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STRESS ANALYSIS OF CIRCULAR SEMIMONOCOQUE CYLINDERS WITH CUTOUTS!

By Harvey G. MoCoars, Jr.

SUMMARY

A method 18 presented for analyzing the stresses about cutouts
in circular semimonocoque cylinders with flexible rings. The
method involves the use of so-called perturbation stress distri-
butions which are superposed on the stress distribution that
would exist in the structure with no cutout in such @ way as to
give the effects of a cutout. Z%Gmethodca/nbeusedforany
loading case for which the structure without the cutout can be
analyzed and is sufficiently versatile to account for stringer
and shear reinforcement about the cutout.

INTRODUCTION

An airplane fuselage usually has openings or cutouts for
entrance doors, cargo doors, windows, and many.other pur-
poses. The presence of such openings may result in a con-
siderable redistribution of stress in the structure. Some
knowledge of this stress redistribution is desirable in the
structural design of fuselages near cutouts.

A large portion of the structure of many fuselages can be
represented, approximately, by & circular semimonocoque
cylinder, that is, a thin-walled circular cylinder stiffened by
stringers (axial stiffening members) and rings (circumferential
stiffening members). Some previous investigations relating
to the problem of stress analysis of cylindrical semimonocoque
shells with cutouts were reported in references 1 to 4. One
limitation common to all of these analyses is that the flexi-
bility of the rings or circumferential-stiffening members is
neglected. In reference 5, Cicala discussed this limitation
as well as certain other limitations in some of the previous
investigations and introduced the idea that the effect of a
cutout can be reproduced by superposing certain perturba-
tion stress states on the stresses which would occur in the
shell without a cutout.

The problem discussed by Cicals in reference 5 is that of a
cutout in a circular semimonocoque cylinder which is long in
comparison to the length of the cutout. The analysis of
reference 5 is somewhat limited because it can be used only
for loading conditions which produce stringer stresses longitu-
dinally antisymmetric about the center line of the cutout
(for example, torsion), and it cannot take into consideration
the effects of coaming stringer reinforcement. The present
report is an extension of the approach of Cicala and presents

& method of analysis which can be used with more general
loading conditions and with either shear or stringer rein-
forcement about the cutout. .

In reference 6 the stress perturbation tecﬁ&nque is applied
to the analysis of stresses about cutouts in flat sheet-stringer
panels under axial load. Three basic unit perturbation
solutions were used as tools in this method of analysis. In
part I of this report the analogous perturbation approach is
described for the stress analysis of circular semimonocoque
cylinders with cutouts. The three perturbation-solution
tools for circular semimonocoque cylinders analogous to
those for the flat sheet-stringer panels of reference 6 are
developed in part IT of this report.

SYMBOLS
A4 effective cross-sectional area-of a stringer
A* cross-sectional area of additional portion of a

reinforced stringer
A,=3B8#—1-+}cos nd
A;J.(@

w22
EY R?
B=giT
B,=3B#+2(1—cos ns)
b arc distance between stringers, B3

Atifn('i)
t'R?
o=

2(Bx—1
0,20

b.{= (ng 2)

D 1
™ emtnylem-tny—I]
dn coefficient in trigonometric series for &,
E Young’s modulus of elasticity
Fy tangential force on ring % uniformly distributed
between stringer 7 and stringer 7-}-1
Fx(@) coefficient in trigonometric series for stringer
4 shear modulus of elasticity

loads

! 8upersedes NACA TN 3199, 1054 and NACA TN 3200, 1854 by Harvey G. McOomb, Jr., and NACA TN 8460, 1055 by Harvey G. McComb, Jr. and Emmet F. Low, Jr.
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Hy(n,¢)= i; D,, cos (rm+n)¢

Hyn )= .21 (~1) D, sin (rm+n)é

I effective moment of inertia of a ring cross section

1,8 longitudinal indices, indicating rings and bays

I has the value 1 when % is an integer and has the
value 0 when % is not an integer

im circumferential indices, indicating stringers and
panel rows

klrs integers

L distance between rings

M@E,) bending molrent in ring 4

My, M, applied moment and torque, respectively (see
fig. 5)

m total number of stringers in cylinder, m23

n index of terms in a trigonometric series

P external concenfrated force in the longitudinal
direction applied to a stringer at its intersec-
tion with a ring, Ib

Py stringer load in stringer j &6 ring %

Dis basic stringer load in stringer 7 at ring ¢

pey(Em) load in stringer j at ring ¢ due to 2 unit concen-
trated perturbation load on stringer 5 at ring £

PylEn] load in stringer j at ring ¢ due to & unit shear
perturbation load about shear panel (£,7)

Q external shear force per unit length applied about
a shear panel, lb/in.

qy shear flow in shear panel (2,7)

Ty basic shear flow in shear panel (3,7)

qulEn) shear flow in shear panel (7,7) due to a unit
concentrated perturbation load on stringer ¢
at ring £

qulél shear flow in shear panel (¢,5) due to a unib
shear perturbation load about shear panel
(&m)

R radius to middle surface of sheet

S external force in the longitudinal direction
uniformly distributed along that portion of a
stringer which lies between adjacent rings, 1b

Sn—'Z D,,

t thickness of sheet

t* thickness of additional portion of & reinforced
shear panel, that is, a doubler plate

14 thickness of all material carrying bending
stresses in cylinder if uniformly distributed
around perimeter, A/b

U total stress energy

V@,e) transverse shear in ring ¢

CinyOign, .

o ctin arbitrary constants

Ba?
443 " %

;3 _B¥
2 . .,md
sin? —
S 2
" 1208,

Ay second cenfral difference in the ¢ direction or
longitudinal direction, that is
Aug(@)=g(1+1)—29(@)+g(—1)

b central angle between stringers, 2=/m

3rs Kronecker delta; takes the value 1 when r=s
and takes the value 0 when r»s

Ta=te¥a

Asn,Azy quantities defined immediately following equa-
tion (24)

¢ angular coordinate for rings

— 2
x:=% cos™! [632 1_‘“ ’ (Bn;‘l> '_"Yua \ (Dn>1)
~Loomn| B JBFIY os] 0,<n)
1 - ﬂu_l ﬁn+1 %
#x=2 cosh |: (5 )—%.2]
BASIC 'ASSUMPTIONS

A structure of the type considered in this report is shown
in figure 1. It consists of a thin-walled circular cylinder
stiffened by stringers in the longitudinal direction and by
rings in .the circumferential direction. The rings and
stringers divide the thin-walled shell into rectangular panels
which are called shear panels. The cutout is assumed to be
rectangular—it removes an arbitrary number of shear panels
and interrupts the corresponding stringers.

Some loading conditions which can be handled with this
method of analysis are illustrated in figure 1. Otherloading
conditions are permisgible if the stress distribution in the
cylinder without the cutout is known.

A typical portion of the structure is shown in figure 2 with
the index system used in this report to designate stringoers,
rings, bays, and panel rows. Note that the intersection of

Figure 1.—Circular semimonocoque cylinder with cutout,
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Fieure 2.—Portion of typical cylinder.

ring ¢ and stringer j occurs at the lower left-hand corner of
shear panel (2,7).

The analysis is based on the following assumptions regard-
ing the properties of the structure:

() The cylinder is long relative to the length of the cutout.

(b) The stringers are uniform and equally spaced around
the shell, and the sheet is of constant thickness.

(c) The stringers carry only direct stress, and the sheet
takes only shear stress which is constant within each shear
panel; thus stringer stresses vary linearly between adjacent
rings.

(d) The rings are uniform and have a finite bending stiff-
ness in their own planes, but they do not restrain longitu-
dinal displacements of the stringers. The bending of the
rings is inextensional.

(e) The difference between the radius to the middle surface
of the sheet and the radius to the neutral axis of & ring is
negligible,

(f) The structure is elastic and no buckling occurs.

I—ANALYSIS OF STRESSES ABOUT CUTOUTS BY A
PERTURBATION LOAD TECHNIQUE

PERTURBATION STRESS DISTRIBUTIONS

The tools for the method of analysis to be described are
the stress distributions due to three types of loads, called
perturbation loads, applied to an infinitely long circular
eylinder with no cutout. One perturbation load consists of
a concentrated force P imposed on one stringer of the shell
at its intersection with a ring, the force acting in the direction
of the stringer. This load is illustrated in figure 3 (&) and
is called the concentrated perturbation load. A second type,
illustrated in figure 3 (b), is called the distributed perturba-
tion load and consists of a force S uniformly distributed
along the portion of one stringer which extends between two
adjacent rings, the force acting in the direction of the stringer.
The third type, shown in figure 3 (c), is called the shear

perturbation load and consists of uniformly distributed
forces per unit length @ applied along the stringers and rings
that border one shear panel of the shell, the forces acting in
such a way as to cause pure shear in that panel.

For each of the three perturbation loads, formulas are
developed in part II of this report which give stringer loads
in every stringer at each ring and shear flows in each shear
panel of the shell. By use of these formulas, tables of coeffi-
cients can be computed which give stringer loads and shear
flows in the neighborhood of each perturbation load due to a
unit magnitude of that load. Such tables for a cylinder
having 36 stringers and various values of the structural
pearameters B and C are presented as tables 1 to 30. These
tables were calculated on an IBM Card-Programmed Elec-
tronic Calculator. The application of these tables is not
limited to cylinders with 36 stringers. In general, the total
stringer area can simply be redistributed into 36 fictitious
stringers. The values of the parameters B and C are not
changed by such a redistribution of stringer area. Then the
tables can be thought of as presenting (a) the load which is
taken by all of the normal-stress-carrying material up to 5°
on either side of the location of a fictitious stringer and (b)
the shear flows at points in the sheet halfway between fic-
titious stringers.

Part (a) of each table contains the values of p, and g¢,L
due to & concentrated perturbation load P=1 on stringer
§=0 at ring station +=0. Part (b) contains the values of
Py and guL due to a distributed perturbation load of total
magnitude S=1 on stringer j=0 between rings =0 and
2=1. Part (c¢) contains the values of p,/L and ¢, due to &
ghear perturbation load per unit length of magnitude @=1
about shear panel (0,0). The positive senses of the pertur-
bation loads are the senses shown in figure 3; stringer loads
are assumed positive in tension, and shear flow is positive
when an element of the sheet is loaded by shears which act
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Frauore 3.—Perturbation loads.

in the positive sense of the shear perturbation load. The
solutions for arbitrary locations of the perturbation loads
are readily obtained from the tables by means of changes of
indices.

The application of these perturbation loads and the stress
distributions caused by them in the stress analysis of cir-
cular semimonocoque cylinders with cutouts is discussed in
the following section. The perturbation solutions are exact
only for infinitely long cylinders. However, in the solution
of a cutout problem, the perturbation loads are applied in
self-equilibrating groups in order not to disturb the overall
equilibrium of the structure; therefore, the stresses due to

REPORT 1251—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

the perturbation loads decay rapidly in the longitudinal di-
rection. Consequently, the application of perturbation
stress distributions for an infinitely long cylinder to a cyl-
inder of finite length is justified if the vicinity of application
of the perturbation loads is far from the ends of the
cylinder.
METHOD OF ANALYSIS
STRUCTURE WITH NO REINFORCEMENT ABOUT CUTOUT

Application of perturbation loads.—Consider, first, a
structure like that shown in figure 1 which has no reinforce-
ment about the cutout. The stress distribution in such 2
ghell can be thought of as a superposition of the stresses
which would exist in the structure without a cutout and
perturbation stress distributions which arise because of the
cutout. The structure without a cutout is called herein the
basic structure. The stress distribution which would exist
in this structure is called herein the basic stress distribution.
In the present report the basic stress distribution is assumed
to be known. Then the problem of analyzing a structure
with & cutout consists of the determination of the perturba-
tion stress distributions to be superposed on the basic stresses
in such & manner as to annihilate the effects of that portion
of the basic structure which lies within the boundaries of
the cutout. Finding the proper magnitudes of these pertur-
bation stresses involves the solution of a system of simulta-
neous algebraic equations.

At the cutout boundary in the structure with the cutout,
two conditions must be satisfied: (a) the stringer load must
be zero at points where a stringer is interrupted by the cut-
out and (b) no external shear forces may act on portions of
stringers and rings which border the cutout. By superposing
concentrated and shear perturbation loads on the basic
structure, the resultant stresses can be made to satisfy these
conditions.

The method of analysis is as follows:

(1) Find the stress distribution for the basic structure,
that is, the cylinder without a cutout.

(2) Place perturbation loads on the basic structure in the
following manner: At each point where & stringer would be
interrupted by the cutout, place a concentrated perturba-
tion load; and, about each shear panel which would be re-
moved by the cutout, place a shear perturbation load. For
the case of & cutout removing three shear panels and in-
terrupting two stringers, these perturbation loads are shown
in figure 4.

Bay
-l [0} [
(“I
! 3
g": 0o .u:.,
£o 5
me -1
-1
-1 (e} |
Ring

Figure 4—Application of perturbation loads.
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(3) With the use of the tables of coefficients, write a set
of simultaneous algebraic equations which state the following
conditions:

(n) At the points where a stringer is to be interrupted by
the cutout boundary, the resultant stringer load must
vanish when the boundary is approached from the structure
outside of the cutout. This resultant stringer load is com-
posed of the basic stringer load plus the stringer load due to
all the perturbation loads.

(b) In each shear panel which is to be removed by the
cutout, the basic shear flow plus the shear flow due to all
the perturbation loads must be equal to the shear perturba-
tion load applied to the portions of stringers and rings which
border that given panel. Thus, the shear flow exerted by
the shear panel on the portions of stringers and rings bor-
dering it will exactly cancel the shear perturbation load
applied to those same portions of stringers and rings.

(4) Solve the system of equations from step (3) for the
magnitudes of the perturbation loads, and superpose the
stress distributions due to these loads on the basic distribu-
tion. This procedure yields the stress distribution in the
structure with cutout.

Upon completion of these four steps, the magnitudes of the
perturbation loads on the basic structure have been adjusted
so that simultaneous removal of that portion of the basic
structure which lies within the cutout boundary and the
perturbation loads themselves would not disturb the remain-
der of the structure. The perturbation loads are in equilib-
rium with the portion of the basic structure lying within the
cutout boundary. The stresses outside the cutout boundary

in the basic structure subjected to the actual external loading

together with the perturbation loads are precisely the same
03 the stresses in the structure with the cutout subjected to
the external loading alone.

Conditions 3 (a) and 3 (b) can be expressed mathematically
by the following equations, respectively:

;Z’J)P w16 ﬂ)+§$@eﬂ?u [l +Dey=0 ®
??P&Qu ¢ n)+}_‘_,£Z‘,’ Qenss [+ Ges= ) 2)

The unknowns are P, the magnitude of the concentrated
perturbation load on stringer 4 at ring £, and @, the magni-
tude of the shear perturbation load sbout shear panel (£,7).
The coefficients py{(¢,7) and g,4(£,9) are found in part (a) of
the tables and the coefficients p,[£5] and g,[%,7] are found in
part (c). The summations in each case are extended over
the appropriate perturbation loads. HEquation (1) is written
for each 4,7 where a stringer is to be interrupted by the cutout
and refers in each case to the stringer load as the point 7,5 is
approached from within that portion of the structure lying
outside the cutout boundary. Equation (2) is written for
oach 7,7 where a shear panel is to be removed by the cutout.
The form of equations (1) and (2) is the same regardless of
whether the rings in the cylinder are considered rigid or
flexible.

This method of analysis may be applied to a cylinder hav-
ing a cutout more than 1 bay long, but, in such a situation,
the offects of removing ring segments from the region within
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the cutout boundary are neglected. In the rigid-ring cese,
such effects do not exist if the cut rings remain effectively
rigid; in the flexible-ring case, the effects of cutting & ring
could, in principle, be taken into account through the intro-
duction of additional types of perturbation loads. It is
possible that even with flexible rings the effects of cutting a
ring are negligible in certain cases, but this would have to be
verified by further investigation.

Sample caleulation.—In order to illustrate the method of
calculation, the cylinder shown in figure 5 is analyzed. A
cutout which removes three shear panels and interrupts two
stringers is located in the cenfral bay. The properties of the
cylinder are taken as follows:

m=36
A=0.260 sq in.
R=15 in.
L=121in.
t=0.051 in.

2% .
b——R '3—6-—262 m.

14 =%)=0.0992

For the purposes of this example suppose the rings are very
heavy and can be considered rigid in bending in their own
planes. From these properties the structural parameters B
and O are calculated. The table corresponding to the values
of B and C closest to the computed values will be used. If
E is taken as 10.6<10° psi and @ is taken as 4X10° psi, the
parameters B and C are

10.6 0.0992 15\3
B ‘<T> ( 0.051 ) (1_25) =8.05
0=0

Suppose that the cylinder is loaded with the bending
moment AM; and torque Af; shown in figure 5. The per-
turbation load system for this problem is shown in figure 4.
The concentrated perturbation loads are doubly symmetric
about the cutout. The shear perturbation loads are sym-
metric about panel row j=0. Let P represent the magni-
tude of each of the concentrated perturbation loads. Let
Qo represent the magnitude of the shear perturbation load
about shear panel (0,0); and let ¢, represent the magnitude
of the shear perturbation loads about shear panels (0,1)
and (0,—1).

Equations (1) and (2) are now written for this example
by use of the tables of coefficients for B=8 and C=0.
Equation (1) for the stringer load condition in stringer
7=1 at ring 7=1 is written with the aid of tables 1 (a) and
1 (c) as follows:

—0.5000P-0.0476 P+0.0895P+0.1192Q,L—0.1192Q,L—
0.0374Q, L+ Pu=0
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Ficure 5.—Circular cylinder with cutout used in sample caleulation.

where Py; is the basic stringer load in stringer j=1 at station
i=1. Because of symmetry, similar equations result when
equation (1) is written for stringer j=1 at ring ¢=0 or for
stringer =0 at rings 7=0 or <=1. Equation (2) for shear
panel (0,0) is

P

P P P
—0.2262 L—l—0.2262 I-—O.2262 -L—|—0.2262 -E+0.6986 Qo—

2(0.0629) @1+Goo="%

where gy is the basic shear flow in shear panel (0,0). For

shear panels (0,1) and (0,—1), equation (2) gives

—0.2262 1%—[—0.2262 %—0.1368 ‘%-1-0.1368 §+0.6986Ql—}

0.0629Q0+0.01 19Q1+?l.01= Ql
where go; is the basic shear flow in shear panel (0,1). These
three equations in the three unknowns P, @, and ¢; become

0.3629P+0.1192Q,L—0.0818Q, L=71,
0.3014Q,L+0.1258Q, L= L
0.0629Q,L4-0.2895Q,L=¢n L

)

For simplicity, let M;=2M3=100,000 Ib-in. In the present
example, the basic stress distribution can be found from ele-
mentary beam and torsion theories which give ;=370
pounds and Gu=0,=70.8 1bfin. When these constants are
introduced into the system of equations (3), the solution is

P=1,0201b

@oL=1,7501b

@.L=2,560 1b
Stringer loads and shear flows in the neighborhood of the
cutout are obtained by superposing the effects of these
perturbation loads on the basic stress distribution. For

example, with the use of tables 1 (a) and 1 (¢) the stringer
load at the intersection of ring 4=0 and stringer j=2 is

given by
P(0.0895+0.0511) 4+ @,.L(0.1192-40.0125) + @, L(0.0374) -+ D
=545-4Dos

The basic stringer load 7w equals 368 pounds. Therefore,
the load in stringer 7=2 af ring ¢=0 is 903 pounds. Other
stringer loads at ring ?=0 are shown in figure 6(a). The
shear flow in shear panel (—1,1) is given by

% [P(0.2262-4-0.1368-0.0044—0.0360) 4~
Q.L(0.1357—0.0159) + Qo L(0.0097)]+¢—-1,,=55.1+G 1,1

The basic shear flow g-;; equals 70.8 lbfin, Thus, the
shear flow in panel (—1,1) is 125.9 lb/in. Other shear
flows in bay i=—1 are shown in figure 6 (b), and in figure
6 (c) are presented shear flows in the net section (bay i=0).

STRUCTURE WITH REINFORCEMENT ABOUT CUTOUT

Shear reinforcement.—The method of analysis is easily
extended to problems where shear panels are reinforced in
the neighborhood of the cutout. Suppose that some of the
shear panels around the cutout are reinforced by the ad-
dition of a certain thickness of sheet (i. e., a doubler plate).
Then, the procedure consists of adding shear perturbation
loads to each of these shear panels in the basic structure.
On the doubler plates is placed the same shear perturbation
load except with opposite sign. Then, for each reinforced
shear panel, an equation is written which states the require-
ment that the shear stress in the shear panel of the basic
structure shall equal the shear stress in the doubler plate
used to reinforce that panel. When this condition is satis-
fied, the loaded doubler plates can conceptually be inserted
into the basic structure without disturbing continuity. The
ghear perturbation loads on the doubler plates cancel the
shear perturbation loads on the basic structure.

As an example, consider for simplicity the cylinder shown
in figure 5 loaded only with bending moment A4;. The most
highly loaded shear panels are those indicated by the vertical
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Fraure 6.—Results of sample calculation.

hatching in figure 7. Suppose, now, that these shear panels
are reinforced by the addition of plates of thickness ¢* to
the skin of thickness # so that the total thickness in these
shear panels is {-}¢*. The perturbation load system to be
placed on the basic structure is shown in figure 8. The four
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doubler plates of thickness ¢* are shown as frea bodies in
figure 8. The shear perturbation loads applied to them are
of the same magnitude as those applied to the basic portions
of the reinforced shear panels, but are opposite in sign. The
conditions that must be satisfied are:

(8) The stringer load is zero in stringers j=0 and j=1 at
rings =0 and =1 as each of these points is approached
from the structure outside of the cutout.

(b) The shear flow in shear panels (0,—1), (0,0), and
(0,1) cancels any shear perturbation load applied about
these panels. (In this example, no shear is developed in the
shear panels of bay =0 and this condition is automatically
satisfied.)

(c) The shear stress in each of the shear panels (1,1),
1,—1), (—1,1), and (—1,—1) in the basiec structure must
equal the shear stress in the corresponding doubler plate.

Condition (a), which must hold where stringers j=0 and
j=1 are interrupted by the cutout, is expressed by a single
equation because of symmetry:

(—0.500040.04764-0.0895) P+ (—0.11902—0.0374+
0.0067—0.0118) QL+ Py =0

where P and @ are the magnitudes of the concentrated and
shear perturbation loads, respectively, and Py is the basic
stringer load. The condition in shear panel (1,1) that the
shear stress in the basic portion of the sheet equals the shear
stress in the doubler plate (condition (c¢)) is expressed as

I:(—0.2262—-0.1368——0.0044—]—0.0360) E—l—

1

(0.6986—0.0119—0.0068+0.0052) Q:I =0

where £ is the thickness of the basic portion of the shear panel
and ¢* is the thickness of the doubler plate. Because of
symmetry, the same equation expresses condition (¢) for
the other three reinforced shear panels. These equations
become

0.3629P+0.1617QL=%y

—0.3314P+<ti*+0.6851> QL=0

For a given value of ¢/t* and for 2 given magnitude of M; (so
that Py can be computed), this system of equations can be
solved for P and @), and the stress distributions due to these
perturbation loads can then be superposed on the basic
stress distribution to give the stresses about the cutout.

Stringer reinforcement.—The method of analysis is also
easily extended to problems where stringers are reinforced
in the neighborhood of the cutout. For example, suppose
the coaming stringers in the structure shown in figure 5 have
reinforcement of constant cross-sectional area extending 1
bay on either side of the cutout. This coaming-stringer re-
inforcement is illustrated in figure 9. Let the area of the
added reinforcing portion of a coaming stringer be .A* so
that the total area of the reinforced portion of the stringer is
A+ A* Tt is assumed that the stringer load is abruptly
transmitted into the added portion of the reinforced coam-
ing stringer so that the stress is always given by the force
divided by the cross-sectional area.
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Fiaure 8.—Perturbation load system for a problem of shear reinforcement.
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Again for simplicity suppose that the cylinder is loaded
only by the bending moment A4; shown in figure 5. The
perturbation load system to be placed on the basic struc-
ture is shown in figure 10. The added reinforcing portions
of the coaming stringers are shown as free bodies in figure
10 with the proper perturbation loads applied to them. The
conditions that must be satisfied are:

(a) The stringer load is zero in stringers j=0 and j=1 at
rings =0 and 7=1 as each of these points is approached
from the structure outside of the cutout.

(b) The shear flow in shear panels (0,—1), (0,0), and (0,1)
cancels any shear perturbation load applied about these shear
panels. (This condition is automatically satisfied in this
example.)

(c) The stress in the basic portions of the coaming stringers
j==—1 and j=2 equals the stress in the added reinforcing
portions at rings =0 and 1=1.

(d) In the basic portions of the coaming stringers j=—1
and j=2 at rings i=—1 and =2, when these points are
approached from the side which is reinforced, the stress
equals the stress at the ends of the added reinforcing portions
of the coaming stringers.

Because of the symmetry in this structure, only three
equations are required. The unknowns are P, and P;, the
magnitudes of the concentrated perturbation loads, and S,
the magnitude of the distributed perturbation loads. Con-
dition (), which must hold where stringer j=1 is interrupted
by the cutout, is expressed with the use of tables 1(a) and
1(b) as follows:

(—0.5000-0.04764-0.0895) P, 4 (—0.0895—0.0511 —0.0490—
0:0475).Py-+(—0.0727—0.0340—0.0629—0.0499) S+ p1;=0

The condition that the stringer stress in the basic portion of
stringer /=2 equals the stress in the added reinforcing por-
tion at ring i=1 (condition (¢c)) is expressed as

[(0.0895+0.0511) P, + (—0.0476—0.0330—0.0565—0.0402) P,

+(—0.1924—0.0195—0.0567—0.0379) S+ Fu] -IA=(P2+S)%

Finally, the condition that the stress in the basic portion of
stringer j=2, as the ring ¢=2 is approached from the rein-
forced side, equals the stress at the ends of the added rein-
forcing member (condition (d)) is expressed as follows:

[(— 0.5000 —0.0459 — 0.0394) P, + (0.1924 4 0.0195 — 0.0499

—0.0398):S (—0.0805—0.0511+0.0490-1-0.0475) Py 4] ‘l‘f‘%

These three equations become
0.3629P,4-0.2371P;4-0.21958=7y,

—0.14oaP1+<§;+o.1773> P,+<%+0.3065>S=1')12

0.04:41P1+(‘ZA*'+0.5853>Pg'—0.12228=§n

When A4/A4% is known and the magnitude of the external
moment M, is known so that the basic stringer loads 7y, 7is,
and P can be computed, this system of equations can be
solved for the unknowns P;, P;, and S. Superposition of the
stresses due to these perturbation loads on the basic stress
distribution yields the stresses about the cutout. )

In this example the basic stringer loads do not vary in
the longitudinal direction, and the concentrated and dis-
tributed perturbation loads can be applied in pairs, equal
in magnitude and opposite in sign, as shown in figure 10.
However, in cases where the basic stringer loads do vary
longitudinally, for example, when the shell is loaded in shear
and bending, the concentrated and distributed perturbation
loads may not occur in equal and opposite pairs. Further-
more, additional distributed perturbation loads may be nec-
essary on the coaming stringers in bay ¢=0. If such is the
case, the stress conditions which were used in the example no
longer provide a sufficient number of equations to determine
the magnitudes of the perturbation loads. The required
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F16ure 10.—Perturbation load system for a problem of coaming-stringer reinforcement.

supplementary equations are found from the conditions of
equilibrium obtained when the added reinforcing portions of
the coaming stringers are considered as free bodies.

Comparison of results for reinforced and unreinforced
structures—Some calculated results for the problems of
cutouts with reinforcement just discussed are compared with
the results for the structure without reinforcement in the
following tables:

Stringer load, Ib, for—
Intersection of Structure with
e wist'lgm t rein: otng ? ghear reln-
1 - cogm!
forcement Rmﬁ’ffnt’
Ar=A
L2 758 507
1,3 422 331 422
1,4 359 29 359
L5 303 258 302
1, 244 209 2142
Shear flow, 1b/In., for—
Shear panel | siruoture | Tobaoresd Btructure with
without rein- coaming ear rein-
forcoment &’“ﬁ“:‘:nt'
A=A
0 0
1 23, -27.3 —30.6
1, 12.3 —.3 —13.3
1,3 —5.6 .4 —=5.8
1,4 - .5 —2.3

The reinforced shear panels were assumed to have sheet
twice as thick as the uniform sheet; the reinforced portions
of the coaming stringers were taken to have twice the area
of the uniform stringers. The applied bending moment M,
was taken as 100,000 1b-in.

The following comparison is noted for these illustrative
examples: In the case of coaming-stringer reinforcoment, the
maximum stringer load is increased, but the maximum
stringer stress is decreased (because stringer area is doubled),
and the maximum shear flow is not appreciably changed.
In the case of shear reinforcement, the maximum shear flow
is increased only slightly so that maximum shear stress is
considerably reduced, and stringer loads are not appreciably
affected.

II—DERIVATION OF PERTURBATION SOLUTIONS
ANALYTICAL APPROACH

Equations for the stress distributions arising from the
three perturbation loads illustrated in figure 3 are derived in
this part of the report. The perturbation solutions are
obtained by use of the principle of minimum complementary
energy. This principle states that, among all possible strcas
distributions in the structure which satisfy equilibrium and
the boundary conditions on stress, the distribution that most
nearly satisfies compatibility is the one which minimizes the
complementary energy «* where

' ork done by surface stresses) @
4

=Internal energy—| acting through the prescribed
surface displacements
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Since displacements are not prescribed anywhere on the
structure, the second term on the right-hand side of equation
(4) is omitted. The complementary energy becomes the
internal energy or stress energy of the structure.

In writing the equation for the stress energy, the following
factors are considered: the energy of axial distortion of the
stringers, the shear energy in the sheet, and the bending
energy of the rings in their own planes. Hach of the pertur-
bation loads is shown in its positive sense in figure 3.
Stringer loads are taken as positive in tension. Shear flows
are positive as shown in figure 11. Ring bending moments,
shear, and thrusts are placed on the ring element in figure 11
in the positive sense. The stress energy in the structure can
be expressed as

o m—1 5L
U=2] > [EA{JE_ (Pt;2+Pt:Pt+1.j+Pz+1.f)+§—Gt— Qu’:l—l-

tm—c jm(

™ 2
3 [ MG 9 de ©
where the integration over the length of a stringer between
adjacent rings has been carried out.

In the analysis to follow, stringer loads are expressed in
the form of a finite trigonometric series. Then, by using
the equations of statics, the shear flows and ring bending
moments are written in terms of the coefficients of this trig-
onometric series. The expression for stress energy, equation

be solved for these trigonometric coefficients. The solution
is then substituted back into the original expressions for
stringer loads, shear flows, and ring moments to yield the
desired distributions.

For convenience in application, the significant equations
are collected in appendix A.

PERTURBATION LOAD SOLUTIONS
CONCENTRATED PERTURBATION LOAD
Expression for stringer loads.—The concentrated per-
turbation load is shown in figure 3 (a); let P represent the
magnitude of this load. Since the structure is uniform and
infinitely long, half of the load goes into the portion of the
structure to the right of the ring where the load is applied
(ring 9=0), and half goes to the left of this ring. Therefore,
it can be seen from figure 3 (a) that, because of symmetry,

Piy=—DP-13 (’ig 1)
Qiy=q-i-1.5 (@=0) (6)
M(,¢)=—M(—1,9) (t20)

Consider the right half of the structure, including the ring
at ¢=0. The concentrated perturbation load gives rise to
stringer loads which are circumferentially symmetric about
stringer j=0 (see fig. 3 (a)). Thus the stringer load distribu-
tion can be represented by & series of the form

m __m-—1
(5), is minimized with respect to the coefficients of the trig- 2T 7 .
onometric series for stringer loads; then, the expressions for p“:,g;' Fx(3) cos ngé ™
the stringer loads, shear flows, and ring bending moments o momel
are substituted into the resulting equation. This process | where the notation > 22 means that the summation is
yields a fourth-order finite-difference equation which can : A = )
& AR
V =V, 3)
ds
/( ? _______ w{f,¢) -
\---“-«---:7’//'. #!.)‘ ‘;a,'”‘
Detail of ring element e oo oa !
< Bay 7=\ - ;
Ring element —
Cho S
- - —— "
Ring 7

Fraure 11.—Positive sense of quantities used in analysis.

413672—07——T79
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m. . m—1
carried over n from n=0 to 'n=‘—-"§'1f m is even and to n=—a—

if m is odd.

Evaluation of f4(3), f1(?), and f,(0).—Suppose that equation
(7) is multiplied by cos [j3 and summed over j from 0 to m—1.
This procedure yields

m —

m=—1 . 3 2 m—1 N .
Sopescosljs= 2 fa.(3) > cos ngs cos ljé
J=0 n=0 Jj=0
The sum over j on the right-hand side is, for Oénézg and
0=1=%
m—1

g cos ngs cos jé=0
m
=5 (1+5"°+6u, 322> (I=n)

(5n)

Thus the coefficients of the trigonometric series in equation
(7) are

2 =l .
fu(i) m(1+830+5n'2> %pii €08 N8 (8)
2

It is desirable first of all to determine those values of f.(2)
which can be found from consideration of the boundery con-
ditions and of the overall equilibrium of the cylinder. Con-
sider the equations of statics for the cylinder as a whole.
Satisfaction of equilibrium in the longitudinal direction
requires that the sum of the stringer loads-at any ring
station ¢ must equal one-half of the applied load P. This
condition is expressed as ’

m—1
Z:,; Pu=§‘

For n=0, equation (8) gives

1=l P
Joliy=ms 2 D=5 ©)

Moment equilibrium gives two equations, one of which is
automatically satisfied because of the symmetry of the
stringer load distribution around the cylinder. The other
moment equation is

m-—-1
?_] Py R cos ja=¥

=0

For n=1, equation (8) is

2 &l .. P
()=~ E Py €08 joi=— 10)

On substituting the values of f,(?) and f;(2) given in equations
(9) and (10), respectively, into equation (7), there results

m _m=1

—oF ———

P P . 2 2 .
p"=‘—2§+7—n— cO08 j5+ ’g fu(i) cos8 njﬁ (11)
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Consider now the boundary condition at ring i=0. The
stringer loads here are

P
Do=% Soy

and substitution of this expression into equation (8) yields

740) e — TPy (0s25%) a2
2

The equations of equilibrium and the boundary condition
at =0 have been used to obtain certain of the coefficients
of the trigonometric series for stringer loads. The remainder
of the coefficients are found by use of the principle of min-
imum complementary energy, and this is the next step in
the solution.

Expressions for shear flows and ring bending moments.—
In order to use the principle of minimum complementary
energy, the shear flows and ring bending moments must be
found in terms of the trigonometric coefficients f,(3). Shear
flows are determined by the consideration of the equation:
of statics of a portion of any stringer j between two adjacent

rings ¢ and i+1. The forces on this free body are shown in
sketch (a):
9yt
Py A— Pri,)
G ik
L
Sketech (a).

Equilibrium of these forces requires that
Pra1s—PosH(Qs— @140 L=0 (13

Substitution of equation (11) into equation (13) yields

m—1

—or ———

Go—qua=—7 3, VD@l cosnjs (14

El

In order to find gy, replace 7 with & dummy index % and sum
both sides of this equation over k& from k=1 to k=j; that is
write

mml
D e gad==F 5 VD10 2 cos ks

When the indicated summations over % have been carried out
the following equation is obtained:

o . .1
R Ll sinn (7+3)5_y
G—to=—F % FultD—10)| —— 5
n= Zsm?
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The term g, can be found from the condition that the total
torque on the section is zero. The resulting expression for
shear flows is
m m—
B 22 fu('z'+1) fu(i)sm n(_y—l— )8 (15)
n=3 2L s m

Qiy=—

Bending moments are caused in each ring by a tangential
loading which develops because of the difference in shear
flow in the sheet on either side of the ring. The tangential
load on ring 7 has the value

-’—g- or m; 1
Q=1 5=— 2 Al sm n (.7 + > (16)
=2 oL sm

2

In appendix B, this load is applied to a circular ring and the
bending moment in the ring is derived. This procedure
results in the following moment in ring ¢ (8eeeq. (B9)):

mml

M@~ "3 .,‘;?2 122 ? Ay fa(Q)Hy(n, ¢) (an

Stringer
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where

cos (rm-}n)é
Hies#= 22, Gt mtar—]

The sign convention for the moment is illustrated in figure
11; the convention for measuring the angle ¢ is shown in
figure 12 (a).

Energy analysis.—The stringer loads, shear flows, and
ring bending moments have now been expressed in terms of
the coefficients f,(z). The stringer loads are given in equa-
tion (11), the shear flows in equation (15), and the bending
moments in equation (17). These equations are used in the
minimization of the stress energy of the cylinder with respect
to £, (2).

By virtue of the symmetry properties of this problem
expressed in equations (6), the energy in the structure to the
left of ring 9=0 is the same as the energy to the right of
ring ¢=0. Thus, equation (5) becomes

o m-—1
U=27% g [_GT‘F-E @1:’+P¢1P1+1.1+P1+1.12)+12i2% _q_u’]-l-

im0 j=

e (* R U
2§J; &I (i,4)d¢

(a)
(a) For concentrated and distributed perturbation loads.

(b)
(b) For shear perturbation load.

Ficure 12.—Conventions for angular coordinate ¢.
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Note that A (0,¢) is identically zero because there is no
difference in shear flow across ring 1=0 and, therefore, no
tangential load acts on this ring.

Minimization of the stress energy with respect to f.(2) re-
sults in the following equation:

oU
o)
=’§[ @esn, sH4pubpis, ) Bt
= 6AE t+1, 1 1) 1, J. bf (’l:)

R3L Oquy dq.
(g" st ) [

oM (q,+1, ) oM(i, ¢)

M1, 2 as (8

The coefficients fo(¢) and f;(¢) are known already for all

values of %, and £,(0) is known for 0=n §—7g- Equation (18)
therefore needs only to be considered for =1 and n=2.
The expressions for the stringer loads, shear flows, and ring
bending moments are substituted into equation (18). Then
the following definite sums are needed (these can be obtained
by the procedure outlined in ref. 7):

’:E—: cos nj6=0 0<n<m) 19)

and for the integers n and [ restricted to the range 1=n -7;

and 1 élé?’
’;\__‘,_1 cos g8 cos nj6=0 {=n)
=0 20)
m /1445 (
=5 () =
and
mol | .1 . .01
Ssin 1§+ )osinn (45 )s=0 )

- e
=7 (Fhg) a=n

The following definite integral, which is derived in appendix
C, is also needed:

ﬁ " H, (v, §) Hy (0, 4) dg=0

_S T <l+5 m

(#n)
(22)

(I=n)
where

@ = 1
Su=r=2_mDm2=r_E_m (7'1TL+’IL)‘ [(rm—l—'n)’—l]’

and where n and [ are restricted to 2§n§7—;— and 2§l§—7271-
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A closed form of S, is presented in appendix C but the series
form converges so rapidly that it is usually more convenient
than the closed form for use in calculations.

After substitution of the expressions for stringer loads,
shear flows, and ring moments into equation (18), the use
of these definite sums (19), (20), and (21), and definite
integral (22) results in the following equations which express
the condition of minimum stress energy:

For =1,
Ja(@)+27,fn(2) + (28, — 1)fa (1D +2(Y,+1)f(0)=0 (23a)
and, for 122,

FaliH2) +27afa G 1)+2BJ,.('£)+27J,(~£—1)+j,.(f£—2)(=0b)
23

where

Solution of finite-difference equation—Equation (23b) is
a fourth-order finite-difference equation with constent co-
efficients. (Note that the symbol ¢ represents the index
of the rings and bays and should not be confused with the
usual notation for /—1 which never appears in this report.)
Equation (23b) corresponds exactly with equation (24) of
reference 8. The general solution is presented on pages 23 to
26 of reference 8 and on pages 28 and 29 of reference 9. If
may be written as

Ta(1) =(Fe7¥) [ aunban (D + ez hAan ()] +
(:i: 3"" ! [aSHAIn('i)'l- ainAﬂn(i)] (n g 2) (24)

where the upper sign is used when v,<{0 and the lower sign
when v, >0. The values of A are as follows:

For D=2 >,

A.l,;(’l:) =CO0S ’iX,,

Agu(’l:) =Sin 'ix,.

where

__l —1| Bl
T
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For D,<1,
A (?) =cosh X,

AQ“(?:) =Binh ?:X,

x.=é cosh~1 [5,2—1 /(ﬁn;-1>’_7”a l

For D,=1,

where

A=1

Ag.=i

In the inverse trigonometric and hyperbolic functions, the
principal values are used. The argument ¥, of the exponen-
tial function is given by the positive branch of

El’u:"l?: cosh! [6'2_-1 } "(ﬂng-l)z‘-')’nz I

At a large longitudinal dis'i;it{rice from the applied load, the
stringer loads should approach the elementary distribution
given by the first two terms of equation (11); consequently,
for n22, f,(i) approaches zero as 7 approaches infinity.
The first term on the right-hand side of equation (24)
satisfies this condition; however, the second term does not
and, hence, must be omitted. The solutions, then, that are
compatible with the boundary conditions at infinity are:

Ta ('i)= g-nt [onadin (7:)+ azquu('i)]

(nz2) (25)
where
$a= ie_‘p"

Now the arbitrary constants a;, and oz, are determined.
The first, oy, is obtained immediately. Substitution of
1=0 into equation (25) and use of equation (12) to evaluate
Fx(0) yields

fu(0)=a1n= P

m<1+6ﬁ§>

Substitution of equations (26) and (25) into the boundary
equation (23a) yields

— 91,,+2:('Y,,+ 1) P
2n On m(l +am,,>
3.

