MOMENT

HOR. REACTICN

THRUST

85

TeAs 0,78761878D-06 0.062499468D 00 0,624994680 GO

teM, D6526657470-02 0272631050 00 0,272631250 Q3

—eM; =0,526578710-02 0.35236363D 00 0,35236363C 00



TeAs
teMs

oM,

LAMDA= 37699711

TNFLUEMCE LINFS FOR SECTIOI 1

MCMENT
0. D0OCONCED ND

=0.41€670.00240-01
0. 675222750-01
=0,79114915P0=-Nn1
= 78426099071
-0 6TTRESBGD-0Y
~Je 458540498001
-Js 27476783001
-0,35236717D-02

0el193C6761N0-01
0s 38704645D-N1
0,52543436D-01
0.610C7377D-01
0.626569770-0N1
0.584C26210-C1
0,434C0634630-01
0,373329970-C1
0e241857400-01
0.12121057D-01
0.336565920-02

-0,0C0CGoOCD CO

THRUST
0, 62469505C 00
0. 64851430 00
C.71322988D 0L
N,8CR022340 0C
fs92€2705590 00
0.1C369681D 01
0all4489460 01
0.12315%460D 01
0e 128626240 01
0130493200 01
0,12711161D C1
Ne11964374L 01
0108070110 Ol
0,93155748D 00
0e 759764130 00
0578263720 Qv
040606265405 00
0,241669690 00
0.11405721D 00
0.30029404D-01

=2.000Q2C0GCEDL 00

SHZ AR
O, 7TPORAK2ARIC
Os 125443350
CsEH3922450
G,574435160
Ua4306524390
0. 280966820
0,119153350

-0,374323540-

=Q0.,17300270
=3.,293329770D
-0,37658407C
=0.423947920
-J»43453190D
-U.412453760
-0,362259700
=0,29245567C
=-0,21278CG17C
=0,13353565¢C

-U.65188380C~
=0.,176657040~

=G, 00C(a0000D

INTEGRATION OF INFLUENCE LINES

NMOMEMT

-0, 40717045D~-05

0.206582474D-01

-0210C25%46D-C1

HORe REACTION
0.62495r01D 00

0s.4271866340D 00

THRUST
UoBCO3RIOTE

0.422611960

ou
00
Gu
G
e
uuJ
oo
t1
Cou
Gy
a0
GO
Qu
Co
00
Co
o]t
Gu
ol
0l
oG

GO

0o

Da1978ULGTD OO0 O0,37776RLZLC oD

86



T. Ag

+

el

oM,

LANA= 3,765911

TNFLUTNCE LINES FOR

MCMEMT
C.0CCLCo0ON 00
Je59354T4]1N-02
0 227ER5100-2]

-0.958C5782N-03
~03.163220860-01
-0,242592830-N1
-Ds26C669250-C1
-0,231317910-0n1
-00169502410=-C1
-0,9031797C0=-02
-0, 78CC1R14C-03
De661443250=-C2
Ue 122630920-01
0,156284400-01
Ue165912550=01
0,153272430~C1
0.12356432D-01
Je84149626N-02
0.43932250D-02
0,12597545D0=-02
-0.06aCC0D0D 20

THRUST
0,C03CCOCOUD 00
D00312074690-01
0,118269455 ¢
0,782nt6120 00
0,924264220 00
0.106935590 01
N.120276360 01
Da 131075720 C©1
0,138155460L 01
Jo 140642130 01
0,138058840 0I
0,130383010 01
0,11805527D 01
0.101940720 01
0.832459960 €02
0,£3409T640 0C
0,439R5207U 00
0.26531415D0 03
0,12525163D GO
0e.32982203D-01

-0.C00G0O0CO0 QU

SECTIO 3

SHEAR
CoaCCCCACIACD GO
=C,12895814230-01
-2 12086526001
C,6372R1910 OO
Uz 068447350 LD
024253257260 00
0:,2697827Tul vy
V113495760 <u
-0,32138117C0-C1
=0.157327640C Lu
=0:2541059.,0 00
=0,317626360D 0U
=0,34626356D <UL
-U234173832D 0O
=0,308815760 Gu
=-0,254732360 UU
=-0,1884465390 00
=0, 119874270 C4
=0,:591768440-01
-0,1615839720-L1

