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the support, or at crown. However, for some arches with higher
radial thicknes or higher fill depth shear stress at the support
was found to be critical. The permissible live load capacity of
arches was observed to, increase linearly with the increase of
allowable tensile stress and was observed to increase at a faster
rate with the increase of radial thickness or depth of fill above
the crown. The support displacements cause to distort the arches
but the permissible live load capacity for some of the arches was
found to be improved due to some support displacements.
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CHAPTER - 1
INTRODUCTION

1.1 General
Brick arches were built in Egypt more than 5,000 years ago.

They are one of the oldest and most attractive structural forms.
Since arches are basically required to resist compressive forces,
they are well suited to masonry construction. In recent years,
there has been a growing interest in constructing the masonry
arched bridges particularly over. the canal in rural areas.
Generally, the arch structures are more economical, durable and
aesthetically pleasing. The size and shape of the arch structure
depends primarily on the structural stability. Other consideration
such as architectural demand or specific conditions of a site often
influence the geometry. The shape of the arch largely affects the
.structural design and the cost of construction shuttering.
Therefore, to find out the most economical shape design, structural
engineers may have to try a few alternatives within the latitudes
of their choice. Finally, ~he selection would then be based on the
estimated total cost comprising the costs of bricks and shuttering
for the dirre.rentalternatives. However, as regards the preliminary
choice ot shape, an important observation is that different shapes
prove to be economical in different spans and loading patterns. For
span upto ten meters semi-circular masonry arches are economical
for any type of loading. For span of ten to twenty meters with

1
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uniformly loaded arches, most efficient shape is parabolic.
Although a brick arch is not a new structural concept, the

various analytical and design approac~es which have developed over
the years tend to be rather baffling to engineers. Among the
various methods, elastic analysis of arch structures has become
popular. The elastic analysis involves much mathematical
computations which may easily be solved by computers programme.

Chettoe and Henderson(2) made direct heavy loading tests on
a large number of bridges. Although some permanent deformations
were observed, the bridge behaved in a sufficiently elastic way to
conclude that an elastic analysis would furnish a proper picture
of the response of any particular arch bridge. The middle third
rule is not adhered to, and Chettoe and Henderson proposed the
'safe' assumptions that mortars can not carry tensile stress, and
that the structural contribution of any fill should be ignored.

The common terms used in arch design are depicted in figures
1.1 to 1.5.and may be useful to the engineer in discussions with
architects and builders and in the production of working drawings.
The economy of the circular arches :results mainly from, their
efficient.placement of the masonry units and easiest shuttering

form.

2
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1.2 Basic mechanism in masonry arches
Most masonry arches are considered to be fixed arches i.e.

there are no hinges and they are not considered to be capable of,
resisting tensile stresses. The downward load on the arch creates
lateral and compression thrusts in the arch span (Figure 1.6) which
pushes the.masonry units against each other and compresses them.

If the line of the thrust is on the centre of the arch, the
arch ring in under uniform compressive stress. But actually, the
line of the thrust does not always pass along the centre line of
the arch, and the arch is not then in uniform compressive stress.
Provided that the line of thrust'does not pass outside the middle
third zone, no tensibn stresses will develop. This, of course, is
the well known middle third rule. In fact, the line of thrust can
lie outside the middle third, tensile stresses can develop and
cracks can occur. The line of thrust can move to the edge of the
arch ring and a hinge will develop, but the arch will not
necessarily collapse. Some common possible collapse mechanism are

illustrated in figures 1.7 to 1.8.

1.3 objective of the thesis
At present several methods for analysis and design of arches

exist e.g. the graphical method, the WR method, the elastic centre
method etc. In this thesis, numerical models based on elastic
centre method have been developed to predict the load carrying
capacity of arches. The' models have also utilised to study the
effect of supports movement on load carrying capacity of arches.

3



Tables and curves are produced showing the load carrying
capacity of arches with the variation of different arch parameters
and support 'yielding. Finally the effect of support movements on
arches and the consequent behaviour under loading are studied.

1.4 Scope of the thesis
Review of the different methods of analysis and design of

masonry arches, outline of the graphical method, middle third rule,
plastic method of analysis and the WR method are presented in
chapter-2. Chapter 3 .presents the detailed development of the
elastic method to be applied to segmental circular arches.
Necessary expressions are developed, starting from the basic
equations of the method, in a form suitable for using in developing

a numerical model.
The expressions developed in chapter 3 are then used to write

a computer programme in FORTRAN-77. outline of the programme is

presented in chapter 4.
The results obtained by developed numerical model based

on elasitc centre method due to various loading and support
yeilding conditions are presented. in tabular and graphical
forms in chapter-5. The permissible loads capacity varying with
different arch parameters and stress conditions are presented

in graphical forms and discussed in chapter-6.

4



CHAPTER 2

REVIEW OF AVAILABLE DESIGN METHODS OF MASONRY ARCHES
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2.2 Graphical method of analysis
The graphical method of arch analysis is discussed in

details with two case-study in Ref.(3), which were developed to
avoid the mathematical complexicity of analytical method of
analysis. In this method of analysis, live load is considered to
be distributed over the arch. The distributed live load, fill-load
and self load of the arch ring are considered as a series of point
loads by dividing the arch and the loads into a number of segments.
By considering two hinges at the two springing points, thrust at
the crown is calculated. Finally, thrust lines are drawn on the
arch profiles. During design of arches by this method, stresses are
checked at the critical location from the plotted force diagram.
If the stresses are found to be greater than allowable stresses,

i

then the thickness of the arch is increased. If the line of
resultant thrust is considerably outside the middle third of the
depth of the arch ring, it is likely that the shape of the arch

will require adjustment.
Though the graphical method is employed for the design of

brick arches for its simplicity, yet it is time consuming and'it
requires accurate draughtsmanship. Furthermore, when abnormal loads
to be considered, the analysis can become very tedious because of
the uncertainty about the worst possible position of the load(IO)'.