(nz2) (26)

where

eln=§'n3Am(3) +2'Yn§‘n2Au(2) + (2ﬁn— 1)§‘:Au(l) (8= 1’2)

The solution for the concentrated perturbation load is now
complete since the coefficients f,(¢) are completely defined
and may be substituted into equation (11) to give the
stringer loads. The shear flows can be found from equation
(15); however, once the stringer loads are known, it is simpler
to calculate the shear flows by the use of the equations of
statics. Because of symmetry, the shear flows in shear
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panels adjacent to stringer j=0 are given by

Gro="3, _1=P10—2Pt+1,o

All the other shear flows can be found by the use of equation
(13). If desired, the moment distribution in the rings can
be computed from equation (17) and the thrust and trans-
verse shear in the rings can be found from the formulas
given in appendix B.

DISTRIBUTED PERTURBATION LOAD

Expression for stringer loads.—The distributed perturba-
tion load is shown in figure 3 (b); let S represent the magni-
tude of the total force distributed along stringer j=0
between rings =0 and t=1. From figure 3 (b) it is seen
that
(Gz1) (272)

(Gz1) (27b)
G21) (27c)

Pyy=—DP-141,4
Q15=q-1,5

At ring ¢=1 and to the right of this ring, the stringer loads
can be represented by a trigonometric series of exactly
the same form as equation (7)

m m-1

2% 3

D= ’E Ja(®) cos ngs (28)

except now 221, and the coefficients f,(7) are different from
those obtained for the preceding case of the concentrated
load.

Evaluation of f,(2) and f;(¢).—As in the preceding case, the
first two coefficients f3(?) and £1(Z) can be obtained from the
equations of statics, and the results are the same as before.
Equation (28) becomes

m _m—1l
S.,S . 3T I
p"=2_m+7n_ cos jé+ nzn)a fa{@®) cosngs (i=1) (29)

With the concentrated perturbation load, all the coeffi-
cients f,(0) were easily found because the stringer load
distribution at ring station =0 was known. Here no such
distribution is known. In order to determine the boundary
condition at bay =0, the effect of the distributed perturba-
tion load on the equilibrium of portions of siringers in this
bay must be investigated.

Expressions for shear flows and ring bending moments.—
Away from bay 7=0 the shear flows and ring bending mo-
ments are of the same form as for the concentrated load.
The following expression for the shear flows is obtained
by use of equation (13):

m _m-—1
22 £G4 —ful) . .1 .
qy=— >y T Yana(j4+z)s  G21) (30)
1 nm2 of. si %5 ( 2)
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The ring bending moments are obtained in appendix B as

LS
MGp=—"3 22 L MROR) G2 6

where

E cos (rm-+n)¢

Hnd)= 2, Gt nplemtay—1]

:The applied force in bay i=0 may be written as S5;. Con-
sider, now, the equilibrium of & portion of any stringer j
between ring ¢=0 and ring ?=1. The forces on this free
body are shown in sketch (b):

9ot
— - Ao/

Poy Py

9o,71L

L

Sketch (b).
Equilibrium of these forces requires that
P1;—Pos+ (gos— go.s-1) L—S3,;=0

Because of the antisymmetry property expressed in equation
(27a), the equilibrium equation becomes

2p15+ (Qos— Go.3-1) L— Sdpy=

It is convenient, now, to expand the Kronecker delta &; in
a finite trigonometric series,

(32)

m _m—1
23

>, dycosngd
ne=0

(33)

doi=

Multiplying through by cos lj§ and summing over 7 from 0 to

m—1 yields the trigonometric coefficients d,. The result is
2
ST ) (34)
3.
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Substitution of the expression for stringer loads (equation
(29)) and the frigonometrie expansion for &, (equation (33))
into the equilibrium equation (32) yields

m _m—1

12 3 .
or—o.j—1=F ’é [Sd,—2f,(1)] cos ngs

In order to find gy, this equation tan be treated in the same
manner -88 equation (14); that is, replace 7 by a dummy
index %, sum from k=1 to k=j, and then use the condition
that the total torque on a cross section in bay i=0 must be
zero. This procedure results in the following expression for
the shear flows in bay i=0:

LNE S 5 Sd—f,)

Qo=

n=2 Ls m2

sinn (.7+—> (36)

The expression for the bending moment in rings i=1 and
2=0 is yet to be found, as this expression differs from that
for the moment in the rest of the rings given in equation (31).
The moment in ring 7=0 is the same in magnitude as that
in ring i=1 but opposite in sign. The tangential loading
on ring ¢=1 is given by

m—1

T s o
Qu—Jor=— E £@-3, "(lf,js'Sd"smn(H%)&

= 2L sin —

2

By analogy with equations (16) and (17), then, the bending
moment in ring 7=1 can be written as

m—1

2

MO, 9=—"3% ZR1H@—3.0+SLIH w4

3

(36)

All the stringer loads, shear flows, and ring bending
moments have now been expressed in terms of the coefficients
fn(@). The siringer loads are given in equation (29), the
shear flows in equations (30) and (35), and the ring moments
in equations (31) and (36). The next step in the analysis
is the substitution of these expressions into the equation
obtained from minimization of the stress energy of the
cylinder with respect to f.(3).

Energy analysis—By virtue of the symmetry properties in this problem given in equations (27), the energy in the struc-
ture to the right of bay i=0 equals the energy to the left of this bay. Equation (5) for the stress energy can be written

RsL

U=mp <6AE P+ oGt I >+2 1}__‘,1 P2 [6AE' @4 +DisDe, ;+p;+1,,’)+ Gt !Zu :|_|_2 i‘,f

S MAGede @)

Minimization of the stress energy with respect to f4(¢) results in the following equations:

U | RSL 0qy |

of1)~

op, d¢o * R OM (2,4) M (1,4
—0=3 [ 5E@rrtp) ot i (2 gt o) [+ [ 2 122,00 200001, 555 a9
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and
aU m—-l ap“ .R(SL
S0 55 AR et mirt v ) o G
. .. OM(3,¢) . oM(i—1,4)
MG, 9) 57 05 HM—1,9) 55 dé

Note that equation (39) is the same as equation (18), except
that equation (39) is valid only for :=2.

The stringer loads, shear flows, and ring moments are
substituted into equations (38) and (39), and then the
definite sums and definite integral derived in the preceding
section are used to simplify these equations. After simpli-
fication, the following equations result:

For i=1,

Tn 3)F©275—1) F2 @)+2(Bs—y) fx (1)=5d, (W)
(40a)
For =2,
F(42) F2¥nTn(3) F2B:fn(2) + @¥a—1)fa(1) =—Sd,
Tor i23,

Ja(i42) F2vafa(141) +2Bafa(3) +27afa(1—1) +f2(:—2) =0
(40c)

(40b)

Solution of finite-difference equation.—Equation (40c)
is the same as equation (23b); therefore, the solution to
equation (40c) is

fa(’i) =§'ui[aluAlu(i) +¢12nA25(?:)]

which is the same as equation (25) except for the values of
the arbitrary constants e, and oz.. These constants are
found by the substitution of the solution (41) into equations
(40a) and (40b). This procedure yields two simultaneous
algebraic equations in a;x and aa., and their solution gives

(n22) (41)

ﬁ,—‘]:')’,—z
I‘ﬂn 3 +Qin 2S

n= Qlu r?n_rln nﬂn m(1+8ﬂ 2)

—4Y,—2
D1a+T1n ﬁ—3—" 28

Qi Toy—T1a82 ‘m<1+5n' _1;)

=

where d,, the coefficient in the trigonometric series for the
Kronecker delta &;, has been replaced by its value as given
in equation (34), and where the @'s and I'’s are given by

Qon={a"M4a(3) + (2')';_ 1) Ea?842(2) +-2(Bx—7a) $alan(1)
(s=1,2) (42a)
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0qyy D $—1,4 oM (i1, 95)
% 57, T4 af,(o>]+f 7| MGt,0 2 3709

(122 (39

r:n=§n‘An(4) +2'Yn§_u3An(3) +2Bn§‘uzAm(2) +
(2')’1:'— 1) g uA:n(l) (8 =1 )2) (42b)

The coefficients f,(2) are now defined for the distributed
perturbation load and may be substituted into equation (29)
to give the stringer loads. The shear flows can be found
from equations (30) and (35), but, again, once the stringer
loads are known, shear flows can easily be found by use of the
equations of statics. The shear flowin the panels adjacent to
stringer =0 can be found by considering symmetry:

In bay =0

S—2
Joo="qo, -.1= 5 pr

and, outside of bay 7=0,

Gu=—¢, _1=P__1o—2%+1, ?

(21)

The other shear flows are found from equation (13), as before.
If desired, the ring moments can be obtained from equations
(31) and (36) and the ring thrust and transverse shear can
be found from the equations given in appendix B.

SHEAR PERTURBATION LOAD

Expression for stringer loads.—The shear perturbation
load is shown in figure 3 (¢). The magnitude of the load per
unit length applied along the stringers and rings bordering
shear panel (0,0) will be represented by Q. From figure 3(c)
it is seen that the longitudinal symmetry properties in this
case are the same as those for the case of the distributed
perturbation load given by equation (27).

The shear perturbation load is self-equilibrating and gives
rise to stringer loads which are antisymmetric about panel row
j=0. For =1, the stringer loads may be represented by

m m—l
25—

pu=" 3, f@sinn(j—3) «3)
where the coefficients f,(?) are different from those in the two
preceding cases. The term corresponding to n=1 vanishes
because it represents an elementary bending stringer-load
distribution, and the shear perturbation load does not require
thig distribution for overall equi]ibrium.

Expressions for shear flows and ring bending moments.—
None of the coefficients f,(¢) in the trigonometric series (43)
can be found from the equatiohs.of statics. Furthermore,
the boundary condition at bay 1=0 must be determined from
a consideration of the effect that the shear perturbation load
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has on the equilibrium of the portions of stringers in bay
1=0 and on the bending moment in the rings bounding this
bay. Thus the energy approach must be used immediately
and the first step in this approach is to write the shear flows
and ring moments in terms of f.(t), the coefficients of the
trigonometric series for the stringer loads, equation (43).

Outside of bay 1=0, the satisfaction of the equations of
statics for the portions of stringers between adjacent rings
yields equation (13), the same as in the two preceding cases.
Substituting equation (43) for the stringer loads into the
equilibrium equation (13) and following the same procedure
used to obtain equation (15) yields the expression for the
shear flows due to the shear perturbation load:

m m—l

f(z+1) .('L cos njs

n-:-2
oL sin & 2

Gz1) (49

The tangential loadings on the rings to the right of ring
1=1 are

m m—1
T A .
Q—Q-1,5= 2 “f" (O 5 €08 73
n=2 22:

2

In appendix B this load is applied to a circular ring and the
following expression for the moment in the ring is obtained

(see eq. (B13)):

. 7 m‘*’_l R*m .
MGH=— 3 7 Md@OHme (22 @)
where
gin (rm-4-n)¢

Hz(n;‘ﬁ):rgm (=1 rmIny[rmtny—1]

The convention for measuring the angle ¢ here is a little
different than before and is illustrated in figure 12 (b).

Now, the shear flows in bay =0 and the bending moments
in the ringd-bordering bay =0 must be found. Consider
the shear flows in this central bay. The shear perturbation
loading applied at bay ©=0 may be written @8; Then the
forces on the portion of any stringer j between ring t=0 and
ring =1 are as shown in sketch (c):

9t PRt -

Sketch (c).
Equilibrium of these forces requires that

P1;—DPost ‘Gos—qo, 1-1) L+ Q(8g, j-1—805) L=0
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Because of the antisymmetry property, equation (27a), the
equation of equilibrium becomes

2p15+ (go;— o, 3-1) L+ @ (50, 51

The substitution of the stringer loads (equation (43)) into
the equilibrium equation (46), and the introduction of the
trigonometric expansion for the Kronecker delta &, (equation
(33)) yields the following equation:

—80)L=0 (46)

1;3 m—-l
Z 21 (1) smn(j-—— —

m__m—1

-—OI.'——

1)d—cos j5]— }:‘, Qd, [cos n(j—

1
—qo,7-1 =T

Qd, [cos (5— 1}8—cos n79)
Now ¢os can be found by replacing 7 with o dummy index k,
summing over k from k=1 to k=4, and using the condition
that the torque on & cross section within bay =0 balances
the applied torque. This procedure results in the following
equation for the shear flow in the central bay:

m m—l
—Oor ——

qoy=@do+Qd, cos jo+ ’ nZ) <

Lm—2~

1x(1) +Qd,.> cos njs (47)

Consider the bending moment in rings 4=1 and =0.
The moment in ring =0 is identical in magnitude to the
moment in ring ¢=1 but of opposite sign. The tangential
loading per unit arc length on the portion of ring i=1
between stringer j and stringer 71 is illustrated in sketch

(d):

0§\°f G stringer /+1
b
%oy %/
h G siringer /
Sketch (d).

When these tangential loads are added and the series ex-
pansions for g, ¢, and &; are introduced, the total load
per unit arc length on ring =1 is given by

m _ _m—1
—-01'

' 12(2)—3fx(1)

n=2 'n
2L sin 5

Q5o+ Qo= cos njé

By analogy with equations (16) and (17) the bending moment
in ring i=1 is
2 m—1

Muo=—"3% BFULO-3L0IHey @)

Expressions for stringer loads, shear flows, and ring
moments have been written in terms of the coefficients
fx(@. The stringer loads are given in equation (43), the
shear flows in equations (44) and (47), and ring moments
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in equations (45) and (48). These expressions are ready to
be substituted into the equation which results from mini-
mizing the stress encrgy with respect to £,(3).

Energy analysis.—Because the longitudinal symmetry
relations which exist for the distribut;e&: perturbation load,
equations (27), also exist in the case of the shear perturbation
load, the stress-energy expression used in the distributed-
load problem can be used here. The expressions obtained
on minimizing this stress energy, equations (38) and (39),
are also applicable here. Consequently, the stringer loads,
shear flows, and ring moments just derived are substituted
into equations (38) and (39). At this stage in the two
preceding cases, certain definite sums and a definite integral
were introduced to simplify the equations. A similar proce-
dure is followed here.

The definite sums which are of interest are

mol .1
> sin n(j——§ =0

=0
and for the integers » and [ restricted to the range 1<n=< %
and 151< %
m—1
>, €os 78 cos njé=0 (In)
j=0
m
=3 (1 +8“’%> (I=n)
and
nol .1 . .1
2>,8inl j—3 )8 sin n(_y—-?:> =0 (I5=n)
i=0
m
=146 ,, =n)
z ()

The required definite integral, which is derived in appendix
G, is
2x
|7 B, 00 p26=0 (n)

=S,7 (1 —I-Ba, Z)

2

(=n)

where n and ! are restricted to 2§n§% and 2=I<

ro| 3

After simplification the following equations result:
For i=1,
JaB)F@7a—1)fx(2)+2(8,—7n) (1)
_ Ba—4¥,—11\ . nd
——2L0d, (B2 )sin
For i=2,
Ja(8) +27ufa(3) +284f2(2) + 2va—1)f2(1)=0
For 123,
Jn(it-2) 4 2vnfu(i+1) +2Bnfu(8) +2v4f 2 (i— 1) +fa(1—2) =0
(49¢)
Solution of finite-difference equation.—Equation (49¢)
is the same finite-difference equation for which the solution
is written in the two preceding sections. Substitution

of this solution, equation (41), into equation (49a) and (49b)
413672—57——80

(49a)

(49b)
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gives twd“éi'multaneous algebraic equations for a;, and e,
the arbitraly constants. Solution of this system yields

Ba—4Y,—11 . nd

. Tz, 3 SIS 4L
In Qixlon—T100, m<1+6,'g)
2
e—47,—11 . nd
o _I“"ﬁ 3 Y05 4gr
s ﬂlnr2n_rlnﬂiu m<1+6n.5)
2

The @’s and I's in this case are precisely the same as in the
preceding case of the distributed perturbation load; Q,, is
given by equation (42a) and T,, by equation (42b).

With the coefficients f,(¢) known for the shear perturbation
load, the stringer loads are obtained from equation (43) and
the shear flows can be found from equations (44) and (47).
For panel row =0, the shear flow equations become

m __m—1

27 fGED—£.0)
Qo= 2, "B 2mY .
v 2L sin 22 (G21)
and
m __m—1
3Q,7°7 [ fD) 2Q
Q=27+ 2, +
v n=2 [Lsin%s m(1+6m%>j|

When the shear flows in panel row j=0 are known, it is
simpler to compute the remainder of the shear flows by use of
the equations of statics rather than equations (44) and (47).
In shear panels (0,1) and (0, —1) adjacent to the loaded panel,
the shear flow is given by

_ . 2pu+QL
go1=4qo, - 1= !Zoo""—z-l—

All the other shear flows are found by use of equation (13).
Xf desired, the ring bending moments can be found from
equations (45) and (48) and the ring thrust and transverse
shear can be cealculated from the formulas given in ap-
pendix B.

LIMITING CASE OF RIGID RINGS

If the ring bending stiffness is allowed to increase indefi-
nitely, the rings approach complete rigidity in bending, the
parameter C approaches zero, and a considerable simplifica-
tion results. For this limiting case, equations (23) for the
concentrated perturbation load reduecs to

D=2 22 @ 4G—D=0  Gz)  6O)

where
A,=8B&—1-4cos néd

B,=3B5*+2(1—cos n8)

This can be shown easily by multiplying equations (23)
through by C and allowing C to approach 0. Equation (50)
is 8 second-order finite-difference equation with constant
coefficients. The same equation, together with its general
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solution, is given in reference 9, page 31. The solution
compatible with the boundary conditions at infinity can be
written as

fu(i)=an(:l:3_)"){ . (51)
where
—|Bs
cosh A= Z

and where the upper sign is taken when A4,>0 and the lower
sign when A4,<0.

The arbitrary constant «, is determined by evaluating the
solutions, equation (51), for =0 and introducing the value
of f»(0) given in equation (12). The result is identical to
o given in equation (26)

n=z=2)

P
G )
2

Equations (11) and (15), the expressions for stringer loads
and shear flows, respectively, used before in the case of the
concentrated perturbation load are still valid. The substi-
tution into these expressions of the solution (51) with the con-
stant «, as found above yields the stringer loads and shear
flows due to & concentrated perturbation load when the rings
can be considered rigid.

For the case of the distributed perturbation load, equations
(40) reduce in the limit to

(— AN () + 2BatA)f(1)=3B8Sd,
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For the shear perturbation load, equations (49) reduce to

no

(—A) fe (2)+(23 A4 f,(1)=—6LQd,Bs sin 5

fz(’i+1)_2 ifn(i)"l'fn(z_l):o (’522)

The solution is again equation (51) and «, becomes

g - N
o 12B5% sin 5 QoL
A(Le ™+ m (l—l-?n, %)

CONCLUDING REMARKS

A method is presented for the stress analysis of circular
semimonocoque cylinders with cutouts. It is most accurate
in problems where the cutout is located far from external
restraints. The loading may be any combination of torsion,
bending, shear, or axial load. Other loadings are permissible
if the stress distribution in the cylinder without a cutout is
known.

The method of analysis is based on the superposition of
certain perturbation stress distributions to give the effects
of the cutout on the stress distribution which would exist
in the cylinder without & cutout. The equations for the
three necessary perturbation stress distributions are derived
in this report, and tables of coefficients calculated from these
equations are presented for & wide range of structural prop-
erties. Ring bending flexibility is taken into account in the
tables. The tables refer to a structure having 36 stringers,
but they can be used for cylinders having any number of

. \_oBx . N . stringers by redistribution of the actual stringer area into
HEAN—=2 ZHO+HE-1)=0 (@232 36 fictitious stringers. Sample calculations utilizing the
tables of coefficients are presented to illustrate the analytical
The arbitrary constant «, in the solution (51) is procedure.
6B S LaNGLBY AERONAUTICAL ILABORATORY,
ay= = NaTIoNAL ADvisorY COMMITTEE FOR AERONAUTICS
A(Fe =) m(1+s . '
(ke=+1) m( + ,.,.2.> LaxerLey Frewp, Va., March 2, 1956.
APPENDIX A

SUMMARY OF SIGNIFICANT EQUATIONS

The formulas and parameters required for computing the
stress distribution due to concentrated, distributed, and
shear perturbation loads are collected in this appendix for
reference.

STRINGER LOADS

Concentrated perturbation load (see fig. 3 (2)):

m _m—1
ool
Pt oS jirt 3 fu@ cosngs G20
where P is the applied load.
Distributed perturbation load (see fig. 3 (b))
E m —-1
2
Py =5— -I— cos 76+ E fx (@) cos ngs Gz=1)

2m " m

where S is the total applied load.
Shear perturbation load (see fig. 3 (c)):

(iz1)

SHEAR FLOWS

Concentrated perturbation load (see fig. 3 (a)):
For the shear panels in panel row =0,

__Dw—DPis1,0
W=""3r

and, for the remainder of the shear panels,

!Zu=p{'j—_%’+ q1,3-1 (.7 =1)
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Distributed perturbation load (see fig. 3 (b}):
For the shear panel (0,0),

_S8—2py
T

for the remainder of the shear panels in panel row =0,

qo=PPHLY (iz1)
and, for all other shear panels,
!lu=L£{H"‘j+ q1,5-1 (7=z1

Shear perturbation load (see fig. 3 (¢)):
For the panel about which the load is applied,

m _m—1

002217 ZT[ 5@ . 29 ]

1
m =2 Lsin%a m 1+5n’%

for the remainder of the shear panels in row j=0,

m _m—1
—-—or——

2 22 F2 G114

Jro= (=1
n=2 2L sin n
2
for the shear panel (0,1),
2
q01=qm__z#fd

for the remainder of the shear panels in panel row j=1,

Qt1=p‘£%ﬂ'-l+fbo (=1)
and, for all other shear panels,
Qu=£‘%)i+—u+ qi,5-1 (1=2)

EVALUATION OF THE TRIGONOMETRIC COEFFICIENTS /.(!) FOR FLEXIBLE
RINGS

Basic parameters:

Auxiliary parameters:
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Discriminating parameter:
Trigonometric coefficients:
. A=t [osabin(®) +asalon()] (n22)

S=— lz_:[ €%

Ay (3) =08 Txx (Dx>1)
=1 (Da=1)
=cosh 7y, D.<1)

Aga(Z)=8ID ixa D.>1)
=1 Dx=1)
=sinh ix. D<)

x,,=% cos™! [B "2— 1-——\/ (B";— 1) —7d | D>1)
=% cosh‘f [‘B "2_ 1‘ W | D.<1)
¢.=% coshl:\.‘1 [‘B"z_ 1 FW |

Arbitrary constants for concentrated perturbation load:

P
G
2

01, 12(7x+1) P
Oy m(1+6"%)

where P is the applied load and
O4a= g',aA,,, (3) +27.§',2A,,,(2) + (2ﬁn_ I)I,A,,(l) (8= 1’2)
Arbitrary constants for distributed perturbation load:

r2n B‘——.%E‘I'Q?n

a2 ﬂ.=

Y 28
= anrﬁn_rluﬂz: m<l+5" m)
"2
ﬁu_47n_'2
Ql-+rln 3 2S
Ogn=—""

Q17 T2y —T1x B0 m(l+8ﬂ.5>
32
where S is the total applied load and
Den=Fwhen(3) + (27— 1) §?A0x(2) +2(Ba—7s) g.nA:u(]-) (8= 1,2)

To=¢ n‘Au(4) F2vaf when(3) 12848 u’A:n(z) + (2')’1_ 1) ¢ nAu(l)
(s=1,2)
Arbitrary constants for shear perturbation load:
Ba—4Y,—11 . nd
w3 sm o
Qlurﬂu_rluﬂi:

T 4QL

m(1+8m%)

A p=—"—
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Ba—47,—11 . nd
~ 3 3y
Qlurml_'rlngin

I‘ln 4Q.L

.m(1+8n‘¥>

where @ is /the applied load per unit length.

Qgn

EVALUATION OF THE TRIGONOMETRIC COEFFICIENTS 7.({) FOR RIGID
RINGS

Basic parameter:

B=

ol &
| R
I

Auxiliary parameters:
A,=3B§—
B,=3B&#+2(1—cos nd)

As=cosh™! L%

1-4-cos né
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Trigonometric coefficients:

A, ¢
fa()=an (m 6"7‘")
Arbitrary constant for concentrated perﬂurbation load:

P
“'—m(1+sm2)
2

Arbitrary constant for distributed perturbat.ion load:
6B4*

a (B ) )

Arbitrary constant for shear perturbation load:

s in ™
12842 sin 5 QL

A (i o) ")

APPENDIX B

BENDING MOMENT, AXIAL THRUST, AND TRANSVERSE SHEAR IN RINGS

Expressions will be developed for the bending moment,
axial thrust, and transverse shear in a circular ring under
tangential loads such as those which arise from the differ-
ences in shear flow across a ring in & circular semimonocoque
cylinder.

Two cases must be considered: One case occurs with the
concentrated and distributed perturbation loads, where the
ring loading is antisymmetric about stringer j=0. The
other case occurs with the shear perturbation load, where
the ring loading is symmetric about panel row j=0.

CONCENTRATED AND DISTRIBUTED PERTURBATION LOADS

For the concentrated and distributed perturbation loads,
the tangential loading on ring ¢ has been written in the form
of & finite trigonometric series (see eq. (16))

m m—-l
2 or ———
Foy=quy—qi-1,5—= 2 bay sin 7 <.7+—> ) B1)
where
bni=—" A“fﬁ(’i) (n g 2)
. N
2L 81 ?

This ring load has a stepwise variation around the ring, being
constant between stringers and having jump discontinuities
at the stringers. The limitation that n=2 ensures that the
ring is in equilibrium.

The procedure will be to expand each term of the series
(B1) in an infinite Fourier series in the variable ¢. For each
harmonic of the Fourier series, that is, for a continuous
sinusoidal tangential force distribution on the ring, the
moment, thrust, and shear in the ring are easily found.
(See ref. 8, p. 33, for example.) On the basis of inextensional
deformation and the neglect of transverse shear distortions,
the results are as follows: If the tangential load on ring 7 is
given by

Gns COS NP+ by sin N (R22)

then the moment, thrust, and shear in this ring are, respec-
tively,

- 2 3
M,QG, p)=— ‘- (nR’ ) sin né+bay % cos ng
. - R R
Ta(i, §)=—Tns 57 n8in n¢+b.¢ —neosné (B2)
Va(, §)= a,,, R —7 ¢0s Nd~Dt TR—l sin n¢ J

Figure 11 shows the sign convention used in writing equea-
tions (B2).

Consider, now, one term of the series (B1). To expand
this term in a Fourier series, write
buc i 1 (43 ) 0= 33 @t sin 6 (B3)

where the (¢;) s are the Fourier coefficients. It is obvious
that the first harmonic which will occur in the Fourier series
in equation (B3) must be that for which »=n. The other
harmonics, then, will be added to this to build up the step
shape of the loading function. The convention for meas-
uring angle ¢ in this case is illustrated in figure 12 (a). The
index j can be thought of as a function of ¢, that is: when
0<¢< 3, 7=0; when <{¢<C 23, 7=1; and so forth.

In order to earry out the expansion, equation (B3) is
multiplied through by sin I¢ and integrated from 0 to 2=

m—1 LD
= f Bt s'mn<j+l>a sin ¢ dé
=0 Js 2
2x @
=], 2 (¢ sin7¢ sinlg de
After integration, the right-hand side of this equation

becomes
(cl)nﬂr



STRESS ANALYSIS OF CIRCULAR SEMIMONOCOQUE CYLINDERS WITH CUTOUTS

by virtue of the orthogonality of the trigonometric functions.
The left-hand side becomes

2 sm

T b,,, mz_lsm n(g—l—) §sin l(g—l~) 5

on carrying out the integration. From reference 7 it can
be shown that

ﬂf}l sin n (g-l—) Bsml(_7+2> b
_m [(—1) i 1y Jz+n]

where J,=1 if A is an integer, and J,=0 if & is not an integer.
Thus the Fourier coefficients are given by

Slll

[(—1) Jz—n—(—l) Jl—l—n]

(Oz)m:;n—_ bus

The nth term of the tangential loading on the ring is
bue sinn (j-l—%) )

m Hn SiIlE .
== b2 [(—um.fz_n—(—l) Jz+n] rsinle (B4)

By use of the properties of J; this summation can be re-
written

. ., 1 m [“ sin(rm-l—n)% .
- smn<g+§>8=-;b,, Z_;,(—l) R —— rm+-n)p—
) sin (rm—n) § :]
g;, (—"1)r ——rm__—n——‘ s1n (rm—n)qb (B5)
On expansion by the sum and difference formulas of trigo-
nometry and with the use of the fact that mé=2r, it is
found that

—1) sin o

gin (rm-n) %= 5

(B8)

sin (rm—n) —;%=(—1)"l~1 sin%a

When equations (B6) are substituted into equation (B5),
the following relationship results:

,,smn<g+ )6— s sinna[!

e 8in (rm—n)¢
2 rm—n

rm—n

sin (rm+n)4>
T rm¥n

—Mp, a3 SOmime gy,

rm—+n

ra—w

From the first of equations (B2) it is seen that if the
tangential loading on the ring is given by the right-hand
side of equation (B7) then the bending moment in that
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ring is

M, (i, 6= 2 by sin 2 H, (n,4) (B8)
where

_ cos (rm-+n)s
9= 22, G frmA =T

Equation (B8) gives the bending moment in & ring which
carries a tangential load distributed according to one term
of the series of equation (B1). When the ring is loaded by
the sum of such stepwise terms, as in equation (B1), then
the moment is g1ve11 by 8 sum of terms hke (B8). The
bending moment in ring ¢ is therefore

—or 111—1

M (’L,qb)— E R b,,, sin 22 H1 (n,¢) (B9)

For completeness, the expressions for axial thrust and
transverse shear can be written in a similar manner—

2ot
2

T('L,qS)"‘ Z R — bni SID. Kl (nyd’)
__ﬂ‘l_ m—l
PRl .. N
V(@,¢)= E rZ — bas 8in 5~ Ly (n,6)
where
K= 33 it
sin (rm+-n)¢
Lt~ 2 Gy oyl
SHEAR PERTURBATION LOAD

In the case of the shear perturbation load, the tangential
loading on ring 7 is given by the finite trigonometric series -

Fy=q—qi-1,,= nz_‘,z @i €OS NJ6 (B10)
where
Gnt=—ALf'(—2'6 =2
2L sin 5

Equation (B10) can be treated in & manner analogous to
the handling of equation (B1). That is, each term of the
series in equation (B10) can be expanded in a Fourier series.
Then the moment, thrust, and shear in the ring are written
immediately.

Analogous to equation (B3), write
(B11)

ni €OS 7fd== 3 3(C)n1,C08 7'¢
TN

where, now, the angle ¢ is as shown in figure 12 (b). If both
sides of equation (B11) are multiplied by ‘cos /¢ and inte-

~grated from 0 to 2, there results for the Fourier coefficients:

. I3
2sing
(C)a=——5 @ns 2> cO8 NS cOS I55
xl i=0
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It can be shown (see ref. 7) that Similarly, thrust and shear are
mz_)lcos nj8 cos lgs—— Jl—n+Jz_.|._> ol s
T(’Z:,(,’)) - Z R (l,,{ sin 'E' Ka(’n,tﬁ)
so the nth term of the tangential loading on the ring is d
1 l5 - m __m=1
. m had SID.E ER m né
ans 003 15— 0 33 (Ticat Jiss ) = c05 1 (B12) Vig= 3 BT ausinG Ling)
This summation becomes where
né 2 . sin (rm-+n)¢
s cosnjo=T ausin g} 33 (—1y ST Hin$)= 20 0 Gataylemtn—1
which corresponds to equation (B7). Then the bending K — X (_qy Sinmtn)d
moment is #n,9) T-E—a: =D (rm+ny—1
g 2ol
Mig=— 3% BZasnPHme @) Ling= 3 (—1) ottt
APPENDIX C

EVALUATION OF DEFINITE INTEGRALS

In order to minimize the stress energy it is necessary to
investigate the following definite integrals:

f “H, (n,6) By (,9) dé
= [ 32 Doncos pmtmé 33 Durcos e+ éds (D)
and
f “H, (0,¢) Ha () do
=], mE_m(—l)’Dmsm(Tm-l-n)sb 33 (—)*Dasin m+-Ddds
©2)
where

Do 1
™ m+n)® [emAn)y—1]

and where integers n and ! are limited to the following ranges:

2=n

IIA

SENE

2=l

Consider the relation (C1).
written

The right-hand side can be

1 i i DDy I:j:rcos m4-n—sm—0¢ do-+

fm—m g=—o

J;zr cos rm+ntsm—+D¢ dqb:l
1

fm—m $m—o

=§ i E DuD:l (Brn+ﬁ-;m#+8ru+n, —ln—l) 2%

Now, by virtue of the limited range of the integers » and /.
the following relations can be written:

8m+n. :m+l=5,' ,_l;l=5rr51n
™

Brn+u. —:n—-l=5,' _,._1_+_1_l=5c. —r—la,, _15_5,,' m
m 7 7

Thus, when 2§n<—7§1 equation (C1) yields
2x
[ B o009 d—0
=3 Dpir=Syr

rm—cw

(n)
(=n)

If n=%; the following equation is obtained:

2x ©
f H, (%, ¢> H, (%, ¢> dp= 2 (Dr, WD, ED_,_Lﬁ)w
0 ro—o 2 2 2

Since

Do (—m—'m@”[z—m-m%)’“]
IS 9]

:*
w3

m
2

2
f o, (% ¢) o, (% ¢> dg=2 33 D_
0 re=—co

it is found that when n=+

'7T——2Smﬂ'
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To summarize, then,

ﬁ * H i, ) Hy(l, $)ds=0 @n)

= ,7(1—1-5”'2)

Consider the relation (C2).
analogous to the treatment of (C1).
written

(I=n)

It is handled in a manner

Equation (C2) can be
ar

|7 Bmam,H

@ © 1
= Z E (_l)rDru(_ 1).Dal 'é' (8m+u, m+l—8m+1¢. —m—l)Zﬂ'

fm—c gom—0

= i i (—'1)’('—1)'D,—,,D,;(8"6,;—5,_ —r—lsn'gazﬂ T
'2

rm—m fom—o 3

For 25 n<1nz-;
2
fo Hin,¢) Hall, )dd=0 (In)
= i D,,"B’=S,1r (l=n)
If n=’-;l',

[ o) m(5 o)

= 5[0, 5~ DT
2 2

n
rT=—w g

=3 [Dn *—(—1)—11),.%217

rm—cm

Lk

©
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Thus the definite integral (C2) gives precisely the same
result as (C1)

I “Hyn, ) Ha(l, )dg=0
=S,r <1 —I—5m 2)

{I=n)
=n)

The sum

o . 2 1
Sw= 23, D= 20 ey em =17

can be expressed in closed form with the aid of formula
6.495, number 2, reference 10. The result is

8t 24-cosmd | 8 8 cos né cos §—1

S"_12 (1—cos nd)® ' 1—cos nd 4 (cos nd—cos 8)2

+

3] 5sin &
4 cos né—cos d

However, the series form of S,, because of its rapid con-
vergence, may be more convenient than the closed form for

use in computation.
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TABLE 1—LOAD DISTRIBUTION DUR TO A UNIT PERTURBATION LOAD

8921

[BaB; Cual); mm 3]
{&) Concentrated pertm'batdon load on stringer §==0 ot ring (b) Distributed perlurbation load on Bt.ringer §=0 betweon
rings i==0 and je=] (0) Bhoar perturbation load about shear panel (0,0}
Biringer load, pa, ot stotlon— Btringor Joad, py, ot station— ) Btringar load, pi4 L, ut station—
J 4 J
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TABLE 2—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[B=230; C=0;m = ]

(a) Concenfrated perturbation load on atringer j=0 at (b) Distributed perturbation load on siringer j=0
Ting t==0 between rings 1=0 and 1=1 (0) Shear perturbation load about shear panel (0,0)
Biringer lond, pyy, at eiation— j Btiringer load, py;, ot station— P Btringer load, pol L, at statton—
im0 im1 fm3 =3 {mi fmb {md i=1 {m=1 {m3 imd jmg {=g jm] {3 {m3 {mq {=5 I=6
0 |00 | 0158 | 00858 | 0,083 | 0.0B4L | 0.0401 | 0.0468 0 0, 2350 0, 1124 0.07R 0. 0538 0. 0514 0. 0478 1| 0o [ —0031 | —0.0081 | —0.0020 | —0.0013 | =0
1 [ . LOTLL [ Loss8 | L0818 | L04TR | Lo 1 .o LOTEY L0844 . 0450 04 . 3} =077 | —03B | —0MdI | —.0064 | —00 | - 0017
3 0 L0874 | L0438 | L0484 | 0403 | o443 | (0429 2 ,0T14 . 447 L0480 .41 LMER .04338 3| —.0082 | —0M8 | —OL09 [ —, - 037 | -
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4 0 o137 | .oy | L0908 | 0N | L0341 .0MS 4 .007L L0191 N 13 Nt ;. 1 5 L0013 | —.0017 | —.00%9 | —. — 008 | — 0018
] 0 0098 | Jory ] J0mm3 | 0M7| L0328 | .0M0 5 . 0080 .0139 . 0208 .01 .57 i [ .08 L0008 | —.0008 | —.0013 | —,0012 | — 0010
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7 0 L0054 [ .0100 0138 | .0187 | 0188 | ;208 7 N L0120 J0LH L0178 L0198 8 . 0030 . 00%5 . 004 . 0007 . 0003 . 0000
8 0 L0088 | L00va 0102 | .01 | .ol%| .0LB8 8 L0019 L0088 . 0088 L0114 L0184 L0180 9 L0043 .00 . 0020 L0013 . 0008 . 0004
$ ) 003 | L0040 0058 | L0088 | .00 .oLl 3 Nt N ] 0078 i L0108 i L0043 . 0051 L0053 18 L0011 07
10 0 .0013 | .00F | .0040| .0OBL| .008L{ .0088 10 . 0007 . 0030 0034 L0048 . 0055 . 0085 u L0041 L0033 L00H L0017 . 0013 . 0009
0 0003 | 0008 0013 | 0009 | 00| .00 1 0001 . 0008 - 0010 .0018 i ] L0017 13 L0030 L0031 .00 L0013 . 0000
0 —,0008 | . 0000 | —.0010 | -, 0010 | —. 0009 | —. 0007 12 | —.0004 | —0008 ( —.0010 | —.0010 | —.0008 | —.0008 13 L0038 L0028 . 0022 L0017 0013 - 0000
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0 —.0034 | —. 0060 | —. 0080 | ~. 0085 | ~. Q107 | —. 0118 - 00 —0M7 | =000 | —.0088 | —.0101 | —. 0113 B
Bhear flow, gy, at staton—
Shear flow, gL, at statlon— Shear flow, ¢:,1, of statioo— i
! {w0 fm1 {2 fm3 1md 1mp
farl} fm1 i=2 1=3 {=d f=f tmQ im1 {3 i3 fmg !-v‘l y
N A — N o - - - — ____ B ] F= i 0. 5133 01720 0. 0.0148 0.0070 0 00%
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0 | —.0146 | —0106 | —0078 | —. -7 | - 0 | —0i84 | —.0128 | —.0000 | —.0004 | —.0045 | —.0031 i L0088 | —.0004 | —.0005 | — 0006 | — ~. 0005
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TABLE 3.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