~ -

=C,C00C0CGLD vu

(SPECIAL JUMP POINT)

0,65115715D 00

0.76255G48D LU

INTEGRATION OF INFLUENCE LINES

MOMENT
-0, 28888962D0-05
0.5G6817S100-r2

-0,5984A799D-92

HCRs REACTION
0,624988010 093
0.31683189p 00

O« 308136120 00

THRUST
U,7765491C0 (G
0,32923739D 90

Ca447311720 U0

87



LAMDA= 3.769711

INFLUTMCE L 1MES FUR SECTION 5

MCMENT
Q. CCCCCDOOGD 0D
De 36LA9086['-02
Us144514260-01
Qe 216E52641N-01
0.5436853911=C1
Je31625338N-01
0.13255516C-01
—Je 87675R510-3
-0,105718860-71
-0,173661230-1
-042063230642-01
-0e212630G680-01
-0,169084580-01
-0.,17217070D-01
-0.1378777260-01
-0,10148387D-01
-0.67281313D-02
-0+38455415D-072
-0.170789250-02
-0e420205520-3
-0.,0CCCGONOD QD

THRUST
N, ConncacoL 00
J+315P26545-01
G,11927007D GO
0, 251113E0D) 00
0,413516030 00
Da10100Ca270 C1
D,117724160 01
0.13C8£5230 01
0,139996310 01
N.144493140 01
0,142r3924D (01
$e135589650 01
N0,123402120 C1
0,106996480 01
D.876659160 0O
Qe 6695E9380 00
Ne 465522880 00
N« 2813304401 0O
0.,133C2522C 02
Ce 350769440-31
=0,.00NCCLGD 00

SHL AR
U.00CCACCUl G
-3,173259340-01
-0, T743532700-01
~0.1537393L0 Gu
-G 28TTL,YC80L Cu
0,9432429503 uo
V413927650 uu
0,276433725 UG
U, 141535660 CU
Ua1924237%0L~01
=-0.8625%024340-01
-0,5157313640 00
=J,204116580 30
~0.221248580 Cu
-0,2122856CD OO0
-0,518262150D Cu
-3.139353450 Qu
-C.,908058343D0-C1
-0:457016950-01
-U.12701997C-0U1
=-J,C30C00ICL GO

(SPECIAL JU™MP POINT)

0.,841922340 00U

U,64481205C 09

INTEGRATION OF INFLUENCE LINES

VOMENT
-0, 152845860-05
0.729C53000-02

-J,729205R4D-02

HORa. REACTICN
0,624968010 00
0.11476972D 00

0.510198290 00

THRUST
0,74615243D OC
0,159840650 0OOC

C,587311770 Go

88



TsAs
+oMs

--Mo

LAMDA= 34769911

TNTLUSNCE LINES

MCMOENT
0.00CCCnnD 0O
Ve 15688226102
Qo 653EEN44N=02
Q4152150560=01
Ve 27THTIOF7,-01
Je 440B3G15M=-n]
0.632G634398D~-0]
J,370163273N0-21
0.13902190D0-01

=0.47752256D=-02
-0e1B64E725D~-01
-042766C3760-01
-04320719340-21
-0,32435916D-n]
=-0,295471160-C1
~Do 243£6243N-11
-06179407280D-01
-Us5113291650-21
-0,584505740-0C2
-0 150268770-02
=J.00CCCGL2CD 0D

THRUST
0,C0C3{CC0D
Os BLIRJRGYU
flelCJQb?D

2254105740
0341681200b
Cob936757T20
0, 768711700
Tal2262TR3D
0,133800880
D. 129803120
D.140G1334D
0,134324300D
Nal231612%0L
0,107438140D
0.8847296230
D, 6T86TT8D
0,47351422D
Q.28T050450
0,13609669D