2.3' pippard's Elastic method
Elastic behaviour of arches were studied in details by

Pippard (8). To calculate the three redundant forces in a fixed

6



ended arch, applying castiglianos strain energy theorem. In this
method, an expression was derived based on certain assumptions to
compute the permissible loading capacity for parabolic arches. The
arch was replaced by two pinned centre line arc of parabolic sh?pe.
Applying castiglianos strain energy theorem, expressions for the
bendihg moment and abutment thrust due to dead load and
concentrated load at the crown were developed. In developing above
expressions it was assumed that the fill has no structural strength
and that i.timposes purely vertical loads on the arch and that.the
fill has the same density as the material of the arch ring. It was
concluded that the compressive stress in the masonry may reach a
maximum value before the thrust line departs from the middle half
of the section and hence the middle third rule was based on a
limiting compressive stress. Thus final expressions were developed
giving the limiting value of concentrated live load. Based on this
expression for concentrated live load, Pippard constructed some
tables from which the value of safe axle load could be read for
different values of span, ring depth and fill height at crown. The
conclusion .of his study was that an arch would be stable if the
line of the thrust contains within the middle third of the section
and an arch rib is weakest under the action of a point load at

about quarter-span rather than at the crown.
The elastic analysis of an arch rib appears to be

conservative but the use of permissible tensile stresses have an
appreciable effect on the permissible loading capacity. Elastic
methods tend to be lengthy and they rely heavily on a whole range

7



of conventional assumtions. The lack of knowledge of the extent and
properties of the mortar beds between voussoirs, for example, make
the more conservative results of an elastic analysis.

2.4 Plastic analysis
Heyman(6) developed a plastic method of analysis of arches

concluding that the elastic approach is conservative. The concepts
of the geometrical properties rather than the material properties
of the arches at the equilibrium condition are generally applied
in the plastic method. This method is the classic analytical method
for predicting the collapse load of a masonry arch. As the analysis
is not based on a limiting value of stresses, the strength of an

arch is calculated 'considering the margin of safety against

collapse caused by the formation of hinges between voussoirs.

The pl,astic method was developed specifically for

8

The Plastic method is conservative in its assumption that a

cover. This method does not predict the load deflection history of

," 'I.,. ,f

Detail derivation ofinvestigation of Mediacual bridge(6).

the extrados of the 'arch. The error here may not be large,
particularly for arches of the relatively small rise and small

span narrow arches to determine the permissible axle load. When
mechanism of collapse are investigated the fill.is regarded as dead

weight with no inherent strength.

expression to calculate the collapse load of an arch has been given
in Ref. (6) Plastic method of analysis is suited to relatively small

live load is transmitted without dispersion through the .fill to



an arch, although it can provide a check on any non-linear model
developed because' of its ability to determine 'the upper bound
solution for the collapse load of a masonry arch.

2.5 The WR method
On the western region of British Railway, over a fairly short

period of time in the late 1960s, three widely different structures
presented the Bridge. section with various problems of
assessmenty(10). Those problems stimulated the quest for a simple
method known as WR method of calculating the permissible loading
for those bridges. The basic principle in this method is that the
line of thrust is constructed by applying the concentrated loads.
Loads are increased successively, until the point is reached at
which the arch ring behaves plastically.

The thrust line bears a very definite relationship to the
bending moment diagram due to the dead and live loads acting on a
simply supported beam of the,same span. This was proved by Fuller
in 1875 and given formal expression by Professor Eddy in the
theorem which bears his name:
'The line of thrust in an arch has the same shape as the bending
moment diagram for those loads when placed on a simply supported. .

beam of the same span. The free 'bending moment at any section is
equal to the product of the horizontal thrust in the arch and the
actual height of the line of thrust above base line at that point. I

If an arbitrary line of thrust is constructed which can be
proved to obey Eddy's theorem, it follows that this must be a valid

9



line of thrust ( although not necessary the real one ) for a
certain set of real loads. And if that thrust line must be
confined to a certain thickness (e.g. middle third or middle half
) of the arch ring, then the construction of such an arbltry line
of thrust, satisfying these conditions, would be a solution to the

problem.
By using the simple WR method(IO), the Engineer can easily

predict the permissible loading capacity regarding the thickness
of the arch ring at which line of thrust passes through the middle

third or middle half zone.
The whole computation can be easily adC;\ptedfor use on a

microcomputer which can be programmed to produce a trace of the

arch profile and thrust line.
The WR method has the advantage of dealing directly with the

actual shape of the arch ring, the actual dead loads and any
configuration of line load in any position. Also the sloping of
road surface can be easily encountered by this approximate method.

10



CHAPTER 3
ANALYTICAL SOLUTION BY ELASTIC CENTRE METHOD

3.1 Introduction
The elastic theory gives the satisfactory solution of all

arch problems and when the integrations involved are completed for
infinitely small quantities the problem presents a complex and
difficult solution. This mathematical complexity is directly
related to the profile of the arch. Since the arch considered in
this work is a sY1l\)1letricalfixed circular arch hence the final
expression .ofintegration contains three common variables which arE
radius, span and subtend angle at the centre.

In this method of analysis one support is removed and as c
result the system becomes cantilever and the free end is connectec
to the elastic centre by a bar of infinite stiffness. In order tha1
the original stress .distribution in the arch shall not alter, i1
is necessary to introduce three redundant forces at the elasti,
centre. For fill load below the crown, however, the arch is cut a
the crown and the free ends are connected with the elastic centre

Radius and subtend angle are the main variables in all th
final expressions and hence their expressions are presente
separately in Art. 3.4, in term of rise-to-span ratio. The momen

11
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of inertia about X, Y axis and weighted area of analogous column
section, the common parameters of the basic equations of the
elastic centre method,.are derived in Art. 3.5. The elastic centre
method is particularly convenient in computing influence lines, as
well as for estimating effects of rib, shortening, temperature

change and support displacement.

3.2 Assumptions:
In this method of analysis the following assumtions are

made:
(i) The span of the arch remains unchanged
(ii) There is,no relative settlement of the abutments,that

is the abutments'are unyielding and
(iii),The slope of the tangents to the arch axis at the

springing remains unchanged, that is there are no
rotations of abutments.

12
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"3.3 Basic Equations of Elastic Centre method
Details derivation of the basic equations are available in

Ref. 7 and any other standard text book on structrual analysis. The
method develops the following three equations. (Fig.3.l) for

symmetrical fixed circular arches.

VoA

Fig. 3.1

x

forces respectively at the elastic centre.

13

Mp = Bending moment due to applied loading.

R

Where, Ho, Vo & Mo = Horizontal, vertical & moment redundant

A



. 3.4

,

Ix & Iy = Moment of inertia about the X and Y axis
respectively

Sb = Weighted area of the analogous column section
EI = Elastic rigidity of the section.
ds = Etementary length.

