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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



17

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