0. 359718150~

=0, 000CZ0G20

0C
01
u\J
00
02
cJ
410
01
Nl
01
01
0l
4 14
ol
GO
Qo
00
00
0o
01
Co

FGR SECTIUN 7

SHZAR
0,CA3¢5C00:0 v
-0,18877R2.2(:-01
-3 133521 730L-01L
-0.147370250 Lo
-u,2&4111287D 01
=0, 340C25R940 L3
-Us432494357TD Cu
Ja422312410 Qu
0:31935633L CQu
0,21T7T56T7610 GO
0,1249937230 G
0:466638370-01
-0,131336837C-01
-Jab526634250-01
-04723334990-C1
=0,T4T£3753C-41
~0:633916466D0-01
-0.2450183360-01
-0,23936431D0-01
-0,676548510-02
-GGZ0C2CCLD QU

(SPECIAL JUMP PUINT)

0,109350820

01

0,58003939D LU

INTEGRATION OF INFLUENCE LINES

MOMENT
=-0.156323660-06
0.102500230D-01

=-0,10290180C~-C1

HOR, REACTICN

0.624988C1D
02214256580

0410731430

0

00

a0

THRUST
0.6392672560 CU
U,23658C50C Lo

0.45609207C ©C

89



TaAs
+.E"".

—s s

LAMDA= 3,767911

INFLURNCE LINES FUR SECTIOUNM Q

MOMENT
Q. 000L 000N 0D
-0.19917675"-03
~Gel36659660-03
Ual1221232P-02
Uaa7038297D-02
3, 1128171210-0N]
0,215759120-C1
0,3595176H90-01
0. 54600834071
Qe 273897620=-C1
0+511842130D-02
-0s1157CG530-01
=06224G2679D-01
-002173235590-0C1
=-0428558631N-01
-0,25422111D-01
-0,1975K762D-01
=J3,13056199D-01
-046617289720=-02
—0.1£8464258D-02
0,0CCC02CHD CGC

THRUST
Q. C0CCLACLD O
0,331594150-01
Dalz2d637620 G0
D,201240440 C0
NabzT695620 00
C.60TT562TL OO0
D 7846784 0D 00O
NeQ42306611) 00
0,106629520L 01
N0 13CN&GE04TL 01
N,1319435010 01
0,12786561D C1
0.118236340 01
0.103853430 Q1
C.86015844 00
0663025770 €O
00464585480 00
0,2B267392D Q0
7.134454530 00
0« 356394280-01
0,C0C05oC0L 0OC

SHE AR
C,CCoCatoul Ly
-0.143631470-01
-C0569546900-01
-G,12277272:0 v
-U,220280329L 0
—0,25E256350 T
-C, 376331720 Ly
-0,458225360 G
-0,524311990 Ov
0,4C2061960 U0
Q33340646370 CU
0.266133480 0y
0,2011138908 99
T2 143197730 30
0,34818435C-01
J.,57T17168ED-01
0,302812410-01
J>1315997ub-01
G,4352594270-02
0,534921540-03
0.CCOCO20uD QU

(SPECIAL JUMP POINT)

0.126378110 01

Ca70997475C 00

INTEGRATIDON OF INFLUENCE LINES

MOMENT
0.982C4217D-06
D2 787482430-02

-0 737354280-02

HOR, REACTICN
Ca624938C1L0 OC
0,31718914D QU

0.,307&7887L 00

THRUST
0+64502333C G0
0,322569340 uy

0,32445405D Oy

30



LAMDA= 3,769911

TNFLUZNCE LINES FCR SECTIUN 11

MCMENT
Qs 3CCC20000 T
- 1239787 4R0G=C7
—Je 47340737072
""Gq DHESTARLDLED-TF
-3, 119052630-01
-0, 1265632240-71
=0 10720580 N=-N1
=J:4035492511N-02
Qo T77335R0M=-072
Je25C33543N-0]
0475688310 -61
0,25C32545N0=-01
Qe 17785611002
=-0,403592160-02
-0 1NT72CG3TT70-01
-0,12%66325N=-01
-0,11605761D-01
~0e369763940-C2
=0 47340732012
-0. 13928247002
0. 0CCCCROQND €3

THRUST
O 07CLCCOED NC
0,24484T7180-01
Cal29706670 00
Ja272151500 Q0
0,445915670 00
D,634215870 0OC
0,.8195783:20 00
0,985082440 03
J.111559850 01
0.1199G9940u 01
J.122752560 01
0,1199(994D 01
NDe11155986u 01
0.985082470 00
0.819578340 00
0,624215890 0OG
0.%4459158B80D Q0
0,272131510 €3
0,129786640D €O
0,34484719D-01
0.3C0LOCCD QC