Expression for Radius(R) and subtend angle(~)at the centre
in terms of rise-to-span ratio(r)

considering a fixed circular arch with radius R and rise h,
(Fig.3.2), Rise-to-span ratio, r=hjL and hence h=rL,

h

R

C

Fig.3.2

From the right angled triangle ACD (Fig.3.2), we get:

(R-h)2+ (Lj2)2= R2

or, R h + L2
= Bh2

R rL + L2
or, = 2 8rL
or, R (E + ! )L2 8r

14



Where,

R = aL
a = E + 12 Br

3.4.1

and if the angle subtend at the centre by the arch axis is

considered to be 2j/l,then j/lis given by (Fig. 3.2)
L

tanj/l 2or, = R-h

tanj/l 1 Bror, = 2 21-4r'

j/l -1 4r 3.4.2,or, = tan ( 21-4r

3.5 Expression for moment of inertia about X, Y axis and weighted

area of analogous column section

The elastic centre of symmetrical circular arch, (Fig.3.3),
Rsinj/l

'is located at a distance ----- from the centre of the arch axis
j/l

(Ref.H). Taking the origin at the elastic centre, the equation of

the arch axis can be written as :

Where, R = radius of arch-axis

15



y

R.SINl/l
-l/l-

Yo

A R

C to, R.S~N II)

Fig. 3.3

X. h

Simplifying the above equation, we get

3.5.2

3.5.12) . RsinlZlx - . lZl.

16

dx

Fig. 3.4
dy

. 2Y =J (R -

2Y=
dx

Considering an elementry length ds as shown in Fig.(3.4)

above element ds, we can write the above expression as :

Where, dx and dy are the projected length on x and y axis of the

differentiating with respect to x, we get



utilising the equation (3.5.2), it can be written as

The weighted area of analogous column section of an arch is given
as :

Sb = JB dsA EI

Hence the weighted area of analogous column section of an arch can

Substituting the expression of the equation (3.5.3), we get

/1
l

3.5.4

17

Sb = K [aL]1 EI
K = 2"Sin -1_1_
1 2a

2R . -1 LSb = EI S~n 2R

Sb =

"Sb = [ 2 Sin-12~ ][ ~~]

where,

be expressed as :

Substituting, R= aL from equation (3.4.1), we get:

Integrating and putting the limits, we get



Moment of inertia about X axis is given as :

Ix = ds
EI

substituting the expression of y from equation (3.5.1) and ds

from the equation (3.5.3), we get:

r: LIx ~ 2 [} (R2_ x2) RSinjil]2 _1__ dx= -EI L ~ J (R2_x2)
2

Integrating and putting the limits, we get :

I.

!'-

-1L
2tt

3.5.5

2 iin l2l
~2

sin-1 ! ]2a

Sin2jil
~2

3
][a L ]EIS. -1 1

l.n -2a

sinjil+ 2~
~

sinjil+ 2R"2
~

- 2a

18

- 2aa2 S' -1 1
l.n 2a

Ix

+Ix

Where,

Hence the moment of inertia about x axis can be expressed as

substituting R=aL from equation '(3.4.1), we get:



Moment of inertia about Y axis is given as :

J
B 2 ds

Iy = x EI
A

Similarly as before, substituting the expression ds from equation

(3.5.3) .

t

3.5.6

R
EIIy =

2 . -1 1 1 J 2 !)]Where, K3= [ 0 S1n 2; - ~ (0 - 4

19

3.6.1 Equations for Concentrated live load
Considering a symmetrical fixed circular arch under the

action of "a concentrated live load q, as shown in Fig.3.5, the
expression for the horizontal thrust "at the elastic centre is given
by equation (3.3.1) as :

3.6 Redundant Equations at the Elastic centre due to different
loading conditions

Hence the moment of inertia about Y axis can be expressed as

Substituting R= oL from equation (3.4.1), we get

Integrating and putting the limits, we get



Fig.3.5

from equation (3.5.3) and simplifying, we can write:

L2 2
+ - - aL + ~ l[~ 1

8 2 2 EI

20

aRsin@
III

x

S. -1 a
J.n -,R

r: Mp Y ds
EI

Ho = Ix

Where, Mp = q(x-a)
y

q y qa
a

Lr: Mp y
ds R r:2 2 X2) RSin0 1

2dx= 2q(x-aHJ(R - - 1EI EI III J(R2- x )

J:MP y
ds if L2 2 a 2)1 Rs~n@ -1 L= [J( - - ) - J(R - + (Sin --EI 4 2R

Substituting a={3L and R= aL, Where, {3 is the distance factor,
I, 1

we get :

r:MP ds a Sin@ J(a 2 {32) - J(a2 1
Y = [ ( - -» +EI III 1 4

Substituting the expression of Mp, y from equation (3.5.1~ and ds



Where,

sinl1l -1 ~1 ~1 ~2 2

a~l (sin sin -1 1 1 + 1 ][ agL ]-- - ~) - -
l1l a 8 2 2 EI

2
= [Z ][~]1 EI

Z = <t sinl1l )(a 2
~~ -ita 2 1

a~l
Sinl?l

( 4)) +
1 l1l l1l

Now, the required horizontal thrust at the elastic centre can be

written as :

Z
Ho = [~] [q]

2
3.6.1

1x 2 2.dx
) (R -x )

Iy

Mp x dsEI.
Vo -

ds
EI

ds
EI

21

putting the value of a=~ Land R =aL, we get
1

simplifying the numerator, we can write :

similarly as before, substituting the expression of Mp and

The vertical redundant force (Vo) is given in equation (3.3.2), as



dx
x EI =

{31
2

2
J(J - 2- )+a_(Sii11 1_ii 2 2a

_ {3 2
Sin1----a1)][ agL]EI

2
[z ][ agL ]= 2 EI

Where, z2=J(a2 - ~) ({3r!d - ~iJ(a2- {3~)+ a ~(Sin-1 12a Sin-1 ~i
The required vertical redundant .force at the elastic centre is
given as :

above expression and simplifying, we can write :

3.6.2

Sin-1 ~1]
a

2 :[agL ]EI

L

I+2 1(x-a) 2 2dx
a J(R -a )

22

2 2 2 L2
= [ J(R - a ) - J(R - 4 )

IB ds - ~
AMPE1 - EI .

putting a= aL and R= {3L,we get :

I:MP ~~ = [j (a2 - {321) ,-J (a
2
_ !d - {3 fii;l !2it

Substituting the expre~sion of Mp and ds in the numerator of the .