0281

(B=10) 0=8 m=13%]
{n) Concentrated perturbation load on stringer jm0 at (b) Distributed perturbatlon load on stringer jm=0
fum( botwoen rings s=( and 4=1 (o) Bhear perturbaifon load about shear panal (0,0)
Biringer load, py, at station— Stringer 1oad, py, st statlon— Gtringer lood, po/ Ly nt station—
J i ] ‘
=D fml | jm2 | (=3 fmid =5 = =l = [ fed =5 fad =1 =g i=3 fmd =5 =8
0 | 0.5000( 02648 0.1528 | ¢.1062 | 0.0335 | .02 | 0081 0| o300 { omwva | o128 | ocomr | ool | ooms 1 | —0%6d | —0188 | —g088 | —00514 | —0.0002 | —0 0083
1 0 .00 | 0800 | 0780 | .08 | 06151 0580 1 0428 .00 0T L0714 045 . 3 | —028 | —003 | —0385 | — —018 | —.0007
3 0 JEM1 | 0201 | (o400 | .O6BY | LOMBL | 04T 3 01 03 (431 L0474 L0485 . 3| —ood [ =6t | —oy | —o1x | —on07 | —. 0083
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g8 0 -ooal| .ooe3| oosl| .oov@| o098 | .ow@ 8 L0011 L0032 L0041 N L0087 .ol g L0046 L0037 L0031 . 0085 - 0080 L0018
£ 0 (0014 | .00% | o040| .0052| .000d| .0MB 9 . o007 L0031 L0034 . 0047 L0058 .0070 0 0048 .00 L0033 . 0058 L0018 L0019
10 a ;0007 | .00ls| .oom| om0 | oo37 | .00 10 L0004 L0011 . 0019 L0020 . 0033 L0040 11 L 00id , 0038 , 0033 . 0038 . 0024 . 0080
un Q -0003 | .0004| .0008 | .o009 | 0013 | .oOLB 1 N .oogd L0005 o008 LQOLL L0014 12 L 0041 L 0038 .0033 Lo L 004 00390
12 Qa |~ - —.0008 | —.0006 | —.0010 | — 0010 19 | ~.0008 | —.0006 | —.0007 | — 0000 | —00W0 | —. 0010 13 - 04T L0053 .0029 ] .o . 0019
C 13 0 | = — —. 0001 | —. 0028 | —.0020 | —. 0083 1 | —0004 | — 0017 | — 0018 | —.002 | —.00T7 | —.00% U - 00X3 L0038 .0 .0033 .0019 .0017
4 Q | —.001 | — —. 0018 | —. 0020 | ~, 0048 | —.0080 14 | —oocd | —.0018 | — — 0038 | —0043 | —.0048 15 . 0026 0% .0 .0018 .0018 ~0014
15 Qo | —0mE| - —.0040 | —. 0080 | —. 0008 | —. 0048 18 | ~.o008 | —.0099 | —0035 | —.008 | —.00B4 | —.000 18 .0019 0017 Q018 .oL .1 .00
18 0 | —on8!| —00az! — o8| — 00m | — 00| — o078 m!l —oa | —orm | ook | 0082 | —00m | - 0m 17 .m012 o | L0000 .0e .07 0008
17 0 | =009 —. ~—. 0080 | —.0083 | —. 0074 | — 00%3 17 | ~oo10 | —.002 | —.co43 | —oof7 | —o0m | —.0078 18 . . 0003 .0002 .0002 .
18 0 |—.00%0'| —.0037 | — 0083 | —, —007 | —, | - — 008 | —.0Mit | —.0088 | —o00m | —.o0c3
K Bhoear flow, gy, 6t siatlon—
Bhear s tu L, at station— Bhaar Gow, gL, at statlan— 4
J ‘ J =0 I=1 1=3 im3 imd inb
=4 =1 i=1 1=3 i=4 i=5 {=0 i=1 {=2 LE fe=t 1=k
0| o3ty | o188 | oovs | aosdy | omr | GOl
0| 0198 | 0050 | 003 | 00U | 0.0008 | 0.0ML 0| 01400 | Q0814 | 0038 | G068 | O.0000 | 0.0063 1| —.on3 | - —. 0009 . 0085 . 0084
1 0By 0409 .53 L0101 L0129 . 0069 1 053 L0473 .02 0234 L0153 o018 2 088 | — —.0105 | —oo43 | — . . 00058
3 .0x38 .@m .81 .68 R 0008 2 . 5 .oz a0l L0lA .oL13 3 oem | —os [ - -0 | — ~. 003
3 L0163 oLy L0143 an .0m 0088 3 L0162 0161 L 0181 .33 .8 L0002 i J08H | —,0076 | —.0064 | — 0061 | —. -
4 0083 - 008y L0083 L0078 0070 . 0060 4 . . + 08T . 00k2 0074 . 0088 5 (0570 | —, 0083 | —.0048 | —0Md1 | - —. (0%7
H .08 -0033 0040} L0041 Kot .00% 5 .0058 L0032 -0030 L0041 0040 L0038 8 (085 | —0040 | —.0038 | —.000 | —.o0em | —.p024
¢ | —.o00m3 | —.0002 + 0008 L0011 L0014 . Qo18 6 | —.005 | — 0007 L0002 . 0003 w13 L0014 7 L0438 | —00% | —00% | —.002% | —.0029 | —.0020
7 —. 0043 —, 00 ., O —, Wi —, &7 —, (e 7 =46 —. (038 -, 0025 -, s =, G010 =, {005 8 0388 -3 —. (020 —. 0018 = 007 - 0015
B | —'o084 | —o0fL | — 0040 | — o009 | —0023 | —.O0I8 - —0057 | —.00d8 | 0025 | —o097 | — 9 (o264 | — 004 | ~.0018 | — 0013 | ~.om13 | —lo0lL
¢ | —.00m | —006d | ~ —. 0085 | —.0038 | —o0m 9| — —. 0071 | —.00%8 | —.0M8 | — —. 0031 1 J017¢ | ~.0008 | —.0008 | —.0008 | —.0007 | ~.0007
10 | —.0088 { —.00T2 | —.0000 | —.0080 | —. —. 0033 Wl — —.0078 | —.0008 | —.0086 | —. - 1 o088 | —ooz | ~.0008 | -.0003 | —.0003 | —.0003
1 | —0087 | —.007Td | —.0063 | —.008&3 | — —. 0038 u| — -0 | — - —00 | — o0l 1 - 0004 - 0008 . 0002 L0001 Q0L L0000
12 | —.0083 | —00T1 | —.000L | —.0083 | — - 7 -7 | —.008 | —, —. 08 | —. 0041 13 | ~.001L L0006 . . 0004 .000d
13 | —o00m | - —0088 | —oods | ~: - 8| —oo76 | —o080 | — - —ot | - I —. 0185 0011 ~ 010 . . 0007 0008
W | —oom | — —.047 | —.0040 | —.c0m4 | — | —006k | —~.008S | —00B0 | — -0 | —.0093 16 | —.0188 o0ld L0012 0011 - 0000 . 0008
15 | —oo&y | —ookl | —.0038 | —.0030 | ~.0028 | —.003% 5 | —0048 | —ootk | — —.003%8 | —.00%® | —.00%4 18 | —03% w17 . 0013 L0011 . 0000
16 | —oote | —o028 | —o002 | —.0019 | —.0018 | —.0014 .| - -0 | - —.Q018 | —.0015 11 | —oam .8 0013 L0013 Nt
If | —O0W0 | —O0KE | —.007 | —.0006 | —.0008 | —.0008 iT | —.00H | —.0008 | —.0008 | —.0007 [ —.O008 | ~—.0009 8 | —.03%8 Wis .O0i8 Wid .wis Rt
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TABLE 4—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[B=aXlhOom = 1)

(&) Concentrated perturbation load on siringsr j=0 at (b) Distributed perturbation load on stringer jm0
ring =0 betweon rings =0 and {=1 (o) Bhear perturbation load about shear panel (0,0)
Hiringar Lmd no, st station— Atringsr load, at statinn-— ftringer load, 0T nt station—
] F) J
=D 1=l 18 P i=f i=g {m] =2 {=3 frq fm=p {mg fm] [Lr] {m3 img {3 img
0 | 0.6000 | 03384 | 0.3386| 0.1766 | 0.1870 | 0.1116 | 0.0045 0 0. 4198 0. 3330 0.9038 | 019 0. 1234 0. 1038 1] —03817 | —0.5188 | —O.1xe | —0.07m0 | —0.0483 | —0.0288
1 0 . A5G 710 . 0781 o7z .73 1 N7 N ) 087 0785 . 0708 L0733 2 —. 0197 - -, 047 —. 0383 —. 0319 —, (a5
2 a L0140 N7l 157 -0} L H17 (483 M2 2 . 0076 .13 L0A1R (0 . 046 N 3 —. 0018 —. 0064 -, 0138 —. 0143 —. 0148 —, 0138
a 0 007 L0142 o201 , 280 N . () 3 . 0037 L0109 L0172 0xr L0271 . 004 4 <014 -, 0012 -, 0033 —. 0040 - -, 0083
4 ] Nt L0008 gi32 L0148 N0 L0223 4 D3 N o LOois .oas Rzt 2 .00a7 L0014 , 002 —, —, no1s —, a0
5 0 L0033 | (0084 | 0004 | .0181| .0147 | .O0L70 5 -0018 .0048 L0070 . 0108 01 .0158 ] L0035 -0057 .0019 L0012 - 0004 - 000N
8 0 00 | too47| .008d| Cooco| .ou0| L0128 4 .0012 . 0038 . 0058 L0030 . 0100 .0L19 7 . 0041 00 0% .om .0018 . 00L4
7 0 L0018 | .0038| L0081 | 0067 | 0083 | .oo0e 7 . 0000 002 L0043 L 00m . 0074 . 0050 ) L0044 L0039 - 0034 . 0030 oo -on%
3 0 .0012] .0028| .03 | .0048| .0056 | 0070 8 . 0000 0018 L0031 L0042 . 0084 . 0064 9 L0040 .04 .0038 L0034, .0030 - O0%Y
9 0 c0008 | o018 | .00 | .o0a3| .oom0 ] L0048 9 . 0004 .0013 . 6020 .03 . 005 L 004 10 . 0044 .0041 L0030 . 0035 -0031 .00
10 0 . 0004 Q008 03 L0017 L00I .00 10 , 0003 . 0008 0010 . O0Ls . 0019 . 0024 11 . 0045 L0043 L0038 L0035 . 0033 .00
11 0 o001 | L0003 | Lot | . L0008 | 0007 1 L0000 . o0l . . 000 . 0005 . 0008 12 - 0042 -00% . 0038 .0034 .0031 .00
1 0 | —0003 ) — 0004 | — 0006 | — —, 0008 | —. 0000 18 | —.0001 | —000 | - - — 0008 | —.0000 13 .0023 - 0038 L0032 .00l L0020 L0038
13 0 | — o008 | — 0010 | —00L4 | —00LT | —. 0001 | —. 003 13 | —.0003 | —0007 | —001% | —o0016 | —0019 | —.0022 4 . 0023 -003] . 002 007 . 0026 .0z
ii [ — 007 | — O00ld | — 0Om | — O0a0 | —. 0081 | —. 003D i — & — 30i1 — W7 —, X5 —. X35 —. 38 15 87 025 LO00 N H o020 o018
18 0 | —.0000 | — 0018 { — 005 [ — 0033 | —. 0039 | —. 0048 15 | —0005 | —0014 | — 002 | —om0 [ —. —.0048 14 L0090 .0018 L0017 0018 L0015 L0014
18 0 | —00) | —o0m| — 009 | — o087 | — 0045 | — 0083 16 | —o0005 | —0015 | —o0088 | —.0033 | —0041 | — (048 17 L0013 L0011 L0011 L0010 + 0008 . 0008
17 0 | —ooul | — 002z { — 008 | — —. 08 | —, 0086 17| - — 0017 | —0m7 | —.0038 | —OM4 | — 0083 15 - 0004 - 0004 . . 0003 . . 0003
18 0 | —003 | — 0023 | — 0083 | — OM1 | —, 0060 | —, 0087 18 | —ows | —ooi7 | —. — 007 | —.0048 | —. 0084
1
Shear flow, gq, at station—
L Bhear flow, g4 L, ot stnton— Bhoar flow, gy, at statloo— q
P L
S { 1=0 f=l fm2 i3 Im4 Tt
| N i=0 f=1 =3 {3 fmd =g =0 i=] =2 {=3 f=iq imf
]
(R 0 0.2818 0. 1387 0. 0782 0. 0489 0.0318 0. 0300
' 9 0. 0893 0. 04 0.0305 | 0.0188 o.0197 | oc.ooms o | o.0m2 | 0.0844 0. 0301 0. 034 0.0157 0. 014 1 o83 | - | —om | — o8 L0017 . 0038
1 .0317 L0284 L0239 L0104 L0156 L0155 1 . 0390 . 0302 .03 .on8 L0176 . 014D 2 (048 | —.037 | —.0105 | —. - -0
1 .0168 0163 -otsl L0133 .01%0 . 0105 2 .0188 .016a L0157 L0144 L0128 . 0113 3 J0%4 | —.0071 | —.o084 | —.0084 | —0044 | — 0038
L] L0094 , 0004 . 0004 - 0067 - 0081 L0075 3 - 0004 L0004 L0083 L0082 L0084 L0078 4 JOBE7 | —. 0048 | —.0043 | —.0039 | —.0034 | —.00M
4 .08 .0030 0061 - 0000 N - 047 4 N -0HY . 0050 - 0050 - 0050 - 0048 5 -0003 | —.0033 | —.0081 | -—.0029 | —.0097 | —.00M
H 0016 .0018 . 0031 .o . 0054 . D034 5 L0014 0017 .00 .0 .03 .00 6 L0R5 | —. 000 | —. 009 | —.0M% | —.000 | —00i8
g | —.0000 | —.0008 | —. 0001 . 0003 . 0004 .0003 6 | —ooi0 | —.0007 | —.0008 . 0000 . 0003 0005 7 4% | —.0017 | —.0017 | —.0018 | —.00L5 | —.00L5
7| ~.008 | —.02a | —0018 | —.0014 | —001L | —. 00CP 7| —00xr | —.004 | —0020 | —.0018 { —.003 [ — 0010 8 .03 | —.o0ls | —.0013 | —.0012 | —.0011 | —. 0011
) -, 0039 =, 004 =, 000 ~. 0028 -, 0032 —, 0019 3 —. 0040 -, 08 -, 0032 .00 - 00H - 031 9 Ni- i) —, 0008 —, 0003 - - -, 0007
1) -, 047 - - -, 004 -, 030 -, 0058 9 —. 0048 - - - -, 02 -, 0028 10 0177 —, 0004 —, 0004 - —, 0004 -, 0004
10 =, 0051 - - - - —. 0031 10 - - - - - -, 0032 11 . 0087 —, 0001 -, 0001 -, 0001 -, 0001 -, 0002
1L | =008 | —047 | —. — 00N | —.0038 | — 003 in | - - - - — 0037 | —.003a 12 - 0002 . 0002 . 000 .0002 - 0001 . 0001
13 | —0d9 | — - —.0033 | —.0038 | —. 0082 1| - — Oy | - - —. 000 | —.0033 i3 | —.0074 . 0005 . 0004 . 0004 . 0003 . 0003
13| —04 | —.004L | —, —.00 | —0033 [ — 0020 1B | - - - —003¢ | — 0038 | — 00 14 | —.0140 . 0007 .000a . 0008 ~0006 . 0005
4 | —om7 | —0034 | —o0ml | —0029 | —0em | — 003 14 | —o0087 | — -0 | -0 | -2 | —.00% 18 | —.004 . 0009 .0008 L0007 L0007 . 0006
15 | —.0038 | —.0028 | —.00%¢ | —.0092 | —.0020 | —.0018 15 | —.0028 | —.0028 | —00M | —. 003 | —003L | —.0019 1 | — . 0010 . 0009 . 0009 . 0008 . 0007
10 | —~0017 | —0018 { —.00156 | —.0014 | —.0012 | —.001L 10 | —.0017 | —.0018 | —0018 | —~. 0044 | —.0013 | —.0013 17 | —.0288 Nt L6010 » 0000 . 0008 . 0003
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TABLE 5.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[B=1,000; O=0; m=%0]

eLel

{s) Conoontrated perturbation load on stringer j==0 et (b) Dla'tributad perturbation load on atnng;ar i= 0
ring 1m0 etween rings +==0 and +==1 () Shear perturbation load about shear panel (0,0)
Btringer load, py, at station— Birfugor Joad, py, st station— Btringer load, pa/ L, ot station—
K 1 = b
=0 i =3 {=3 tmg jmp {mp fm] {mg =3 {=q {mp =B, fml {=3 =3 i=4 18 {mg
0 o600 | o400t | acm | ooare | ooxav| o1e00 | o.1857 0 O 477 3007 0. 2940 0L HiT Q2061 0. 1783 1 | —04300 | —03168 | —02349 | —0.1745 | —0L1306 | —0, 0081
1 [ L0 | Lomwm | Losr| .ot .o7ee | o3 1 .01 .04 . 030 . 0 .07 . 9| —018 | —0907 | — 038 | — M | —028 | —
1 0 .00 | Lol o3| o0 .0M8!| .07 1 . D048 .01l L0168 .o L0318 L0320 3| —o002 | —o0043 | —0077 | —0104 | —01H | —0138
3 0 o041 | L0081 o110 | .018 | .01 | .(318 3 . 003l . 0081 L0100 .0Lx7 L0171 L0209 4 . 00X L0006 | —.0009 | — 0022 | —0033 | — 0048
4 0 L0026 | .o051| .oov5 ) .cOm0 | .0131| .0l4d 4 . 0013 .00% . 0063 . DOBY .Qilo .0133 5 . 0030 .00z L0015 . 0003 L0002 | —. 0004
5 0 JO018 | L0038 { L0083 .00% | L0080 | o0l 5 . 0009 . 0027 . . 0081 . 008 L 004 ¢ . 00%7 . 0033 . 0033 L0033 . 0010 . 0016
¢ 0 Lo13 | 0028 | 003 | .08l | Lo0M| 8 L 0007 . 000 . N . 0008 L0070 7 L0042 L0039 . 0035 L0033 . 0090 0028
7 0 L0010 |, 0019 o0z | .ooas | L0047 7 . 6005 .00l . .63 . 0043 L0051 a . 0045 0042 L0040 . 0m7 . o5 L 0033
8 0 L0007 |00l L00g7 | 0033 Q040 8 . 0003 L0010 .17 N . 0030 .0m7 ? L o047 L 0048 L0042 L 0040 N + O
¢ 0 L0004 | L0000 013 | o013 | .00k ] . 0003 . 0007 L0011 . 0018 . 0030 L O00H 10 LD04T N . 0043 L OHL N . 0087
10 0 L0002 { L0004 | . L0000 [ L0012 0014 10 . 000L . 003 . 0008 . 0003 . 0010 L0013 it . 0045 o 0044 . 0042 L0040 N . 08y
1 0 0000 | .0001( .00OL| .0O0Z| .00 1 . 0000 . 0000 . 0001 .0003 L0002 . 0003 . 0043 . 0041 . Q40 ] L0034 L0035
12 a —~.0001 | — 0003 | —.0004 | —. 0006 | —. 0OOC3 | —. 0008 12 ~, 0001 -, 0002 —. 0003 —. 0004 —. 0008 =, 0008 n . 0030 . 0028 . O3 . 0025 .0m3 . 00X3
13 0 [—.o0003|—o00|— - —.0013 | —, O0L6 13| =000 | — - - -3 | —.oou 14 04 .00 . 031 .00%0 .o . 0038
u 0 | —.0004| — 0008 | — 0013 | —, 0015 | — 0010 | — 0022 14 | —.0003 | — -0 | —0014 | —0017 | — 0030 15 o7 . 0030 . 0028 i . 0024, 003
T} 0 |- — 00 | —, 0015 | —, 0010 | — 0053 | —. 0037 16 | =000 | —0008 | —o0018 | —o0017 | — —, 0035 18 . 0030 . 0010 L0010 . 0018 . 0017 L0017
18 a |- - —, 0017 | — 003 | —. 007 | — 002 16 | —0003 | —o009 | —0014 | —009 | — — 003 17 .00 . 0013 L0011 . 001, .0all . 0010
7 0 |- - — 0018 | — OWH | — Om0 | — 00M 17 | —.o0002 | —o000 | —o0018 | —oO0%l | —o0% | — 0033 18 0004 L0004 . 0004
18 o |- — 0013 | —. 0018 | — 00 | — 0030 | — 0035 18 | —0003 | —0010 | —o008 | —oO02t | —o0037 | — 0008
' Shaer flow, g5, 2t zlailon—
Ahear fow, ¢o L, 6t station— . Shear fow, gol, at stathon— 5
) 1 A= {1 §m2 =1 imd 1=5
i=0 ol =2 =3 g {m5 t=0 fml =3 1=3 =i =5
0 o 1879 0. 0870 0. 0068 0. 0802 0. 0358 0. 0200
0 004 (%1 g 0. (383 00219 Q0100 0.0133 0 0 0exl 0. 0330 Yul | © 0L40 1 L4780 | —.0261 | —.0188 | — 0000 | —.0058 | —. 006
1 LT .ol L 0LED L0148 , 131 L0118 1 L0177 LOL74 N 18 , 0138 013 2 JOTs | -, -0 | = —005d | —.0M4
1 L0093 .00 , 0000 . DOAY . . 2 . 0092 <0094 L0001 N . OORS L O0BL 3 L0718 | —0M0 | —00% | —0037 | —0034 | —.00L
3 Lot Jones i L onEt Loz oo 3 Lokl .00z N L nst N1 LD 4 JO8TS L =005 | = 00% | —.00% | =08 | =003
4 . 003 oo 4 . 0090 . 0028 o7 007 . 008 N 8 L0817 | —0018 | —o0018 | —00Y | —.0017 | —.0018
5 L0008 . 0000 L0010 N .01 L0013 5 . 0008 . 0008 L0000 0010 L0011 0013 8 L0648 | —.0013 | — 0018 | —.0013 | —.0012 [ — 0013
8 | —oo0s | —o004 [ —0003 | —o0002 | — o001 . 0000 6 | —0006 | —o0006 | — — 0002 | =—.0001 0000 7 o458 | —0010 | —0010 | —.0000 | — 0009 | —. 0000
7| —o0018 | —0014 { —=0012 [ —001L | — 0010 | —. 0008 7| =008 | —0014 | —. —.001% | —0010 | —. 0009 8 @67 | —.0007 | —.0007T | —.0007 | —.0007 | —.0008
§ ] —om | — -9 | —0018 | —0016 | —.0018 8 | —o0;m | —00m | — — 018 | —0017 | — o008 0 .07 | —0m4 | —0004 | —.0004 | —.000d4 | —.0004
9] —om | = -8 | —om2 | —o0ml | - 08 9 | =00 | —0028 | — —0m | —.00mL | — 002 10 0w | —oma | —o0003 | —.0002 | —.o0002 | —O03
10 | —om | —oty [ —o08 | —o0M | —o0038 | —0023 10 | —o0® [ —o0md | - — 003 | —.00M | — 003 u .03 - 0000 . 0000 L0000 | —.000r | — 000L
u | - -0 | —o002 | —oms | —00M | —oxA i | —oo | —o00m | — —002 | —OUH | —.0028 13 . 0001 . 000L N . 0001 » 0001 - 0001
m| - — 00 | —00 | —00M | -0 | —003 — 0038 | -0 | — —00H | —0 | — 03 13 | —.o0m8 , 0003 N . 0002 . 0003 L0003
5 im0 | 0 — s - | -0 By ooX ) -0 | W —XE ) S R it | —.0id . OO0 . 0G4 . G0 05 L0005
W | - — 0090 | —00190 | —.o0m8 | —0017 | —.0018 4 | —o00 | —0x0 | - — 0018 | —008 | —.007 18 | —.0108 . 0005 0005 . 0008 0004 .000¢
18 | ~.0015 { —.0018 | —0Q0ld | —0QOl& | — 0013 | —. 0012 18 | —006 | ~—-.0018 | —004 | —O00L4 | —.00I3 | —. 0043 16 | —.0238 . 0003 . 0008 . 0008 0008 . 0008
16 | —o10 | - -0 | —0008 | — 0008 | — 08 6 | —0010 | —009 | —0009 | —, - —. 003 171 | @ . 0003 . 0008 . 0008 0008 . 0008
17 | —o003 | — —on | —00s | —00r | —00ms 7 | =000 | —0008 | —0008 | —0003 | —O003 | — 0008 18 | —em . 0008 L D005 . 0008 0008 . 0008
b]
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TABLE 6.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
IFe8 0= 2x10% 0wy

rturbation load on stringer 7=0 at ring (b} Distributed perturbation load on stringer jei
tma() between rings t==0 and =1 (0) Bhoar perturbation load about shear panel (0,0)
Stringor load, pa, of station— Btringoe Jond, py, of stotioo— Stringer Joad, pufL, at station—
J J H
tm3 {m3 fmg b 1=4 {ml img =3 Iy 1=5 =8 =1 {1 =3 1=4 (=5 imp
0 0.0678 | o.oder | o088 | a0a08 0491 0 0. 0. 0633 0, 0308 0. 0447 0.0430 0.0423 1 | —1183 0.0087 —o.o0e | —o,0001 0, 0000
1 L0000 [ om0 | 042w | .odm1| .odi8 1 0743 L0431 Nitvy) . 0435 L0418 2| - —.ou8 | ~.0018 | —0010 | —. —, 0001
] Loi3 | L0630 | L0413 | .os08| o408 2 L0383 0813 it L0491 L0410 . 3| —.0088 | —0100 | ~.0048 | —.0018 | — —. 0002
2 L0407 [ LoxE | .o¥e | .03d 0am1 3 L6201 L0401 L0300 .03 4 0005 | —.00m0 | — 0038 | —o0l4 | —.0005 | —.0003
4 L0331 | .02 | .odE| o33 0353 4 .0129 02 02 .38l .0342 085 [ L0 [ —, 0000 | — Q025 [ —.0013 | —.0005 | —.0003
5 L0234 | o200 | .o313| .oaid 0318 5 L0087 0730 L0307 0313 o318 8 J082 [ — 00 | —.0018 | —.Ol) | —.0004 | —.0008
8 .06 | .oa| .05 | .oa 78 4 L0088 ,0168 .0m1 . 0260 0270 0374 T . 0082 L0003 | —,0007 | —.0008 | —.0003 | —.000L
.7 oue | Loz0| om0l . 0231 7 . 0038 . .018] .n2u 8 L0045 .14 L0000 | —.0002 [ — gL | —.000L
3 .ona| lowsa| o1 0180 0184 § .0 L0134 0184 L0170 0 ] . L0019 . 0008 - 0001 000 0000
9 el oLolort ol L0131 0125 ] 01 . GosE .00 o117 L0138 0134 it 03 N . 0010 L0004 0003 . 0001
L0006 | .oo7e | L0084 | Coosy 10 . 0001 L0024 .05 L0073 . 0081 u . 00l4 0031 L0013 L0007 0003 ~0001
0010 | L0028 | 0035 | .00 | .0041 1 | = oos 0003 0018 . 0031 L0040 12 . L 001y L0018 % 0003 .00a2
—.0018 | —.0008 | — 0006 | —. 0008 | —. 0003 19 | —oom | —.0017 | —.00l8 | —.0007 | —0004 | — 13 | —.0001 L0017 . 0015 . 0000 . 0003
—.0037 | —. 0040 | —. 0040 | —.0040 | —. 0040 13 | =00 | —.0032 | —.0038 | —0040 | — —. 0040 M | —.0008 .00l <0014 0008 . 0003 L0002
— 054 | —, 0065 | =007 | —.0073 | — K| —.0018 | —0Hd | —00® | —008 | —0071 | —. 0073 15 | — 0007 0011 .00l , O00R . D003 .00
— 0057 | —. 0085 | —.0006 | —. —.0100 18 | —.0018 ( —.00m | —.0077 | —.000 | — —. 000 16 | —.0008 L0009 0008 0002 0001
—.0078 | —.0100 | — 0113 | —, 0117 | —.0120 1| —0010 | —008% | —.00% | —.0107 | — o014 | — 018 17 | —. 0004 - 0004 . 0008 . 0004 0001 L o001
—.o03 | — 010 | —.0 —.013 | —.0182 17 | —0020 | ~008 | —0007 | —o017 | —. —.01%0 18 | —. 0002 0001 L0003 0001 0000 .
—.00%d | =0 —.01% | —. 0133 | — 0138 8| —.00%0 | —.004 | —000 | —.0120 | —, —.0134
Bhenr fow, 4, at stathon
8hear Aow, gw L, of saton— Bhear flow, g4 L, ot station— ]
4 io0 foul 1-2 jm3 {=d {=
fma {=3 =t =5 i=0 =1 =3 =3 faad i=5
) — 0 0.723% 0. 1533 0. 0064 0, D085 0, 0008
o 0058 0. 0013 0. 0005 0, D002 0 4. 3050 0. 007 0, 0029 0. 0029 0.0008 0. 0004 1| —0®%7 | —. 0018 L o141 . 0007
1 , 0090 L0043 L0013 . 0007 1 1672 o778 L0238 . 0063 . 0028 . 0010 2 L0l | — 08 + 0040 . 0008
1 L0182 0061 . 0020 .0010 2 . (200 . 0a19 0263 .00 . 0038 L0010 3 . — 0T | — 00 . 0003
a L0184 , 0069 . 0023 T 3 L0404 L0433 .011p L0041 L0018 4 0407 | —,0108 | —, —, 0009 ., 0000
q L0145 . 0087 L0023 L0012 4 . 0200 . 0370 oLop .0103 .00 L0018 5 . —.0008 [ — —~. 0073 ~. 0003
5 .oL00 . 0023 . 0090 L0011 5 . 0033 L0134 o135 - 0060 . 0033 L0016 0 0381 | —. 0038 | —. ~. 003 —. 0004
a . . 0008 L0035 L0014 . 0008 6 | — 0084 . 0026 0071 L0041 .02 7 ,om3 008 | — - ~. 0004
7 - . 0053 . 0018 L0007 L 0004 7 | =018 | -, 0011 L0021 .0010 . 0006 3 L0020 | —007 | — ~. 0008
8 - —.0015 | —00m3 | —.0001 . 0000 8 | —oed | ~.0m8 | — —0000 | —.0003 - 0000 0 0018 0008 | —opid | - ~. 0008
9| - - —.006L | — 0020 | — 0007 | - o003 Y | —08 | —.0100 | —00%0 | — o034 | —0013 | — 0008 10 | ~. 000 0058 | —00m - —~. 0004
0| - - —.0078 | —, 0084 | —.0012 | -.0008 10 | —0x0 | —.0183 | —0w09 | —o0084 | —.00m0 | —. 0010 I | —.0088 0063 s | — —~. 0003
P - —.009L | —00dd | —co10 | —. o0 1 —.o028 | —.00 | —0128 | — 0086 | —.0027 | —.0013 1 | —.00 0038 o | ~ —. 0002
1| - —. —.0008 | —.00 | — 0018 | —. 0010 13 | —o04 | —018 | —o012%0 | — 0072 | —.00%0 | —. Q015 1T | —.0087 0020 0012 , 0000
- - —0006 | —00f0 | — 0018 [ — 0010 13 | —o160 | —.010 [ —o113 | —0070 | —00%0 | —. 00is o ~—.0087 0003 0013 .0002
4| - —. —.0083 | — 0043 | — 0010 | —. G00® W | —01% | —0130 | —owy | —o0ea | —.0037 | —.0012 16 | —.0Mé | —.0018 0011 L0003
5| — —. - - —.0013 | —. 0007 15 | —009r | —0H | — — 040 | —.0041 | —. 0010 16 | ~.003 | —. o030 0010 . 0004
10 [ - —- —od1 | —post | = % —. 0008 16 | —.0089 | —.0084 | —0052 | — 0031 | —.0014 | —.0007 17 | -0z | — . . 0004
17 | - - -4 | = - —. 0002 17 | —.0020 | —.0028 | — 008 | —0Q011 | —.0008 | —.0002 18 | ~.0020 | —,0041 . 0008 . 0008
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TABLE 7.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[Badl; Om3X10% m=30]

(a) Concontrated porturbation load on siringer =0 st (b) Distributed perturbation lead on stringer j=0
ring i=0 between rings =0 and sm=1 (o) Bhear porturbetion load about shear panel (0,0)
Btringer 1oad, pa, at etation— Siringor load, pyy, at station— Stringor oad, py/L, ab statbon—
J J J
(L 11] il {m=2 {m3 i=d =8 =6 jml {m3 im3 {md [m5 LT jul im2 im3 {oad {mb 1T
0 0,5000 | 0.1521 | 0.0854 | 0.0837 | 0.0541 | 0.0401 | 0.0403 0 0.2853 0, 1157 0.a73l 0. 0384 . 0514 0.0476 1 | 07538 | —~0.0331 | —0.0081 | —0L0020 | —0.0013 | —0.0007
1 ) L0870 | .o7i3| L0seR | L0510 | L0478 [ Q454 1 .0me .o . 0048 . 0551 . 0408 . 0488 3| —o6d | —0329 | —0143 | —0004 | - —. 0017
2 0 20377 | o4 | .odeS | 0482 | L0443 | LO4DO 3 .0318 R . 0400 LM . 0452 .045 3 | —o0pm@ | — 048 | —0L0 | —O08K | —. - 0B
3 0 vaai1 | .oase| om0 | L0383 | L0aMd | .0Nm 3 L0113 . L0361 . M . 0303 4 (001l | —.0009 | —.008¢ | —.0048 | —, -
4 0 o | .oxEr| Joma| o33 LOHL | L03S 4 .0071 L0191 .00 Nt 03 JOME 5 L0037 | —.0017 | —.00% | —003 | -, ~. 0016
3 0 o007 | .oive| .omsa| o7 | .oze8 i L0300 5 L0040 L0139 . 0208 N7l , 0278 . 0204 ¢ L0047 0008 | —.0000 | —.o0012 | — 0018 | —. 0010
68 0 0070 | .o1@ | .o180 | .0914| .omd| .2l ¢ . 0038 01 .0168 0103 i .04 7 . 0040 . 0018 L0004 | —.0001 [ — 004 | — 0004
7 a 0081 | .oooo | 0138 0107 0183 | L0203 7 L0028 0078 .0119 L0183 .0178 . 0108 8 L 0047 .07 L0014 . 0007 . 0003 . 0000
8 o 0035 | .0071| .0l00 o8| .ow43| 0158 8 L0017 L0053 . 0338 L0113 L0 .0L5) 9 L0048 L0030 .00 L0013 . D008 L 00
] 0 L0053 | L0046 | .00 .01 L0111 ] L0010 00M L0058 o077 e L0108 10 L0036 L0031 .00 0015 L0011 . 0007
10 0 L0011 | L0028 00N sl | .0001| o004 10 . 000 0018 . 0032 L0045 . 0088 . 038 1 .0 . 0031 L0024 L0017 .0z | (000
1 0 0001 | .00DS | .0013 o | . , 0050 1 . 0000 0003 . 0000 .0018 L0032 . 0037 12 . 0032 .0 N L0018 L0013 L0000
1 0 | —.0008 | —.0010 | —.0011 | — 0010 | — - 0007 12 | —~.000¢ | —0000 | —0011 | —.0010 | ~.0000 | —. 1 . 0016 L0037 .09 L0017 . 0013 . 0009
13 0 | —.0015 | —.0028 | — 0031 | —, —, 0087 | —.00%0 13| —o008 | —0020 | —0028 | —.0033 | —.0038 | —.0088 u L0011 Lo . 000 . 0018 L0011 . 0009
14 0 | —.00zl |~ 0038 | — 0048 | — 0088 | — 00% | —. 0008 14| —o011 | —om9 | —00d3 | —0080 | —, —, 0084 18 . 0007 .00l .oola .0013 , 0010 . 0007
16 0 | —.0028 | — 0048 | —. 0081 | —. 0078 | —. 0081 | —. 0087 16 | —0013 | —~.0088 | — o084 | —.0087 | —.0077 | —.0084 16 L0004 L0014 L0012 . 0009 . 0007 . 0008
18 0 | =008 |~ —.0071 | —.0085 | —. 0095 | —. 0103 18 | —.0014 | — o0l | —ocom | —0078 | —.0091L | —.0O0G0 17 .00 0003 . 0007 . 0008 . 0004 L0003
17 6 | =000l —ona7t — o077 ! ~ 0022l — oid | — 0113 17 | —0016 { —.0H4 | —.0087 | — 0088 | —.009 | —.0103 18 . 0000 , 0003 . o L0002 . 0003 . 0001
18 o |—.003]|- - ~. 0008 | —. 0107 | —. G110 18 | —.0018 | —.op5 | —.0080 | —.0087 | —.01w01 | —.013
L
Bhosr Aow, ¢4, 8t motion—
Shoar fow, qu L, ot stotlon— Shear flow, g1 L, at statlon— 1
J 5 1= f=1 {=2 =3 Im4 {=8
1=0 =l I=2 1=3 =4 =G =m0 =1 =2 {=3 =i tm=p
0 0. 571 0. 165% 0,050 0, 0147 0. 0070 0. D028
0 0.17% 0. 0334 0. 0108 0. 0048 0.0028 0.0014 0 0. 2147 0. 0883 0.0108 L0073 0.0023 0.0019 1| - ~, @7 L0140 0085 . D084 . 0031
1 . 50 , 0451 i L8 . 0006 . 0033 1 N1 . 0477 Lo L0164 . . 000 3 473 | —oems | —.0048 .0017 .0l T
3 L . (235 L0141 L0038 .0083 3 L G504 (44 N . 0185 0110 . 0088 ] .0588 | 0108 | —0084 | —.0008 | — . 000L
3 i 258 L0189 01 L0034 . 0084 3 L0290 Lo L0157 OL04 L0087 4 0878 | —.0128 | —00%0 | —.0HI | —. - —.0010
‘ L0148 0158 L0130 . o0es . 0080 L0047 4 L0138 0183 L0144 Nitt] . < O0d7 B 0002 | —.0073 | —.0008 | —.0H5 | —. L —. 0018
5 L0048 o7 ] . 0083 . Q048 . 0038 5 . 0029 . 0085 N T . 0068 . 0055 L0041 ] o408 | ~.0001 | —.0081 | —.00d0 | —. —.0018
8| —.o0s L] 0037 N L0088 .00 8 | —.o0ma | —o00l o2 L0028 N .00 7 L0209 S0000 | ~.0038 | —0m4 | —o00x | —.0018
7| —00 | —OoR | —0013 - 0000 . 0005 . 0008 7 | —.0083 | —o08L | —.o0m | — 0008 . 0003 L0058 8 L0dl4 0 | —.0me | —0mr | —.002 [ —.0015
§ ] —.0lW | —O00% | —O0MI | —.004 | — 0018 | =XV 85 —.ons | — s | — oo | o~ 0o: [ —0008 | — 0010 ] .ol cp@t | —.o06 | —0m0 | —om8 | —.0012
p | —om3L | — ook | —00d | —.omMz | —0007 [ —.008 o | —.o137 | —0113 | —o0078 | —o0052 | —0m8 [ — o0 10 L0087 o0 | —o0007 | ~.0013 | —.0013 | —.0000
10| —0ML | ~0KB | —008 | —.0064 | —.0037 | —.0m2 10 | —ou8 | —ioizs | —ooe3 | —.0088 | —.0M3 | —.003L 1| —.0on . 0037 L0000 | —.0006 | —.0007 | —.0008
11 | —.0143 | ~.0113 | —.00%d | —.0080 | —~.0042 | — 1| —0148 | —0128 | —oe | —0071 | 008 | - 12 | —0048 .00 . 0008 .00 | —,00m |, —.000L
12 | —.0134 | ~.0 —.0064 | —.0001 | —.0043 | —.00M 12| —.01%7 | —.0183 | —0m7 | —oo71 | —003 | —.ome 13 | —.00m L0018 L0010 . 0008 .03 , 0003
13 | —.0120 | ~.p100 | —o0077 | —.0087 | —o0dl | —.00% 13| —o0128 | —.Q | —.0 [ — —0%0 | —.005 14 | —.010 .0003 L0013 L0010 . 0008 . 0005
4 | —00%9 | —o0o8s | —.0008 | —O0M9 | —0035 | —.0028 M| —000 | ~.00W | —0075 | — — 0043 | —.00% 15 | —oild | —.0008 .ooLs L0013 L0011 L0007
158 | —oo7d | —.0084 | —o0m | —.0me7 | —ooa7 | —o00m 5 | —o0076 | —.0070 | —.0087 [ — —033 | -0 6 | —0a&a | —.0018 . 0016 L0018 L0014 . 0000
16 | —oms | —0040 | —.003 | —.0023 | —.o0017 | —o00L% 16 | —048 | — —0035 | —. —.0020 | —.0016 17 | =016 | —0023 0017 . D018 .o018 .0l0
17 | —o0o18 | —o0013 | —00L1 | —.0008 | —.0008 | —.0004 17 | —.0016 | —.0018 | —.0013 | —. —.0008 | —.0006 18 | =07 | —0024 .07 T o018 L0010
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[B=100; C=3X10% m=3)]
{a) Concentrated perturbat:ioralon.d onstringer j=0at ring  (b) Distributed perturba.tion load on Btringerj— 0 between
FL