0,122782570L Ol

SHZAR
Ga CTUINLCGD Ul
=~J,043341380-04
-0,3317285:(-01
—J,123156540-01
-0,1254458602 QU
=J,16T79447506 Juv
=0,256673780 GO
=0,327227320 uo
=23 394695770 Uy
-0,453951250 0V
-5%,522C00C21D GO
0,453951250 Cu
0,334635780 L0
$9,327227330 00U
U-,25%66T73820 Q0
Ual873447TT0 (9
02125445870 LU
0,728856630-C1
G.331758630C-01
0,384334153D-02
J,G3C0COCCLL Ju

(SPZCTAL JUMP POINT)

. 1C0720420 0l

INTEGRATION OF INFLUEMCE LIMES

MOMENT
TefAs 0015813488D-05
+.Hn 0954397?950-02

-nf"-: "Ou 54371801D-02

HOP, PEACTICN
C.624988610 00U
D,27471879D 095

0,35026922D 00

THRUST
0.624328010 00U
C,27471279D 0%

0,350269220 04

91



TeA.
+. !‘-‘59

-o M,

LAMDA= 4,390230

INFLUEZNCE

MCMENT X
2,000C200.0 03

-3,42072619D-01
-U.b8BZ293420-01
=2,214261670-01
-0,315066510:-01
-iJs 711695110=-21
-0.530635R83N=-01
=Js299£937250~-01
-0, 4%157053.0-02

0.1692C42700-01
0+398602150-01
0:55121279D0-01
0.638332680-01
Ua65656146D-01
0.612492140-01
24 51752709D-C1
0.390185470-C1
0.,25196007D-01
0,125876570=-01
0. 247€3595D-02

=0.000C2I2CH 00

LINEZS FOR SECTIUN 1

THRUST
T.624695050 €9
Q647986850 S0
Ca7119407C0D CO
0,800629822D DO
0.912162720L 20
0a103745380 01
0s 114762760 01
0,123¢64530 01
0,129311740 01
0. 130846290 01
0,127790950 01
0,12C111970 01
0,1082z8630 Cl
0.92971742D 05
0,75433206D 0G
0.,571493150 0O
0.39376591D 0OC
0.235801620 02
0.,11046494D 00
0. 28853851D0-01

=0,00C0OC0OCD 00

SHEAR
0, 780264410L Ju
0, 726533970 i
GE8T271720 vu
0,583031430 Cu
Jah4 35122506 03I
Q22679556760 vu
Us,1267202730 4C

-00344063320-0l
-0,178Cc4630 OO
-0.,296436080 0U
-5a382029360 LY
-0,43061598C 00
-0.441622350C 00
-0,418766960 00
-0.36614715C 00
-0,29449411C CU
-0421323376C wu
=-Js1330E9130 00
=2,64572986C-C1
-0,1738238C0-01
-3,cCCCCCUD CoL

INTEGRATICN OF INFLUENCE LINECS

MOMENT

=J.68160737D0-05

0-,218579350-01

=0,218€4802D-01

HORs REACTICN
0:62498088L 00
0.426532430 00

0.,19844845D Q0

THRUST
Ve 800374C70 S0
G,42C638670 CO

0.379735400 0u

92



T. A‘
+o M,

"'oMt

LAMDA= 44,39R2130

THPLUSNCT LINES FOR SECTIOY 3

MCKENT
GoICCCI720H " AN
Je HRG2240T70-02
Da2253625290-01

=0,159203760-22
—0,174730820-01
~ds 2512579 50-21
-0,276921030D-0N1
=0:24626772D-01
-0, 1RCE5420D-01
-2,953486130-02
-0,69320755D0-03
0.7304017CD=-02
De134197840-01
De170€15676D-01
0,18059576N-01
0+16642651N-21
0.13376792N-01
0.907ESRRS5D-N2
0,472C3343D-02
0.134786300-02
=3, 0CCCCoaCn n0