The redundant force of bending moment (Mo) at the elastic centre
1s given in equation (3.2.3), as

~

dS
A Mp EI

Mo = Sb



= [Z3][qL]

Where, Z3= J (a2_ {32 i -J (a2_ !\ -{3 Sin1 ! +1 4 1 .2a
. -1 (31S1n -a

The required redundant force of b~nding moment at the elastic
.~

centre is given as :

3.6.3] [qL]Mo =
. Z
[_3_
K1

3.6.2 Equations for uniformly distributed fill-load above the

crown

J: Mp dsy EI
Ho = Ix

Where, Mp 1 (~+X)2= q12 2

•
y .y

q,

X

Liz . -
III 11l B A

Fig:3.6

23

Considering a fixed circular arch under the action of
uniformly distributed fill-load above the crown of intensity q1'

as shown in Fig.(3.6), the expression of the horizontal redundant
thrust (Ho) at the elastic centre is given as



substituting the expression Mp, y from equation (3.5.1) and ds from

equation (3.5.3) in the mimenator of the above equation and

simplifying, we can write

ds
EI

9E-EI
~L2

= [ (--
2

, -1 LSl.n 2R- + it , -1 LSl.n2R - -~~ J(~ -/'-»

The vertical redundant force (Vo) is given in equation (3.3.2),

\
\
'.

/\

3.6.4
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ds
EI= J:MPX

IyVo

as :

Now, the required horizontal redundant thrust (Ho ) at the elastic

centre can be written as :

Sin!2l L3 Rq1
]- - ][2j2l 6 EI

putting the value of R = aL, we get

r:MP ds [ { <!. S' -1 1 3 . -1 1 a J(& 1 )~~n!2ly = l.n -- + a. Sl.n'2a- - -EI 2 2a 2 4

1 aq1 L4

6 Jt EI 1
4

[ B1][
aq1L

= EI



Similarly as before, substituting the expression of Mp and ds from

equation (3.5.3) in the numenator of the above expresssion and

simplifying, we can write:

J:MP
ds Rq1 [~1 (!o- 2 1 2 dxx = + x) xEI EI 2 2 J(R2 - x )

JBMP x
2 2 L2 q1Rds [R2L . -1 L _ !o- J(R2or, = S~n 2R --)J[ 2EIA . EI 2 4 ]

(

3.6.5

41 aq1L
4) ] [. EI ]
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]

~

dS
AMP EI

= SbMo

.ds
x EI =

ds
x EI =

as

The redundant force of bending moment (Mo) is given in equation
(3.3 .3), as :

Now the required ~xpression of the vertical redundant force (Vo)

at the elastic centre due to fill load below the crown is given

Where,

Putting the value of R = aL, we get



Substituting the expression of Mp and ds from equation (3.5.3) in.

the numenator of the above expression and simplifyingr we can

write :.

L

f:MP ds --R... G 1 (~+ X)2 q1 1 2 dx=EI EI 2 2 j(R2 - x )

L2
3r ds L2 . -1 1 L j(R2_ R2S' -1 ! q1L

)or, AMP EI = [2 Sl.n 2R - - ) + len 2R )[ 2EI2 4

Putting the value of R= aL, we get :

f
B ds1Mp - = [ -
A EI 4

, -1 1 1 j( 2 1) + a2 S' -1 1Sl.n 20 - 4 a - 4 2 l.n 20

Now, the required redundant force of bending moment (Mo) at the

3.6.6

following Fig. 3.7. Many text books on. structural analysis are

26

To simplifying the mathematical complexity for this loading

Mo =

condition, arch has been cut at the crown and free ends joined with

the elastic centre by an infinitely rigid arm as shown in the

elastic centre is given as :

3.6.3 Equations for fill-load below the crown

Wh. B [1 Sl.'n-1! _1ere, 3= 4 2a 4



suggested this technique Jor analyzing the arch due the fill load

below the crown. Detail derivation for the redundant forces at the

elastic centre are available in Ref. (1), in which final expressions

for the redundant forces are given as :
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3.6.7

3.6.8

y

are the bending moments at the left and rightand M
"B

1:( MA + MB)
'dsy E1

Ho = I

_ JA~ M - MB) x ds
A E1 "

V = .1

y,

support"respectively due to applied loading on the left and right

Where, M
A

parts, considering both parts of the arch as in cantilevers.



From Fig.(3.7), bending moment at any section P on the arch due to

fill-load below the c~own is given as

Where, Ax is the cross-sectional area of the fill loa~ from ,free

end to the section at P, x is the centroidal distance of the above

cross-sectional area from section P and r is the unit weight of
1

the fill materials.

at the left support due to

R2 . -1 x
2 x Sl.n R

2[ Rx + ! ( R2_
2 3 '

2
[R R S' -1 xx - - l.n2, R

Rx2= ---
2

-x =

28

fill load over the left portion is given, as

2
Here, Ax = [ Rx -~ Sin-1 ~

Similarly, cantilever moment (M
A

Now, substituting the expression of Ax, x into the above

expression of M for right portion and simplifying, we get
B

By using the formula of centroidal distance of any cross- sectional

area, we car write :



R2 2
S. -Ix _ ~ j(R2- 2 x 1n R 2

The expression of horizontal redundant thrust (Ho) at the elastic

centre is given by equation (3.6.7), as :

sinl2l Rrl
l2l ] [EI]

-lLisin8
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a a2. -1 1 5 2 2 1= [{ - - - S1n - - -16a j(a - ) +24 8 2a 4

ds R r 1 IL/2 2 ?= -- [Rx - R x
EI EI '0

ds
EI

3
M

B
) y -9.s=[ {~EI 24

Ho = _l_:_(_M_A_+_M_B_)_y_~_~
Ix

(

. 2
1R4Sin-1 ~ + ~ R3L _ R3j(R2 _ ~ ) S' -1 L )
6 2R 6 4 1n 2R'

Putting the value of R = aL, we' get :

expression and simplifying, we can write:

and ds from equation (3.5.3) in the numenator of the above

substituting the expression of M ,M , Y from equation (3.5.1)
A B



)3/2_ 4 -1 1 3 2 2 11 2 1 a Sin ~ ) {
a a i(a )+ 24( a - + + 72+ - - .4 8 2a 3 4 4

7 4S' -1 1 5 3 3 i(a 2 !) Sin1 1 }Sinl1la l.n - + a - a -6 2a 6 4 2a III

5rIaL
][ EI

= [ F + F Sin0
1 2 III

5rIaL
] [ EI ]