rings {=0 and i=1 (o) Bhear perturhation load about shear panel (0,0)
Biringor Joad, py, at station— Btringer load, py, at station— Stringer load, p4/L, at station—
! ] =
f=p fm1 {m2 =3 =t =5 =0 =1 i=g I=3 =4 =5 =g =1 =2 =3 IEY j=5 {=8
0 |Goo00 023 |o0.1%8 |0.1083 [o0.0828 |0.0602 | 00811 0 0. 3500 o 1072 0. 1264 0. 0032 (Y 0.0848 1 | —03168 | ~0.1108 | —0.0486 | —Q 0214 | —0.0100 | —0.(056
L 0 09 | oo |, .ooT8 | 0018 . b5 1 L4383 o0 ] L0714 . 0646 . 0530 3 | —023 | —02 | —0235 | — a7 | —0148 | —.0007
2 0 JOHL | 0L | Joded | SodEd | oM 475 2 .ola7 Q3 0431 L0474 . . 0490 3| —oms | —.01m [ —QuY | — 018 | —.0l07 | —.0083
3 0 L0194 | .o;5 | .oe7 | L0843 | L0380 . 0383 3 . 003 L0177 N7 N L0367 077 4 L0l | 0034 | - —008 | —006a | —. 0054
4 9 L0079 | .oue | .00 | .02%0 | 0288 . i - 0040 015 017D N7 7 . 0206 8 . 0032 oL | —0006 | —3 | —ome | —.o0m
H] 9 G000 it LOioi Gixd it 7 3 ] L Es . Q081 Nk Nk L D , O i} JOHL . 008 . -, 002 —, DO —. 0011
s 0 .01 | .oo7e | .ous ol | L0170 L0191 G . 090 . 0080 0089 .0l3h .0 L0181 Y . 045 .08 L0010 L0011 N . 0002
7 0 0030 | .0088 | .00B4 0108 | .2 0147 7 L0015 0044 .72 L0007 st ] .01%8 : .00 L0034 .0 . L0018 .001D
8 0 oasl | .oo43 | .oofr | . . . 8 L0011 0033 0061 g0 . .0102 ] L0045 007 . 0081 . . 0020 L0018
9 0 L00i4 | L0028 | L0040 | .00E | .00M .05 9 . ooa7 1 . 0047 . . 0070 10 L0042 N L0033 aoa? L0023 .0019
10 0 L0007 | L0015 | .oo22 | .oom0 ! .oow 04 10 L0004 L0011 L0010 . 00328 N L0040 11 . 0039 0028 L0053 % L0024 .0020
1 0 L0002 | Lo04 | L0000 | L0000 [ L0012 L0015 1 N L0003 . GOOB L0008 <0011 L0014 13 00 0020 .00x 0078 . 00, L0020
13 0 |—0004 |—0006 [— 008 [—.0000 |[—. 000 | — 000 12 | —oo2 | —o08 [ —o007 | —oo0d | — 0010 | —.0010 13 . 0029 L0022 . 000 0025 . 0o0x2 .0019
3 0 |—0008 {— 00156 |—.0001 [— 0025 |—.00% | — 082 18 | —o04 | —o0012 | —o0018 | —o0033 | —.00%7 | —. 0030 it . D034 038 . OO .00 L0019 L0017
4 0 |-.0012 |- o028 |—00% |-.00% |—.0048 | —. 0080 4| —0000 | —00l8 | —o027 | —o035 | —o0042 | —.0048 18 L0019 0023 -0020 . 0018 . 0018 L0014
i3 O =005 [— Q0 [—, 004 [— 000 |—.O0 —., 0083 5 [ — 0008 | —. 03 | — 0035 | — 0045 | —. 0054 | —.000 6 L0013 L0017 .00l .00L4 . 00i7 .0010
16 0 |-.0m8 |- 0033 |—.0M6 [—.0068 |~.0098 | —. 007 16 | —o0000 | —.0m | —00d0 | — o088 | — 0083 | —.0OT2 17 . 0003 .0010 0000 . 0008 L0007
17 0 |—.0000 [—.0038 |—0060 [—.0083 |—.0074 | —.0083 17 | —omo | —o02e | —o08 | — o087 | —.0085 | —.00TH 18 0003 L0003 0003 L0003 L0002 0003
18 0 |—.0020 |—~.0037 |—.0082 [—.0084 |—.0078 | — 0083 18 | —.0010 | —0028 | — 044 | —o0088 | — 0070 | —.0080
Hhoar flow, 24, at station—
8hesr flow, gu L, at station— Shear flow, ¢g L, at etation— J
4 re — —
7 4 i=0 f=l =3 =3 1=4 =5
=) i=1 (=3 {=3 =4 iaf i=0 i=1 =2 j=3 fmd =B
0 0. 3968 0. 1801 0.0%3 0.0337 0.0179 0.0104
0 0.179 0.0810 0.0%33 0.0L19 0. 0069 0. 0041 0 o 1400 0 0814 0. 0382 0. 0188 0. 000 0. 0052 1 om0 | —.087 | —.0010 . 0085 . on8s . 0068
1 . . .03 L0181 0129 . 0080 1 0472 . 348 .02 . 0168 0108 3 L0588 | —.0217 | —.0107 | —0M3 | —. 0010 . 00CS
1 0384 0389 074 0168 0120 . 0008 3 . 0e73 .o L0191 Dl48 .0113 3 0087 | —.0128 | —.0087 | —.0058 | —0035 | —.co%
3 .0l63 0187 L0143 0123 L0108 . 0083 3 1@ L0181 L0161 L0133 0112 L0003 4 08X | —0078 | —.0004 | —.00B | — 0088 | —.0027
4 . . 00R5 . . 0000 4 L 0082 N L0082 . 0006 & 0583 | —.0047 | —.0048 | —.004 | —.0034 | —.00%
5 0033 . 0040 0041 003 [} L0020 . o0¥2 009 . 0041 . 0028 [ . 0485 —. 0038 —. 0038 —. 0133 —. 0028 —. 0
9] —.03 | —.0003 . 000G o011 0014 L0018 6 | —.0016 | — 0007 . 0003 . D03 L0013 .0014 7 L0395 | —0008 | —.00% | —.00u8 | —0083 | —.0030
7| —0043 | —0020 | —0090 | —0013 | —0007 | —. 0003 7 ) —0048 | —o0% | —o0025 | ~0016 | —0010 [ —. 8 . 0508 L0004 | —.0019 | —.0019 | —.00LT | —oms
8| —.008k | —008L | ~.004) | — 00N | —.0023 | —.00I8 8 | —0088 | —0067 [ —OM5 | —.0085 | —. —. 0020 ] . 0913 0013 | — 0013 | —,0013 | —.0013 | —.00lL
9| —0078 | —0084 | — O3 | —.0M3 | —.0035 | — 0 0 | —o0030 | —o007l | —0088 | —.0048 | —.0020 | —.0031 0 .0138 Jpais | - ~.0008 | —.0007 | —.0007
10 | —.coas | —o07z | - — 006} | —0042 | ~. 0038 10 | —. 0087 | —0078 | —.0000 | —.0085 | —. —. 0038 1 . 0080 D018 | —.0001 | —.0003 | —.0003 | —. 0003
I | =087 | —o0or4 | —o083 | —00&3 | — —. 038 1| —o080 | —o0080 | —o0068 | —.0088 | —~. 0049 | —.004 13| —.0019 .%5 0003 L0001 .0001 | .0000
- —.007L | —0081 | — 0042 | —o0d4 | —. 0088 13 | —.0085 [ —o0077 | —o0088 | —o083 | — ~. 0041 1| -0 .ooll . 0008 . 0008 L0004 [ .0003
13| —o01 | - — 0065 | —.0048 | — 0041 | — 2| —0076 | —o00m0 | —0000 | — 01 | —004 | —.00%8 4| — o135 .0007 0000 . 0008 . 0007 . 0006
14| - - — 04T | —0060 | —o00M | — M| —008 | —oom | —0060 | —00d3 | — 0037 | —.0039 18 | —.0m . 0003# .00 .oan . 0000 . 0008
15 1 =07 | —ooat | —onas | —jomw | ot | o 18 | oo | oo | —poas | —lomz | —jomm | —loom 18 | o | _looo1 011 L] .oart ,0om
% | - —.o0m5 | —o022 | —o019 | —.008 | —.0014 16 | ~.00% | ~.0097 | —o002 | —000 | —.0018 | —.0018 17 | —.0197 | — 0004 L0014 ,0013 o012 L0010
17 | —-.0010 | —.0000 | —0007 | —.0000 | —.00006 | — 17 | —o010 | ~.0009 | —0008 | —0007 | — 0000 | —.0008 18 | —o:2 [ —. 0005 N + 0014 L0012 0010

SLA0LOD HIIM. SYEONITLIO EAN0D0ONONINGS HVIADNTD JO SISXTYNY S8HHLY

GL3T



()

TABLE 8.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[B=300; Cem210% mm 3]

Conoentrated poerturbation load on stringer j=0 at

ring $m=0

(b) Distributed perturbation load on stringer j=0

betweon rings s==0 and s==1

(0) Shear perturbation load about ehear panel (0,0}

Airingor load, ny, at station— Btringer load, py, at etatlon— Biringer load, oLy at taton—
] J

t

- =0 im] im3 im3 {md im} 1=0 i=l i=3 =3 fmd [C] i=¢ =l 12 el i [0 fmf
0 | oeoo0| omsi]| omee| o17se| olzm | ociue! oows 0| odw8 | o380 | 003 | ome | 0134 | 01080 1 | —0.8817 | —0.2188 | —0.1978 | —0.0780 | ~0.0402 | 00258
1 T Jume o gmis . o7e3a 0781 L O7EZ ) L0718 1 i pax ey N hma . oTaz 2 -, 0105 —om !l e —, 82— 00— (3AR
2 0 .Ol4e L0871 0350 ST . 0463 JH73 2 0078 JGd13 L8 RN 0430 a4 1 ~, 0010 - —, 0135 —, 0148 -, 0145 | —,0138
1 0 L0074 | 0142 | Q0L 030 | .0MW0 | . 3 » 0037 L0109 013 JBET 071 . 208 i L0017 | —0012] —, 0083 —, 0049 | =, 0088 | —,0003
4 0 . 045 . 0091 .0133 o168 . 0201 . i 003 . 0009 Nk L0150 0188 L0315 & . 0031 0014 . 0002 - - 0010 | -,

[} 0 . 0033 008 .00 0131 L0147 Rk, ] 0018 . 048 <0079 . 0108 L0134 .0LES ] . 0038 Q0x .0010 L0012 . 0009 . 0000
[} 0 O . 0047 . 0008 .0LI0 . 0128 ] 0013 . 0038 . 0083 . 0030 .0100 .09 7 . 0043 <0034 0033 . 0033 L0018 .0014
7 0 .0018 . 0038 0081 0007 . 0063 « 0060 7 . 0009 . 0028 . 0043 . 0059 L0074 . 0089 g . 0048 . 0036 . 0034 . 0030 . 0033 . 0023
8 Q L0012 . 0028 . 0038 0048 .09 000 B . 0004 .0018 L0031 . 0048 .0054 . 0004 9 . 0046 . 0043 0038 . 0034 . (030 00y
'] 0 . 0003 . 0016 L00M . 0039 . 0040 9 . 0004 .0013 - . 0028 . 0038 0043 10 . 0045 L0043 L0039 .05 . 033 0%
10 b] » 0004 . 0003 L0013 0017 0031 o 10 0003 . 0008 . 0010 . 0015 0010 0034 . 0043 Q043 . 0038 . 0035 . 0031 . 0080
i g JOOL ) L0002 (0008 L0004 .00 LODCT 1 L5000 L0001 L6008 ) il L0008 12 L0040 Ry i , G324 N1 02
12 1] -, 0003 | —. 0004 | —, 0006 | —.0007 | —,0008 | —.0009 13 —. 0001 - 0004 -, 0005 -, 0007 —. 0008 —. 0000 13 -1 . 0038 , 0033 , 0031 L0089 . 0028
13 a - —. 00K} | —, 0014 | —. 0017 | —. 0091 | ~.002A 13 —. 0003 -, 0007 —.0013 —. 0010 —~. 0018 =003 14 . 0030 . 0031 0028 L0027 . 0028 L0013
14 0 —, 0007 | —~.0014 | — 0030 | —,0028 | —,003L | —. 0038 14 -, Q004 ~. 0011 -.0017 ~, 0023 —. 0028 -, 001 15 . OO . 0015 002 .00 . 0080 Q010
15 0 -, 0000 | — - —.0032 | —,0030 | —. 05 15 - -, 0014 -, 00 - -, Q030 -, QM3 10 .0018 . 016 0017 L0018 . 0018 L0014
10 0 —, 0010 | —. 0020 | —. 0020 | —. 0037 | —. OH8 | —, 18 - —. 0018 - - - —. 048 17 »001L L0011 0011 .0010 » 0000 + 0000
17 i} —, 0011 | — 0032 f — 0031 | — 0040 | —, 0048 | — 17 - -, 017 -, —_ - —. 13 « 0004 + 0004 « 0004 , 000 . 000 i L=
18 0 —, 0013 | — 0033 | — 0032 | —. 0041 | —. 0050 | —. 18 - —. 0017 - —. 037 - —

Bhear flow, 24, at station—
Shear fow, ¢iL, at statlon— Bhoar flow, sy L, at station— 3 i
1 ! 1m0 fml {m3 {m3 imd fms
im0 fml {=3 Tm3 [T {m5 i=0 fml im3 fm3 1md FT ]
0 0. 2030 0, 1377 0.0783 0.0480 0.0315 0. 0209

1] 0. 0828 Q. 0494 0. 005 0. 0188 0.011 Q. 0738 0 0. 0503 0. 0044 DRI 0.0H4 0. 0187 Q, 00104 1 .02 —, 0251 —. 0130 —. 0023 L0017 . D025
1| omt | Ceess | Tome | ok | e | Lz L] oo | osa | os® | o | lois | oo i| ‘oo | —od | —ows | —oons | —o —o0z7
3 Rt it 0161 it it . G100 F] L0168 il Nt L Oldd L QiZ8 it} 3 Ok | — 070 | —.0004 | —.0004 - —. 0035
3 0004 .00 0o . 0087 . 0081 0078 3 . 0004 . 004 .00 . 0069 . 0084 . 0078 4 . 089 —, QD47 —. 03 —. 0039 - ~. 0030
4 . 0048 N 0051 . 005D . 0040 T 4 N . 049 0050 .% . 0080 . Q048 5 N —. 0030 —. 003 —. 0039 - 037 —. 0034
B L0015 . 0018 0081 . o023 .00 .00H 5 L0014 .0mT 0020 . . 0023 . O0H ] . 0531 —, 0018 -, 003 -, 0021 - -, 0019
[} i —, 0008 —, 0001 . 0003 . 0004 . 0008 ) —_ —. 000T —, 0003 0000 . 0003 - 0008 7 M —. 0000 - 0017 -, 0018 -, (K15 -, 00156
7 —~. 0028 -, 0023 ~—.0018 —. 0014 —. 0011 —. 0000 7 —_ —. 0024 -, 0020 —.0018 —. 0013 —. 0010 8 0343 —. 0003 —.0012 -. 0012 -, 0011 - 0011
8 —. 0¥ - 0034 —. 0030 —_ - 00 —, 0018 8 —. 0040 —. 0033 -—. 0033 —. 0028 —. 0024 —. 0021 ] N . 0003 —. 0008 —.0008 -, 0068 - 0007
[} -, 047 -, 0048 -, 0038 -, 00 -, Q030 —. 0028 9 —. 0048 —_ —, 004D —. 0038 -—. 0033 - 0028 10 0100 0004 —. 0004 —. 0004 —. 0004 —., 004
10 . 0061 —. 0046 —.0H43 —. 0038 —. 0034 -, 0031 10 ~. 0081 —. 0049 —. Ol —. 0H0 —. 0035 -, 0032 1 0073 . 0008 —. 0001 —.0001 —. 0oL —. 0002
1 -, 0042 - 0047 —. 043 —. 0030 —. 008 -, 0003 11 —. 0083 —. 0049 —. 048 —. 0041 —. 0047 — 00 12 —. 0005 . 0008 0008 . 0001 . 0001 . 0001
12 -, 0049 -, 0045 -, OH1 -.0038 —. 0023 —. 0033 11 —. 0080 - —. 0043 —, 04D - (8 -, 0033 12 - 07 + 0008 L0004 . 0004 . 003 . 0003
13 - —, 0041 —. 87 —. 0034 —. 0033 —. 0020 11 —. 05 —. 0042 —. 006 —, 0034 —.0033 - 14 —. 0137 0005 + 0006 . 0008 . 0005 . 0005
14 —. 0037 —. 00H —. 0081 —. 0059 —. 0028 —. 003 14 —. 0027 —. 005 =, 0033 -, 0030 - 0088 - Qa5 16 —.0188 « O0H (008 . 0007 . 0007 L 003
15 —. 0028 —. 0026 —. 00 —.02 —. 0030 —. 0018 18 —.0028 —. 0028 —.00H - 0023 —.002L —, 010 18 -0 . 0003 . 0000 0008 0008 . 007
16 —.0017 —. 0016 —. 0015 -—. 0014 . 0012 -, 0011 18 -.0017 —.0018 —. 0015 - 0014 -, 0013 -, 0012 17 —.0M1 . 0002 . 0010 0009 . 0008 . 0003
17 —. 0004 —. 0005 —. 0008 —. 0005 —. 0004 —. 0004 17 —. 0008 —. 0008 —. 0005 —. 0008 —. 0004 —. 0004 12 ~. M8 .0003 L0010 L0010 . 0009 . 0003
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(a) Concontrated perturbation load on stringer j=0 rt rlng (b) Distributod perturbation load on smnger Fm=0 between

1) rings 1=0 and i=1 (¢) Shear perturbation load about shear panel (0,0)
Biriogoer ioid, pa, i siation— Biringor koed, py, at statlon— Atringer load, pifL, st station—
i) F) J
=0 =1 fm3 =2 feag i=5 =8 {1 =3 =3 fed. fms =8 =1 =2 =3 =t =5 - fmg
0 05000 | 0.4001 | asme| o9eve| amsar| aeoo| 016w 0 WYy 0. 3607 0 240 0. 47 0. 2081 0.1783 1 | —0.4300 | —0.2180 | —0.2346 | —0.1745 | —0.1308 | —0. 0081
1 [ L0322 | L0630 | .oes7) Coval| Lovee | lovss 1 L0173 048 . 1580 . 0683 L0783 o 3 | —ony | —owr | —. — M | —.08 | —.0406
F 0 L0084 | Lo1m | coam| om0 | mam| Los7s ] L0043 .01 L0188 .02 .0315 .5 3 L0000 | —0043 [ —,0077 | —0104 | —.01%4 | —.0038
3 0 L0042 oom | .ouw| .ot .ois7| .omie a . 0021 . 0081 . 0100 L0137 L0171 -] 4 .ot 0006 | — pono | _lanee | _Tnoam | onde
i ] . s 0051 | 0078 00M | .0I21 | .0143 4 .0013 . 0038 . 0083 . 0087 L0110 L0132 B . 0031 . 0023 .0oL8 . 0008 0003 | —~.0004
-8 ] L0018 . 005 w7 | .00%6] 0102 8 . 0000 007 L0044 . 0081 L0078 . 0004 ] . 0038 L0033 i . 0023 L0019 .0015
] ] oo | . . 0030 o051 | L0064 | .00 8 - 0007 . 0020 . 0032 . 0045 . 0033 .0070 7 . 0043 L0039 . 0028 .o - 00K 0028
7 0 L0010 | Coo1e | .oox o047 | Loass 7 L0008 L0014 T - 0053 L0042 L0051 8 . 0046 L0043 . 0040 . 0037 .05 L0033
8 0 0007 | L0014 | ooz o7 | .00 | L0040 8 - 0003 . 0010 L0017 L 00H, . 0030 .0037 9 < 047 L0045 o042 . 0040 . 0035 . 0038
] 0 0004 | L0000 [ .o013| o018 .omm| .oous 9 - 0003 L0007 L0011 . O0LE . 0020 . 004 10 L0047 . 0043 0043 L0041 . 00%p .0087
19 0 L0002 | L0004 | .o00r| o000 | .omz| oond 10 - 0001 . 0003 . 0008 . 0008 . 0010 -0013 i . 0048 N L0042 . 0040 . 0038 . 0037
1 0 0000 | .0001 o0t | oona 0007 | .0003 1 0000 L0000 L0001 . 0002 . 0002 . 0003 12 T - 0041 L0040 . 0038 L0035 .0025
13 0 | —.0001 | —.0003 | —. 0004 | —. 0008 | —. 0008 | —. 0008 13 | —.0001 | —o0m | —. —. 004 | —.0008 | —.0008 1 . 0038 . 0037 - 0ms . 0038 L0033 L0033
12 a f- —.0008 | —, 0008 | —.0010 | —.0013 | —. 0015 131 —oo01 | —000¢ | —loo07 | —laotd | —lona | —na 14 ] .00 Loy L3050 B8 LS
T 9 | —.000d | —,0008 | —.001% | —.0015 | —. 0019 | —. 0023 4 | —0003 | —oo08 | —o0010 | - 0014 | —o0017 | —. .00 . 0028 . 0025 -0 L00H L0023
15 Q | —.0008 | — 0010 | —.0015 | —.0019 | —.0023 | —.00%7 15 | —.0003 | —0008 | —.0012 | —.0017 | —.002L | — 05 18 . 0019 . 0018 L0019 L0018 L0017 L0017
18 0 | —.0008 | —.001L | ~, 0017 | — 0083 | —.0087 | —. 0023 18 | —0003 | —0009 | —.0014 | —.0016 | —.00M | — o020 7 L0003 L0012 L0011 L0011 L0011 L0010
17 0 | —.0008 | — 0013 | — 0I5 | —. 0084 | —. 000 | —~. 004 7 | —000s | - - — 0Bl | —002 | —. 002 18 , 0004 L 0004 - 0004 . 0004 . 0004 » D004
18 0 | —.0008 | — 0013 | — 0018 | —. 0034 | —. 0030 | —.0025 3| —.0003 | —0010 | —.0018 | —~.0020 | —.0027 | — 02
Bhoar flow, ga, st atatoor—
Shoar flow, g4 L. at station— i Hhear Aner, 2oL, at station— i
i e , - 4 1=0 f=1 {=3 fm3 1=4 15
f= w1 o fmg 1=3 6| dmd 7] tmb =0 i=1 =2 =3 =4 i=8 .
3 t bim . ‘
- o " ™ 0 0. 1585 0. 0867 0.0658 0. 0508 0.0384 | 0.02090

0 oo | W 0.0288 0. 0319 a0 aoms 0 0.0023 Has 0.0330 0. co81 00153 00148 1 T —.0108 | ~, - —. 0035
1 L0177 .01 L0150 .Ql4s 0131 0118+ 1 L0177 0174 L0164 DLE L0138 ] .00 | —0084 | —.007d | —.00%4 | —.o084 | —

3 . 0092 . 0038 0090 [, 0087 ] . L0081 . 0085 0081 H L0730 | —0043 | —000 | —.0037 | —. 00 | —. oM
3 . 0061 .00m . 00e2 . 0051 0050 0040 1 0051 L0053 . 0062 . 0081 . 0081 0050 4 (0078 | —0m3 | —.o028 | —.00M | —.00% | — 03
i L0028 . O0Ay Lo <0028 one 008 4 .00 N R ORI L3035 s H L0815 | — 0007 | — 0018 | —.00i7 | —.00i7 | —. 0016
5 . 0008 . 0000 L0010 L0011 L0011 0013 8 0008 0008 . 0000 . 0010 .0011 0012 ] .06% | —o00il | —oo13 | —oota | —.0012 | — o0z
8 | —. ~. 0004 | —. —. 0003 L0001 0000 8 | —0008 | — —0004 | — —. 0001 7 Hm | —o007 [ — 0008 | —.0010 | —.0009 | —. o000
7 | —0018 | —.00ld [ — 0011 | —000 | —.0010 | —. 0000 7| —0016 | —00l4 | —.0013 | —ools [ —.00w0 | —. 8 0388 | — 0004 | —.ooor [ —.0007 | —. —. 0008
B | —.008 | -, —.0010 | 22,0018 | —.0016 | —.0015 8 - - —.002) | —. 008 | —.0017 | —. 0018 9 oo | -, — 0004 | —.0004 | -, —. 0004
§ | —006 | ~oms | -, —.00 | —.008l | —.0019 9| =0z | —00M | —.008 | —0021 | —. 10 L0t L0000 | —.0002 | —.0002 [ —, —. 0003
0| -0 | -0 | - —.0 | -0 | —.om 10 | =002 —.0098 | —.00% | —.0024 | —.00z:3 i1 L0033 | .00m (0000 | —.000L [ —.0001 | —. 0001
11 | ~.008 [ ~.008 | —. - —.00d | —.00m i | —lcom —.00n | —.0026 | —00H | —. otz 13 |, —~.0001 L0002 .000L . 0001 , 0001 . 0001
18 | —.0028 | —.0028 | —. - —-.0ma | —.00m u | —om8 —.0026 | —.00M4 | —. 0033 | —. coma 18 | =007 . 0003 . 0003 . 0002 . 0002 . 0003
13 | —.omf | —0024 | —. - -0 | - 13 | —.0028 -0 | —.00m | —.0031 | —.0030 U | —.0143 . 0004 . 0004 . 0004 - 0003 . 0003
4 4 —omn 1 — 000 | o otme | —(E15 1 =317 | —.0518 M) el —. 00 | —.00 — W8 | —. 0017 15 | —.0196 . 0004 0005 0004 0004 . 0004
18 | —.0018 | —0016 | —. 0014 | —.0014 | —o003 | — 0013 15 | ~.0018 —.0014 | —.0014 | —.0013 | — 0018 18 | —.0m4 . 0004 L 0008 . 0005 - 0008 .0008
18 | —.0010 | ~—, - - — 0008 | —lcoos 18 | ~.co10 — 0000 | —. 0008 | —. —. 0008 7| —.028 - 0004 . 0006 . 0008 . 0008 . 0008
17 | - - — —.0003 | —.0003 | —. 0003 | —003 —.000 | —.0000 [ —.0003 | —. 18 | ~.0208 - 0004 . 0000 .08 + (008 . 0008
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TABLE 11.—-LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[Bumg 0 m2XI0hm =3

BLTI

(a) Conoentrated perturbation load on stringer j=0 at (b) Distributed perturbation load on Bh'lnger j=0
ring f==0 between rings 1= and fm 1 (¢) Shear perturbation load about shear panel (0,0)
Btringer load, py, st station— Btringor Joad, py, ot station— Btringer load, py/ L, at stathon—
] J J
120 | fml | tm3 | ym3 | g4 | =B fmt fml 12 =3 fomd {m5 =5 {ml fm1 im3 fmd o8 =8
o 08000 | nosse ! o.0s20| 0.0488 | 008 | Q0430 | 0.0421 ] 0188 0, 0335 0.0M0 | 00487 0. 0438 0. 3 1 | —0. 1164 0.0007 | —0.0020 | —0.0003 | —.0003 | —0.000L
1 0 LOp00 | L0043 | o885 [ o4l | Loi%1 | LO4IG 1 . U730 i L0514 . 0i%0 . 431 .18 2 | —0%01 | —o018 [ — 0018 | — 0011 ( — 0005 | —,
1 0 o5 | .oely| L0483 | Lomd | .oi7 | (0O 3 Nt L0648 480 L0437  Dil4 NTYS 3 | —028 | —.0004 | — 00 | —00L4 | —0008 | —, 0004
] 0 ol | Lo | L0410 | o34 | 0384 | L0381 2 .07 . 0408 M0 L0409 0350 .82 4 L0083 | — 0048 | —.003L | —.0018 | —.0000 | —.0008
] 0 oot | Loarl Loesr| Lomse | Loass | Lol 4 L0119 .0%3 . 0380 . 0357 . 0355 ] L0088 | —0013 | —002a | — 0015 | —.0000 | —.0008
5 0 L0140 | .02 | .0aM | .03l | L0318 | . OBIC 8 . 0008 L0204 N . 0308 L0314 .0318 8 . 0072 .00 | ~.0011 | —.0011 | —.0008 | —. 0005
] 0 L00BL | L0181 | .07 | .0M3| .OTB| .0WG ¢ . 0033 ,0135 .03 . 0281 . 0268 NiT 7 . 0060 L0023 | —.0001 | --.0007 | —.0008 | — 0004
T 0 T ORI TR Y T T BN - B - 7 Nt i D182 .g1on ] 020 8 . 0027 o7 Lo0d | o~ 0o0r [ — 0003 | o~ oo
8 0 Jo0i4 | cooTs| JOIM | .01 | .o17e | Colm4 8 . 0001 , 0041 . 000 .0143 . 0168 L0152 9 . 0003 < 003 L0011 . 0003 L0000 | —,0001
0 0 |—.00ca{ .0033{ .007@| ,0108 | .0i%0| .0133 9 | —. oo0e . 0013 . 0085 . D004 .o1a1 0134 10 | —.0005 L0018 ,0013 008 N , 0001
0 0 |~—.0012| .000M | .0038| .oo03| .00R3| 0087 10 | —o0008 | —.0007 L0019 . 000 L0078 . 08 11 | =001l L0011 .0019 0008 . 0008 .00
il 9 |~.007 ~.001T | .0001| .0033| .0038| o041 U | —0000 | -0 | — 0000 .0012 L0031 . 0040 13 | —.0012 . 0004 L0010 0000 . 0008 . 0004
13 0 |~.0019 |~ 0031 | — 002 | — 00L4 | —. 0004 | — % | —0000 | —00 | —00% [ —o00® | —0010 | — 0002 13 | —.0010 | — 0001 L0008 | .0009 . 0008 . 0008
13 0 | ~—.0020 | —. 0O | — 004 | — 0044 | — 0043~ 13| - ~ 00Tl | QM | — OH5 | —. 0% | —. 0040 4 | —0007 | — 0006 . 0004 :‘% . 08 . 0008
14 0 | ~—.0090 | — 0044 | — OOB) | —, 008 | —. - U | —ooe | —o03 | — 0083 | —0085 | ~0071 | — 15| =00 | -, L0002 . L0007 . 004
15 0 | —.o0@ | — 0048 | — 0070 [ —. 0087 | — 0007 | —. 0100 18 | —0010 | — 0033 [ =005 | —.0070 [ — o002 [ — 00 10 | —0003 | —, 000G L0001 ﬁ . 008 . 0004
18 0 | —008L | —O0M7 | — 0100 | —.0114 | —. 0120 18 | —.0010 | — 0033 | —o000 [ — o009 | —0108 | —0118 17 | —000L | — 0004 - 0000 . L 0003 . 0003
7 G | - 008l = 0048 | — 0080 | — oMy | =.0lx | =028 17 =810 | =88 | —&8H | =0 =08 | —=0ix 1 L0 | =050t N 01 L0 L o001
15 0 | —.o0E |- —. 001 | —. 0110 | —. 0158 | —. 0136 ! | —.000 | - - —0008 | =01l | —.01H
1
Bhear flow, ¢y, &t station—
Bhear flow, qu Ly 0t ®ntion— Bhoar floywr, gi L, et station— i
i ! tmo tm1 fed 13 f=d fm
=0 fm1 =2 =3 =4 =5 =0 inl =2 {m3 =4 =5
0 0. 751 1124 0, 0041 0,0018 0.0010
0 02231 | —0.008L 0. 0063 0. 0030 0.0011 0. 0003 0 0. 3017 0, 0874 0. 047 0.0m7 | 0.0010 0, 0008 1| —0137 | —.0108 oL1g . 0mz3 . 001 0010
1 . 070 .0151 . 0031 . 0007 1 < 487 .o L0225 , 0001 0048 L0019 1 L | —oem L0oLd L0018 L0010
1 Ny L0443 . 0188 . D048 .00l ] L0700 N i) 013 . . 0098 3 L0817 | -, ~ 0046 | —,0001 . - 0004
3 N . L0109 . 0088 L0014 3 Lo . s .| .0183 L 0081 . 0% 4 L0300 | —ons | ~00807 | —.0017 | —.0008
4 .o1s . 088 . 0184 0100 - 001 . 0018 i . 0085 NIT .un L0148 . .00 5 coxM | —ODIE | —.0087 | —.0024 | —.0008 | —.0003
5| - L0141 L0l . 0036 .00LB 5 | —oom7 . 0078 . 0148 L0118 . 0078 . 003 8 - 0081 003 | —~.0m5 | —~.004 | —.0012 | ~. 0008
8 | —.o100 . 0040 .00t 0070 . 0044 . 0013 0| —o3 | — L0071 . 0080 . 0087 . 000 7 | —o09 L0070 | —.0013 | —.0019 | —.0019 | —.0008
7| —o140 | — 0040 .00 003 0028 0000 7| —ows | — o000 . 0001 . 0038 . 0020 g | =072 .0070 —0010 | —.001l | -
8] —.016 | —.00K7 | —. 00H D04 . 0008 . 0008 5 —OlR | —0i% | — 008 | —.0007 0T + 0008 | —.007 . 0084 om | -0 — 008 | —, 0003
9 | —o6L | .01 —~008 | —.0md | —.0018 | —. 0008 9| —0e8 | —.0188 | — — 0048 | —pi20 | —. o008 0 | —.0078 .00l . opaT . — 00 [ -,
10 | —04d | — 018 | —~.0ug0 | —.0087 | —003 | —.0007 10 | —omd | —0188 | —ou% | —0077 | —o0043 | —oms 11 | —.0087 L0009 . 0028 0% | —00L | -
1| —oma | —oidr | ~ s | —o0o77 | —o0d48 | — o003 11 | —o1H | —0148 [ —.0135 | —. 0097 | —.008L | —.00% 12 | —.0033 | —.0007 . o020 0010 002 | =
12 | —ou13 | —0138 | —01® | —.0083 [ — 0085 | — o018 18 | —o08 | —ows | -3 | —0w7 | —007L | —00d8 13 | —o013 [ — 0016 . 00L1 0000 L0002 0000
13 | —o0e3 | —ouy | —.017 | —009 | —0067 | — 13 | —.0088 | —0106 | — 0121 | —.0106 | —.0074 | —.0038 14 —.0018 L0001 0008 . 0004 0003
M| —o0m3 | —003 | ~.0100 | —0O0B1 | —.0063 | —.0017 14 | ~oom0 | —.oos3 | —0100 | —00®d | —.0087 | — 0087 15 L0008 | —.o018 | —. o007 0001 .04 0004
8 | ~.006 | —0087 | — -84 | —om3 [ — 004 —.008l | - - -7 | —o08s | —. 18 012 | —0013 | ~00l | —. . 0004 0005
18 | —0m [ —000 | ~ o009 | — —.00G8 | —. 0000 16 | —.081 | —oms | —. — 008 | — 008 | —.00%0 17 004 | —.0003 | ~0018 | —. 0008 0004 0008
17 | —oon | —oms | ~o017 | —.001¢ | —0008 | —.0004 17 | —o011 | —0013 | — 0016 | —0016 | —.0012 { —.0008 18 0014 | —.0007 | —. 0020 | —. 0008 . 0003 0008
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TABLE 12—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[B=3) C=2X10%; mw=3{]