THRUST
0,00050CL00D 0D
0.328229080-01
0,125746900L COC
D.798193340 CO
0,9494543CD 006
7. 1102659305 01
0,124559290 01
7.136C46C20 C1
0»143558580 01
0el4615294i 01
22143323820 01
0.13507318D 01
0,121917860 01
0elD48386L0 01
0.851751770 00
00644912500 000G
0,444328640 QT
0.266018030 00
0.124574690 GO
0e325243C50-01

-2,3002¢000D 0OC

SHE LR
2,000 2020 Cu
-G,163229230-0l
-L:99R803474C-01
L, TL53799211 uu
2,521z227190 vd
J:H44841H56L CC
0.289450J3C Gy
0,1265.0950 GO
—Us2bT7433170-ul
-0 1&01728.0 00
-0 25643243850 0J
-C.3332941:0 QU
-0,364877381D 00
-0536271518C GU
-0,325G675D 0OV
-0,2562435620 UG
—0,196751660 23
-0,125524700 0O
-0,610692044LD0-01
-0,16769490C-01
-0,520Co020C Lo

(SPECIAL JUMP POINT)

0.651CU4850 0C

C.76085708D OO0

INTEGRATION OF INFLUENCE LINES

MOMENT
=J)e486187350-05
0o636714810-02

=0.637201006D-02

HGR, REACTICN
0,624980880 00
0.3171u204D OC

0,30787884D 0G0

THRUST
0.80093359C 00
U>336833270 JC

0.,46210032D0 00

93



Teh,
to M,

_-Ht

LAVMNDA= 44390250

IMFLUCNCE

MCMEMT
0. 066CCI000 00
0e28464192D-07
0015023350001
0,327231417-01
0.557523750-01
0-330156767-01
0o142720540-N1

-0.3762120%D=-93

~0.110208220-01

-9.17919773R-01

-2 214502630-01

-0,222847950-n1

-0,259413810-01

-0,1R1227010-C1

-0414511861D-01

-0.106542720-01

-0, 70329037D-02

-043995C076D-02

-04176G33950-G2

-0,428E98770-03

-0, 0CCCCAVLD €D

THRUST
O0,00C0L0C0C0L Cu
N, 3236¢4490-01
D0:,1225531RD 00
D,262P52P4; GO
Q437247810 20
Je: 1U588585D D1
0. 1228L617i3 G1
0.13704081u 01
9.,1468L2290 U1
06151278550 01
0,149655880 01
7,3i4199569D 01
0s129244610 01
0-11126021C (1
0.9C0697348L 00
0.68860795D 00
0.475502920 00
0. 285214040 00
Q0.133772820 02
0.349717550-01

-0, C00000CGD OO

LINES FOR SECTION 5

SHEAR
0,302 0030 00
—0,191424070-41
=0, 707235250 -L1
~J,145125770 (o
-3,231276830 G
V,5L621613D oo
DoGZTHASTTID OO
0,296425530L 0
0, 154526350 CG
0:234291C50L-C1
-2s8711174u0=31
-0,16996353C 0L
-0,221z58€&40 Cu
-0,24067035610 CU
-0.231247950 0O
-C,19883919D QU
-0,151578740C 0O
—0,985579350-0C1
-0.,434325950-0G1
-0,136848E53D-01
=-J,0205530CCE GU

(SPECIAL JUMP POINT)

De 845366530 00

Js61897041D 0C

INTEGRATION OF INFLUENCE LINES

MOMENT
-0.,25011546D-05
0,758537740D-02

-0.75878785D-02

HOR, RZACTICN
0.62438388L 00
0,114536570L 00

0.51C44431D 00

THRUST
U2 777141710 00
0,16594206L GU

0,611123650 0OU
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TehAs

+

-

oMo

oMy

LAFMDA= 4,39R239

INFLUTNCT

MOCMENT
3,0022C4DLH D
0.1738041Y650=02
2,7181490Q0-0C2
Ua1654233R0-91
J,293212010-01
Ve 467561697 =-(1
02667863320-N1
0,3641548994N0=-01
0e153207590-01

-02442532510-02
-0,193682190-2]
=0.292C84920-01
=0+3427419R0-11
=00 34842257D-N]
-0.,3182%477D-01
~0+262759230-01
-0,1933E922D0-71
-0.121G6317ED-01
-0.,59513945D-G2
=0.16069963D-02
=0,0CCLCNOLD 0D