"
i

3.6.10

3.6.11

sina
a
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Vo = 0.0

Ho =

The vertical redundant force (Vo} at the elastic centre in
Fig.(3.7) for this loading condition will be zero, which can be
shown easily from equation (3.6.8).

is given as :

1 ) _ 7 a4Sin-1 1 + 5 a3_
4 6 2 6

a3i(a2_ 1) S' -II}4 l.n 2a

Now, the required horizontal redundant thrust at the elastic centre

and

2
h a as' -1 1 5 2 i(2 1) 1 (2 !) 3/2W ere, Fl~ (24- 8 l.n .2a - 16a a - 4 + 24 a - 4

.4 3
a . -1 1 a- 8 Sl.n 2a + 3 }



The bending moment redundant force (Mo) is given in equation

(3.6.9).

ds
EI

Substituting the expression of M , M and ds from equation
A B

(3.5.3) and simplifying the numenator, we can write

J:( ds r RL j(R2_ L2 + Z R3S' -1 ~MA+ MB) = [-LB] [_ -)EI EI 4 4 6 1n 2R

~ R2L R2j(R2_ L2 Sin -1 L L3+ -) 2R - - ]6 4 72

J:( MA + MB)
ds rlR ][(_ RL j(R2_ L2 5 R2L L3or, = [--n- - ) - - ) +EI 4 4 6 72

(1 R3+
2 '

R2j(R2_ ~ )}Sin- L ]6 4 2R

Substituting the value of R = aL, we get

J:( rIaL 4

~ +lb)~=
a 2 1 5 ~ 1

[ EI ] [ (- - j(a - - ) 6 72 }EI 4 4

+ (
7 ' 3 a 2j( 2 1 ) ) Sin -1 1
6 a + a - - ]4 2a

J:
4

( MA+ MB)
ds [ F1 + F2

rIaL
]or, = ][ EIEI

Where, F1
a 2 1 )

5 a2 1
= - (a - - -4 4 6 72

and F2
7 3+ 2 j(a 2 !) } Sin -1 1

= '(6 a a - 4 2a

31

\
,,
\



Hence the required redundant force of bending moment at the Elastic
centre is given as :

Mo 3.6.12

3;6.4 Equations for self weight of the arch-ring
Considering a fixed circular arch AB of uniform radial

thickness (t) under the action of self load only as shown in

\

,..,
I :/
\

y

x

Fig. 3.8

dA Rt 2 dx
J(R2 - x ) .

Ax J:L [
Rt 1 dxor, =

j(R2 2- x )
2
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y

R

::..---:::::: .
J-

i

Integrating and substituting the limits, we get the expression of

Now, substituting the value of ds from equation (3.5.1) in the
above expression.

Fig. (3.8). Takin9 an elementary area (dA), where, dA=tds



cross~sectional area from the left support to the corresponding
section P

. -1 x . -1 LAx = [S1n R + Sin 2R l[Rt]

The equation of centroidal distance from Y axis is given as

-x

33

of the arch ring is given as :

(

J(R2- X2)
. -1 LS1n 2R

2 L
2

J( R - - )4

Sin-1 ~ "+
R

x =

by equation (3.3.1) as :

Mp = [ AX.1 l[ x - x ][r2]

The redundant horizontal force (Ho) at the elastic centre is given

Substituting the expression of Ax and x iJlto the above bending
moment expression and simplifying, we can write :

Bending moment at any section P (Fig. 3.8) due to self-load

of cIA, as :
Again, simplifying the term x after substituting the expression



Ho = J: dsMp Y EI
Ix

Substituting the expression Mp, y from equation (3.5.1) and ds from

equation (3.5.3) and simplifying the numerator" of the above

expression, we can write :

sin{?}
Ii'

Sing')]
Ii'

2
+ 4R J(R2- i= ) Sin-~R!:>

r
2

R 2t
[EI .]

. -1 x . ":'1 L 2 L
2

S~n 2R + x S~n 2R - J(R - 4 ) +J
+ Lj2

Y ~~ = [Rt)[x
-Lj2

" 34

r:MP y ~~ =

~J(R2- f) +R2 Sin-\J'.'- 2RL s~ng')

r:MP

J:~~>~~= [ ~ Sin-\~ + ~ J(a
2
- ~) - ~2Sin-\~ - ~ J(a

2
- ~) +

~2a2tL4
] [ EI ]

Putting the value of R = aL, we get

or,



1 S' -1 1 + 1 J( 2_ 1 ) _Where, D1= [4 1n 2a 4 a 4 2
a S' -1 1 1 J(a2- 1) +2 1n 2a - 2 4

Now the required expression of horizontal redundant force at the
elastic centre is given as :

Ho = [ r2tL ] 3.6.13

The vertical redundant force (Vo) at the elastic centre is given
from equation (3.3.2), as :

Vo
Mp x dsEI

Iy

Similarly as before, substituting the expression of Mp, ds from

equation (3.5.3) and simplifying the numenator, we can write

ds
EI J

+L/2 -1= [r2tR] [x Sin
-L/2

x . -1 L J(R2- L2R +x S1n 2R - 4 ) +

ds L
x EI = [- 2

Putting

J:MP
the value of R = aL, we get :

3S

2(S' -1 1a 1n -2a
2 42 r2a tL

)][ EI 1



The required expression of vertical redundant force (Vo) at the

J:MP x
ds D2

r2a
2tL4

1= [ ][ EIEI

Where, D = [- ! j(a2 1 ) Sin-1 ! + 2(S' -1 1)2 14 a 1.n -2 2 2a 2a

elastic centre is given as

Vo 3.6.14

The redundant force of bending moment (Mo) at the elastic centre
is given from equation,(3.3.3), as :

.~
ds

_ AMp EI
Mo - Sb

substituting the expression of Mp and ds from equation (3.5.3) and

simplifying the numerator of the above expression, we can write :

fB ds
A Mp EI = f+L/2 -1~ -1 L

[r.,Rt 1[ x Sin R + xsin 2-R-
-L/:i

2 L2 22j(R - -4) + j(R -x }]

fB d
Mp -E. =

A EI
Putting the

f
B

ds
. AMp EI =

2 L2 I r tR2'. -1 L 2[ 2L - 4j(R - - ) S1.n 2R ][ EI ]4
value of R = aL, we get :

[ 2 4j(a2_ 1 S' .-1 1
][

r2a
2tL3

1- 1.n -4 2a EI
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dx
EI



r ds
r a2tL3

or, AMP EI = [ D )[ 2 EI3

Where, 2 1) sin-1 1D =[2 - 4 J(a - 2a 13 4

Finally, the required expression of redundant force of bending
moment is given as :