(a) Concentrated perturbation load on stringer j=0 at (b} Distributed perturbation load on stringer j=0 .
ring {=0 between rings =0 and sl (¢) Shear perturbation load about shear panel (0,0)
Btringer load, py, at station— Stringer Joad, e, at station— Stringer load, pu/L, a4 station—
[ ] 1
J J J -
=l fml {=2 {m3 s j=5 {=f i=1 i=2 {=3 i=4 i=8 i=6 {m] {m3 =3 {4 img {me.,
0 [0.5000 | 01838 | 0.0808 [ 0048 | c.0M7 | 00404 | 00483 0| o398 | o4 | o.074¢ | o003 | coosry | 00478 1 |—osm¢ | —0oxs | —o.0081 | —c.0m0 | —00013 | —0
1 0 086 | Lovar | L05ed | .osxS | .048L| . 1 L0018 . 6307 L0858 . 0850 . 0603 L0485 3| - - | —oe | - - —. 0017
2 0 L0367 | L0601 | oMo | (0407 | .ouS | L0420 2 sl 0461 . 000 -0480 L0458 0485 3 | —oon | —luss | —loo8 | —loosy | —oom | —.
8 0 o8 | Lox9: cosss | Cowy | .o | .gs2 3 .oLs . 0288 L0207 .03 . 0306 .03 4 X —.0M8 | — — 0060 | —.00%3 | —. 0041
It 0 037 Ome | .93 | 0S8 | o3| L0348 4 L0070 L0192 0971 -OB15 JOR7 .48 & - 0085 0003 | —.0026 | —po30 | —00m | — 0018
5 0 L0001 | Lo1ma| .ome | .cwa| LomT | .®W0 s - 0043 0134 X3 .09 .0a78 LM ¢ - 0061 0024 | —.0004 | —.0004 | —.001 | —.0010
8 0 L00GL | L0154 | .0I75| 021l | .C335| .038L 0 - 0030 . 003 L0181 Rt .ot 024 7 - 0067 L0034 0010 | —.0002 | —.0004 | —.0004
] ¢ LO0E9 | L0087 | .01% [ L0163 | LOIBS | .0 7 . 0018 . 0083 L0109 +0140 .0173 0190 8 0049 .0038 0018 . 0007 . 000 +0000
8 0 L0028 | L0067 | LOOBL | L0110 | 0140 | .0180 8 .0010 <0040 . 0074 .0105 L0130 .a150 ] 0030 . 0034 < 0023 . 0018 . L0004
] 0 .01l | .om3| . 0087 | .0l o 0004 .00l .08 - 0060 . 0069 . 0100 10 0014 L0029 + 0023 L0017 L0013 0007
10 ¢ 0001 | .0013| L0020 . 0087 10 ~ 0000 - 0007 -omit .07 - 0080 i 1 L0002 .o0a . 0033 0019 -0013 . 0000
1 0 ~.0008 | — . 0014 | .00Z2 | .00% u | —~.0004 | — 000 . 0001 . 0009 -0018 L 007 18 | —.0004 . 0015 0030 L Q019 L0013 L 0000
13 ¢ | —.001L| —. 0018 | — 0018 | — 0013 | —. 0010 | —. 0007 13 | —o0000 | —om4 | —ocoz6 | —.0015 | —.0012 | —.0008 13 | — oot . L0017 .08 .0o13 - G000
13 0 —.005 [ —. — 0023 | —. 0096 | —. —. 003 13 | —o0007 | —oosl | —ome | —o0d | — —. 0038 4 | —00m 0004 L0014 .0018 0011 - 0000
14 ] —.0017 | — 0033 | — 0048 | — 0085 | —. 0061 | —. 0068 M| —o009 | —oms | —om0 | —ootL | —ooes | — o0 16 | — 0012 .01 0013 L0010 . 0007
15 0 —.0019 | — 0020 | — 0065 | —. 0070 { —. 0080 | —. ooA7 15| —o0 | =002 | —oods | —looes | —oo7s | —looss 186 | —o000 | —loool - 0007 ;0010 | Cooa L0008
16 0 —.0081 | —.0043 | —. 0063 | —. 0080 | —, —.a103 18 | —.0010 | — 0032 | — 0063 | —.0072 | —.0087 | —.0000 17 | - ~-. 0001 . 004 L0000 . 0004 . 0003
17 0 —.003L | —.0045 | —. 0088 | —. 0086 [ — 0101 | — 0112 17 | —000 | —o038 | —0067 | —.0077 | —.0003 | —.0108 8 | — —.0001 . 0001 . 0002 .00ca .0001
1B 0 —~.003L | —.0048 | — —.0088 | — 0104 | —. 0116 18 | —.000 | — 00 | — 0088 | — 0070 | — 0088 | —.0112
Shear ow, gy, ot station—
Bhear fow, 7oL, at stathon— Bhear flow, 44X, af station— i
1 J 1m0 i=1 {=2 {m3 fmd -
[=0 =1 1=2 i=3 i=4 =h =0 =1 i=2 =3 l=d {es§
0 069 | 01502 | O.0MP | 0031 | 0.0000 | O.0038
0| o173 | oos34 | oourt | codse | ooooar | 00018 o | a3y | oo | oomo oms | ocoms | o.00 1 L0017 | —.0333 .0101 . 005D . 0082 . 0033
1 . 088 . 0463 . L0135 . 0070 L0048 1 . (000 . L0175 . 0004 . 0057 2 .ol [ —. —. 0078 - 0004 -0019 -0018
3 0489 . 0380 .07 - 0IEL . 0092 ., 0050 2 L0481 3L . @10 L0195 L0119 . Q078 3 0@ | —ord | —.ol08 | —.00%7 | —.0008 X
3 . L0387 .0200 .01 L0003 . Q008 3 L0231 . . it L0118 . 0030 i .0580 | —.olo8 | —.0088 | —o00&7 | —.00M | —
4 . 0108 .0185 L0ld1 Lo .oo7Te . 0087 A . 0091 0138 -0180 &g . 0083 .0073 ] .03%0 | — o8 | —.00% | —00d43 [ —00M) [ — 0017
5 . 0016 0074 . 0084 L7 . 00338 0044 [} . 0000 . 0081 . . D087 . 0084 [ N4 . 0034 —. 0081 —.003 —, 0080 -, 0019
[ —, 0e L0011 Lo . poxy L. ML) a —. 0 —, e D024 oy L oax - ? ) ] =, 0008 =00 = {0%7 =, F&0
7| -3 | - —. 0003 . 0004 . o009 .ol 7] - —.0000 | —.0033 | —.00pL - 0003 0018 8 | —. 0005 - 0080 L0013 | —.0011 | —003 [ — o017
g | —008 [ —. -3 | - —.003 | --.0008 8 | —om3 | —ooo0 | —o087 | —od8L | —lo0a7 | — D | —. 0000 -0077 004 | 0008 | —0018 | —. 0012
9 | —om9 | —ooed | —o0oz | —0045 | — o000 | — o000 9 | —o121 | —o018 | —posL | —. — 0028 | - 0024 10 | —. 0004 - 002 . 0030 0008 | —. 0011 | —.0007
10 -, 0120 —. 0108 —. 0083 - —. D043 —. 0080 10 - —. Q115 —. 0005 - —, D061 - 1 -, 0083 L3 O o (000 —, 0004 —, 0004
1L | —.0us { —o00 [ —ood | — —.0080 | —. 0087 u | - —004 | —oo01 | - —. 0080 | —.0047 11| — 008 .00aL .008 Q010 L0008 | —.000L
131 | —.0l4 | —.00¢ | —0%t | —o07L | —.cos3 | — 0040 @ | —ome | —0106 | —0060 | —cOfL | —.0062 | —. 0050 13| —.008 <0002 . 0015 0008 0007 0003
13 | —o0s9 | —. —.008¢ | —. — 0081 | —. 0040 13 | —.0087 | —0083 | —00e0 | —.oi8 | —.pos0 | —.o0%0 14 | —008 | — 0015 . 0004 . 0007 L0011 . 0005
M | ~.0078 | —.0078 | —.007L | —.0088 | —.005 | —.0035 M| —oo0 | —o0076 | —.0078 | —. — 0062 | —.0044 15 | —o008 | — —. 0008 + 004 . 0013 - 0007
18 | ~.0080 | —.0088 | —~.008¢ | —.0M5 | —.0035 | —. 0038 18 | —.006L | —.0068 | —.0087 [ —. ~. 0040 | ~—.0035 16 L0004 | —.0o35 | —.0014 . 0008 . 0014 - 0003
18 =, 0032 —, 0038 —. 004 —. 5088 —. Al — GOLY 15 — e — R —, a8 —. BL —, a5 - s i7 » OULG —. G0 —. QU U0 Oi0 . UG
17 | —o00l1 | —~.o012 | —oo1t | —.0000 | —.00c8 | —. 17 | =0 | —ooll | —ooz | —col0 | —o0ee | —. 000 18 L0020 | —o00dl | —.c022 . 0000 L0010 . 002
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TABLE 13.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

lﬂilm ﬁiW|n -.-Elﬂﬂ
=10y, U=2A0F; Tisey,

&

082T

(n) Concontralod poriurbation load on siringer § =0 at () Distributed perturbation load on stringer j=0
ring ¢==0 botweon rings $==Q and 1=1 () Shear perturbation load about shear panel (0,0)
Stringer lood, pa, at station— Biringor bood, piy, ot station— Atringor bood, pa/L, st stoton—
J H i
=0 {1 =3 ud mag {mb {my j=1 =3 1=3 I=4  |° f=§ imf w1 1mg =3 = {m5 =8
o | aso| oosse| o152 | o.108¢| 0.082 | 0.0892 | 0.08L1 0 0. 3003 01578 01271 0. 0033 worm 0.0848 1| —0.3168 | —0.1108 | —0.0486 | —0.0214 | —0.0103 | —0.0055
1 0 0703 .o7ms | .0670 | .0615 | .ofae 1 . 0430 L0773 | O78L L0718 L0848 . 0839 1 . . - - —.0148 | —.0007
1 0 MY L 0% | Lpusa 0484 | OB | LOMTE 3 .0120 0387 L0433 LTS . 0488 L0450 3| —oo0L | —omo | —0148 [ —0133 | —.0l7 | — 0083
3 0 .0124 .48 Lo | .oam 3 . .oL7e . 0285 ] N 77 4 oI | — - - -8 | — 0054
i 0 L0070 | LoD | L0207 ool | .memd | L0308 4 0040 L0118 .oL7e NS L0337 L0208 5 , 0000 Jo01 | —0012 | —o028 | —.0029 | —o00%
5 0 054 | 0108 | .0OLSL o | Lozel| ;e 8 0097 .0159 0170 L0 L0281 ] L0073 . 0038 L0008 | —0008 | —0008 | — 0011
8 ! .00 0o .0112 ol | L0170 | L0101 ] 0018 .00 .08 L0133 L0147 L0181 7 . 0000 . 0030 . 000 L00Li . 0006
7 0 .00z | .oasa| 003 L0130 ‘u{g 7 L0013 0049 L0070 . 0005 0119 L0138 8 . 0083 . 0030 . 0027 . 0030 0018 L0010
] 0 L0018 00 | 0050 (0085 | .0 8 . 0008 . L0040 . 0083 L0108 ] . 0043 - 0039 . 0031 . 0028 003
9 0 ooli | .oom8| L0028 .006L | L0064 | 0075 ¢ . 0005 0018 L0031 L0045 0020 . 0070 10 ,0030 L0037 .00R L% o0x .0Le
10 0 o008 | .o01a| 000 | L0088 | L0087 | .OM4 10 . 0008 . 0008 .a018 . 004 oL . 0040 11 .0019 . 0033 N L00W L 0034 .
1 0 | —.0001 1| L0004 | L0008 | 0013 0018 1 | —0001 . 0000 . 0003 . 0008 0051 L0014 13 . 0009 . 0099 L0031 L0028 L0034
15 0 | — 0008 | —.0008 | — 0010 | —.0010 | — 0010 | —.0010 12| —0008 | —o0007 | —.0006 | —.0010 | —0010 | — 0010 13 . 0001 L0053 L0023 L0020 . 003 0019
1 0 | = —. 0018 | —. 0021 | —. 0028 | —, —-.0039 13| —0004 | =001z | —0019 | —00H | — —. 00 M| - 0003 0019 + 0054 N . 0019 0017
14 0 | —oois| - ~.0031 | —.0030 | — 0048 | --.00&0 <14 | —o00s | —o0017 | —o0037 | —0036 | —.0M3 | — 0048 15 | —. 0008 ~0014 ~0019 . 0010 L0016 0014
16 0 | —.00L4| — 0027 | —.0030 | —.0043 | — 0058 | —.0008 15 | —omy | — 0@ — 003 | — 0044 | — 008 | — 0082 16 | —.0006 L0002 0014 L0014 L0012 -0010
1 ¢ | = 0018 | —0031 | — 0041 — 0058 | - 0058 - 007 14 —om3 | —om3 | —oms ! — o008 | —o0 | — 0072 17 | —000 . 0008 0000 L0000 Lom07 | o0ca
17 0 | — 00| —. 008 | — 0048 | — 0081 | —.0074 | —. 17 | - - — 0041 | —ooss | —o0008 | —.0078 18 | - o002 . 0003 .0001 0002
18 0 | —0017 | — 004 | — 0048 | — 0003 | —.00m8 | —. - —0025 | —o0o4x | —o080 | —007D | —.00%0
Shear fow, g4, ot dation—
Bheor fiow, gyl st station— Ghear fiow, qipL, ot station— ]
! ) 1=0 {=1 {m=2 {m=3 fmd (=5
=) iml i=3 i=3 {4 i=5 i=0 i=1 1=3 i i=4 fe=b
0 0, 3011 0, 1817 0, (u78 0. (331 0, 0178 0.0104
0 0, 1524 0.0510 L0z | 0010 0. 0068 0. 0041 0 0.13%7 0.003 0. R 0.0180 0. (m 0. 0053 1 0% | —0dd | —.00%3 L0060 . 0087 L0054
1 NI L0410 L0284 0192 L0130 . 0053 1 .05 0470 LB N1 L0150 L0108 2 oS | —o0a75 | —.0138 | —.0048 | — 001l . 0005
3 07 . 0280 0316 0170 L0130 . 0008 1 .o .07 .08 Nl L0140 L0113 3 oy | -0 | —ore | -.008L | —.0038 | —.0000
2 .0Lsy .0183 L0144 UM JO0IH . 0033 3 . 0LED L0187 018 L0135 L0113 .00n 4 0543 | -0 | —.00%8 | —.0008 | —0m8 | —.00%;
4 L0074 . - 0087 L0071 . 0030 4 . 0070 L0083 . 0083 . D084 . 0078 . 0088 5 05 | —00X | — 0044 | —.0M0 | —0084 | —.00%7
& i .00 L0042 L 0043 L0040 . 0038 5 L0018 - 0030 L0043 . 0043 i} a .eelL JOOH | —00H | —.0m) | —00m | —
¢ | —0019 | —. 0003 0007 0013 L0014 L0015 8| —o3 | —.0010 L0001 . 0010 0014 0014 7 0 L0084 | —o0008 | —003l | —.00R | —.00%
7] —O0048 | — 0L ) —0@0 | —0013 | —O0XT | —O03 71 —0080 | — 000 | —.0028 | —.0016 | —0000 | —. 000 3 LBil7 LOOTL LM | —® | —00l7 | —.0018
g8 | —om8s | —0050 | —0M0 | —OO1 | —0034 | — 0018 8| —.0068 | —.0058 | —oM8 | — 0035 | —ooaw | —.o0%0 ] N ) ~0078 ool | -, —.0018 | —.0011
9| —0ome | —o0s8 | —003 | —.0044 | —00M [ — 002 _ e | —oors | —. 007 —.0a20 | —oM8 | —.o0d0 | — 0031 10 | —0mL L0083 L0018 | —0008 | —.0007 | —. 0007
10 | —.oo81 | —.0072 | —.006L | —.006L | —.004 | —.0D33 10| —o00) | =007 | —o0087 | —0058 | —OM8 | — 00N 1 | —o0es . 0084 L0017 L0002 | —.000l [ —.0003
L | —o081 | —007T4 | —.0084 | —.0084 | —.0047 | — 0m% 1| =008 | —0078 | —0070 | —00% | —.0068 | —. 0041 11 | —.o0ms L0034 L0015 . 0004 .00 .00
18| —oo78 | —wn1 | —o083 | —o084 | —0047 | —.0038 13 | =007 | —.0074 | —0067 | —.0058 | ~.008L | - 0041 17| —.00es L0012 L0011 . 0008 . 004 .00
13 | —o088 | —00M | —008 | —000 | —0M4 | —.0028 13 | —0a0 [ —0080 | —0061 | —.0053 [ - —. 0038 14 | —oex | — 000 - 0008 .0007 . 0008 . 0008
| = —.0083 [ —OMB | —.0043 | —.00%7 | —.00% | —0088 | —0085 | —.005t | —.0ME | —. —. 0032 15| —eom | - ~0000 - 0007 -0010 . 0008
15 | —oodl | —.0040 | —o0038 | —o0032 | —0028 | —.00md 15 | —oo41 | —.0041 | —00% | —.0034 | —. —. 00 18 | —0050 [ — —. 0004 - 0008 .0011 . 0009
- — 0028 | —oom | -0 | —.0017 | —.0014 6 | —o0a5 | —00 | —o00M | —o0ml | —008 | — o005 17 | —008L | —.0084 | — 0007 - 0008 .0012°|  .00L0
17| - —. 008 | —. 0008 | —.0007 | —,0008 | —-.0008 7 | =009 | —0000 | —O008 | —O007 | —.0O06 | — 0005 1B | —0ME | — 005 —. 0035 . G008 L0013 . 0010
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TABLE 14~—LCAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[Bm300; CmIXIM; mmdf] - o
(a) Concentrated perturbation load on stringer j=0 at . (b) Distributed perturbation load on stringer j=0 o S - o
ring =0 between rings +m=( and 1m1 (o) Shear perturbation load about shear panel {0,0)
- Btringer Joad, py, at statlon— Stringar load, py, ot dwtlon— Stringer load, pa/Z, at station—
} 1 ¥
{0 {1 {=3 i=3 [=4 =5 () =1 1=3 {=3 I=¢ imE =8 i=1 {m3 =3 {=( tmb 1=t
0 losa loxs loxm lo17se 01870 |o1ns | o048 0 0418 0, 2590 0, nax 0180 [ 0124 0, 1020 1| —oamy | —omexs | _pima | 00780 | —0.0d08 | —p oo
1 0 o000 | Lormin | Lome | Loml | Lorsa L0713 1 .08 L0787 L0788 . 2 | —.0183 | —.001 | — 0457 | —.0363 | —.030 | — 025
P! 0 0148 o7l | .ons0 | .odl7 | L0453 o7E 3 . 0076 0213 0318 a0 0436 0404 3 L0003 | —.00%8 | —. 0135 | —.0143 | —.0148 | —.0138
3 0 L0074 | L0143 | 0801 . 0290 0320 3 . 0037 0109 L0172 L0537 L0871 , 6305 4 L0038 | —0000 | —00%3 | —0040 | —.0058 | —. 0083
4 0 L0046 | .0001 | 0138 o188 | .oz01 0233 t . 0023 . .0 L0150 L0185 L0315 3 L0053 L0017 ooz | —.0009 | —.0018 | —.0028
& 0 L0032 | L0084 | L0094 | .ona | L0147 0170 5 . 0018 L0048 . 0078 L0108 , 0134 .0158 o . 0057 . 0680 L0019 L0012 , 0000 . 0000
g 0 L00M | L0047 | L0080 | -0000 | .oLO L0138 6 L0012 L0034 . 0088 . 0080 L0100 L0119 7 . 0087 . 0037 . 0020 L0023 .0018 L0014
7 0 L0018 | ,0035 | L0051 | .o0087 | .o083 L0006 7 . 000 . 0028 L0043 , 0050 . 0074 . 0080 8 . 0083 . 0041 L 00as . 00%) .o .00a
8 0 L0012 | L0025 | L0036 | L0048 | .0089 L0070 8 . 0008 L0018 . 0wl L0043 L0054 L 0064 0 L0047 0048 0038 L0084 L0030 . 0027
9 i L0008 | 0016 | .00M | .0033 | .00 0048 9 L 0004 0012 . . . 0036 L 0043 10 . 0040 . 0042 . 0020 N1 . 0033 L0028
10 0 ooof | ooos | onix | 0017 0021 i 10 L0002 . 0008 L0010 L0018 L0018 00 i o3 L0340 .08 LoRs i) L0030
1 0 L0007 | L0002 | L0003 | L0004 | .0008 0007 11 , 0000 . 6001 . 0002 003 L0008 0008 12 .00 L0637 . 0030 N .0mL ]
13 0 [—.0002 |—.0004 |—.0006 |—.0007 [—. 0008 | —. 0009 12 | — o001 | —o0004 | — o008 | — 0007 | —. —. 000 13 L0918 L0023 . 0023 .omL .0 . 0028
13 0 [—.0008 [—.0010 |—.00L4 |~.0017 |—.00%L | —. 0023 13 | —0003 | —0007 | — 0012 | —o008 | —0018 | —, 14 , 0012 0038 . 0020 .7 .0ms L0033
14 0 |—.0007 [—.0014 |—.0020 |—. —.0031 | —, 0035 4 | —o000¢ [ —001L | —om7 | —om3 [ — —. 0033 15 L0003 .00% L0023 . L0018
15 0 |—.0000 |—, 0018 |—,0026 |—.0032 |— —. 00458 15 | —0008 | —.0014 | —o052 | —00% | — o038 | —. 0043 18 . 0005 L0016 L0017 . 0016 . 0015 L0014
1% 0 |—.0010 |— -0 |—,0037 |—.0046 | —, 0063 6 | —~.0008 [ —.00153 | —o0085 | —OWmS [ — oMl | — 0MB 17 . 0002 L0010 L0011 L0010 . 0009 .
17 0 {—.0001 |—.002% |=.0031 |—.00M0 |—,0048 | —. 0068 17 [ —.0008 | —00iT | —0087 | —.0028 | —. 04 | —. 0082 18 . 0001 . 0003 . 0004, . 0003 . 0003 . 0003
18 0 [—.0010 |—0023 |—.0033 |—.0M1 |—. 0050 | —. 0087 18 | — 0006 | —o0017 | —o00a7 | —. 0007 | —.0M0 | —.0034
Bhear flow, ¢4, at station—
Bhear flow, 24T, af station— Shoeer flow, gi:L, at station— 3
7 ! {mp fm=1 {=2 1=3 i=4 1ef
i=0 1=1 1=3 =3 Imd {mb {=0 {ml 1mg =3 {=d i=8
0 0. 2765 0132 0.0778 0.0438 0.0315 0. 0200
0 0, 6333 0 0404 0. 0304 0.01638 0. 0197 0. 0088 0 . 0. 0644 0.0391 0024 Q. 0157 0.0104 1 L0850 | —.0d02 | —.0137 | — . 0017 .
1 L 817 . UG . TR . 0igd . 0168 [y - 1 0azo . 0302 o 0o 0176 0140 3 0738 —. 0iBd —. 0111 -, 0073 -, 0048 . 00TT
1 0183 .o1es L0181 . 013G L0120 0104 1 0108 L0108 L0187 L0144 0188 0113 3 0740 | —.0100 | — 0083 | —.0086 | —.0044 | —.0038
3 L0084 . 0084 . 0003 . DOST . 0081, i 3 0004 .00 0093 . 0080 0078 4 0671 | —.0061 | —. o044 | —.0039 | ~.0084 [ —.0030
4 . 0048 . 0080 , 0081 . 0080 L 049 o047 { 7 L0040 . 0050 . 0080 0050 0043 5 L0507 | — 0018 | —0080 | —008 | —.0m | —.00H
5 .15 .18 . 0011 .0 . O0M oM ] L0014 L0017 L 000 L0023 0023 0034 [ 0453 s [ —0019 | —o008l | —~.0020 | —. 0010
8 | —.0000 | ~.0008 | —. 0001 . 0003 . D00 0006 g | —.001 —.0007 | —, 0003 . 0000 . 7 0339 0038 | —. 00X | —.0018 | —.0018 | —.0OLS
7| —om28 | —.002 | —o0018 | —.0014 | — 0011 [ —.0000 7| = —00H | —00% [ —ooi8 | — 0013 | — 0010 8 L0o4d | —0005 | —.001L | ~.0011 [ —.0011
8| - — 0084 | —. 0030 | ~.0026 | —.00RR | —.0010 8| —0HD | —.0098 | —.003 | —.00® | —, —, 081 0 L0138 i L0000 | —.0007 | —.0008 | —,0007
8| — —. 0048 | —.00% | ~.00M | —.0030 | —.0098 9 | —.0M48 | —.0044 | —, 0040 | — 0038 | — 0038 | —. 0038 10 . 0000 L 0047 L0003 | ~.0003 | —.0004 | —.00Md
10 | — o051 | —.0046 | —0042 | —. 0038 | —.00% | —.0031 10 | —o082 | —.0040 | —.0044 | — 0040 | — 0038 | — 0023 i | —.0004 . 0030 . 0005 10000 | —poo1 | —.0008
1| —00& | —~. 0047 | — 003 | — 0630 [ —, 0098 | —. 0098 | —o002 [ —0040 | —. 0048 | — 0041 | — 0037 | —.0034 12 | —.0053 . 0028 . 0009 .0003 L0001 0001
18 | —o4f | —o0048 | —.0041 | —.008 | — 0038 | — 0032 13 | —00%0 | —.0047 | —00@ | — 0040 | — 0036 | — 002 13 | —. 0038 .0011 . 0006 . 0004 .0003
1B | —.00d | — 0041 | —. 0087 [ —00H | —0038 | —.00% 13 [ —o0048 | —0048 | —0029 | —. 0036 [ —00® | —.00 14 | —.ol3 | —.0008 . 0005 . 0008 . 0005 0006
M | —.0007 | —00M | —.0031 | — 002 | —.0028 | — 00M 4| —omy | —oms | —.0033 | —.0030 [ —0028 | —. 0023 15 | —.0120 | —.0020 . 0004 .0007 . 1,007 . 0008
15 [ ~.0028 | —. 0026 | —.00M | —0028 | — —. 0018 15 | — o008 | ~, —mH | - —.0oq | —.0019 18 | —~.0138 | —. 0031 . 0003 . 0008 . 0008 0007
16 | ~.007 | —. 0016 | —.00L5 | —.0014 | —.0012 | —.0011 18 | —o0017 | —,0018 | ~— 0018 | — 0014 [ — 0013 | —. 0013 17 | —.0143 | —. 00 . 0003 . 0008 . 0003 003
17 | —.0008 | —. 0006 | —. 0006 | —.0008 | — —. 0004 17 | —.0008 | — - - - —. 0004 18 | —.0144 | — 0043 , 0003 0003 L 0009 . 0008
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TABLE 15—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[B=1,000 O=2X105 ®a3d]

At

4

(a) Concontraded perturbation load on siringer j=0 at (b) Distributed perturbation load on stringor §=0
ring =0 hotween ringe +=0 and +=1 (6) Shear perturbetion load about shear panel {0,0)
Biringer load, py, st station~— Btringer 10ad, py;, at station— Strlugor load, pii L, st station—
] i J
F 1 J
1=D {m1 o] ) {m3 imd ims {8 i=1 i=1 (=3 =i {=p img =1 =3 i=3 {=d Y] =8
0 |o0s000 |0.4001 |0.3M8 |0.Mm |0.2357 | 01000 | 01637 0 0.44717 0, 307 Q. %4 0, 2447 0, 9061 0.1763 1 | —~0.4398 | —0.3108 | —0.3340 | —0.1748 | —0.1308 | —0.0081
1 L0371 | .ol | .o0087 | L0731 | L0700 L0783 1 L0178 L4 + 0580 . 0008 L0782 e g | —.0l13 | —0%7 | —.0388 | — 0424 | —.0425 | —. 0408
2 0 L0084 | .0l62 | .0z3 | .00 . 378 Fl 043 LO1H L0198 . 0308 L0315 L0300 3 L0007 | —.OM% | —.0077 | —.0104 | —.0134 | —.0138
3 0 . L0081 | .ow19 | .01M 0187 .oae 3 T Nl L0100 ,013Y L0171 .0 4 . 0030 (0606 | —.0009 | —0022 | —o0033 | —.00M0
4 0 . L0051 | 0075 | .o0ep | .01 0143 I .0013 .03 . 0083 . 0aY L0110 L0131 5 . 0040 008 L0015 .08 L0002 | —. 0004
5 0 L0018 | .0036 | .00® | .007%0 | .D .0102 ¢ . 0000 , 0027 0044 . 0081 .0078 L0004 6 . 0048 L0633 . 0028 . 0053 0019 L0018
8 9 0013 0020 L] 0051 o 0064 0078 [} 0007 002 Nt . 0046 00 L7 7 + 0049 GO . 0038 53 Nite) . 008
7 0 L0010 0010 | L0020 | .00%8 | L0047 .0058 7 . 0006 L0014 .00x O3 L0051 Y . 0040 . 0043 LMD . 007 .05 L 0033
8 0 . 0007 0014 oo | L0037 | L0023 L0040 ] . 0003 .10 L0017 L0024 . 000 . ? . D48 . 0045 . 0042 . 0040 . 0038 L0028
g 0 . 0004 ool3 | L0018 | .00%3 L0028 9 . 0009 0007 ,0011 L0018 . 0020 10 L0048 L0045 L0043 L0041 . 0039 . 0037
10 0 . 0001 . L0006 | ,0011 L0014 10 .oglL . 0003 . , 0008 . 0010 L0018 11 L0041 . D044 . 0042 L0040 . 0038 . 0037
1 o L0000 | .000L | .0001 | 0003 . 0003 1L . 0000 . 0000 . 0001 . 0003 , 0003 . 0003 13 . 0038 L0041 . 0040 . 0038 . 0098 . 0038
13 g |-.0001 |- - —. 0008 |—.0008 | — 12 | —000L | —o0003 | - —.0004 | —.0005 | —. 0005 13 . 0031 , 0037 . 0038 L0038 L0053 . 0033
1 o |—.0003 |—.0008 |- — 0010 |—0013 | —, 0015 13 —.0001 | —.0004 | - - —.0012 | —.0014 4 . .00 L0031 . 0030 .00 . 0028
u 0 |—.0004 |- —.0012 |— 0015 |— 0019 | —. 14 | —.0002 | —.0008 | —.0010 | —.00l4 | —.00L7 | —. 000 18 002 L0028 .oas L 034 L 0034 .00m
15 [ —,0010 |—. 0018 |— 0010 |— 007 | —. 0087 15 | —.0003 | —.0004 | —.0013 | — 0017 | —.002L | —, 0038 10 L0014 .0019 L0019 . 018 L0017 L0017
16 0 |—.0008 |—0011 |—.0017 [— 0022 [— 0037 | —.0032 16 | —0003 | —.000 | — —~ 0019 | —O00M | — 17 . 0008 L0013 L0011 L0011 L0011 L0010
17 0 |—.0008 {—001% |—.0019 |— 0034 |—0029 | —. 11 —0003 | --.0000 | --.0018 | —002L | —0U®™ | —, 13 . 0003 L0004 , 0003 N + 0004 . 0004
18 0 |—.0006 (— 0013 |—. 0018 |—.008¢ [— 000 | —.0RS 18 | ~.0008 | —.0010 | —.0018 | — 004l | — 0027 | — 0033
Shegr fow, g4, at dtatlon—
Shear flow, ¢, at statlon— Bhour dow, gy L, at dntion— 3
J ; I jm=0 fm1 fm1 (w3 {od fump
{=0 ], =3 =3 fmi {mf 1=0 1=1 {=3 {=3 1=d {=p
0 0.1048 0. 0849 0.0857 0. 0502 0.0385 0. 0200
0 0499 0, 0358 0.0219 0. 0180 19,0133 0 0. 0823 0. 0435 0.0320 0. 0251 0.0183 0. 0149 1 03 | 0287 | —.0186 | —.0099 | —.0055 | —. o025
1 L0177 L0170 L0150 L0145 L0131 .01 1 L0177 L0174 L0164 01853 .0 . 3 0787 | —0102 | —0078 | - - —, 0044
2 . . 00A3 . 0090 . 0087 . 0083 0079 2 . 0003 L] L0091 . 0038 . 0085 0081 H 74 | - - —0m7 | —.0m4 | — 0031
C , 0081 . 00E2 .00m L0081 . 0080 0049 3 0051 N ] . 0051 . 0061 0060 4 —008 | —002 | —.00 | —.0023 | —
4 . . D07 . 0037 . 0028 . 01 4 N N .07 ' ] L0804 | =002 | —0017 | —.0017 | —.0017 | —.0018
B L0000 L0010 .01 0011 0012 5 . 0008 . . 0008 L0010 0011 0013 [ L0513 L0001 | —.0018 | —.0013 | —.0012 [ —.0013
g | —000F | —pond | — oo | — o000 ' — o000l | — om0 8 | —oooa | —o00s5 | —0004 | —0008 | —.0001 H L0415 L0011 | —o0008 | —0000 | —0000 | —.0009
y | —o0ip | —o04 | —omi2 | —0011 | —0010 | —. y | —o008 | —.0014 | —o0013 | —o013 | —.0010 | — 0000 8 .0a17 L0017 | —.0008 | —.0007 | —.0007 | —.0008
g8 | —o00 | —.00m0 | —0010 | —0018 | —.QOI& | —.0018 8 | —ooz2 | - —.00x | —0018 | ~.0017 | —.0008 [ 0221 0000 | - —0004 | —. 004 | —.0004
8 | - —0m5 | — —oe | —.0m | —.00i9 9 | —00%7 | —.0028 | ~.00% | —00@ | -- —. 0050 10 ,0132 L0080 { —.0001 | —.0003 | —.0002 | —.0003
10 | —o® | —00 | — —00M | —.00m | —.00d 0w | —w2 | —.o0m8 | —002% | —002® | —.008 | —.0082 n . 0050 L0017 . 0000 L0000 | —,0001 | —.0001
1| —oo®w | —os | — —0028 | —.00M | —.0022 u — 0% | —008 | -0 | - —00H | —.005 18 | —.003 0013 L0003 , 0001 L0001 . 0001
1 | =00 | —o00@ | — —00M | —o00m | —.00® 13 | -3 | -, — 0028 | —0H | —.0B | —.005 13 | —.00 . . 0003 L0002 . 0002 0003
13 | —0035 | —00M | —0023 | —0022 | —00M | —.00 13 | —ooes | —00x | — —00E | —.00m | —.00%0 M| —o0m | —.0001 . 0004 . 0004 . 0008 . 0003
4 | —002% | —0020 | —.001% | —008 | — 0017 | —, 0018 4 | —oom | —00 [ —0019 | —0018 | —0018 | —.0017 15 | —.0i72 | —.0007 L 0004 . 0008 . 0004 . 0004
15 | —oms | —oows | — — 0014 | —0013 | —.00 5 | —0018 { —0016 { —.001& | —.00L4 | —.0013 | —.0013 18 | —0@m; | --.00 . 004 . 0008 . 0008 . 0005
18 | —-.0010 | —0000 | —.0000 } —.000¢ 1 —o0m | —0nd w ) —onp | — o000 | — o0 | —ooox | — Q008 | — oo 17 | —m@r | —.0010 .S L0008 .o . 0008
i7 | —0003 | —0002 | —o0003 | —o0003 | —o000% | —00 7 | —oo02 | —0003 | —0063 | —0003 | —00® | —.0063 18 | —@e | —.0007 . o005 . 0008 . 0008 L0005
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TABLE 16.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[Bog; Cu2X10h m=3)

(a) Concertrated perturbation load on efringer j=Q (b) Distributed perturbation load on stringer fw0
at ring =0 betwoen rings +=0 and =1 (¢) Shear perturbation load ahout shear panel (0,0}
Stringer load, py, at station— ; Stringor load, pa, at station— P Biringor Jord, piyL, at sation—
J
i=0 =1 |. =2 i=3 =i {mb {=8 =1 i=3 {=1 i=d =5 [ L] fu] =g {m3 {mq {mf img
0 | 0.5000 | 0.0082 | 0.0710 | 0.058 | 0.0003 [ 0.0467 | 00443 0 0.507 0. 0740 0061 0. 053 0. 0483 0.0454 1| —0um 00084 | ~0,0021 | —0.0003 | —0.0002 | —a 0001
1 It J0m | Loam8 | .05 | LO#M | . 1 . . . L 0520 . 479 0448 3 | —om3 | —o18 | —0010 [ —0018 | —o0008 | — 0008
3 0 0600 | . 0580 M08 | L0441 | L4 1 00 . 0808 . 060 L0487 . . 0431 3 L0074 | —.0084 | —.0032. | — 0018 | — 0008 | —.0008
3 a JM58 | L0446 | L0426 | L0410 | L0807 ] L0187 L0418 L0453 L0436 L0418 L0403 4 o123 | —oo2s | - —.0018 | —.0000 | —, 0008
4 0 oL | Lol | L0871 , (033 4. 0074 . 903 L0851 .20 0364 5 . 0088 L0017 | —0013 | —.0012 | —.0008 | —.0008
& 0 . N L0306 o5 | o818 5 . L0148 . (048 L0 @it 0317 s . 0038 . 0025 0002 | — 0008 | —.0004 | —, 0006
6 Q 0016 [ .03 | o191 .03 o357 | .08 6 | —oms . 0063 .0158 .aLs . 7 . 0000 . 0033 0013 L000L | —.0003 | —.0003
T a |- L0046 | L0115 o184 | L0196 | .0%4 7 | —. 000 L0015 . 0033 L0142 .8 . 006 g | —0017 . 003l 0017 0003 L0001 | —.0002
B 0 | —.oms| .ooo4| .00K4 0100 | .01M | .05 8| —o0007 | —.0008 . 0028 , 0078 .o118 L0147 9 | — o018 L 0007 Nt N 0004 . 0901
0 0 | —003|—007| .00 o048 | oo | .4 9 | —om4 | —o0018 | — 0008 . 0038 . 0083 L0003 0 | —o01% | — 0003 L 001 L 0009 . 0008 , 0003
10 0 | —.0mp|—0025| — 0010 | ,0004| .00% | 0084 10 | —oo08 | —o0018 | —.00H | —000B . 0018 . 0043 1n | —ood | — o007 L 004 0007 . 0008 . D004
11 0 | —0008 | — 0020 | — QUM | — 0038 | — 0008 .0OL 1| —oog2 | —oo1r | —o@L | —0030 | — o017 0001 13 L0001 | - 0008 | — 0001 . 0005 . 0004
13 0 | —0003 | — 0034 | — 004} | —, —, 08 | —, 002 13 | —o00d | —0015 | — —043 | —.0040 | —. 001 13 L0008 | — 0005 | — 0004 0001 . 0003 . 0004
13 0 | —0009 | —003 | — 0l ] — —.0088 | —. 0058 13 | —o0004 | —. 0014 | —00S3 | —.004T | —.00B4 | -—. 0064 14 0003 | —.0002 | —0006 | — L0001 . 0003
u 0 | —.0M0 | — 002 | — 00¥ | — 0058 | — 0088 | — 0071 4| —0006 | —.00 —.00%0 | —.0048 | —.0081 | -—.00M 15 L0001 L0000 | —0o0d | —. 0003 . 0000 .00
15 0 | —.00 | — 0023 { — 0088 | — 0088 | — 0O7® | — 0034 15 | —0008 | —.0018 | —.00% | —o04r | —o08 | — 18 . 0000 L0001 | —oom | —o0003 | —.000L 0001
18 0 | —001% | —00% | — 0038 | — OB | —. 0074 | —. 0002 18 | —0008 | —o0017 | —.00® | —.004 | — 0084 | —. O0E8 17 . 0000 L0t | —oom | —0003 | —.000L . 000L
17 0 | —o0ng| — 0033 | — 0035 | —0053 | — 00T | —. 0098 17 | —00d | —.00 - — 003 | —.0053 | — 0085 i1 ] 0000 . 0000 L0000 | — 000 . . D000
18 0 | —onz| —oom | —oms| —oasal o074 | — 0007 1B —c0a | —onx | ~oom | —oa | —oom | — o0m
Bhear Low, gal, at etation— Shear flow, ¢q.L, ab satiom— Bhear flovw, 44, &t statton—
J ] 1
i=Q =l im3 fe=) femd {5 =0 fme] i=2 {=3 {=yq = {=0 fmm] fml (L] fmd fad
o 09180 | —oo0n4 0. 0078 o 008 0. 0018 0. 0012 0 0. 2037 0. 0864 €. 0060 0. 0048 0,002 (. 0014 0 o 70 . 0874 0. 0008 0032 0. 0012 0 0007
1 . 0430 L0149 . 0087 L0024 1 . 1298 L0730 . 0356 0116 . 0007 . 0043 1 L0150 | —.03l L0091 L0018 L0011 . 0008
3 L0450 e L0158 0079 . 0062 3 L0420 L0533 .03 0164 .0100 . 00 2 oMy | — —. 0009 . 0008 . 0008 L0004
] 0140 L0341 L0834 0148 0005 N 3 . 0066 . .09 0118 , 007@ 3 o400 | —oldl | —.o081 [ —lonoe | --loo01 ~0001
4| = . 0198 » 0104 L0141 + 0099 . 0070 4 | —0002 L0101 . 0201 L0167 . . 0084 4 L0184 0008 | — 0068 | —.0021 | —. 0008 | ~.0003
E | —.0101 . 048 .01 L0114 + 0080 . 0086 5 | =iy | — . 0087 6123 0077 5 | — oma 0077 | —.0m8 | —.0m | —.0001 | —.0008
-] - 0117 -, 0048 0045 L0071 . 0087 o D065 ¢ - 0117 -, 004 0005 . 0063 . . 0061 ] -, 0088 . 0080 . 0006 —. 0015 —. 0011 -, 0008
7 | =010 | =010l | —. 0028 .00 . 0036 . 00% 7| - —.0119 | —. 0081 L0002 003 . 0037 7 | —. o080 . 0048 T —.0008 | —.0008
8 -, 00 —.0L18 —. 0074 —. 0035 . 0002 L0019 8 —. 0085 —. Ol — —, 0047 -, 0010 . 0008 8 —. 0058 . 0010 . 00%) 0007 -, Q003 -, 0004
[ =, 084 =, 0113 =, 0i0L —. 533 —. 3081 — %13 ] =, 00T —, 0103 = Il —, (050 =, 5H5 =, 31 ¢ = (0% =, 0014 L0032 L0013 i) =00
10| - - —.0107 | —.0086 [ —. 0087 | — 10 | —07 | — —. 0l —.0008 | —.0070 | —.00i8 10 0004 | — 003 . 0009 0013 . 0007 . 0003
n | - —. 0000 | —o0000 | — 0004 | — 0074 | —. 0085 n{ —o0 | — —.0091 | —.0007 | — 0084 [ —.00B4 11 J00l | —.0019 | — 0002 . 0009 . 0008 L0004
13| - — 0004 | —0088 | ~0000 | —, - 13| -0 | —005% | —.0074 | — 0087 | — 0080 | — 0074 Lo | — o0 —. 0003 . 0004 L0007 . 0006
13| - —. 0080 | — 0088 | ~. 0078 [ —. —. 0060 13| —008 | —08 [ —00% | —0073 | —00T9 | — 0074 13 L0000 | —o0003 | — —. 0001 . 0006 . 0004
M| —o0dl | =088 | — 04T | —008 | — 0000 | —. 0084 4| —0043 [ —0040 | —.0041 | —. 0084 | — 0088 | — Qo067 14 . 0002 . - —. 0004 L0008 L0003
15 | —o00%0 | —o00%7 | —008 | —0044 | —.0088 [ — 0081 15[ —o0%0 | — — 0z | —.003r | — o009 | — 0083 15 | —.0001 L0003 | —.0004 | — 000§ | —.QO0L . 0000
10 —, 0018 —. 0018 —. 0018 —, 028 —, 0033 —~. 0033 18 —. 0018 —.0018 —, 0018 —. 00l - —, 0083 18 ==, 0001 0003 . 0000 —, 0004 —, 0004 —, 0002
17 - —. 0008 — —., 0008 —. 0011 —, 0013 17 - - —. 0005 —. 0007 —, 0010 —. 0013 17 -, 0001 0001 ] —, 0003 —, Q006 —, 0004
e, 0001 . 0001 (0008 | —.0003 | —.0006 | —.0004
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TABLE 17.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[Bwm30; CmdX 10k %1 = 3]