THRUST
C,C20ACn0oL Q0
05 319799680-01
ND.121417720 GO
De2571322E60 CO
042554951 00
C,611327770 0C
0,73807969L 0V
0. 126746840 Gl
2,138815210 01
0.14532527uL 01
0,1456C2590 01
0,139549850 01
0127663960 01
0,1109E5480 01
0.909846090 00
02694098340 00
0.4812648%0 0L
0, 289750100 0O
0.136301830u 00
0:35731470GL-01

-0, 00G4GLIC0D OC

LIMES FOR SECTTON 7

SH=ZAR
0,0000502u0 QU
~U,1%49224490~-C}
~{a12306855L-C1
-“u.151424740 4L
-J.2&6T7411530 30
-0,34143280L L0
-0 ,42957811C Lo
0,43371434%0 (Gu
Js 3322534210 Su
Qe223G51790 LG
G.13L9335410L UG
0,4E573104D-01
-0,158824%10~-01
-Q0,528277290-C1
-0, 80:3081820-01
=0.82774&2L0-01
-0,7.632600C-0U1
-0,496521340-C1
-J, 263292269001
-0,764150530-C2
=D,0CC02CUCD 20

(SPZCTAL JUMP POINT)

0+110461470 01

02528343660 GO

INTEGRATION OF INFLUEMCE (INES

MOMENT
~0,84623905D-07
0,1C978C93D-01

~-0,1C37E178D-01

HOR« REACTICM
0.624950860 QO
0.214500060 00

0. 41C460820 00

THRUST
CaT71461848D 00
0,244553R8C CC

OaaT7CCHEA46LD (O
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TeAs
+e My

el

LAMDA= 4,39825350C

INFLUENCE LINES FOR SECTION 9

MCMEMT
LaDCCCCOOON ON
~0.137522420-93
0.11747118D-G3
0017558063002
0.57233730N-0%
0.128C15560-01
0+2355845R/D-01
043B241577D0-01
D.5671C314D-"1
0.287593¢€10D0-01
0. 550161726N0-02
-0.12240605D-01
-0,24013771D-01
-00299592460-"1
-0+.3C731661D-01
-0.274C5975D~-0C1
-0,21340207D~-01
-0, 140596430-01
-0.71124338D-02
-0419792366D-02
0. 0CGCCZ00D OC

THRUST
0,I2CCL0Co0

D.322C3467D~

D,12204368U
0,2577:-0930D
0.4249E840D
0.0075324720
0,7BI63IB3L
0,9534C1260
0,108403070
0,13236281D
0,134476530
D,13033742D
De123337040
0,10542264D
D, 869899930
0.66726276D
00 464997950
0.281117640
0,13277203D

oo
01
o
0o
00
Ju
00
co
G1
01
01
01
01
01
00
00
oG
99
00

0234976169D0-01

0, 25CCO06G0D

00

SHEAR
0, v0C223LD vl
-2,162948250-01
-0U,61873€230-01
-0:13074537L Lo
-0,215314260 00
=y INTC28LE10 YU
-0-33633783C GO
-0.473457760 30
-0.529228820 vy
0,4C08427330 CC
0.3476239060 Ui
0.,281840480 U0
0,216644580 0O
02156669350 06
0,105287630 00
G2€44595210-01
0.347453920-0G1
Us154617150-01
0,.492330150-02
0,722066370-C3
0.JuGI2093CH Cu

(SPECIAL JUMP POINT)

0,1279535GD

Ccl

Ua692485480 00

INTEGRATICN OF INFLUENCE LINES

MOMENT
0,192645920n-0%
0.84442283D-02

-Ja84423019D-02

HORe REACTION

0.,62498088D
0,319198270

04305782610

GG

00

00

THRUST
0,65222255D GO
0232567055C 0O

0,326532000 Q0
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LAMDA= 4,39823C