Mo = [ 3.6.15

3.6.5 Equations for partial uniformly distributed. load

Considering a symmetrical fixed circular arch under the action

of partial uniformly distributed load of intensity q as
2

shown in Fig. 3.9.
Let x =c1L and x =C2L

y

" •

or
Liz LI

A B
R R

Now, the bending moment
over the portion (B - D

y

Fig. 3.9
at any section P due to applied loading
) of the arch is given as

37
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over the portion ( C-D ) of the arch is given as :

Mp q2(x2- xl) (x
x1+ x2 )= - 2

(c2-c1) ! 2 2 2or, Mp = Lxq - (c2 c1) L q22 2
. 2or, Mp = AOLxq2- .BoL q2

1 2 2Bo.= - (c - c1)2 2and

moment at any section P due to applied loading

Mp = Q2(x -.x1) (x - Xl) 12

1 2= 2 (x - Xl) Q2Mpor,

Where, Ao

Similarly,

The horizontal redundant force at the elastic centre is given from
equation (3.3.1), as :

Ho =

B
Mp

A
Ix

ds
Y EI

Substituting, the expression of bending moment Mp, y from equation

(3.5.1), ds from equation (3.5.j) and simplifying the numerator of

the above expression, we can write :

dx
X2)EI

J
+L/2

(AoLx -
x2

2.) dx +
- x )

38



sin!Zl(Sin-l x2
!Zl R

1
2 2) dx

J(R - x )

. -lL(Sl.n 2R

Sin-l xlR ) 1

R sin!Zl
!Zl
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Rq2
[EI 1

ds Rq2 AoL
Y EI = [~l[ 2

4r ds
aq2L

Ao{ [J{a2- !) 2 2 aSin@ + !AMP Y EI = [ EI 1 [ - ha - C2)] -4 !Zl 8

c2 .
Sin-l 1 C aSin!Zl 1 + 1__2) + Bo{ ( - Sin-l_2 ) + C - -} (c2- ~l)2 2a a !Zl 2 2. 6

Rq. 1 3 3 R Sin@ (_ X_2 J (R 2_ ~ 2) R2 Sinl
X2[ 2

) ++ ][ (. ~- ~ - + - R2EI 3 !Zl 2 2
x 2 R2 . -1 xl 2 2 2 R Sin@-.! J(R2- Xl) - - Sl.n - } - Xl(X2- Xl) - Xl !Zl2 2 R

1 2 2 2 2 aSin@-(c J(a - C2) - C J(a - Cl) } 1 ]4 2 1 !Zlr d
aq2L 4, IIor, Mp y 2 = [ El+ El )[ EI 1A EI

. -1 cl C cl+[( Sl.n - - Sin-l _2) (
a a 2



sin -1_1_ Sin ~1--'2 ) aSinl2l 1
] 1 3Bo [ ( - + c - + 6(c2-c1)2a a j2l 2 2

2 2" c1 -1 C c1 ~ 2Sin-1 _2) aand E1 = [ ( - Sin (- + ) + <J(a - C1)a a 2. 4

The required horizontal redundant force (Ho) at the elastic centre
'is given as :

Ho = 3.6.16

The vertical redundant force (Vo) at the elastic centre is given
from equation (3.3.2), as :

Vo =

B
Mp x

A
Iy

ds
EI

Similarly, as before substituting Mp, ds from equation (3.5.3) and

simplifying the numenator of the above expression, we can write
"

I
BMP x ds =
A EI I

+L/2
( AOLxq2-

x2

or, J
B .

Mp xA .
ds
EI

Rq2. L 2 L2 R2 1 L= [~l[ AoL{ - 4 J(R - 4 ) + 2 Sin- 2R+

40
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c 2
)(.1-

6

1

41

1 c1. -1 c2(Sin~ a -Sin -a-) 1

1 2 c1 ? .2
3 a + 2- (':2 - e:t» + J(a - ':1

2
x2 2 2- - J(R -x )2 2

2 1 1 . -1 c2 2 1 2 2~(Sin- - -Sln - » + Bo{ J(a - ) - J(a - c2»+2 2a a 4

f
B ..

dsMp x - =(
A EI.

R2 . -lX2 xl 2 2 R 2 . -1 xl 2 2 2- Sln - + - J (R - x.) - - Sln -} - x {j(R - x ) -2 R 2 .L 2 R.L 2

J(R
2
- X~)} 1

f
B .

dsMp x - =A . EI

or,

Putting x =c1L, x =c2L and R=aL, we get:



2 .2
c c c 22 2 2 1.2 1 2 2 1 aand E" = J(a - c )(- - - -a + - (c - cll + J(a - c )(- + - )+2 2 6 3 2 2 1 1 6 3

2c.a c c
1 -1 1 -1 2

( Sin - - Sin - )
2 a a

The required expression of ve~tical redundant force (Vo) at the
elastic centre is given as :

Vo = [ 3.6.17

The redundant force of bending moment (Mo) at the elastic centre

2,
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rBM~~
=~

Sb

f
+L/2
I (AOLxq2-
x .
2

Mo

=
ds
EI

is given from equation (3.3.3), as

simplifying the numenator of the above expression, as :

.Substituting the expression of Mp, ds .from equation (3.5.3) and



fB ds Rq2 -2 L2 ,Mp --- = [ --- ][- AoL{J(~ - - )
A EI EI 4

. -1 x2 Rq2 x2 2 2
- Sln R)] +[2EI ][- 2 J(R - x2)

or,

R dx
J(R2 X2) EI,-

-JC~ -'~ )}- Bot .-1L(Sln2R-
2 x2 x

+~ Sin-1 - + _1J(R2_X2)R 2 1

Putting the value of x =c1L, x =C2L and R = aL, we get:

f
B

ds 'Mp - = [
A EI

3aq L 2

EI 2 2 2 1][ Ao{ J(a - c ~- J(a - -4)} +

1 c2Bo(Sin-
a

2
+ (!!