(a) Concentrated perturbation load on stringer j=0 at (b) Distributed perturbation load on stringer j=0
ring im0 botween rings s=(0 ond =1 (o) Shear perturbation load about shear panel (0,0) %
Q
5 Stringor load, py, ot station— s Btringer load, py, at statlon— s Btringor load, py/L, at station—- E
{0 f=1 im3 jm3 i fmp 1=g fml fm3 {m3 jm=q J=p img el fmz =3 [T {mp {mp E
b
‘0 | 0.5000| o.1m5| 0.0018 | 0.0002 | 0.04 [ 0.08%3 | 0.0484 0 | 0280 0191 | 0070 0.0m2 0.0550 | 0.0%8 1 [—-02188 | —0038 | —0.007 | —0.000 | —0.0014 | —0.0007 |
1 a .05 [ .otTa| om0 | os| . 0074 1 . 0840 . 0880 R .0l o8sL 1| —0m8 | - —0137 | —.0004 | — —.0019 2
3 0 0411 0533 | 088 | o408 | (0487 | Low8 3 . 0238 L0400 L0633 L0810 + Q481 0466 3 . - 0100 | —0007 | —.0002 | —.00% | —.0028 =
3 0 L0710 | .038e | o404 | L0418 | .O41L | .OdD4 3 L0118 . 0290 . JHLL L0413 07 4 V48 | — 0005 | —O0M5 | —.00Q | —O0 | —.00M 5
4 0 0126 .0235| .031| .o3m| .0MB| .038 4 . 0090 L0184 673 NiT . .38 8 , 0040 | —0000 | —.0al | —o00 | —.0019 g
5 0 .08 | o3| o7 .oa%| .03%3| .08 5 . 00%0 0111 L0187 . 1 ¢ . - 0064 J00i7 | —.0002 | —.0010 | —.001% 3
6 0 o0 | ooe3 | .olee | .ome1| .omal 8 0013 018 L017L 0207 . 7 L0034 . 0031 L0023 L0010 L0000 | —.0008 A
¥ 0 8&1::1 L0061 | .00RS | L0132 | L0184 0187 7 . 0004 .om N oILE 049 0LTo 8 . .0028 - 0030 . 0001
8 0 . 0022 | (0083 | .00B4 | 0118 0138 g | ~—.0001 0010 . 0037 0134 9 | —.0014 .0053 . 0017 0019 -0008 F
? 0 | —0004| .000%| .002L | .00kl 0087 0087 9 | —o003 | - .ool1 0033 0058 0077 10 | —.o018 . 0008 L0019 0018 0014 - 0000
10 0 | —.0007 | —.000@ [ —. J012) .00% 0045 10 | —.0008 | —0009 | —. 0000 . 0005 L0031 L0027 1 | —.0018 | —.0003 L0011 L0014 L0013 L0011 g
b1 0 | —.0008 | —.0018 [ —0017 ; —. 0011 | —. 0002 | .00Q9 1 | —.0003 | —0013 [ —0017 | — 0018 | —.0007 . 2 | —oo —.0008 L0003 . L0011 L0011
12 0 | — 0000 —l00201 —0027 | — 0028 | — 0025 | 0020 12| —00M4 | —.006 | —0064 | —0048 | —.0ot7 | — 00%8 3| —o000d | —.0010 | —.0003 L0010 <
13 0 | —o0n0| -, - - = 0043 | —. 0044 1| —0004 | —0018 | — 003 | —00%7 | — 0042 | —.0043 U 0000 | —.0008 | —.0008 0000 0000 . 0008 [
14 0 | —o0l0| —.00m |-, — 08 | — 0088 | — 4 | —0008 | —0018 | —0020 [ —00d2 [ —o00%8 | —.00% 15 0002 | —-.0007 | —.0007 | —. 0002 . 0006 o
15 0 | =001l | —00M | —.0038 | —.0083 | —. 0085 | —.0075 15 | —.0005 | —.0017 | —.00%L | —.0045 | —.008 | —.007 16 0002 | —.0004 | —.0004 | — 0003 0001 . 0004 5
18 0 | —00l2| —.00M | — - —-.0m | — B L o—- - 00l | —.001 | —.004 | —00m | — 17 wE | —.000 | —.o0004 | —.0002 0000 L0002 ]
17 0 | =003 | —00M | —.0038 | ~. 005 | —.0073 | — 7 | - — 008 | —.0@L | —.0047 | —00M | —.0081 8 000l | —.0001 | —.0002 | —.0001 0000 L0001
18 0 | —0013| — 00 | —00% | — 0089 | —. 0074 | —.000L 13 | —0006 | —o0018 | —008L | — - - - 8
. i EE
< -
Bhear flow, da, at station— k!l H=
Shear flow, g4I, st station— Bhoar flow, girL, at station— J L
) 1 f=0 =1 im3 {=3 fmd dmb
fmQ ml im3 im3 (LT [C1] i=0 jm=1 fm=2 {=3 fmd fmb
o | oo | oum [ oo | cows | ooet | oweo | &
0| oxme | oom | oous | oooM | 00031 00010 0| woawr 0.0 | o080l 00070 | 0.004L 0. 004 1 o7 | — M . . 0088 .60 . 023 =
1 .07® L0487 i . 0135 L0083 . 008 L . 0390 N .@% .01 . 0108 . 0088 3 L0045 | -~ g388 | —. 0106 | —.0015 . 0005 0003
3 .as73 .03 @ -0185 L0074 3 - 0385 . 0387 0508 208 .0128 . o) 3 0% | 018 | —.0lld | —.O0MP | —.0018 | —. 0000 B
3 .o om0 . Loax o112 .pom 2 .pisa .oxx 020 e .plax N 4 —mar | o—oo7r | onm | o neor 1 eans
t .00 .ous L0137 .01 . 0078 i . 0007 . 0083 s 0131 .0LL L0087 8 L0130 0078 | —o00m | - —.0037 | —.0018 &
5| —o00% 0034 . .0081 0074 .00 8| —.003 . 0000 0087 0079 . (63 0| — N 0000 [ —.0017 | —.0020 | —.0018 <
8 | —oo;@ | —.008 -6017 L0033 . 0044 0041 ¢ | —oors | —.0080 | — 0003 L0020 <0043 T | -0 L0083 L0032 1 | —.0000 | — 00l 2
7| —o0m | - - . 0000 L0013 o018 7 | —00688 | —00B | —o0045 | —.001% 0008 L0018 8 | —.0lL L0047 . 003 0014 0001 | —.0008 b
8 | —o0s | —o0sd | —0067 | —o0% | —o01d | — 000 8 | —.0088 | —0080 | —007L | —004k | —002 | —.0009 g | —.0084 . 0013 L 003 0041 0008 -000L
9| —o008t | —00%0 | —0078 | — 0085 | —o007 | — 00M 9 | —o0s1 | —0080 | —o0Bk | —.0085 | —.0048 | —.002L 10 | —.004 —. 0014 . L0013 -0008
10| - — 008 | —.008% | —.00600 | —O008 | — 00dL 10 | —007d | —.0083 | —.0067 | ~—.0076 | —.0CAL | ~—.0047 n | =oor | —.00687 L0010 0g18 . 0014 .0008
| —oom | —00%0 | —0082 | —.0075 | —0084 | —. 008 | —o007 | —o0vd | —o0g2 | —0079 | —.00M0 | —. 12 . —.009 | —.o001 o013 .ools .0008 2
13 | —o000l | —00% | —.0078 | —.0074 | —.0087 | —. 0087 1| —oom | —o08 | —00m@ | —0075 | --.0071 | —. 13 L0013 | —.0034 | —.0009 .0008 -0008
W) -G =SS | - -G — 00 — e 13 —.0051 | —.000 | —.0080 | —.0087 | 0038 | —=.00%0 4 0013 | —.0018 | —.G0u | — GO0l ] 00
1 | —odl | — -8 | —ooes | —o00ss | - 4 | —00dl | —0041 | —.0047 | —.0083 | —.0088 | —.o00m 15 00 | —.0008 | —001l | — —. 0002 - 0000
w | - -3 [ —, —0L | —pod2 | - | —0030 | —00% | —o0033 | — — 0042 | —.0041 16 0004 0000 | = —0010 | —.0007 | —.0003
10 | —o08 | —o0018 | —gom@ | —.005 | —.o0e7 | —. 16 | —.0018 | —0017 [ —0080 { — — 002 | —.008 17 - 0000 L0004 [ —.0007 | —.0012 | —.0000 | —.0008
17 | —003 | —o0008 [ —0007 | —.0000 | —.CO9 | —. 17 | —0008 ! —0006 | —.0007 | —. — 0008 | —.0000 8 | —o000 0008 | —.0000 | —.0012 | —.0010 | —.0008
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TABLE 18.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[B = 100; O = 2 X 104 1 «= 3]

(2) Concentrated perturbation load on stringer j=0 at (b) Distributed perturbation load on stringer je=0

ring =m0 between rings +=0 and fm] (0) Shear perturbation load about shear panel (0,0)
Btringer load, py, At station— Btringor Joad, py, at station— Biringer koad, pof L, ot station—
] i ]
{=0 =1 im3 i=3 =4 imf {=0 fm] =g {=3 {=d imj =g i=1 f=2 {m3 (L2 =g i=8
0 lowmon | ooasd! it ! oaore! 0.0840 ) o.0md | 0000 o] o | o | o1 | o008 | oo7ee | oo 1l —amm | —onm | —oome | —oomy | —ao1m | —ooess
1 0 L0714 . 0817 L0788 0063 . 0085 L0675 1 . a7 L0787 0708 0T 0858 . 0509 3 —. 0198 —. ({9 —, 054 —.0:as —. 0147 —. 0008
3 0 1 . 004 473 LG (403 LHE2 3 L0138 038 L0444 (468 . 0458 059 3 L0080 —, 0089 —. 0133 —.01% -, 0106 —. 0084
3 [} 0118 .03 . L0HY . (375 N 3 . 0088 0183 L0471 (3320 . (353 L0383 4 . 0198 <0011 —. 007 —. 0038 —. 0050 —, Q055
4 0 L0490 . . 0252 . DIB6 L0507 4 L0030 L0114 0183 03 020 T 5 013 004D . 0003 —. 0018 —, 020 —, 0080
b 0 049 L0101 L0147 0185 Ny LML 5 < OO 0075 L0124 L0187 L3 L9 1] . 0097 L0081 . 0029 . 0008 —. QM —. 0011
e 0 L0031 . 0008 0104 0123 0163 .DIBY g L0015 0050 K 0130 L0150 .M75 7 » 0005 « Q0E) . 0028 .00d1 0010 , 0008
7 0 .0019 00408 L0071 N 0130 0140 7 0009 L0033 . 0058 . 0084 L0108 L0130 ] 2 0084 Q081 . 00 . 0037 L0018 , 0011
8 0 L0010 . o0R7 .08 084 0100 8 . 0006 L0018 . 038 . 0058 L0074 . 0002 9 oo . 0038 . 003 . 0039 0017
'] 0 . 0004 . 0013 . 0035 B . 0083 , 00as 9 . 0008 . 0008 0g1e . 0032 . 0048 L0069 10 —, 0008 . 00H 0029 . 0037 . 0020
14 4] 0000 L0003 L0000 017 R i Ritl 1 00 N1t 0008 L0013 00 o030 1L =.0012 0013 onal L0084 on R
11 0 —.0004 [ —.0005 | —, 0004 | —. 001 . 0003 . 0008 i1 - 0002 —, 0008 -~ 0008 —. 0003 0001 . 0008 12 —.0018 0003 L0014 . 0019 . . 020
12 0 —.0008 | —. 001 | —, 0014 | —, 0018 | —. 0015 | — 0018 13 - (X008 —. 000 —, 0012 —. 0018 —. 0016 —. 0015 13 —.0013 —. 0005 L0007 L0014 L0018 L0010
11 0 —.0008 { —.0018 | — =, 07 | —. 0L | —. 0033 13 - 0004 —.0012 —. Q019 —. 002 —, 0020 -, 32 14 —. 000@ —., 0000 . o002 0010 . .oms
4. 0 = 0009 | —. 0010 | — 0023 | — 000 | —. 0043 | —, (049 14 - —. 0014 —. 0024 —. 0032 - -, 04O 15 —, 0008 —. 0010 ~. 0001 . 0008 0011 L 0m3
15 0 — 0010 [ —. 0081 | — OR8 | —, 0043 | —, 0083 | —, 0041 18 —, 0005 —., 0018 —. 0037 —, 0134 — —, 007 10 —, 0003 —. 0009 -, 0003 . 0004 . 0008 , 0010
18 i] —.0011 [ —=.0023 | — 035 | —, 0048 | —, 0080 | —. 0080 18 —. 0008 —.0017 -, 0029 —. 03 -, (058 —. 0084 17 —. 0002 —. 0000 —. 0003 ] . 0004 . 0008
17t 1} —. 0013 | =004 | —, O0A7 | —, 0080 | —. 0063 | —, 0074 17 —. 0008 —.0M8 —. 0030 —. 044 —. 0057 —. 0068 18 0000 —. 0003 —. 0001 oL . 0001 . 0o02
183 bl —. 0019 | —. 0024 | —, 0037 | —. 0081 [ —. 0084 | —. 0070 18 —. 0008 —.018 —. 0031 —. 0044 -, (058 —. 00
. ghoar flow, 74, at statlon—
Hhoar flow, ¢4 L, at station— Shoar Dow, g4I, ot station— J
i 4 fm0 t=1 1=3 {=3 imi jm5
i=0 im] =3 {m3 {mg =65 im0 fm] {=3 {=3 f=d imb
0 0. 4304 0. 1425 0. 0033 0. 0303 0.0160 0. 0004

0 0.1218 0. 0508 0024 0.0120 o0 0. 0042 ] 0, 1389 0.0810 .0,0358 (N0 0, 0001, 0, 0084 1 .08 —.0b18 —. 00 .00x3 0050 . 0048
1 + 0534 0400 T3a U1 I L O0Gd 1 .Qa1s . D481 Y N il L0113 2 LO0E | =006 | —OiE | —. 00 | —.008 | —. 0004
H L0263 Nl . 0210 L0173 . 0135 L0104 3 . 0240 (268 . 0138 L0164 L0183 .0119 8 . (0803 —. 0158 —. 0114 —. 0075 —. 0048 —. 0088
3 0126 Bulty quts L0128 Q110 L0091 2 L0118 . (0140 L0147 L0137 L0118 .0100 4 OEH7 —, DO2G —. 0008 —. 0050 —. 0042 -, 0030
4 043 L0075 . 0085 . D034 077 L 008 4 . 0041 0084 L0082 L0085 . ODBL .0073 8 . 0301 0054 —, e —. 0034 —. 0021 —. 028
5 . 0003 0034 . 0029 . D045 . 0040 O3 ] —. 0007 L0013 . 0033 L0043 0048 L0048 1] 0106 0091 0007 —.0014 ~—, Q010 —, 0019
8 —. 0033 —.0013 . 0004 .0013 018 . 0020 ) —. 0¥ -, 00332 —. 0003 . 0009 .0013 0019 T —, 00 . 0008 . 0030 . 0003 - —,0ma
7 - —. 0029 —. 0023 —, 0012 -, 005 « 0000 7 —. Q084 -, 045 —. 0030 —. 0017 -, 0008 —. oo 8 —, 0003 +008Q 0040 .0018 0003 -

3 —. 003 —. 0085 —. 00432 - -, 3 —, 00LY 8 —., 0083 -, 0089 - —. 0037 -, 07 —. 0020 0 ~. (13 , 0082 0043 L0033 0000 o 0001
9 [ —o0dd | —006d | —0084 | — —. 0087 | —, 00% ¢ | —.0000 | —008G [ —.0069 | —.0080 | —.OMI | —.0033 16 | —.0103 . DOSS LOT . 004 . 0018 L 0004
10 | —ooes | —ooer | —ooel | —o083 | —oM5 | — 0038 10 | —o008 | —ooe7 | —o00e8 | —.0087 | —0040 | —.0M% | —ooms | — oooL -0037 0033 .0013 . 008
11 —. 0082 —. 063 —. 0053 -, 0057 —. (05D —, 0043 1 —. 003 —, Q084 —. 0083 ~—. 00&9 -. 0038 -, 0047 12 —, 0040 —. 0017 0014 0017 0015 0007
12 —. Q088 —. QDA0 —. 0000 -, 0068 -, 00850 —, 0044 12 —., (080 —. D0ES —. 0080 -, 0087 ~—. 0083 -, 0047 13 —, 03 —. 0025 0004 0010 . 0008 . (008
13 —, 0048 —, 0052 —. 008 -—. 0051 —. 0047 —. (043 12 —. 0048 -, Q00 —. 0083 —~. 0083 ~. 0049 —, 0044 14 —. 0004 —, 0020 —. 0007 + 00032 0004 0004
14 —, 0030 ~, 0043 ~, Q043 ~, 0043 -, 0010 —, 0030 14 - - -, 0043 —. 0043 —. 0041 -, 0038 18 . 0008 —, 003 —. 0015 —. 0008 -, 0001 L 0002
18 -, 0028 -, 0031 —, 0033 - ., 0030 —, 0087 15 - —. 0030 —, 0031 —. 0033 —. 00a1 -, 028 16 0014 ~—, 0016 -, 3L —. 0011 -, 0003 . 0000
16 | ~.0017 | —.0019 | —.0020 | - —.0018 | — 0017 18 | —0017 | —o0018 | —.0010 | -~ 0020 | —00% | —.0018 17 .00y | —.0012 | —.0025 | —.0005 | —.0008 | —.0008
1Y —. Q000 —. 0007 —, 0007 - . 0007 —, 0008 17 -, 0006 —. 0006 —, 0000 —. 0007 —. 0007 —. 0008 18 0018 —. 0010 —. 0029 —. 0018 -, 0008 -
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TABLE 19,—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[Bo300; Go3X10% mm36)

0821

{0) Congantrated perturbation load on atringer i=0 at (b) Distributed perturbation load on siringer j=0 - '
. ring i=0 bebween rlng;s =0 and fm1 (0) Shear perturbation load sbgut shear panel (0,0)
Biringor load, Py, at station— Btringer losd, ny;, at station— Btringar Joad, pif D, at atation—
b g b J
jm0 bl fml {3 =4 [ 1=t =1 1m2 1= =t {ms =8 =1 =8 im3 =4 {ms 1=0
G | O.5000 | 0.3565 | G370 | G i700 | ©.1973 | 0.iLiF | G OMT O | 0400 | G383 | 030dE | GiBsE | 0ITmT | LU 1| —0.3780 | —0 388 | —0 057 | —0.0729 | —0.0463 | —0L 0HE
1 0 0500 | .0t | Lors| Lo7e8| oS | .Ovle 1 . 033 . oatl . 0781 . 0788 o7 L0738 3 | =04l | — 0287 | —od9 | —omsl | —.0819 | —. 007
.2, 0 oIl | comd | .08 | .o | o488 | L04TH 3 L 00T? .0218 T i 040 L0408 3 0000 | —.0080 | —QUE | —.040 | —.0M8 | —.0138
3 0 oors | Goidd | (e8| Lo3sa | .omel | .03l 3 . 0038 L0110 0174 ] 5 7E] . ga07 4 . 0080 L0010 | ~,0022 | —.0ME | —.0087 | —.0063
i 0 o040 | o001 | .o01x | .ol60 ) .ol .ome 4 .o0a . 0000 .01 . Q151 .0185 Las 5 L0104 . 0043 J001d |- —.0018 | —.0033
5 0 0mL | .ooe3! o098 | .oum | .ouda| oleo I . 0018 0047 L0078 107 L0134 .0188 ] L0004 . 0054 - 0031 018 0007 X
a 0 0099 | <0048 | L0097 | Coms8| .o .01e7 i L0011 .00 L6083 L0078 L0029 L0118 7 . 0078 , 0050 - 0038 0019 L0014
7 0 0015 | 0032 | .00d8 | .0ood | .oosa| o004 7 L 007 .o L0040 . 0068 L0072 . 0OST 8 . 0084 - 0082 L0041 0033 0037 0053
8 ] 0010 | .coaM | .o0%8 | 0045 | .00% | .0067 8 - 0008 . 0018 L0057 .00% - 0051 . 0062 ] . 0033 L0045 L0040 00 L0031 <007
K 0 0008 | 0013 | o091 | o038 | .o038| L00d4 K . 0003 - 0000 L0017 L0028 L0031 - 0040 10 0016 .00 L0037 0028 L0032 R
ia o O .00 (O0IC| L id| .00 L (Zh i0 . 0001 - 0004 . 0003 Nt 017 .0l 11 0002 . 003G . 0033 . 003 .0033 L0020
1 0 |—.000l| .0m0| .0000(| .o0008(| .0004 | .0ODG 1 L0000 | —.0001 . 0000 . 0001 . 0003 - 0005 13 | —.o007 L0017 . 007 0030 . 0030 . 0020
12 0 | —.0003 | —. —.0007 | —. 0000 | —. 010 [ —. 0010 - - —0007 | —om8 [ —o000 [ — 0010 13 | —0011 0009 .o0al 0028 007 .00%7
11 0 | —.0008 | —.0010 | = 0014 | —. 0018 | — Q021 | —. 0024 13 | —ooo3 | —o0008 | —0018 | — 0010 | — 0010 | — 0022 4 | —.0013 L0003 L0010 02 .o0% .03
] 0 | —.0007 | —.001% | — 0010 | —. 0088 | — oo%0 | —. 0038 14 | —0003 | —0010 | —0010 | — —008 | —.0033 15 | —=looi2 L6000 L0011 .01y 0019 .00ly
15 0 | —.0008 | —.0016 | —. 0034 | — 0031 | —. —. 0044 18 | —o0004 | —o012 | — —.0087 | —0034 | —.00dL 16 | —o0g | — 0008 . . L0014 -0014
16 - 0 | —0000 | —.00i8 | —. 0097 | — 0035 | —. —. 0050 16 | —004 | — — 002 | —0031 | —.0030 | —.0047 17 | —.0006 | —.000% - 0008 . 0008
a7 0 | —000¢ | — 0019 | —0023 | ~. 0038 | —. —. 0054 17 | —.0008 | —o00l4 | —.00M | —0038 | — 18 | —0003 | —.0001 0001 0002 + 0003 . 0003
18 0 L0010 | —. 0018 | —. —. 0023 | —. 0047 | —. 0056 18 | —.0005 | —.0014 | —002 | —.0084 | —008 | —. 0051
T T
1
g ] ' Bhear flgw, sy, at station—
' Bbhear flow, uL, st aldtion— hoar Sow, girL, et slatlon— i
i ~ : J — fm0 {m1 jmg {3 fi =5
=0 =1 =3 - =3 =i jwms = im1 1=3 j=3 g =5 :

0 | 03005 | 01135 | oo™ | 00400 | 0.0304 | 0.0204
0| cosa | ootd | o0s0s | cooipe 0.017r | 0.0063 o | o0e0 00648 | 0,081 Loz | oo | o015 1 .omm | —ofm | —o1mr | —.00u0 . oA .om|
1 ®Le . (28 039 L0196 L0157 ,0le8 1 0314 0300 L0261 L0216 L0178 0140 2 L7 | —023 | —01d9 | —o0m | -, —. 0]
2 018l Lolg L016L 01ay L0131 . 0108 3 0100 .ol .0LE8 0Lk .0130 0Ll4 3 0848 | —.ou1y | —.008 | —oc0d | —o0m | —.00
3 . . 00m .02 . . 0083 . 3 . 0098 0000 . 0038 4 L0851 | — 0080 [ — 0080 | —oo@ | —oms | —.omi

.00 L0047 L0051 L0081 - 0000 . 4 0037 0044 004D 0081 - 0051 0HP & L0Hg 0081 | —.0010 | —.0038 | —.0038 | —.00M
] 0008 L0018 R 0023 0035 5 oo0n .13 .0318 N . 0024 0025 6 L5 L0071 (0004 | —0010 | —.0018 | —.0017
¢ | —.0014 | —0007 | —.00M2 .0002 0008 0004 6 | —opis { — o000 | —.000d . 0000 - 0003 Q005 T .01 - 0000 -o022 L0001 | —.0008 | —.0011
7 | —0me | —oom | —0018 | ~.0014 | ~.o0il | - 0008 7| —oim0 [ = —om | —o0i8 | —ooig | —Ipomn g | — o008 L 0oL e L0000 | —. -
8 | —.00 | —o038 | —00%0 | —.0038 | — —. 0018 8 | —oo0 | —om7 | —om | —om8 | —o0M | —.ooaL 9| —ooms ~ 0080 L 00x0 So0Ls S0002 | —.0008
9 | —0044 { — 003 | —o0o38 | ~.0034 | —ood | — 00w 9| —o5 | —od3 | —o00d0 | —0038 | —o00% | — o0 10 | —al3 . 0060 . <0017 . Q008 . 0000
0| —om7 | —oods | —o0i2 | ~omm | —oms | —om ] —onr | —o0c | —ooud | —joMo | — o0 | —oom |l —om oA oL -o1n L0007 . olp
[ —oMs [ —0045 [ —o008 | ~0040 [ —00 | —. 0033 1 | —oMd [ —o00#8 | —0Md4 | —0M2 | —00% [ —.0038 12| - 0013 oL L001S - 0000 - 0008
12 | —ooia | —ooss | —ootl | ~oom@ | —.0o38 | —lpoms 13| —wa | - — o043 | —.0040 | — 0037 | —. o034 3| —wr | - 0000 L 000k . 0008 . 0003
| —omE | —008 | —o037 [ —oms | —ooxe | — oad0 13 —wy | - —ogs | —0038 | —00M | — o003l M| —ods [ —o0% | —oooi - 000% - 0004 - 0004
4 | —o03l | —o@ | —ook | ~loo® | —.00z7 | —. 0028 U | —oof | —oosl | —ol | —o0030 | —oms | — ooy 5| —oom | —oom | —.01s | — 0004 - 0002 . 0004
5| = —ot | —om | ~00| | — —.001¢ 16 | —o; | - — M | —008 | —.o0m | — o620 18 | —000z | —o0d | —lom4 | — 0008 - 0000 . 00H
16 | —~o014 | —o0m | —o0014 [ ~.0014 | —O13 | ~ 16 | —o0old | —.0004 | —0015 | —o00l4 | —0013 | —oma 17 00l | —oosm | —om0 | —oail | —.opo1 L@
7 | —o0008 | —. —0005 | —0006 | —.0004 | —.0004 17 | —0008 | —oo08 | —ooos | — o006 | —.o00t | — o004 18 004 | — 0050 | —.003) | —.00i% | —.0002 - 002
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TABLE 20.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

[Ba=1,000; T2 2104 m=2]

{a) Concenirated perturbation load on stringer j=0 at (b} Distributed perturbation load on stringer j=0
ring 1=0 between rings =0 and tw] (¢) Shear perturbation load about shear panel (0,0)
Divkbraovwe Lwd e wt ool Alrnesar lnad o at staHAN e- wow LA ad at ctaHAne—
Biringor load, sy, st statlon Stringsr load, oy st station. Stringor Lnd, pfL, st statlon:
1 7 J
=0 fm1 =2 {3 =4 {=5 =0 f=1 =1 imd =i i=b =0 =1 i=3 =3 1=y I=5 =8
0 0.5000 [ 0.4001 | 0.3248 | o.2678 | 02937 | 01900 [ 017 0 o 0.3607 0. 2040 0247 0. 2001 0.1763 1| —0.4280 | —0.9187 | —0.2345 | —0.1745 | —0. 1308 | —0. 0061
1 .2R L0887 | o8l | Lome | Lored 1 0173 L0434 . 0508 . .5 0777 2 —0068 | — 1| —opE7| —04m3| -~ -
2 0 . 0064 ol6a| .oss| .om0| .omg| . 3 . 0194 L0108 . N .03 3 . — 00| — o078 | —.0l10¢| —.01| —.0I38
3 0 L0041 0031 | .atlo| .o | L0187 | .0218 3 0081 . . a100 0137 .07l . 0203 4 . 0060 o018 ] — 0008 | —o0mi | —om¥| —. 0043
4 ¢ N GOS1 G .o0TE G .o Lol4d 4 i .oma Lo 353 LGlD .oz 5 NS ] LG8 % O3 [ — G
5 0 Lo018 | . L0053 o | .ose| o 5 L0027 . 044 0061 L0078 - D004 8 L0078 L0044 - 0031 i ~001 . 615
6 0 L0013 002 | .00 | .o8d| . g 0007 . 002 s . 0058 . 7 .o . 0048 L0038 .03 . 0050 . 008
T 0 . 0010 00 | .00 0038 | .0047 | 0058 7 0008 L0014 (034 0033 . 0043 . 0081 8 < 0059 . 0048 . 0041 L0033 . 0035 . 0022
8 0 . 0007 00L4 | . 0020 L0033 | L oodp 8 0003 . 0010 w17 . 0030 .0037 9 M8 L0048 L0043 . 0040 . 0033 - 008
0 0 - 0004 0013 o018 [ L0022 | . ] 0003 . 007 L 011 0015 0020 - o054 10 0033 ] . 0042 . 0041 . 0030 . D087
10 0 - 0002 0004 o000 [ L0012 | 0014 10 . 0001 . 000 . 0004 0008 0010 . 0018 11 . 0020 . 0038 . 0041 < 0040 . 0038 . 0087
1 0 £ 0000 000l | ool s | . . 11 0000 . 0000 , 0001 . 0002 0003 - 0003 13 L0010 . 0033 L0037 . 0038 0038 . 00Bs
13 0 | —o00l| — 0008 | — 004 |- - - 12 | —0001 | — 0002 | —000% | —Qoo4 | —.0008 | —.0008 13 L0002 . 0028 L0038 003 . 0033 . 0033
13 0 | — 0003 | — 0000 | — 0008 | — 0010 | — 0018 | —. 0018 13 | —000l | —0004 | —0007 | —.0000 | —.001% | —.0014 14 — 0003 - 0021 . 0033 0020 . 0029 .08
id O | — 0004 | —. 0008 | —, O0I3 | —. 00if | — 0018 | —, G5 id ( —0003 | — 000G | — 000 | —.000% | —.00i7 | —. 009 is — 0005 . oS R . . Ok .o
18 0 | — 0008 | — 0010 — 0018 | —.000 | — —. 0047 18 | —.0003 | —.0008 | —00123 | —.007 | —.0021 | —.00% 16 —. 0008 L0011 .o018 L0017 L0017 L0017
10 0 | —. 0008 —00L | —. 0017 | —.002 | —. —, 0033 6 | —000d | 0000 | — 0004 | ~0010 | —.00M | —. 000 17 —. 0004 . 0006 L0010 L0011 L0011 - 0010
17 0 | —0008 | — 0012 | — 0018 | — 003 | — 00 | . 0024 7] —o0003 | — 000 | —0015 [ —Goal | — 0028 | — 0033 18 —. 0001 L0002 . 0003 L0003 - 0004 . 0004
18 0 | —.0000 | — 0013 | — 0018 | — 0034 | —.0030 | —. 0038 18 | —~.0008 ( —0010 | — 0018 [ —o0ml | —o00&7 | —.0032
Shoar fow, qu, st station—
Shear dow, syL, ot stetlon— Bhear Oovw, gy L, ot station— ;
J J i=0 fml i3 jm3 124 {8
=0 =1 =1 i=3 =4 =5 =0 fm1 =2 1=3 fod i=5
i 0 o, 2165 0. 0701 00633 0. 495 0. 0384 0 0390
0 0. 0400 0.0377 0.0%8° | 0.0219 0.0180 0.0133 0 0389 0. 0103 0. 0140 1 0744 | —.0301 | —0188 | —.0H0 | — 0066 | —. 005
1 017 L0170 . 0L . 0145 0131 L0113 1 Ty L0174 0i4 0163 L0138 L0134 2 L0010 | —.0188 | —.008 | —.0080 | —006i | —. OOk
32 . . 0000 . 0087 . 3 0062 . .00a1 . 0031 2 L5 | 0083 | —.0081 | —.0040 | — o004 | —0m3
3 . o051 0053 . 0052 . 0061 - 0060 0049 F 0081 . 0082 . 0063 m51 004L . 0050 4 o8 | ~0m@ | — —00%5 | —o0m | — 00
4 0028 .0027 -00s3 . . 0023 4 . 0020 L0090 .07 . par . .o 5 . 0830 05 | —0013 ! —opis | —o018 | — 007
H . 0008 . 000D . 0010 L0011 . 0011 N ] . 0008 . 0008 . 0009 L0010 . 011 L0012 ] L0384 —.0000 [ —o00L1 [ — 003
0| — - —~.0008 | —.0002 | —. 0004 6 | —0008 | — 0006 | — 0004 | —OX2 | — <0000 T [ . 071 0010 | — 0004 | — —., 0010
7| —00l8 | —0014 | —0012 | —0011 | —.0020 | —.0000 7| —0016 | —00M4 | —0013 [ — 0012 | —.00ID | —.0000 3 .0198 . 00E2 0017 L0000 | —.0006 | —, 0087
8 | —, —.0020 | —.0019 | —0018 | — 008 | — 0018 £ | —oomd | ~—.0081 | — 0090 [ — 0018 | —0017 | ~.0018 0 0034 - 0081 0051 L0008 | —, -
9 | —0028 | —.009 | —~.0023 | —003 { —.0ML | —.00L0 9 | —o00%7 | —002 | —00H | — —omal | —.o0020 10 | — 000 .o07L . 0041 L0004 | — 0001 | —. 0003
10 | —002 | —00%7 | —.o00 [ —omk | —o03 | — ooz 10 | —002 | —0028 [ —oo2 | —om2s | —008 | —.0023 11 | — 0070 . 0083 0018 0008 L0002 | —.000%
0| —0e® | —.0028 | —0098 [ —0085 [ — o034 | — o022 —.002% | —.0088 ( —0097 | 0028 | —00%4 | —.0083 12 | —. o000 . 0030 0013 0004 L0003 | —.000L
| —ors | —oa28 | —oms [ —0m4 | — o028 | — o00m it | —o0028 | —0027 | — 0028 | ~00% [ —00m | — 0013 13 | —.00M . 0006 0004 . 0004 . 0000
13| —o008 | —o0M | —om@ | — 02 | —00 | — 0020 13| —00E | -0 | —00R | —om | —.00z [ -, 4 | —0089 | —o0018 | — 0001 0003 . 0004 - 0001
4 | —po0 | —omo | —ouw | —ooig | —lool7 | —.oo1d 4] —oml | — 0020 | —oow | — o8 | —.0018 | — 0017 8| —oms | —om8 | — 0 0001 . 0004 <0002
15 | —0018 | — 0018 | —0014 | —004 | —0013 | —.0013 15 | —0018 | — 00156 | — 0014 | —O04 | —.0013 | —. 0013 10 | — 0087 | —.00% | — 0013 . 0000 . 0004 . 0002
1| —0010 | —0000 | —o000 | — 0008 | —. 0008 [ — 0006 8 | —o00 | — - — 0008 | — 0008 | —. 0008 17 | —0080 | —0o04 | —.0017 | —. o001 0004 L0003
17 | - —0003 | —0003 | —.0003 | —.000@ | —. 0003 17 | —003 | - — 0003 | —00 | —000d | — 000 18 | —o00&7 | — 0008 | — 0018 | —. 000L 0004 . 0003

BLAOLOD HIIA SYHANITID HABODONORINNS HY'100dID 40 SIRXIVINY SSTILLY




TABLE 21.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[0 o anl

8821

TR T 108 =%
, LT WSS T
(o) Concenirnted perturbation lond on siringer j=0 ot (b) Distributed perturbatlon load on etringor j=0
g ring {==D botwoen rings +=0 and i=1 (¢) Shear porturbation load sbout shear panal (0,0)
Btriagor doad, py, nt statlon— ftringar load, py, at statlon— Stringec lood, po/ T, st station—
J J
{=0 i=1 img (=3 fmd il i=ng im] im3 i=3 iog imf im fmi jm3 jmd fmd 1 {=8 =0
o | o.m000| o.0004| 0.0%88| 0.0080 | QOGS | O.0851 | 0.0518 0 0. 2341 0.0016 | 0.0754 0.06% | 00875 0.05% 1] —010%0 00058 |—0.003L |—-0.0003 |—0.0003 | —0.000L
1 0 . 0083 | L0887 | 08D | L0300 1 . 0053 . 0028 . L 0023 . 0602 L0882 3 —o40| ~—.0137 | -0l | ~.0013 | —. — 04
3 0 o617 | .o863)| .ose | L0844 | .00 | L0481 3 . 0250 L0863 . . 0806 . 0628 L0494 3 o170 —.0088 | —.033 | —.0018 | —, —. 0008
C 3 0 (4 | L0488 | .04B0| L0470 | .04 | .09 3 L0101 0378 0474 JHT . (402 . 0448 4 .0100 0031 | —.0018 | —.0013 | = —. 0008
i 0 . 00 o248 | .03L| .mo7Ts| 030 0380 4 | —.0008 .0100 . . G350 .77 L0381 5 L0013 . 0047 . —0008 | —,0008{ —. 0004
] 0 | -0 ol | .e200| LOoA| .03 | .08 5 | —.0020 . 0034 L0180 024 0478 . 0301 8 —. 0037 L0030 L0019 L0004 | —.0001 [ —. 0003
e 0 | =009 nof | C0DRE | .01B| .01 | .0 ¢ | — o008 | —. 0018 0045 L0123 L0178 L0118 7 —. 0013 . 0005 L0018 L0010 L0004 L0001
Vo 0 |- - .oo12 | L0080 | .ol | .oue 7 0001 | —.0070 | —.0009 . 000 . 0090 . 0133 8 —, 0008 | —.0000 . 0068 L0011 L0007 L 00
B 9 |- —om | —0tss| .0008] 0@ . 8 .0003 | —.0013 | —.00%8 | —.0010 . 0035 L0001 9 L0003 | —.0010 | —. 0001 . 0008 . 0007 . 0006
9 0 | —.0001 | — 00L4 | —.0030 | —.0025 | —. . v c0000 | —.0008 | —.003 | —O0m9 | —. 0010 . 0008 10 0OH | ~.0008 | —. 0005 . 0001 . 0004 + 0004
10 0 | — o002 | —.0008 | —. 0028 | —. 0025 | —. 0023 | —. 0018 10 | —o00z | —o004 | —0017 | —.0mm | — —. 0026 1i 0002 0000 | —.0008 | —. 0003 . 0001 . 00
i 0 | — 0004 | —.0007 | —. 0019 | — 0084 | —. 0043 | —, 0040 11| —coos | —o000s | —.0018 | —.0097 | —~.000 | —.0043 1 0000 L0001 | —.0002 | —.0004 | — 0001 . 0001
13 0 | — 0008 | —. 0008 | — 0015 | —. 00 | —.0043 | ~—.0040 3| —o03 | —0007 | —.00L | —.0022 | —.000 | —.0048 1 —. 0001 L0001 ,0000 | —.0002 | —.000%| —.c00L
13 0 | -—.0005| — O0U0 | —.005 | —. 005 | —.0088 [ —. 0060 3| —coa | —poo8 | —o0oty | —00w | —0RL | —.0044 14 + 0000 .Co00 0001 | —.0000 | —.0008| ~—.0002
4 o0 | —.oo08 | — 0012 | —. 0016 | —.00%8 | —. 0034 | —. 0047 4| —oo0 | —o0000 | —00L4 | —0020 | ~.0039 | - 18 . 0000 . 0000 - 0001 L0000 | —.0001| —.000
15 o0 | —.o008 | — 0003 | ~. 0018 | —.0024 | —. 0022 | —. 0043 15| —oo | —.0000 | —0018 | —002 | —.008 | —.06S 14 . Q000 0000 0000 . .0000 | —.0001
1% g | —oooal —oms! —one] — 0026 — om8 | — 0041 16 | —oom | —omo | —.0018 | —0026 | —.0m8 | —.000 17 . 0000 . (000 . 0000 . 0000 .0000 | —.0001
bl 0 | --.0007 | —.0018 | —. 0000 | —. 008 | —.0032 | —.0029 17 | —.0008 | —o0010 | —.0017 | —0022 | —.009 | —.000 18 . 0000 0000 0000 . 0000 . 0000 . 0000
it ¢ | —.0007 | —.0005 | —. 000 | — 00% | —.0032 | ~—.0039 18 | —oo0a | —0010 [ — 0017 | —.00M | —.0030 | —.0038
Bhoar flow, 4y, st station—
Shear flow, 241, at sbation— Sheer flow, gul, at station— i
1 ) {m0 jml fom - = =
T e R e =0 | im m2 | =3 | e jmb I e P A I !
0 0. 8324 00787 | —0.0003 0.C020 0. 0005
0 0. 248 0. 0034 0.0088 | 0.0038 0.0026 | Q008 0 0043 (n 0031 0.0087 0. 0032 0002t 1 1 Y L0070 L0003 . 0004
1 L0828 . 0485 0184 it . 0073 . 0062 1 L0148 . 0052 2 T @18 | —.0038 . 000L . 00%
' .10 L (440 L0160 -0109 T8 3 403 . Lo1m .00 3 .0ide 0010 | —.0061 | —.0008 —. 0003
3 | —00H (228 L0170 .01%6 L0063 1 0126 0L L0140 L0108 4] —00m Jo0kd | —0023 | —.00%0 .
4| —opw L0034 0141 L0140 it ] L 0003 4 —. 00 L0144 L6128 L0104 5 | —. 0067 .ooer 0020 | —.0010 -
5 | —.00p¢ | —.000Q . . . 0068 L0077 6 —. 0033 . 0001 - 0064 . 0081 8| —om3 . 0004 0031 - 0008 -
6| —ooer | —o00d | —. L0011 - 009 L0048 ] —. 0088 —. 0018 .07 L 0048 7 002 | —.om 001A L0014 —.00q1
¥ | — 008 | —.Om0 | —.003 | —0M3 | —-.0008 L0013 7 —.00f3 JO0E 1 —.008d | —.0m .om 8 Jonis | — oo - 0000 Lom1 .E
g | —oods | —0000 | - —.0072 | —.0045 | —.0033 8 —. 048 | —.00T4 | —.0050 | —.0060 | —. 0084 9 L0009 | —.0007r | —.coe . 0004 - D004
9 | —oms | —o048 | —00f7 | —.007¢ | —.0008 | ~—. 0047 ] —0043 | —.0056 | —.0074 | —.0073 | —.0066 10 - 0001 0002 | —.0008 | —.0003 . 0004
10 | —. 0043 | —0040 | —.006L | —.0080 | —.0068 | —.00OL 10 — 041 | —.00d4 | —.005 | —O009 | —.00% 1 | —.00m L0004 | —.0004 | —.0005 -0om
1| —omo | —otsr | —ome | —o0s1 | — 0061 [ —.0062 1 — 008 | —.0037 | —.0048 | —.0087 | —.0008 | —.000 L0002 L0000 | —.0004 - 0000
17| —oms | —0083 | —0m2 | —OM8 | —.0048 | —.000& 13 — 0084 | —.0003 | —OU34 | —.O43 | —.0083 13 . 0000 . 0000 0002 | —.0002 0001
1| —om | —0r% { —007 | —0028 | —.0038 | —.0042 13 — 003 | —. 00 | —.Omy | —.0mlL | —.008 14 L0000 .0000 . 0001 .0000 —.0003
14 | —0023 | —o0m | —. —00al | —.0®d | —.00M 14 —003 | —00%8 | —.00¢ | —O002 | —.002 £ 0000 | —.0001 . 0000 L0001 —.0001
—.0u8 | —.0017 | —.0017 | —.0015 | —.0016 | —.0019 16 —.0018 | —.0017 | —.0016 | —.0018 | —.DO0IT 18 . 0000 L0000 . 0000 L0000 - 0000
16 | —0010 | — o0 —.o10 | —0ow0 | —.000 —. 0010 10 —.0010 | —.000 | —0010 | —.0009 | —.0000 17 - 0000 . 0000 L 0000 L0000 L0000
17 | —.0003 | — - —0003 | —00F | —.0005 i7 — 008 | 000 | -0 -0 ] s 18 L6000 .00 Lo Lo L0000
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TABLE 22.—LOAD DISTRIBUTION DUX TO A UNIT PERTURBATION LOAD