INFLUFNCE LINES FOR SECTIOL 11

MOCNMEMT
e GCIC2005D ND
-0,145G65383)-C2
-Jd.4906451750-02
-0,91179245N-02
-0.12458055N-01
-0,135462020-"1
-0s110772590-C1
-0, 490942830 =-02
0,831199530-0N2
Jse260473730-01
0, 488L060670-01
D 260C47275N-01
483119991D0-02
=0,4CCS42400-02
-0.11077355n-01
~0.13545990D-01
-0,12458053D-01
-0,91179233D0-02
~0:49645168D-02
-0,14595382D-C2
0. 003CCHNCH 20

THRUST
Co0UNDBIOGGLD 0O
0e333837730-01
0,126597120 OU

>26T270410 09
0. 44C6P58060D 00
0.63C23056D 00
0,818234940 GU
0,98715229D 00
0,112100430 01
0.120692070 01
0,12365266D 01
01205392070 01
0,1121C044D Gl
0,9871523:20 090
0, 818234960 00
0.62023058L 00
0.4406E5870 00
D.267270420 Q0
0,12659713D 0O
0,333997800-01
S LOORCACOD 00

SHZ AR
0,20000030E UV
~U,351C46050-C2
-Ca373246430-C1
-~U:3165-3750-01
-0,139754210C (O
—U,22T6L1R2EC oo
=0,2805330120 G
=-0,352124110C oo
-0,4l6R351L0 (o
-0,4668053720 vy
-G,5C03092010 Gu
0,46836372D0 GO
U0.,416856110 GO
U,3521841z0 0O
Ue 280350130 QU
0,20T7E1R3UD Gu
0.139754220D CU
0.816903285C-01
0e373346470~-01
0,951046180~0z
0,0G2500G3%0 00

(SPECIAL JuMP POINT)

04123652670 Gl

0,179515840 Q1

INTEGRATION OF INFLUENCE LINZS

MOMENT

HORe REACTICN

THRUST

97

TeAs 0.3CC49446D-05 0,62496088C 00 0,62498088L v
+eMa  0a256573478D-02 0,277318450 00 0,277318450 CU

—eMa —0456543429D-02 04347662430 00 0.34766243C 00



Appendix 3

INFLUENCE LINE CURVES
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103

1 3 5 7 9 11 13 15 17 19 21 section

Figure l4a. Influence lines of thrust force X = 0.7
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1 3 5 7 9 11 13 15 17 19 21 section

Figure 14b. Influence lines of thrust force A = 0.7
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1.4

1.2

1.07

0.6

0.4

0.2-

1 3 5 7 9 11 13 15 17 19 21 section

Figure 15a. Influence lines of thrust force

A= 0.47
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1 3 5 7 9 11 13 15 17 19 21  section

Figure 16b. Influence lines of thrust force XA = 0.4n
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Figure 17a.

Influence lines of thrust force

A

= 0.8n

21

section
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Figure 17b.

Influence lines of thrust force

A

= 0.87

21

section



109

1.47
. \
1.2 |
1.0
5

0.8+ 7
0.6
0.4+
0.2

1 L 1 | I l |

5 7 9 11 13 15 17 19 21 section

Figure 18a. Influence lines of thrust force A = 1.4
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Figure 18b.

Influence lines of thrust force

A= 1l.47

section



lines of transversal shear X = 0.7
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In this report, the stress analysis of a fixed end arch with variable
cross;section is investigated. Deflection theory, which takes the geometry
of the deformed arch axis into consideration, is used to analyze the problem.

The governing differential equation is nonlinear. The technique of
linearization is employed by introducing an assumed flexibility parameter,
which is related to the horizontal arch reaction. The principle of super-
position is then applicable. The influence lines or Green's functions for
the generalized forces acting in the arch can be constructed for a given
value of flexibility parameter. The critical loading conditiom and corre-
sponding forces for a typical section in the arch can be determined directly
from the set of influence lines for an assumed flexibility parameter. The
horizontal arch reaction, which is obtained by applying the constraint con-
dition of immovable ends, is a function of the flexibility parameter can be
determined by graphical method which requires the equal values of the assumed
and computed flexibility parameters. Then an interpolation technique is em-
ployed to determine the actual critical forces in a section of the arch
corresponding to the actual flexibility parameter.

A numerical example is given as a demonstration of the usage of the
method presented. Also the comparison is made for the critical forces ob-

tained by the elastic theory and the deflection theory.