4 sin-1 c2 1 c1- Sin- )]a a'

Where, 2 2
E = Ao ( J(a - c )
3 2

2 1
- J(a - -)}

4

c
-1 2 -1 1

+ Bo(Sin - - Sin -)
a 2a

2
c 2 c c2 2 2 3 2 2 a 1 -1 2and E" = J(a - c ) (c ) c J(a - c ) + (- + )(Sin3 2 1 4 4 1 1 4 2 a
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c
-1 1

- Sin -)
a

The required expression of bending moment redundant force at the
elastic centre is given as

Mo = [ 3.6.18

3.7 Redundant Equations for support yielding conditions

Expression for the redundant horizontal force(Ho), vertical
force(Vo) and bending moment (Mo) at the elastic centre for a
symmetrical fixed 'circular arch due to clock-wise rotation
(ao ), out-ward horizonal displacement ( 6.Ho) and dowan-ward
vertical displacement (~Vo) at the left springing are taken from
Ref.(9), which are given below:

The horizontal redundant force (Ho) :

Ho = 3.7.1

Where,~Ho = Out-ward horizontal displacement at the left
support.

a = Clock-wise rotation at the left support
q

y.= Vertical distance of the left support from the elastic
A

centre.



Substituting the expression of Ix from equation (3.5.5), y from

equation (3.5.1) and simplifying, we get

3.7.2

Where, c =o
Sinl?!-[

III - Coslll 1

The vertical redundant force (Vo) at the elastic centre :

Vo = 3.7.3

Where, ~Vo = Dowan-ward vertical displacement at the left

support.

x = Horizontal distance of the left support from the
A

elastic centre.

Substituting the expression of Iy from equation (3.5.6), x = L in

the above expression and simplifying, we get:

Vo 3.7.4

The redundant force of bending moment (MO) at the elastic

centre :

Mo =

45
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•

Substituting the expression of Sb from equation (3.5.4) and
simplifying, we can write

Mo = [_1_] [~] [ ao] 3.7.6K
1

L
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CHAPTER 4
COMPUTER PROGRAM BASED ON ELASTIC CENTRE METHOD

4.1 The proqramme
General equations for different force components due to

different loading and support yielding conditions are presented in
chapter-3 in a form which is suitable for developing a computer
programme.

This programme has been developed in FORTRAN-77 to analyze
and to find load carrying capacity of symmetrical fixed-circular
arches. The programme contains a total of eighteen subroutine
subprogrammes in addition to the main programme. A Flow chart
explaining the sequence of different operations done in the
programme is presented in Fig. 4.2.

The programme can be used to obtain six different forms of
output on circular _masonry arches. These forms of output can also
be grouped in any desired combination by adjusting the values of
some input identifiers as mentioned in Appendix-A and B. The six
forms of output are as follows

(i) Influence tables for bending 'moments, vertical shear
forces, horizontal thrusts and variation of these force components
due to fill load and self load of the' arch-ring for arches of
different rise-to-span ratio.
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(li) Influence tables for bending moments, radial shear
forces, axial thrusts and variation of these force components due
to fill load and self load of the arch-ring for arches of different
rise-to~span ratio.

(iii) Variation of bending moments, vertical shear forces and
horizontal thrusts due to various types of partial uniform
distributed loads for arches of different rise-to-span ratio.

(iv) Variation of bending moments, vertical shear forces,
horizontal thrusts, radial shear forces and axial thrusts due to
diff~rent support displacements for arches.of different rise-to-
span ratio.

(v) Detail computation of bending moments, vertical shear.
forces, horizontal thrusts, radial shear forces; axial thrusts and
different stresses due to concentrated live loads or any types
partial uniform distributed loads for any particular arch.

(vi) Computation of permissible loads and identification of
critical sections for any particular arch.

The results obtained as the above first four forms are
presented in detail in Appendix A.I. The detail analysis, the fifth
form of output, for an arch under .concentrated live load of 500 Ibs.
due to particular clockwise and counter clockwise rotation at the
left support are presented in Appendix A.2.1 and A.2.2
respectively. The sixth form of results obtained for different
arches are presented and discussed in chapter-6. The permissible
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loads capacity for arches having span 10', 20' and 30' with rise-
to-span ratio varying from 0.10 to 0.30 at an increment of 0.10,
radial thickness 5" to 15" at an increment of 5" and depth of fill
above the crown varying from 1.00' to 2.00' at an increment
of 0.50' are tabulated in Appendix A.3.

The programme uses two set of input data. The first set of
input data contains only the alphanumeric characters, which are
different table heading used for printing the tables. A
subprogramme named VREAD has been. used to read in all the
alphanumeric characters from these input data cards. The second set
of input data contains all the arch parameters and value of some
identifers which control the execution of the programme. A
subroutine named INPUT reads in and stores these values.

The programme has been developed based on the units of F.P.S.
system. It is mentioned worthy that the first four types of output
do not depend on the units since they all show the influence
coefficients and the coefficients of different force components.
Any arch to be analyzed should be referred to the system of
cartesian axes ("X" and "Y") and origin should be located at the
elastic centre of the arch. The programme divides the arch into ten
segments of equal horizontal projection.

The programme prints out influence coefficients which are
then printed in condensed form using microcomputer and HEWLETT-
PACKARD LaserJet series II printer.
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The required storage capacity and time needed to execute the
different conditions are discussed in article 4.3.

4.2 Computation of permissible live load capacity
Different force components such as bending moments, radial

shear forces and axial thrusts at the different radial plane due

to the de~d weight of the arch ring and fill load above the arch

can be computed separately by using the equations in articles
3.6.2, 3.6.3 and 3.6.4. The resultant bending moment, radial shear

force and axial thrust at any section due to the total dead load

are calculated by adding together the values obtained for diffe~ent
types of dead weights.

A moving concentrated load is considered to be the live load

applied over arch. The live load is positioned at eleven different

sections. The concentrated live load is considered to be dispersed

through the ~rch fill at an angle of 45 degree. Thus the live load

is considered to be uniformly distributed over a horizontal
circular plane while the intensity of the load is given by

. '"/

(Fig. 6.1) Pi= , Where P is the concentrated live load at

position i, diis the depth'of fill upto the extrados of the arch
and as well as the radius of the circular plane.
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, I

.' ."Pi ff-rr'i J".
2di

x ..

: : ..:.".:.IF.iU.I : '

y

,A, •.••

Fig. 4.1 dispersion of concentrated live load .
Thus the concentrated live load at any position is replaced

by a partial uniformly distributed load over arch, for which
bending moment, radial shear force and axial thrust at all the
eleven sections are computed by using expressions in Art. (3.6.5).
Similarly, the above force components due to the live load placed
at other sections are easily computed. Thus eleven different set
of force components are obtained for different position of live
loads.