[B=30; C=3X105 mm3s)

(2) Concentrated porturbation load on stringer =0 at (b} Distributed perturbation load on stringer j=0
ring 1==0 between ringa 1==0 and fm=1 (c) Bhear perturbation load about shear panel (0,0)
Btringer load, pg, at station— Stringar load, py, st statlon— Stringor lood, pa/L, ot statlon—
] J J
$=0 =1 =3 {m3 =g im5 f=g i=1 im2 3 =y fm) fmB {eml {=3 1= Jmd i=5 iad
0 0.5000 | O.183 | o102 | 0.0784 | 0.0868 | 0,0000 [ 0.0587 0 0. 5962 0, 1204 0. 0587 0.0718 0, 0827 0, 060 1 —~0. 2098 | —0.0317 —0.0078 | —0.002% | —0. 0014 | —0.0008
1 0 . 1003 iz . 0634 . 0580 0542 1 . DG83 . L0787 . 0 . 0053 2 —. 0047 —. 07768 -, 0131 -, 00; -, 0034 —. 0020
2 0 L3l 03 . 0853 .Y 0408 2 L2 . 038 L0087 . 0838 . 0508 1 0241 —, O0E1 -, 0080 -, 0058 -—, 08 —. (a5
3 ] L0191 L0428 . Oddd .04 0435 3 L 0001 s3 . 0308 L0437 0448 L0 4 L0184 . 0057 -, 0018 -, 0031 -, 33 —. 03
4 0 w73 0108 L0232 . 0333 . 0150 . 0A87 4 . a8 0138 N L0300 L0359 [ .00 . O30 . 0026 -, 0002 -, 0012 —. 0014
5 0 L0018 L0000 .0lod .02 . (258 . 5 . 0002 2 .01 .0197 OH3 0374 8 -, 0008 L0058 LOML L0018 . s —. D003
4 0 - 00 . 0083 L0133 L0170 L0187 1] —, 0003 0010 . O0ns L0108 01255 L0191 T -, 003t L0013 . 0034 N> L0014 . 0005
7 0 —.0008 | —. 0001 (114 . . 0008 .0187 7 —, 0002 - L0012 .05 0083 L0118 8 -, 0025 -, 0003 . 0020 M- L0018 L0
3 0 —, 0008 { —. Q0LL | —. 0003 .0018 0044 8 —, 0001 - - . 008 L 001 EﬁB 9 -, (010 -, 0014 . 0006 L0018 . 014 L0013
9 0 - 0003 | = 0013 | =, 0017 | =, 0010 Nitizg L0087 g -, 001 -, 0003 -, 0018 —, 014 -, O3 N1t 10 L 0000 —. o013 —. 0005 . 0005 . 0010 L0011
10 0 —.0003 | —.0011 | —. 0020 | —. 0023 | —, 0018 | —, COO® 10 —. DUl -, 0007 —. 0016 ~, (23 -, 0033 -, 014 11 , 0004 —. 0003 —.0b —, 0003 . 0004 . 0007
1L 0 —. 0004 | — —. 001 | —. 0028 | —. 0088 | —, 11 —, 0003 ~—. 00UG —. 0014 -, (04 -, 030 - 031 12 . (03 —, Q03 —, 0008 —, 0008 —, oA, Nl
13 0 —.0004 { —. 0010 | —. 0018 | —. 0038 | —. 0034 | —, 12 —. 0003 —. 0007 —. 0014 -, 0033 -, 0033 —. 039 13 . 0001 oL -, 0005 —., 0008 —. 000t —. 0001
13 a —.0008 { —, 0010 | —, 0017 | —, 0027 | —. 0025 | —. 0041 13 —, 0003 —, 0003 —. 0014 —. 23 ~—. 0022 —.0H1 14 . 0000 L0001 ~, 0003 —. 0005 —. 0005 ~—. 0003
he'Y {] —.0000 | —. 0011 | —.0018 | —, 002 | —, 0025 | —. 0044 14 —. 0003 -, 0009 -, 0014 —. 0033 ~, 0031 —. 0041 15 —, 01 . 0001 . 0000 —. 0002 —. 0004 —. 004
15 0 —, 0000 | —. 0013 | —, 0018 | —, 0029 | —, 05 | —. 0045 15 —. 0003 =, 0000 -, 15 —, 0022 —. 0030 —. 09 10 . 0000 . (000 . 0001 —. 000L —. 000 —. 0004
16 i} —.0007 | =.0013 | —, 0019 | —, 0029 | —. 0038 | — -] —. aD03 -, 0010 -, 18 -, D028 —. 0% - 17 . 0000 0000 .000L . 0000 —. 0008 —. 002
17 1] =, 0007 | —. 0003 | ~. 0020 | —. 0079 | —.0035 | — 17 - 0003 —. 0010 -, W17 —. 0023 —. 0030 -, 0037 18 . 0000 0000 . 0000 . 000G . 0000 -, 001
18 a =, 0007 | —. 001 = 0020 | —. 0020 | —. 0035 | —, O0MG 18 -, 0003 —. 10 -, 0017 -, 0033 —. 0030 -, 0027
Bhoar flow, gg, ut station—
Bhear flow, g4.L, at satlon— Bheur flow, gL, at atailon— i
J J =0 =1 f=2 {=3 ia4 b
fm=0 {1 {m2 =3 = fmg im0 fml 1mg i=3 it =8
Q (. 6287 Q 194 0. 0240 0. 0087 (L 0040 0, 002
i} 0. 1808 0, 384 0.0118 0. 0089 0, 0033 0. 0031 0 0, 2038 Q. 0533 0. 0204 w 00 0. Q44 0, 0029 1 . 0702 -. 0520 . 0430 N i-rg . 0028 .00
1 . 0853 [ 1d (1.2 . 0143 . 0087 . 0080 1 . . 0880 L0383 Q185 oL} L0079 ] . 0856 -, iR -, 0134 —. 0030 —., (004 . Qo0
2 (a3 . (1722 0178 .06 . 00684 2 L0178 . 0300 . 0503 214 0180 010> 3 L0275 -, 0000 -, 0005 —. 0053 -, H —.0011
3 . Q3D 0103 L0184 0180 0118 . 008 3 -, 0003 .0108 . 0150 1] i) 0143 L0L3 4 . 0008 010 -, 0032 —. 008 —, 0037 —. 0018
4 —~. 0043 . 0008 oL B L0084 4 ~. 0058 —. 0D L0074 L0107 o1s . 0063 3 - 018 .11 0023 —. 0010 —. L7 —. 0018
5 -, 0051 —.0033 . 0092 L0034 . 006 08 8 —. 0030 —. 0052 -, 0004 . 0083 [{] -, 0120 . 48 o4 —. 0003 —. 0008
.} —. Q058 - —.0021 . 0003 000 08 [} - -~ 000 - 48 —. 0013 L0014 . 0030 7 -—. 0057 - . 0038 00 Q000 . 0000
7 —. 08 —. 0068 —. 0050 ~. 0035 -, 0005 0009 7 —. 048 -, 0003 -, 0080 —. 0H7 - -, D04 ] -, 0004 —, (031 , 0013 N 13 L0014 . 0007
.} —. 0048 —. 0002 -, 0087 —. 0088 —. 0083 —. 010 8 -, 04 —. 0058 —. 0058 —. 0083 —. 0048 ~. 0031 9 L0018 —. 008 - L0011 .0013 L0010
9 —. 048 —, 0062 - —, 0083 —. 0048 —. 008 2 —. 0015 —. 08 —.0058 —. 008 —. 0N ~. 0040 10 L00l4 -, 0014 —. M4 (L] . 0008 L0008
10 —~.0043 —, OH4 -, 004 —., 0080 —. 0030 —. 048 10 —. 0043 —. (42 -, 0049 —. 0057 —. 000 —. 0053 11 . 0008 —, 0003 -, 0013 ~—~, 0000 . 0002 . 0008
1 -~ 003 —. 0038 - 0044 —, 0l —. Q050 —. 0083 11 -, 0038 - —. 01 —. 0048 —. 0054 ~—. 0085 12 » 000 . 0003 —. 0007 —. (00 —. 0003 . 0002
12 -, 00 -, 023 —, 0035 —. 0HL —. 008 —. 00G2 12 —, 0034 - —, 0034 ~. 0038 —, 0044 -, 048 13 -, 0003 0004 —. 0002 —. 0000 —. 0005 -, 0001
13 -, 0020 -, 0028 —. (s —. 0023 —. 0042 —. 00 13 —. 0 - —. 00 ~—. 0030 —, 0034 -, 0030 14 —.000d . 0003 L0001 —. 0004 —. 0005 -, 0003
14 -, 003 -, 0023 —, (23 —. D023 -, 003 —. 0048 14 —., 0023 —. 003 -2 —. 00 —, (025 -, 0030 15 —. (0L . 0001 . 0002 —. 0001 —. 0003 -, 0003
15 -, 0017 -, 0017 —. 0010 —. 0010 -, 022 —. 0028 15 —. 0017 -, 0017 —. 0018 —.0016 —, 0017 -, 0020 15 . 0000 . 0000 . 0001 . 0001 —, 0001 -. 0002
18 —. 0010 —. —. 0010 —. 0000 —. 0013 -, 0017 14 —. 0010 —. 0010 —. 0010 -, 0010 -, (010 —. 0011 17 . 001 . 0000 . 0001 . Ooc02 . 0000 —. 00032
17 -, 0003 - —, 008 —. 0003 ~. 004 - 17 —, 0004 —. 0003 —. 003 - - —. 00H . D0gL . 0000 . 0000 . 0002 , 0001 ~—. 0001
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TABLE 23.—LOAD DISTRIBUTION DUE TOC

Concontrated perturbation load on atringor j=0 at

(b) Dislributed perburbation load on stringer f=0

A UNIT PERTURBATION LOAD

ring =0 botweon rings f=0 and fml (o) Shear perturbation lond about shear panel (0,0}
Btringer load, pyyy at station— Btringor load, Dy, st station— Biringer load, pi/L, nt station—
J J H
i=0 {=l f=2 1=3 {mdq fmb {ml Im] im3 {my {md {=p {=0 i=1 {=3 =3 =4 1 51] 1m0
0 0, 5000 0.800 | O. 1803 | O.1137 | 0.0380 | 0.0747 { 0.085 '] 0.3532 0. 2032 0. 134 0, 0095 0. (811 0.0700 1 —0.%8 | —0,1174 —0.0470 | —0.0310 | —0.0102 | —0.0084
1 Q 018 , 0A58 . 0800 AT . 0080 L0412 1 LM . 0932 N1 0771 e L0538 ) —. 42 —. 0303 —.0%08 -, 0213 —. 0142 -, 0084
2 0 B L0420 . 0803 . 0530 08 L0812 3 L0140 0358 471 L0517 N 0819 3 Nivs-) -,z —. 00 —, 0109 -, 0060 -, 0078
3 Q o1m , 0238 (318 . (45 . 03a3 ) 3 . 0003 . 0185 Ny i L 0243 (B0 2 0400 4 L1 . 0050 » 0004 -, o1 —. 0044 —. 04§
4 ] . . 0138 . 0003 L0281 . aay LB12 [ . 0030 .0101 L0171 023 , 0370 . 030D -] L0137 . 0100 LOMB 0014 —.0000 —. 0017
-3 1] . 01 . 0128 0188 . 0203 . a1 ] .13 L0054 ., 0101 , 0148 , 0187 L0218 8 . O0dY .00 , 0060 . 0035 L0017 . 0004
8 4 . 0914 + 040 0074 L0107 L0138 .0l 4 - 0004 - 0028 . 0087 . 0081 .01 . 0141 T —, 0004 051 . 0063 L0041 . 028 0017
7 0 . 0005 0018 0038 0003 . 0068 L0109 7 . 0003 0010 0027 . 0050 L0074 . 0008 g —. s .o . 0038 L0087 001 008
8 0 » 0000 20004 .0018 L0029 .07 . 0004 a . 0000 0D0s . 0009 . 0033 . 0038 K] 5 —. 00z8 —. 0001 000 ,oay . 00213
] 0 -, 0002 | — 000R « 0000 . 0007 . 0017 , 0020 9 —. 0001 -, 0003 —. 0003 . 0003 L0012 0B 10 —. 0010 -, 012 0008 L0018 » 0020
10 0 —. 0008 | — 0007 | —. 0008 | —.0008 | —. . 0004 10 —, 0001 —. 0005 —. 0003 —. 0009 —. 0003 . 0000 11 —, 0000 ~. 0015 -, 000 » 000 0011 , 0014
11 [ —, 0004 | —.0008 | —. 0014 | —. 0017 | —. 0017 | —. 0018 11 -, 0002 -, 0000 —, 0011 —. 0018 —. 0017 —. 0018 12 , 0000 -, 00 -, 0010 —. 0003 , 0003 . 0008
13 [} —, 0004 | —. 0010 | —.0018 | — - -, 0028 13 —, 0002 —, 007 —. 0013 —.0019 —. O —. D037 13 . 0003 -, 00o7 =, 0010 —, 0007 —, 0002 . 0002
13 ] —, 0005 | —. 0010 | —. 0018 | —. Q028 | —. 0031 | —. 1 —, 0003 —, 0008 —. 0014 —. 0031 —. 0088 —. 0053 14 , 0003 -, 0003 -, 0006 —, 0008 - —. 0003
14 [ —. 0008 | — -, 0010 | —. —, 0034 | —, 0040 14 —. 0003 —, ODO0 —. 0018 —. 0028 —, 000 —. 0037 15 . 0001 0000 —. 0008 —. 0008 —. 007 —, 0004
18 0 —, 0008 | — 0012 | — 0010 | —. 0027 | —, - 18 —, 0003 —, 0000 -, 0018 -0 —. 0031 —. 0030 10 . 0000 0001 ~—. 0003 —. 0008 —. 0008 ~=, 0008
18 ¢ | =07 =003 | —.00m ) —onx | -0 ] — oo 18 | —oom | =0 | —ooe | —oon | 001 | — 0040 17 - 0000 001 | o—oo0l | —oogd | —god | — 00m
17 0 —.0007 | — 0014 | —, -0 | —oms | — 17 | —oo | —oow0 | —ooty | —l0o2 | —om2 | — o040 18 0000 0000 000 | —oool | —dog | — 0001
18 0 —.0007 | — 0014 | —. 0020 | — 0028 | — 0038 | —. 0048 18 | —oo3 | —oow0 | —oor7 | —o0oM | —o0m3 | —0M0
Shear flow, g47, at slation—
8hoear gitL, at atathon— Bhoar Qovw, ¢y L, ot statlon— 3
J ) =D i=1 1=3 =2 i fu
{=0 i=i 1=3 i=3 i=4 i=5 =g i=1 i=2 i=3 f=d i=5
0 0, 4478 0,191 0. 0580 00573 Q0140 Q. 0030

Q 0, 1900 0, 0504 0. 0233 0012 0, 0086 0, 0044 0 0, 1388 0. 0900 0. 0346 0.0100 0. 0093 0. 0055 1 . 1008 —. 0001 —.0118 . 0008 L0033 .00n
1 45T 0200 L0281 . 0195 L0187 . 098 1 . 0480 0432 O3 B L0104 L0110 2 . 1002 —., 0290 -, 0175 —, 0087 —, 003 —. 0015
1 L0193 . 02s N Q172 L0130 .0110 3 . 0150 L0216 L0318 0100 2 0158 JOIH 3 , O -, 0028 —, 0083 -, 0078 -—. 0052 —, 0033
3 . Q080 L0114 .0128 L0124 o111 L0097 3 . 0088 L0094 0123 137 L0118 I 4 (312 0103 - 0022 -, 0043 - 00 - 0022
4 . 0003 0040 . Q4 . 0074 .0073 4 —, 004 . 00R2 . 064 . 0078 0074 ] -, 0043 . 000 - 0008 - 00X —. 0021
[} —. 0028 —. 0007 L0018 L0022 0041 0044 ] —. 031 —, 0019 . 0003 0023 . 0037 O3 [:] -. 0137 004 0052 . 0016 -, 0001 —. 0008
8 —. 0042 —. 0034 —.0017 —. 0001 , 0010 .0018 [] —. 0042 - —, 0026 —. 0008 . 0005 L0014 7 —. 0138 .o . D0d0 L0028 . 012 0003
7 —, 0040 —. 07 —. 0037 —. 0iEs —, 0014 —. G5 7 —. 0048 -, &HE —, 0043 —. G051 —, 0020 —. 008 8 —, (7% =07 SO .%"’E Rty 3010
8 —, D047 -, —.0H8 -, OH0 - 1 —. 0013 8 —. 0048 —. 0049 —. 0050 ~. 0044 —. 0038 —. 0027 3 —. (030 —. 0031 003 NI . an1e L0014
] —. 045 —. 0049 —, 0051 —. 0048 —. 0042 ~, 0035 ] —. 0044 —. 0047 —. 0060 —. 0049 —. (048 —. (B8 10 o (0(E3 -, 0034 =, 0008 L0011 , Q018 . 0013
10 —. 0043 - =, 049 —. 0040 —. 046 —. 0042 10 . 0042 —. 004 —. 04T -, 0049 —. 48 —. 044 11 L0013 - —. 0014 .01, . 0003 . 0010
11 —. 0038 - Q040 —. (044 —. 0048 —. 0048 —. 0044 11 —. 0038 —. 000 —. 0042 —, 0045 —. 0048 —. 048 13 L0013 —. 0013 —.0018 —. 0008 . 002 . 0000
12 —. 00 —. 0038 —, (38 —. 0040 -, 0042 —. 0042 12 —. 0034 —. 0034 —. 0038 —. 0039 —. 0041 —. 0041 13 L0007 —. 0002 —.0013 —. 0009 —. 0002 . 0002
13 —. 0020 - 002 —. 0031 —. 0034 —. 08 —. 07 13 —. 009 —. 009 —. 0030 —. 0033 —. 0038 —. 037 14 L0 . 0002 —. 0008 —. 0% —. 0005 -—. 0002
4 —. 0023 —. 0023 —. 00H ~-.00m —, 0028 -, 0030 14 —. 02 —. 00 - —. 0023 —. 0017 - 0030 18 ~. 0001 . 0004 —. 0003 —. 000g —, 0004 —. 004
15 - 0017 —. 0017 —. 0017 —.0018 —_ - 0022 15 —. 0017 -—. 0017 —. 0017 —. 0018 -—. 0019 —. 0021 16 —. 0001 . O3 0001 —. 0003 . 0000 —. 0008
16 | —oo10 | —o0010 | —oo10 | —o0iL [ —.0012 | —.00M 16 | —0010 | —0010 | —0010 | —0010 [ —leoi2 | —.oq13 17 | — oot . 0002 . —000L | ~.o005 | —.ooo7
17 - —. 0003 —. 0 —. 0004 —. 0004 -, 0004 i7 - —. O3 —. (063 —. 0004 —. 0004 —. 0004 8 —_ 001 i1} 004 [vi i) -, B3 -, BT
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TABLE 24 —LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

(a) Concentrated perturbation load on stringer =0 at

[B=300; O=2X108; m=d)

(b) Distributed perturbation lond on stringer =0

ring =0 hetween rings §=0 and =1 {0} Bhear perturbation load about shesr panel (0,0)
Stringer Icod, py, at station— Biringer koad, pyy, at stathon— Btringor load, pa/L, at stallan—
J I 7
=0 =1 1=3 1=3 I=d {=8 = ful =2 =) 1=d {=5 =0 i=1 i=2 =3 {=d i=5 =6
] 0.5000 | 0.33¢8 | 0.9384) 0.1776 | 0.1390| o.L136 | 000 0 0.4118 0. 2837 0. 2087 0. 1589 0. 1284 0. 1044 1| —0ame | —0.3160 | 01907 | —0. 0754 | —Q (MO | —0.0287
1 0 L0518 | .o7m331 .os01| L0500 Lot | LOvE 1 023 L0043 L0778 . 0504 L0788 L0780 3 | —0033 | —.0M8 | ~.0400 | —.0207 | —.0310 | — 0261
2 9 o7 | .om3| (0872 | L0431 .oda7 | L0488 3 L0030 L0213 . 0330 THM L AL 0477 ] 012 | —o0ed | —0033 | —ols | —o130 | — o
] 0 0078 | L0147 L0096 | .03 a L0038 L0112 L0170 Lo .07 L0313 4 L0191 L0073 L0018 | —0017 | — o8 | — robl
4 0 D044 | . 008D o1l | .otee| .oste| .02X0 4 L0021 o7 L0110 0160 0180 .0218 5 L0147 . 0007 . 0056 N7 ] o008 | =
& a o7 | o0y onky | ansl o1l _nlas 5 .0013 042 L0072 . o101 L0190 L0154 a . 00A0 . (020 . 00RG e . e L0015
n 0 c016 | L0035 | . 00BS o070 | .00e0 | 018 ] . 0008 L0047 . 0063 . 0089 ,0100 7 L0037 L 0070 . 0002 L0040 L 00F7 . 0027
7 0 00C9 | L0022 | . O0I7 0082 | .00N7 | L0083 7 L0004 L0018 .00 L0044 . 0080 L0076 ] L0003 L0040 L0081 L0048 . 0030 . 0033
8 0 0005 | L0012 | .00l | .00l | L0042 . OD&L 8 000 . 0038 L0010 . 0030 . 0037 .08 9 | —.0018 L0033 0037 . 0038 . 0038 . 0031
9 0 0003 { LO0G5| L0010 | . 00 | 000 0 . 000L 0003 L0007 L0013 . 0019 007 10 | —.00m . 0008 L0023 . 0028 L0020 . 0038
10 0 L0000 1 L0000 | L0001 . L0007 | L0012 10 L0000 | —.0001 . 0000 N . DG L0009 i | —0017 | — 0007 L0009 L0017 L0031 . 0023
1 0 | — 0003 | — 000 | — 0006 | — 0000 | — 0003 | — OO0 | —mol | —o0003 | —o00s | —o000s | —om0s | — omd 12 | —001 | —.0012 | — 000L L0007 .0013 .07
11 0 | — 0008 — 0007 | — 0010 | —. O3 | — 0015 | — G010 12| —0m | —o000s | —oo | —om2 | — o004 | ~ 0015 18 | —.0008 | —0013 | — coO7 0000 . 0008 L0011
13 0 | —0004; — 0000 [ — 0014 | ~— 0013 ]| — - 13| —o003 | —o0007 | —ooul | —ome | —o0m0 | —. 003 14 L0000 | —.0011 | —.om0 | —.000s . 0001 . 0000
T 0 ] —0005] — 0011 | — QOL0 | —. 004z | — 0027 | — 0032 M| —08 | — 0008 | —o018 | — o0 | —004 | — 0020 15 08 | —.0008 | —.0010 | —.c007 | —.0008 . 0003
1 o | —omgl —goje’ —jpoig — pomtl — anm ) — ooy 18 1 —oo02 |o— o006 1 — olix 1o poar | 0ooe 1 004 12 oo bo—po0x | — 0008 § = 0007 1 —.0008 .01
18 0 | —0006] — 0018 | — 000 | — 0026 | — 0032 | — 0040 16 | —.0008 | —.0000 | —0010 | — 00 | —.00%0 | —. 0027 17 L0002 | —.0009 ! — 0005 | —.0005 | —~.0003 . 0000
17 0 | —0007 | — 0018 | — 0020 | —. 0097 | — 0085 | — 0042 17 | —0008 | — 0010 | — 0010 [ —. 0084 | — 00l | —. 0038 18 L0001 | —.00001 | — 0009 | —.0002 | —.0001 . 0000
18 ¢ | —0007| — 0013 | — 0020 | —. 0028 | —. 0035 | — 0043 18 | —.0008 | —.0010 [ — 0017 [ ~— 0024 | —. 0031 | —. 0O
Bhonr flow, 74, ot station—
Shear flow, gi:L, ot statlon— Shear flow, a1 L, at stutlon— i
i 4 i=0 i=i i=3 i=3 i=4 i=6
=0 {=1 img =3 =i {=5 {=0 {=1 i=2 {=3 {md i=B8
0 @ 2501 0.1038 0. 0688 0. 0437 0, 0283 0. 0187
0 0. 0516 0. (Me2 0. 0304 0. 0198 0.0127 0.003¢ 0 0. 0384 0. 0640 0.03%0 0H4 0. 0158 o 0108 1 L1106 | —.087 | —.0a14 | - - 0013 L0014
1 . 063 N .o | . L0157 L0128 1 o8 .0200 L2y L0318 L0178 L0141 2 A0 | — 0Bl | —018 | —.0108 | — 0071 | —.00d44
2 L0141 . 0161 L0140 w3k L0123 .0107 2 0138 .0148 L0149 L0141 012 L0118 3 L0308 | — 045 | —.0084 | —.0073 | —~. 0080 | ~.00MO
3 . 0085 008K . 0083 0085 . 0038 .0077 3 0062 , 0074 . 0063 . 0038 . 0054 . 0030 4 483 —00M | — 003 | —.0087 | —.0034
4 N 0035 L0043 0048 , 004 L0040 4 . 0Oz . 0024 .00 LOMB . 0048 L0048 ] . 0130 oLI0 L0010 | —.0008 | ~.0017 [ ~. 0080
&£ | — 0005 o L0019 . 0033 . 0036 5| - . 0000 . 000 .0018 .00l N 6 | —. 08 0117 L0044 wlg | —.0mL | . 0007
6 [ — OBl | — 000 | — 000 | —.00 i) i) 8 | — 00 | — 009 | —.00i3 | —. 000 . 0000 . 0004 o[ —0i5E | . 0053 N 001 . 003
7| —o0 | - — s | —0017 | —.0013 | — 0000 7| —om@ | —o0mma | —om | —o0cd | —o01s [ —.0011 g8 | —.01x . 0040 . O 0050 0018 L0010
8 | —o0038 | — —00%8 | —00% | —.00M | — 002 8] —oo35 | —o088 | —o03 | —0030 | —ome | —002; 0| —. 0088 . 0001 . 0033 .08 0031 . 004
0 | —o0% | —.00% | —.0087 | —00M | —0081 | —.002 o | —0037 | —0038 | — 0088 | — o038 | —o032 [ — 0000 10 | —.0084 | — 00 L0018 002 .00 . 0015
10 | —.0037 | —.0088 | ~.0088 | —0037 { —.00%8 | —.003 10| —oms | —o0ms | —o0088 | —o00e8 | — o008 | —. 004 1 | —.0020 | —0034 |, .0000 0014 L0018 . 0014
11 | —0038 | —.00% | —.0087 | —.0036 | —.0088 | —. 0084 1| —om | —oms | —c027 | —o00e7 | —o0®me | —. 00 12 L0002 | —.0033 | —.0010 . 0003 L0010 . 0010
12 | —0031 | —. 0082 | —.0084 | —.0034 | —.00%4 [ — 0033 13| —om | —om3 | —o00m3 | —0084 | —00d | —.00R 1 L0011 | —. 0028 | —.0015 [ —.0008 . 0004 . 0008
13 | —o0m | —0028 | —00® | —.000 | —.00%0 [ —, 0080 B - -0 | - —0029 | — 00 | —.00 M L0011 | —004 | —.005 | —.0o0B | —.0003 . 0000
14 | —oox2 | —o0028 | —.003 | —O00M | —0028 | —, | - - -0 | - - —, 0025 15 L0007 | — 0008 | —.0012 { —001L | —.0007 | —.0008
15 | —oow | —o016 | —.0017 | —.0018 | —o0m8 | — 0019 1 | —000 | —ome | — o007 | —om7 | — 00158 | —.008 18 L0003 0003 | —o0c9 | —.0018 [ —.0011 | —. 0008
16 | — 0010 [ — 0010 | —.0010 { — Q0L | —.Q0IL | —.0d12 18 | — 0010 | —0010 | —0010 | —DOIL | —0QIL | —.00IL 17 | ~—.0001 0000 | —.0008 | —.0013 | —.0013 | —.00L1
17 | —o003 | —0003 | —.0004 | —0004 | — - 17| —0003 | —0008 | — 0003 | — 0004 | — 0004 | —.0004 18 | —. 0003 0007 | —.0004 | —.0013 | —.0014 | —, 0012
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(8) Concentrated porturbation loed on stringer j=0 ot

TABLE 25.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD

(b) Distributed perturbation load on stringer =0
betwee,

ring =0 n rings i=0 and i=1 {0) Shear porturbation load about shear pancl (G,0)
Biringor boad, py, at station— Biringor Joad, puy, of station— Biringer load, puy/L, ot statan—
L) } J
fmi) im1 im2 {m3 fmi jmb 1= {1 {m3 im3 imd {mf im0 im1 =3 im3 fmg {m5 imb
0 0.5000 | 0.4004 | 0.3951 | 02679 | O.2HL | 0.1903 | 0.1040 0 0. 4479 0. 3810 0. 7983 0. 2481 0. 2068 0.1760 1 | —04268 | —0.318 | —0.3340 | —0.1748 | —0.1303 | —0. 0880
1 0 |5 | . L0801 | Lo7e8| .0ma| .o7EO 1 L0174 . 0437 .02 .o70L L0788 L0781 9 | —om20 | —o028 | —03m2 | —O0l4 | —0418 | —.0403
2 0 .0088 o185 | L0234 | .omm L0380 3 L0043 L0128 L0200 L0284 L0318 . 0361 3 L0197 L0008 | —.00&2 | —.0090 | —.0118 | —.013
3 0 03| . o190 | .o188| .08 | .oaus 3 . 0031 L0003 L0101 0138 L0172 . 0303 4 L0149 . 0001 o0 | o— o000 | —00m | — o000
4 0 L0095 | .0081 | o078 | .00M | L0198 | QLB 4 L0013 .0038 L0008 . 0087 ,0110 0122 5 . 0138 L0079 . 0048 . 0028 L00L4 . 0003
5 ] o7 . .,00%8 | L0000 | .0085[ 0101 5 . 0008 . 0026 L0043 L0080 L0077 001 8 L0104 . 0081 . 0083 N . 0030 . 0032
G i L0018 0054 | L0037 | .0DM0 00aL | 0074 0 . 0008 L0018 - 0081 L0043 + 0085 . 0008 7 . 0080 0072 . D08 047 R 0031
7 0 L0008 0017 | .0026 | .0038 . 0053 7 L0004 L0012 . 0oL L 00%) . 0040 L0040 8 . . 0050 , 0064 L 47 . 0041 . 0036
8 0 L0008 oall | L0017 o024 L0037 8 .0003 . 0008 . 0014 il 0047 .00 9 L0013 L0043 , 0049 L0043 . 0040 L0037
9 0 L0003 0008 | 0010 0014 0019 | .0023 9 L0001 . 0008 . 0008 . 0012 L0017 il 10 | —. 0004 L0097 L0030 L0038 . 007 . 003
10 0 L000L [ L0003 | L0004 . L0011 10 L0001 . 0002 L0003 . 0008 . 0003 . 0018 | —.o013 L0013 .06 . 0030 . 0033 L0033
il 0 0000 | 0000 | —000L{ .0000| .0000| .000L 1 (0000 | —0001 [ —.000L . 0000 . 0000 . 0001 13 | —. o018 . 0002 .0018 N . o0a7 . 0030
12 0 | = - - —.0008 [ —, —.0008 12 | —o00L | —0003 | — 0004 | —. 00086 | —.00080 | —.0007 13 | —.0018 | —. 0008 L0007 .0018 .00 . 0035
1 0 | —0003 | —.0008 | —0008 | — o000 | — 008 —.0015 13 | —o00l [ —o00d | —0007 | —.0010 | —.0018 { —. 00L& 1| —0010 | —.0000 . 0001 L0011 L0017 + 0020
14 0 | —0004 | —0007 | — 0011 [ — 0016 | — 0018 [ — 0021 14 | ~0002 [ —0008 | — 0000 | ~.0013 | —.0016 | —.00% 15 | —.0008 | —.0010 | —.0003 . 0008 L0013 L0018
16 0 | =000 | —.0000 [ — 0013 | — 0018 | — 0023 | — 0028 15 | ~.0003 | —.0007 | —.00011 | ~.0016 | —.0020 | —.00M 18 ) —.0003 | —.0000 | —.0003 . 0003 . 0008 L0011
1 0 | —0nde | —o0in | — 00l% | — 0000 | — 0035 | — 000 10! ~ooog | —ooor | —opd | —go17 | —iogm | -0y ol oot | —ipo | —io0m L6t Joond o7
17 0 | —.0006 | —0010 [ — 0016 | — 0031 | — 0020 | —, 0031 17| - —.0008 | — 0018 [ — o018 | — 0024 | — 00 1 L0000 | —.0003 | —, 0001 L0000 , 0001 . 0002
18 0 | —.0006 | —.00Ll [ —, 0010 | — OCGL | —. 00 | —. O(E 18 | —0008 | —0008 | —003 | ~.006 | —.omR4 | —.D0R0
Shear flow, ¢, of sation—
Ehear fow, gy L, 6t statlon— Bhear flow, gL, at station— 4
J s 1=0 =1 =2 1=3 i=d fm
i=3 =1 i=3 i=3 =4 i=5 =3 i=1 i=3 i=3 i=4 imB
0 0. 2580 0.0880 0.0660 0.0485 0. (383 0. 0288

0 0. 0408 0,078 0. 0286 0.0319 0.0L60 0.0132 0 0.0831 0. 0434 0.0320 0. (251 00163 0.0140 1 07 | —o428 | —om8 | —.013 | —.0075 | — 008
1 L0173 .0168 L0188 . OL4E . 0131 L0118 1 L0173 .0173 . 0184 . 0152 L0138 L0138 1 148 | —.0180 | —o01 | —.0001 | —00720 | —.008
2 . 0080 L0090 L0089 L0088 L0083 007 3 . 0087 , 0080 . 0059 . 0083 . 0085 0081 3 033 | —.0088 | —00H [ -, -5 | -0
3 L0048 L0049 . 0080 . 0051 . 0050 L0080 3 L0048 . 0048 + 0050 L0051 L Q061 . 050 4 L0500 L0030 | —00% | —0m3 | —.00e8 | —.O00H
4 .0020 L0024 L0036 . 0037 .08 .008 i .00%) L0022 L0025 L0027 .08 . 0028 5 , 0399 . 086 .00 | —.0008 | —o0012 | —.0014
5 0003 . 0008 . 0000 L0010 L0011 L0012 5 . 0003 0005 . 0008 L0010 L0011 L0013 ] L0118 . 0100 L 0mR L0007 | —.000L | —. 0008
8| — — 0008 | —, —.0002 | —.0001 L0000 6 | —0000 | —a07 | —.0008 | —.0003 | —.000L . 0000 7 | —.0m%0 L0108 004 L0019 L0003 0002
71 =006 | =006 | —.D0i8 | =00l | —00i0 | —.0008 71 =007 | —.006 | —.00i4 ] —.00i3 | —.0001 | —.0010 g | —.0003 . 0053 . 0048 R L0014 L0007
g | - -0l | —0me | - —0016 | —.0018 8| —0m2 | —oml | —o00m | —.008 | —.o0017 [ —. o018 ¢ | —.o0u7 L0081 L0048 . 0020 .0018 L0010
| - —00H | —0083 | —0m2 | —.00 | —.000 9 [ —o0m | —002¢ | —00M | —0082 | —O@EL | —002 0 | —.0w8 L0020 . 0037 .0 0018 L0011
10 | —0026 | —o002 | —oms | —ome | —008 | —.00m 10 | —008 | —o0028 | —o0025 | —.00M | —.00E4 | —.0023 iU | —o0e8 | —.0ms L0025 .00z L0018 L0010
W | —0mds { —002 | —005 | —0m | —00H | —0020 1 | —ooes | —o002s | —0035 | —.0006 | —00H | —. 0023 13| — —.0023 .o0LL L0014 , 0011 L0008
19 | —003 | —ooM | —0mi | - —003 [ -0 12 ] —o0as | —om24 | —00M [ —o00M | ~00@ | —.002 3| - —. 00 ( —.000L . 000 . 0008 . 0006
191 —0020 | —0021 | —om@ | -0l [ —0m0 | -0 13| —om0 | —o0 | —o003 | —oom | ~00 | —.0020 u | — —0030 | —.0013 | —iooo4 | —.000L . 0001
4 | —omy | —o0lr | —o0m8 | —007 | —ouy | —o07 | —o007 | —007 | —0017 | —.0017 | —.0017 | —.0017 15 L0004 | —.0028 | —.00%0 | —.0013 | —0008 | — 0003
15 | —oma | —.o0on —0013 | —.0013 | —0018 | —.0012 15 | —o0or2 | —o00z | —o003 | —.00I3 | —.00IE | —.0013 18 20010 | —0020 | —o0#8 | —.0009 | —.00L1 | —. 0008
1| - - — o8 | - —.0008 | — 18 | —.0008 | — 008 | —0008 | —.0008 | ~.0008 | —.0008 17 L0023 | —.0018 | —.00%9 | —.00%3 | —.0014 | —.O008
17 | —0003 | —, -8 | - —00E | - 17 | ~.0002 | —.0003 | —.0003 [ —0003 | —0003 | -—.0003 18 L0013 | —.00l4 | —.0030 | —.00M | —.0010 | —. 0008

.
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TABLE 26.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATICN LOAD

[Be8: Cm3 X108 1 = 30]

{n) Coneontrated perturbation losd on siringer je=0 at (b) Distributed perturbation load on stringer j=0
ring +=0 between rings f==0 and tm==1 (e) Bhear perturbation lond about shear panel (0,0)
Stringer load, pg, at station— P Birtngor Joad, nyg, ot station— 8tringer 1oad, pofL, at shation—
i ]
L
=0 1=1 1=2 i=3 1-4 {=6 =t fml {=32 =3 =4 {=p (=8 fml 1=3 j=3 =t i=8 1=6

0 |0.5000 | 0.1265| 0.1086 ]| 0.0880 | 0.0765 | 0.0863 | 0.08%2 0 0. 2528 0,1180 0. 0949 ©. 0604 0.0717 0. 0857 1 | —0.085% Gome | —0.0m0 | —0.0005 | —0.0003 | —0.0002

1 o . o4 L0820 | L0728 | L0643 017 1 L1049 L1114 . 0880 L0760 ] . 0838 F L01% | —.0120 | —.0028 | —.0018 | —.0008 | — 00O

2 0 (0467 | .0733] L0578 4{ .08% | .os00| .omm 2 LOMT7 .88 L0700 L0058 . 0884 2 . 150 0008 | —.009 | —.0018 | —0010 | — 0000

3 0 L008L | L0348 | L0480 L0489 | L0401 | 0484 : | —.oms 011 L0418 L0478 L0401 . 0458 4| - . DO8G L0008 | —,0008 | — —. 0005

i 0 —.0035 | .07l | L0200 | L0348 | 08 4 — 008 0005 L0182 . 067 . 0380 & | —.0038 . 0020 .00 L0007 oL | —. 0003

5 0 —.0018 | — 0080 | .ods TE T THO 5 oo | — . 0003 . 0090 0158 . 0320 ¢ | —0w7 | —0ns L0013 L0012 . 003

8 0 000l | ~ D028 | — poas 0017 0071 0120 8 0008 | —00i% | —.0034 | --,0008 0044 . 0096 7 0007 | —.001 | —,0008 . 0007 . 0007 0005

7 0 0002 | — 0008 | ~—. 0031 | —. —.0008 | L0020 7 0000 . -0 | —0E3 | —.00W . 0012 B 0003 | —.0001 | —.0007 | —, 0001 . 0003 004

8 ] —.000L | 0000 | — 00ld | —. 003 | — 003 | — 003t g | —.00m —.0006 | —.00M | — —. 0020 ¢ | —. ooo1 0003 | —.0003 | —.0004 | —. DOOL . 0003

9 0 —.0003 | — 000L | — 0005 | —, 0018 | —, 0033 | —, 0087 8| —000L | —.0002 | —0002 | —.00L1 | —.0028 | —. 0035 10 | — 0001 0001 L000L | —.0008 | —.0003 | —.000L
10 0 —.0003 | —. 0004 | —, 0004 | — 0009 | —. 021 | —, 0033 10 | —0001 | —.0008 [ — 0004 | —.00068 [ —.0018 | — 0027 u . 0000 0000 . 000k L0000 | —0002 | —.0002
1L 0 —.000d | —, 0008 [ — 0000 [ — 00C3 | —. 0014 | —. D024 U | —0001 | —0008 | —0008 | —0007 | —0010 | — 0018 1 0000 0000 L0000 .0001 0000 | —.000L
13 0 —.0008 | ~.0008 | —-, 0006 | —. 0010 | — 0013 | —. 0018 18 | —.0000 | —.0004 | —.0007 | —.0006 | —0011 | — 005 13 . 0000 0000 .0000 . 0000 0000 0000
13 0 —.0003 | —.0008 | —,0009 | —. 0013 | —. 0OL4 | —. 0017 13 | —0003 | —0004 | — 0008 | — 001 [ — 0013 | — 005 14 . 0000 . . 0000 + 0000 . D000 . 0000
14 0 —. 0008 | —.0008 | —.0010 | —. 0013 —.%g —. 0018 4| —.0008 | —0008 [ — 0008 | — 00 —.00 —. 0018 15 . 0000 . 0000 . 0000 + 0000 . 0000 . 0000
15 0 —.0003 | —.0007 | — 0010 | — 0014 | — — 0L 15 | —.0003 | ~.0006 | — 000 | —008 | —00 — 0019 10 . 0000 0000 L0000 0000 . D0CO . 0000
18 0 — 0004 | — 0007 | — 00IL | — 0015 | — 0018 | — O0R3 16 | —0002 | —.0008 | — 0000 | — 0018 | —0018 | — 00%0 17 . 0000 0000 L0000 0000 . 0000 . 0000
17 0 —.0004 | —.0007 | —.001L | —.0015 | —. 0010 | —. 0053 17 | —.008 | — —000 | — o013 | —o007 | — o020 18 , 0000 0000 L0000 0000 . 0000 . 0000
15 0 —. 0004 [ — 0008 | — 0011 | —. 0015 | —, 0010 | —, 0023 18 —, 02 —, 0004 —. (000 —, (013 —. 00ty —. 0naL

Shear flow, gy, ot station—
Sbsur flow, 4L, st station— Bhear flow, 4y L, at station— y
4 s - 0 jm1 {m2 =3 fmd I=5
= el =32 =3 =t 1= =0 {=1 =3 {=3 {=t fmb
[1} 0,571 0,0870 Qo0 0. 019 0. 0007 0. D004

0 0. 1837 (. 0100 Q.0109 0. 0034 0, 026 0 0, H73 0, 0074 0.0110 0. 0073 €. 0030 1 . 0R8 — 0338 . 0048 . 004 . 000S . 0003
1 . 0148 L0073 1 .73 , 0610 . 0340 QL84 . 0084 2 OBl | -~ 0M8 | — 0088 | —.0008 | — 0003 . 0000
3 | —.o0016 L0318 . 0187 0L37 L0104 3 | —.o2 . 0301 L 0308 N .0119 3 | —.0m0 LOWL | —-, 0038 | —.00l8 | —.0007 | —.0008
3 | —.00m . 0028 L0160 0169 0134 L0110 2| —.007L | —.008r L0112 L0163 .01%2 4+ | —.o0m8 . 0038 000 | —.0006 | —.o0007 | —. 0004
4 | —.004 | —.0070 L0011 00758 0001 . 0083 4 | —.0018 [ —0080 | — 0038 . 0040 . 0000 5 .00l | —.002 .00T3 L0011 L0000 | —.0002
5| — —.0008 | —.0064 | — 0003 o0 . (045 8| —000 | —0M3 | — 003 | —.00% . 0037 8 0018 | —.0018 | —.0003 .00l 0009 . 0003
6 | —00 | —ocss | —ood | —0087 | —. - 6 | —.008l [ —.O00M | —00M | — 0004 —. 0015 7 L0001 L0000 | —.0010 . 0001 . 0008 . 0004
7| —00%@ | -, —0Hl | —.0088 | —.00% | - 7| —0031 | —oOCB5 | —.0031 | —.00B1 —. D048 8 | —. 0004 L0004 | —.0004 | —. 0008 0001 . 0003
8| ~—00% [ — — 007 | —004l | —.005L | . 0080 8 | —00%7 | —oO0%8 | —.0028 | —. 003 —. 002 9 | —. 000 L0001 L0001 | — o008 | —.po02 . 0000
g | —00® [ —0020 | —Q0M | —00 | —.0m5 | ~.0M5 g { —002 | —o028 | —0028 | —p02s —.pp4a 18 0000 | =001 L1 Lo | =000 | —loam
10 | —00H | —O00M | —002 | —003 [ —0026 | —.0034 10 | —ooed | —o002 | —00 | —.00 —. 0030 it L0000 | —,0001 , 0000 L0000 | —.000L | —.0002
| —003% | —003 | —.0028 | —0020 | —.0020 | — 004 U { —ods | —0028 | —002 | —.008L —. 03 12 . 0000 . 0000 . 0000 ., 0000 . 0000 . 0000
18 | —001% | —.0019 | —.0010 | —0019 | —0018 | —.0008 18 | =008 | —0010 | —.0010 | — —. 0018 13 . 0000 . 0000 . D000 . 0000 . 0000 . 0000
13 | ~—.0016 | -—0016 | —.0016 | —.0018 [ —. 0008 | —. 0015 13| —.00 —.0018 | —.0010 | —.0010 —. 0015 14 . 0000 . 0000 ;0000 . 0000 . 0000 . 0000
M| —003 | —0013 | —0013 | —0013 [ —0013 | — 0012 4 | —0013 | —0013 | —.0013 | —.0013 —.0013 15 . 0000 . 0000 +0000 . 0000 . 0000 .0000
| - 0008 | ~,0000 | —. 0000 | —.0009 | —. 0009 18 | —.0000 | —0000 | —.0000 | —,0009 —.0010 10 . 0000 . 0000 . 0000 . 0000 .0000 . 0000
16 | — - - —.0008 [ —.0008 | — oo0d 6 | —0005 | —0000 | —0006 | —, 0000 . 0008 17 , 0000 L0000 L 0000 . 000D . 0000 . 0000
17 | —0003 | —.0000 | —.0002 | —.0002 [ —0002 | — 0002 17 | —00 | —0002 | —, - | - - 18 L0000 + 0000 + 0000 . booo . 0000 L0000
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TABLE 27.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[BmEl; Um2 X104 mm=d0]

P621

{n) Conoentruted perturbetion load on stringer je=0 at (b) Distrlbuted perturbation load on stringer j=0
ring =0 botwoeoen rings s=0 and =1 {0) Shear perturbation lond about shear panel (0,0)
Btringer 1oad, pyy, at stotion— Biringer boad, pir, at station— Btringar lond, pi/ L, at atatlon—
) ) J
=0 fm1 =3 =3 I=d iaf =6 =1 =1 {m3 =i =5 =i f=1 =3 =3 a4 fou f=at
0 | 8000 | o.18% | 01107 | 0.0930 | 00802 | 0077 | o085 0| ox 0.1488 0.1083 0,088 0. 0787 0. 005 1
1 0 .03 | Loeee | .oasa | LOTeT| L0687 | . 1 N L1064 . . 0803 .07 . 080 3
3 0 L0200 | .0818 | .0860 003 | L0601 | . 2 N . . 081 L0043 L0818 0680 2
z 0 L0033 | 0238 | 0408 b5 | oL | 3 L00H, L0107 . LM . 0408 L0478 4
4 0 | —. o008 0103 | LOW3 | .03l . 4 | =00 . L0141 . 0238 00 JORT 4
£ 0 | —o0e|—.000L| .o0s6| .o1m| .om| Em 5| - —.0012 .0038 . 000 om .03 6
¢ 0 | —.0004| —.0018 | —.0007 | .00s3| .0071| .0u3 4 L0000 | —.0012 | —.0015 - 0009 0049 .00 7
7 0 0000 | — 0011 | —.60m { — 0015 | .0005 | .00%3 7 0001 | —.0004 | —.0017 | —o0090 | ~.0000 .0019 8
a 0 —. 0004 { —.0018 | — ~.0022 | —.00L1 g L0000 | —.000L | —.0008 | —. ~00H | —.00i8 9
9 0 | ~—.0001 | —.0008|— —.0009 | —. 0027 | —. 002 9 | —o001 | —000L | —.0008 { —0013 | —00@ | —.002 10
10 0 | —.000%| —.0003 | —.0008 | —.0013 | —. 0031 | — 0020 10 | —oool | —068 | —, —0000 | ~.0017 | — 002 1
i1 0 | —.0002] — 000 | — 0008 | —.0010 | —. 0016 | — 00 i | —o0001 | —0008 | —.0006 | — 0008 | —.0013 | —.0020
12 0 | —-0003]| — 0008 | —.0008 | —. —. 004 | = 9 | —.000f | —004 | —.0007 | —.COO& [ —00% | —.0017 3
13 o | —.0003| —0008 | —000% | —.0011 | — —. 0018 13 | —.0003 [ —004 | —.0008 | —.000 [ —0013 | —.0010 14
H 0 | =0003 | — 0007 | — 0000 | —.0013 | — 0016 { —. 001 14 | —00023 | —0008 | ~.0008 | —.00il | —.0014 | —.o0017 16
18 0 | — 0004 | —0007 | —.001L | —. 0014 | —. 0017 { —. 0020 16 | —.0002 | —0008 | —.0000 | —.0013 [ —0018 | —.0010 18
19 g | —.0004 | — 0007 | —.001L [ —.0015 | — 0018 | — 00K 19 | —00038 | —0008 [ — -0 | —om7 | — 17
17 0 | — 0004 — 00081 — 00l | — 0015 | — 0010 | —.0023 17 | —o00d | —0006 | - — 013 | —opnT | —o0at 18
18 0 | —.0004| — 0008 | =001 | ~. 0015 | — 0010 | —. 0083 18 | —0003 | —0008 | - —0u3 | —0017 | —.00a1
Bhear flow, ¢y, at station—
Bhoar flow, sy L, at statlon— Bhear Mow, sy L, at stathon— j i
J ! §=0 {1 =1 1=3 1=4 {m8
=0 =1 =3 =3 =4 il =0 1=1 im3 {m3 =t =t
0 0.TIT4 0.004 | 0Bl 0.0088 0. 04031 0. 0017
0| 0185 | 0.0M8 00130 0. 0048 0.0043 0. 0030 ] 0.1901 0.087 | Q.0u6 0 0. 0020 1 108 | - - L0018 KI5 . 0010
1 . . 0401 Niva) L167 0113 i L0480 . 0357 2l 0133 . 0095 3 o8 | —oios | —oiM [ —0043 | —00i3 [ —.0003
a2 0047 .09 N7 ] L0187 oL 0110 2 | —.0008 T L0247 L0213 L0164 .qiss 3| —ops8 . —00x | —004 | —0@5 | —.0014
3| - L0044 .0 .ol37 0L2G 0108 3| —0088 | —0007 . 0090 .0131 L0117 4 | —.0l68 . L0p48 | —0003 | —.00158 | —.0018
£ | —00d | —.004 - 00L4 . 0058 8 0070 4] —ops | —oos3 | —.o0018 000 0060 . | —.0000 | — 0000 - 0048 . 0024 0004 | ~—.0004
5 | —o03l | —.0085 | —0043 | —.0000 0ole 0030 5| —.004 | —0048 | —o00f2 | —.o0em 0004 ¢ . - . 0000 .00a .0018 . 0008
6 | —o00% | —.004l | —0088 | —.0044 | -—.004 | — 0003 8| - —00%2 | —0040 | —.0n50 | —0034 | —~. 0004 7 0010 | —.0000 | —.o014 L0007 .0013 L0010
7| - —00%0 [ —00@® | —. - — 008 7| -0 | —omy | —00M | —.0M8 | —.0M8 | — ] . Lo00L | —. —. 0008 0004 . 0007
§ ] —00% | —.0078 | =00 | =004 | —0ME 1 — 004 gl —ord | —om | — oM | — 00y | —004 | — 0048 e | — ood (0005 | —000¢ | —0008 | —.0004 .0o01
9 | — o0t | —oo2a | —o028 | —o0% | — —. 0043 0| —com | —oms | —o038 | — —.0035 | —.o0040 10 | —.oo03 ~0003 0002 | ~—.0004 | —.o008 | —.0002
10 | —o00M | —0m4 | —008 | —orM | —.0029 | —O0M 10 | —o02d | —.004 | —O00B | —008 | —.00%3 | —0031 11 L0000 | —.0001 . D00z 0000 | —.0004 | —. 0004
| -0 | —00a | —o0gl | —o0d | — —. 0026 u | - —omz | — - —om | — o0 12 0000 | —.000L - 0001 0002 | —.0001 [ —.o002
i2 | —o0010 | —.0019 | —o00a¢ | 0018 | —.0015 | — 0020 B | —ome | —000 | —omp | —0010 | —.0018 [ —.0010 13 0000 0000 - 0000 L0001 | -—.0000 | —.0000
13 | —o0l6 | ~.0018 | —o00a¢ | —.0018 | —.0015 | — 0018 13| —.0m8 { —.0016 | —0018 ! —.0018 ! —.0018 | —.00L5 14 0000 ~0000 - 0000 . 0000 .0000 .0000
id | —.00 —.03 | —.0013 | --.0013 | —.0011 | —, W | —om3y | —oms | —oms | —o0018 § —0013 | —.0U2 15 0000 . 0000 . 0000 . 0000 . 0000 . 0000
18 | —0009 | —.0000 | —0009 | — —.0009 | — 0009 18 | —.c009 | ~.0000 | —.0009 | — 0006 | —.0000 { —.00CH 16 0000 . 0000 - 0000 - 0000 ~0000 ~0000
8 | —o008 | —.0008 | —0006 ! —0000 | —.0008 | — 0004 16 | —0008 | —.0008 | —.0006 | —. 0008 | —.OMS | —. 0008 17 Q000 . 0000 . 0000 . 0000 .0000 L6000
17| —a00z | —.0002 | —0002 | —0002 | —.0003 | — 000 17 | —0002 | —0002 | —0003 | —0003 | —00@ | —.C002 18 0000 . 0000 . 0000 . 0000 .0000 +0000
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(a) Concoentrated porturbation load on stringer j=0 at

(b) Distributed perturbation load on stringer j==0

ring i==0 between rings =0 and el (o) Shear perturbaetion load about shaar panel (0,0}
Bémtmam Lamd = [ Y e Ot smac Tan A saes ab obablan Airkvrne Lad ol nf wintlon..
Sainger Jad, pi, &t stlon— Sithages 1sad, py, 8t atation Strior load, pi/L, ot matlon
} J J
i=0 {=l 1=g =3 {exd =g i=8 fm] fm3 im3 =y {mg im0 fml im32 {==3 {4 i=8 i=§
] 0.5000 | O.2083 | O.1891 | 0.132¢ | 0.0053 | 0.0530 | 0.0748 0 0.388 0.2138 0. 1483 0. 1003 0. 0905 0.0788 1 —0 33 [ —01141 | —0.0468 { —0.0208 | —0.0100 | —O0.0084
1 1] R 0eS3 083 L0818 Q748 . 080 1 . 0488 . OB L0918 . 08EG L0783 .0718 3 s - —. 0250 -0 —. 0138 —, 0091
2 9 . 0287 . 0d58 LO8e L0878 . Ot 3 L0187 0371 Nilirg . (565 . 0580 .0578 3 L0281 ~, 00348 —. 0078 —. 0078 —. ote
8 0 . 00 (316 -0 Ni-rp) .10 (431 3 041 L0157 R i . (1344 0383 (431 4 .0181 0166 .00 L0014 —. Q0L —
4 i L0050 . ke L0158 [E] . (550 G0 4 L v U5 L0134 Ruiy e 5] . Uege ] —. A . S LOR7 1] Bl 5008
5 0 0003 0028 . 0008 0110 0153 . 0188 5 , G000 .0013 Q05 . Q088 0131 L0170 8 —. 0050 0025 0057 . 0088 . 007
] 0 -, (001 0001 L0017 OS2 L0072 .0101 ] . 0000 -, G001 . 0008 L0020 087 . 0087 7 —. 0033 —. 0017 L0019 0034 . 0038 L0031
ki 0 =, 0001 | =, 0006 | —,0004 . 0008 Q0 f 7 » 0000 -, 0003 -, 0008 . Q000 0013 L0031 a —. 0008 —. 00 —. 0007 L0011 001l L00H
8 0 -, 0001 { —, 0006 | —,0008 | —, 0010 | —,0008 . 8 » 0000 -, 0003 -, Q007 —. 0010 —. 0008 —. 000L 9 . 0008 —.00L8 —. 0018 -, 0004 . 0008 0013
9 0 | —.0001 | — 0004 | — 0008 | — 0014 [ — 0018 | — 0014 0 L0000 | —.0008 | —0008 | —.0013 [ —0015 | —. 0015 10 L0006 | —.004 [ —.0013 | —.001L | —.0008 . 0001
10 0 - 0008 | —, 0003 | —, 0008 | —, 0013 | —, 0018 | —, 10 . 00 -, 003 —. (0008 —. 010 -, 0016 ~. 0020 11 . 0001 . 0001 —. 0003 —. 0010 —, 000e =, QOO
11 0 —. 00082 | ~=. 0004 | —, 0007 | —. 0018 | —, 0017 | —. 002 11 -, 0001 -, 003 -, 000 - 000B -, 0015 -_ 12 —. 0001 .00 ~, 0001 —. 0008 —. 0008 —. 0007
12 Q —, 0003 | =, 0008 | —, 0008 | —, 0011 | —, (016 | —. 00X 11 -, (001 —. (0 —. (008 -, 0010 —. 0014 —. 0019 13 —. 0001 . 0001 .000L —. 0g02 —. 0008 —. Q008
E: 0 | —.0008 | — 0008 | — 0008 | —.001% | —.0016 | ~. o0m 13 | ~0001 | 0008 | —.0007 | —.0010 | —.0014 | — 14 .0000 - 0000 -000L 0000 | —.00m | — 00
4 [1} - - = i) | - LT | —~, i | —. WD 14 ~. O3 —, U5 —. 0008 —. (0L -, WL =, (i3 ib . D000 + 0000 . GOB0 CoOL . 000 —. G
15 0 - —. 0007 | —. 0011 | ~. Q014 | —.00L7 | —. 0021 18 —. 03 --, 0006 - —. 0012 —, 0018 - (10 18 . 0000 . 0000 . 0000 .000L . 0001 . 0000
16 o | —.0004 | —.0007 | —.0011 | ~.0015 | —. 0018 | —. Q032 8 | —oo@ | —.0008 | —. —.0013 | —.0018 | — 0020 17 . 0000 . 0000 . 0000 . 0000 .0001 . 0000
17 a —.0004 | —.0008 | — 0011 | —. —. 008 | —. 0032 17 —. 0002 —. 0004 —. 0010 —. 0013 —. 0017 —. 0031 18 . 0000 « 0000 . 0000 0000 . 0000 . 0000
18 0 —.0004 | —. 0008 | —. 0001 | —.0018 | —. 0010 | —, 18 —. 0002 —. 00084 —. 0010 —. 0013 —. 0017 —. 0031
fhear flow, g1, ot station—
Shoear fow, §ul, at statlon— Bhear flow, 44T, at station— !
! J {=0 t=1 1=2 (=3 tmd jat
{m0 fm]l {m3 =3 imq iml i=0 fml fm? {=3 jmq jmg
0 Q, 550 0. 1084 0. 06506 0, 026 0. 0118, 0088
0 0. 1188 0. 490 0. 073 0. @3 0. 0073 0L 0046 0 Q1317 0.0779 0. 0340 0.0170 0. D0R4 0. 0058 1 L4447 | ~.0680 | —.0160 | —.0025 L0012 . Q010
1 . 381 . 0381 Nirap ] . 0190 L0142 . 0108 1 (38 0378 LB1T L0233 .0l1e7 0132 2 L0017 —, 0130 —. 0163 —. 0097 —. (050 —. 00
2 . 0093 L0173 . 0183 L0164 L0139 L0115 3 L0073 L0141 . 0181 L0175 L0183 L0137 3 . 0188 L0167 | —.0083 [ —, —. 0048 | —. 00
3 —. 0001 . 0081 . 0088 L0102 L0103 . 0085 3 —. 0010 . 0025 L0073 . 0086 L0103 . 006D 4 —.01m 0151 . 054 . 0000 —00Le —, 002
4 -, 0037 —. 0013 L0019 . 0043 . 0085 . 0081 4 -, 0027 -0 . 00H . 0031 . 0049 . 0088 & —. 0188 0048 .006a . 0033 . Q000 —a
5 -, 0020 —. 0025 —. 81 - 0003 . 0013 . O ] -, 0028 -, 0038 -, 0020 —. 0012 000G . 0019 [} —. 0087 —. 0027 L 0034 . 0035 B L0011
G -, 0030 —. 007 —. 07 -, D023 -, 0018 =, 0005 [i] - 0027 -, 0033 -, 0038 —. 0033 —. 0023 —. 0011 7 . 0007 — —, 0003 0020 .2l .0o16
7 -, 0033 —, 0023 —. 0023 —. 0023 -, 0023 -, 0025 7 - 0027 —. 0030 —, Q0¥ —. 0038 —. 0035 -, 0039 ] L00% —, 0025 —. 0019 . 0001 . 0010 L0012
8 -, (a7 -, 0039 -, DO} -, a7 —, 7 -, 8 — -, 07 - -, 000 -, 0037 —. 038 '] .0010 —. 0005 —. 0017 -, 00 . 0000 . 0008
9 —. 024 —. C08s - D028 -, 00X2 —. 0035 -, 030 ] - -, 0020 -, 00X7 -, 0030 -, 00H —. 0038 10 . 0000 OO -, 0009 —. 010 —, 0008 —, 000}
10 —. 024 —. 00584 —, 0024 —. o047 - 0030 -, 002 10 -0 — 00H -, 0024 -, 0028 -, 0032 —. 0031 1 —. 0003 <0004 —. 000L -, 0009 —. 0007 —. 0008
p3k —. 0052 —, 0032 —, 0031 — 0023 - 0035 - 11 -, 0ok -0 -, 0023 - 00 -, 00 —. 0038 12 —. 0003 0001 . 0002 —.bogad —. 0008 —, 0008
12 —, 19 —. 19 —. 0019 —. 0019 —, o020 - 132 —. 0010 —. 0010 -, 0010 -, 0010 -, 0019 -, 0031 11 . 0000 . 0000 . 0003 0001 —, 0002 —, 004
13 —. 0018 —.004 —. 0016 —. 0016 —. 0010 -, 0017 13 —. (018 —. 0010 —. 0010 -, 0010 -, 0016 -, 0015 14 . 0001 . 0000 . 0001 . 0003 , 0000 — 0002
14 —. 0013 —. 0013 —. 0013 —. 0018 —. 03 —. 4018 14 —. 011 —. 0013 —. 0013 -, Q013 -—. 0013 —. 0013 16 . 0001 - 0000 - 0000 . 000L + 0001 + 0000
15 - =. 0009 —. 0009 —, Q009 —, 0009 —, 9000 15 —. (00 ~—. 0000 -, Q000 - -, 0009 —, 0000 14 » 0000 . 0000 . 0000 . 0000 . 0001 . 00600
18 - —., 003 — — —, 00 — 18 —, 0008 — . -=, 0000 —, 0000 —, D004 17 , 0000 0000 . 0000 . 0000 . 0000 0001
17 —. 0002 —. 0002 - -, 02 = - 17 - ~. 008 -, Q002 — 2 —, 0002 —, 0002 18 . 0000 <0000 . D000 . 0000 . 0000 0001
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TABLE 20.—L0AD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[B = 300; 0= 2 X 10% m = 36]

(a) Concenirated perturbation load on strlnger j=0 at (b) Distributed perturbation load on stringer j==0
ring £=0 n rings +=0 and i=1 {0) Shear perturbation load aboub shear panel {0,0)
Stringor Youd, piy, at statlon— Biringer load, py, at statlon— Btringor lond, pi/ L, at station—
J 4 L]
=0 i=] =2 103 1=4 =5 =8 =1 =2 =23 i=4 =5 i=8 =1 i=2 {3 fmy tmg fmg
0| asoo| o307 | ogisd| o1ma| o438 | ausd| 01013 0| odize | ooz | o300 [ oo [ 01308 | 01063 1 | —0.9630 | =213 | —0,1260 | ~0.074d | —0.0483 | —0.0283
1 0 Lo80 | .o70a | LoD | .04 | .OR4 | o774 1 . 0305 . 0670 L0811 <0845 . 0830 i 3 L4 | —0as1 | —od0 | —m¥r | —oe91 | — 0838
2 0 018 ] .08 | L0305 .MED| L0407 | L0817 3 .00A3 023 - 0350 JO430 L O4TR . 0508 3 L0 oiid | —.0a10 | —.po71 | —.00R8 | —. 0107
3 0 0070 | .oid5 | ol | -0ae0 | 0300 .0M3 3 .00 .0108 L0170 L0240 . 0338 .08 4 L0220 . 0170 . 0081 .07 L0002 [ — 00
i 0 03l 0074 | L0118 | OIS | L0194 | .ome 4 . 0015 . D083 . 0000 L0138 Rt L@l 5 L0078 .0133 .0108 L0074 . 0046 . 0028
5 ] 0014 | 0023 L0001 [ o119 | o148 5 . 0008 . 0034 - 0050 L0077 . 0106 0122 4 | —.001d . 0070 . 0083 L0074 - 0050 L 0044
6 0 .0000| 0018 | .0091 ) .0040 | .0008 | .00S7 8 . 0003 .0010 .0023 . 003§ . 0058 ,0078 7 | — 0030 .0018 L0047 - 0058 -0083 L0048
7 g 003 (00050 LODIS ) LORB ) LO0EB ) L0047 7 L300t Lo N Rt 007 G € | ~0029 | — 0014 L0014 Lo .00y ]
8 0 0000 | .0000 | .OG | .oc08 | L0011 | L0019 8 . 0000 . 0000 . 0001 . 0003 . 0008 . 0015 9 | —00Il | —0m3 | — 0007 L 0009 L0010 . 0028
0 0 | —001| —. — 0008 | — 0003 | —.0000 [ 001 9 20000 | — 0001 | —.0003 { —.0003 | —0O003 | —. 0000 10 L0001 | —.0017 | —.0015 | — 0008 - 0004 .00l
10 0 | —0000 | — 0003 | —.0000 | —, 0008 | —. 0000 | — 0009 10 | —0001 | —.000@ [ — 0006 | —0007 | —0000 | — 0000 1 0004 | —0000 | —.0015 | —.0018 | —.0006 -0000
1 0 | —.0003]| — 0004 | ~0007 | — 0010 | ~.00L3 | —. 0018 U | ~0000 | —0008 | —0008 [ — 0000 ( —.00l3 | —. 0014 iz 0003 | —.0003 | —0010 | ~ 0018 | —.0010 | —. 0008
13 0 | —.0008 | — 0005 [ —.0008 | —. 0013 [ ~ 0015 | ~. 0010 3| ~ — 0003 | —.0007 | —.0010 | —.0013 | —.0017 13 . 0001 000 | —0005 | —. —0o10 | —
13 0 | —.0008 | . 0000 | ~. 0000 | —. 0013 | ~.0018 | —. 0C®) 13 | ~0008 | —.0004 | —. — 001l | —.0014 | —. 0018 i .0000 000 | —0001 | ~ —.0010 | —, 0000
4 0 | —0008 | ~ ~. 0010 | —.0013 | —.0017 | —. 0031 4| - — 0008 | —. — 0012 | —0018 | —. 009 15 | —om1 . 000L T — 0006 | —.0007
18 0 | —0004| —.00L | —.0014 | — 0018 | —. 00xs 15 [ -, —.0008 | —. - —0018 | — o020 18 <0000 . 0000 L0001 L0000 | —.0003 | —.000d
16 0 | —.004 | — —.00L | — 0015 | —. 0010 | — 0023 w | - —.0008 | —.0008 | —O0I3 | ~.0017 | —.o00; 17 . 0000 - 0000 L0001 L0000 | —.0000 | —.0009
i7 0 | — 0004 | — 0008 [ — 001l [ — 0018 | —. 00LO | — 0023 17 | —0X3 | —.0008 | —00M | — 0013 | —.0017 | — 0031 18 0000 0000 | D000 - 0000 L0000 | —.0001
18 0 | —.0004| —, —.0019 | —. 0028 | — 0019 [ — 0023 18| - —.0006 | —.0010 | —.0018 | —.0007 [ — O0H
Bhear Sow, at station—
Bheaz faw, 4L, At stablon— Shear fov, guL, b statlon— )
) i {=0 {=1 f=g {=3 fmd i=5
=0 =1 fm3 (=3 =t b =0 =l fra2 =3 imd imd
o | o4t | o0o0s0 | oot | 00400 | o.0a7 | 00163
o | ooma | oo | aosal 00103 | o.0m7 | 0.008 0 0.0308 | 0.0630 | o028 | coMa | o0.0187 1 157 | —.o007 | —.02ay | —.0108 | ~.0088 | —.0002
1 L0301 .0280 . a7 L0100 L0186 .0136 1 . 0258 . 088 .04 . 0208 .0073 3 (168 | —.oid2 | —.o1de | —ou7 | —.008L | —.008t
3 -0008 .0I25 .0131 .0138 L0117 .01m8 3 . 00 L0114 L0129 L0159 L0133 3 L0440 0108 | —003 | —o0os8 | —000d | —.00MB
a . - 0060 - 0084 L0071 0074 L0073 3 . 0054 L0040 . 0058 0083 .0073 4| —.0010 -0167 Jo0H | —0002 | —.0019 | — 003
4 | —.0004 - 0008 0021 ~003L L0087 - 0042 4 |~ 0006 - 0003 . 0015 - 0038 L0OK 5 | —om7L L0110 - 0070 . 003t 0009 | —.cocs
6 | —.0018 [ —.0014 | — 0006 .0009 .0010 0010 5 | —~0017 | —.0017 | —.0010 | —. 0002 . 0000 8 | —013 L0087 - 0057 - 004D -0024 .0012
0 { —0m3 | —o024 | —003t | —l0016 | —.0010 | —.0004 0 | —om3 | —00M | —.0028 | —.0018 | —. 0013 7 | —0005 | —.0ms -002 .53 .0038 KT
7| ~logs | —038 | —o0038 | — —.00al | —0017 7| - - —0028 | —o007 | - 0083 B | —oo03 | —oos | — L0018 L0019 -0018
8 | ~.0m8 [ —0037 | —00M | —. —.0033 | —.0Mm5 8 | —0028 | —.0008 ] —008 | — - ] 0014 | —.003 | —.00I8 L0001 - 0009 .00iz
0| —loms | —oms | —orm | —lome | —coms | —oms 0 | —ooes | —o035 | —o00% | —oms | —o0mm 10 0013 [ —o015 | — oo | —.0000 -0000 - 0005
10 | —omt | —ood | —00m | —o002r | —o0038 | —.003% 10 | —00H | —00 | —0035 | — 0020 | —.0027 1 0006 | —oo02 | —.o0i4 | —o0l3 | —.0008 | —.000L
1| —oe2 | —omt | - | —omt | —oms | — o0 0| —oom | —o0m | —o033 | —o00ms | — 00 1| —iooot o0 | —oo08 [ —0010 | —.0008 | ~.0005
12 | —oop | —o0010 | —019 | —om0 | —onat [ —.00m 3| —0019 | —o00 | —.0019 | —0m0 [ — o031 13| —000 - 0004 L0000 | —.0008 | —.0007 | —.0008
13 | —o0t8 | —o010 | —.0018 | —o0le | —.0017 | —.0018 13 | —o18 | —.0018 | —.0018 | —.o0l8 | —.p01F 14 | —.000 L0002 c000 | —0003 | —.0005 | ~—.0005
4| —oois | —0013 | —0013 [ —00i3 | —0013 | —.0014 14 | —001d | —0013 | —0013 | —.0013 | —.o03 16 | —.000L - 0000 - 0003 0001 | —.0003 | —.0003
18 | —0010 | —0000 | —.0010 [ —.o009 | — 0010 | — 0010 16 | —0010 | —oo@ | —.0010 | —.0000 | —.00I0 18 - 0000 - 0000 L0001 . 0003 0000 | —.000L
1 | —.0006 | —0006 | ~.0008 | —.0006 | —.0008 | —.0008 16 | —00o08 | —.00c0 | —.coed | —0008 [ —. 0000 17 - 0000 . 0000 . 0000 . 0002 L0003 . 0000
17 | —owz | —000z | —.003 | —o002 | —0002 | —oO00C2 7 | —0o02 | —o003 | — 0003 | —oom | — o002 18 . 0000 . 0000 - 0000 . 0002 L0003 L0001
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TABLE 30.—LOAD DISTRIBUTION DUE TO A UNIT PERTURBATION LOAD
[B=1,000; C=3 X 10% 1=34]

(a) Concantrated perturbation load on stringer j=0 at (b) Distributed perturbation load on stringer j==0 R
Ting i=0 between rings $m( and 1=1 {0) Shear perturbation load about shear panel (0,0)
Btringor Joad, piy at stalion— Birlnger load, py, at station— Btringer losd, pef/L, ut station—
J J
fm foml im3 =3 {4 {=5 {=0 =] m3 fm3 {my [ [E1] {=1 1mg 1=3 [ (L] imB
0 | 05000 04011 | 0.3%8 | o.5%02 | 0.5268 | 0.1919 | £.1086 0| oums | amo | owe | oMM | o080 | olTE2 1| ~0 —o.nx | -0 | -0 | —012% | —0.0978
1 0 o3| .o¢a | .oem) orar | Lomes | oS0 1 .77 . Oodid .08l .OT3 . a789 . 0788 2 oM | —o198 [ —oEm | — —0d0 | —.0357
3 ] oo | .0170 | .o0ma | .caca L0361 | o861 3 L0048 .01% L0207 N . 3 0200 o007 L0007 | — 0047 | —.00R2 | —.0108
F ] Jooda | cooma | oizm| coe0 | .oz | L0mR3 3 .00l L0052 L0123 0141 o L0203 4 0337 L0147 L 000 0048 0018 | —. 0004
i ] . o048 | oo | . .o1al | L0143 i L0011 . 0036 .00 0088 L0100 L0133 5 e -0157 . 0103 75 - 0084 . 0037
5 ] J0014 | L0030 | L0048 | L0083 | 0070 | 000G ] . 0007 .0023 . 0038 . 0058 0071 . 0088 8 0051 - 0101 . 0004 o7y . 0065 i
6 ] J0008 | L0008 | .o0me | .004L| .00E3 | 0084 ¢ - 0004 .0013 . 0024 . 0038 L0047 - 0050 7 | — om0 L0058 i 0080 - 0062 - 0055
7 0 o008 | .ooii | .oms | .omas| .opE3 | 004 7 ] - 0008 00ld . 0041 . 0020 0038 $ | —. 000 Loml L 0044 . 0051 - 00E2 - 0040
8 ] o8] .co0a| 0010 | .ooi4 | .o0u0 | o038 8 L0001 - 0004 0008 .0013 L0017 0022 9 | —oms [ —.0om . 0020 . .07 L0030
° ] J000L [ 0009 [ .000&| .0005 | L0003 | .00l [ - 0001 .00 0003 . . 0007 0010 0 | —oo1s | —. 0015 L0003 . 0015 .o 067
10 o . 0000 » 0000 . 0000 , 0000 . 0001 00z 10 . 0000 . 0000 0000 . 0000 . 0001 n —, 0005 =, 0017 —. 0000 1 L0010 001
i 0 | —000L [~ 0003 | —.0003 [ — 0004 [ —. 0005 [ — 0006 11 L0000 | —.0002 | —.0008 | —.0004 | —.0008 | -, 0006 13 L0000 | —,0013 —.gu —.0007 | —.000L - 0005
i3 0 |~ 0008 | — 0004 | — 0008 | — 0008 | — 0010 [ —. 0011 12 | —000L | —.0003 | —.0008 | —.0007 | —.0008 | —,Q010 13 ‘0008 | —0008 | —0013 | —o0011 | — —. 0008
3 0 | —.0002|—.0005 | —0007 | — OO | — 0018 | —, 0OLE 18 | —000L | —.0004 | —0008 | —.0006 [ —o013 | —.0014 14 L0003 | —.000% | —0010 | —.00U | —0010 [ —,
i o0 }— o8| — 00081 — 0000 | — o019 | — 0018 | —. 0018 14 | —o001 | —0004 | —.0007 | —.0010 | — 0013 | —. 0018 18 L0001 L0000 | —.0008 | —.0010 | ~.0010 | —.0000
15 0 | —.0003|— 0007 | —0mp | — 0018 | — 0017 | —. 0G2L 16 | —.00m | —0005 | —0008 | —.0012 | —0018 | —.00I8 16 0000 .00L | —.0008 | —.0007 | —0008 | —.0008
18 0 | —-oo04 | — 0007 | —. 0011 | — 004 { —. 00IB | —. 0022 18 | —.0003 | —.0005 | —.0000 | —.0012 | —.0018 | —.0020 17 0000 L000L | —.0001 [ —0004 | —0008 | —
17 0 | — 0004 [ — 0007 | — 0011 | — 0015 | — 00LE | —. 0O 17 | —o0002 | —.0008 | —.0009 | —.0013 | — 0018 | —.00@ i3 ~0000 - 0000 0000 | ~.000L | —.000L | —.000%
18 0 | —.0004 | — 0007 | — 001 | —,00L5 | — 001§ | —.0KK32 8 | —.0009 | —.0008 | —0009 | —.0013 | —.0018 | —.0021
Bboar flow, g4, #t setlon—
Hhear flow, gL, at statlon— 8hear flow, 941, af sation— ]
7 1 1=0 iml i=3 im3 1md fms
{=0 {=1 1=2 1=3 T=d {=b im0 jm] fmm3 {m3 imd i=b
o | omw | oos;m | o008 0y | 002 | oo
Q o405 | 00374 g5 | Q0218 | 0.0106 | 0.0031 0| coss | o4 | ooy | 0.02%0 0019 | 00140 1 L1586 | —.0485 | —.0963 | —.0167 | —. 004 | —. 008
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