Redundant equations at the e"lastic centre of an arch for
three different support displacements are developed and presented
in Art. (3.7). For any particular support displacement.different
set of force components are computed at different sections of the
arch.

Force components at different sections thus computed are then
added.together Jnto all.possible combinations of three different
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loads such as dead load, live load at eleven different positions
and anyone 'of.three different support displacements. Bending and
shearing stresses are then computed at different sections for all
these combined forces and compared to the range of the allowable
stresses of masonry. The process is repeated several time.and every
time the value of live load is either increased or decreased
depending on the stress conditions in the previous cycle. Thus the
.live load which just satisfied all the allowable stress conditions
is found out and the permissible load capacity for a particular
arch is obtained. This capacity can be calculated with or without
considering anyone of three support displacements. The programme
prints "IMPOSSIBLE" when arch fail under dead load only.

4.3 storage capacity and time

The programme was developed using VM environment of the IBM
4331 computer of BUET computer centre. At the end of the thesis
work, the programme was successfully compiled and run its different
operations by microsoft FORTRAN 4.1 optimizing compiler using
micro-computer ALR 386/220 model in central computer cell of BWDB.
Initially the programme was tested and run with single precision.
To overcome the round off error the programme was subsequently
written in double precision and the production run were made using
this version. As a terminal user.2048 k storage area was allotted
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to the author and no extra storage was necessary during execution
of the programme.

The execution time for getting anyone' of the first five
forms of output, mentioned earlier, was almost the. same.. It is
observed that the execution time for an arch with nine rise-to-span
ratios was 10 seconds from micro-computer ALR 386/220 model. The
execution time.for computatlon of permissible load capacity mainly
depends on the allowable stresses in tension. It was 10 seconds
from the above micro-computer for an arch when allowable limit of
tensile stresses lies within 5.0 psi to 0.0 psi, While the same was
15 seconds if the allowable tensile stresses lies within 0.50 psi
to 0.0 psi. It happens so because the number of iterations
increases when the allowable tensile stresses varies within a short
range.

The time requirement by the ALR 386/220 model micro-computer
to compile this programme was 3 minutes including eighteen
subroutine subprogramme along with the main programme. The
compilation time was saved during production run by using the
compiled version of the programme.
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Flow Diagram

START

Input the required arch criteria such as:
rise-to-span ratio(r) ,span(L) ,radial thickness(t)
,Fill-depth above the crown(n) ,wearing coat,unit
weight(r) ,support deformations,concentrated live
load,uniform distributed load (partial or full)

CALCULATE, a

M = 1 to NRS
=_I_+~

8r 2
2 I S1:-1a - 4' If

~ = tan-I( 4r2), Cos~ ,sin~
I-4r

, No

Calculate the influence co-efficients for
bending moments, vertical shear forces, horiz-
ontal thrusts, radial shear forces and axial
thrusts at the supports

Calculate the influence coefficients for
bending moments, vertical shear forces, horiz-
ontal thrusts, radial shear forces and axial
thrusts at the different sections.

Calculate the coefficients for bending moments
, vertical shear forces, horizontal thrusts,
radial shear forces and axial thrusts at the
different sections for various rise-to-span
ratio(r) due to uniformly distributeq load
above. the crown.
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Calculate the coefficients for bending moments
, vertical she~r forces, horizotal thrusts,
radial shear forces and axial thrusts at the
different sections for various rise-to-span
ratio(r) due to fill load below the crown.

Calculate the coefficients for bending moments
, vertical shear forces, horizontal thrusts,
radial shear forces and axial thrusts at the
different sections for various rise-to-span
ratio(r) due to self load of the arch ring.

No
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Calculate the co-efficients of bending moments
, vertical shear forces, horizontal thrusts,
radial shear forces and axial thrusts at the
different sections for various rise-to-span
ratio(r) due to partial uniformly distributed
loads.

No

Calculate the co-efficients of bending moments
, vertical shear forces, horizontal thrusts,
radial shear forces and axial thrusts at the
different sections for various rise-to-span
ratio(r) due to unit support displacements.
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No 2

Ye~

NN=l,NS 3

K=l,NT 4

N=l,NF 5

Calculates and Prints the bending moments,
vertical shear forces, horizontal thrusts,
radial shear forces and axial thrusts due to
dead load by using subroutine DLOAD

IYEILD = 1

No

No

No

56

Calculates and prints maximum, minimum and
shearing stresses along the different vertical
and radial plane due to dead load by using
subroutine STRESS

Calculates the bending moments, vertical shear
forces, horizontal thrusts, radial shear forces
and axial thrusts due to support's yielding
by using subroutine YEILD



Prints the bending moments, vertical
shear forces, horizontal thrusts,
radial shear forces and axial thrust

at the different sections

Calculates and Prints the maximum,minimum and
shearing stresses due to support yeilding
by using subroutine STRESS

Calculates the bending moments vertical shear
forces and horizontal thrusts at the different
sections due to concentrated live load (cons _
dering dispersion of load) from subroutine
SUPER which is controlled by subroutine PLIVE.

J = I,ll

Sumup the bending moments, vertical shear
forces, Horizontal thrusts of the different
sections for dead load and support yeilding
condition.

----- No'~LIVE=l or 2
~

Yes

Calculates and Prints the bending moments,
vertical shearforces,horizontal thrusts,radial
shear forces,axial thrusts and stresses at the
different sections for different positions of
a particular concentrated live load above the
fill(considering dispersion of load) or, any
particular partial uniform distributed load
from subroutine SUPER andLIVEP

Fig. (cont.) 8
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No

8

Yes
Calculates the permissible loads by using
subroutine PLOAD

Q'------.0
I
()-.-----~G
I
Gtt-----0

2

Fig. 4.2 (cent.)
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CHAPTER-5

Influence tables and diagrams for arches

5.1 ,General

This chapter presents the influence coefficients due to a

unit moving load and co-efficients of different force components

due to various loading and support yielding conditions in graphical

forms for the fixed circular arches. The influence co-efficients

and different force components at the different sections were

obtained using the numerical model developed and presented in

chapter-4. The influence co-efficients and ,co-efficients of

different force components are obtained from using main frame IBM

4331 computer of BUET computer centre. The output files then

transferred to microcomputer and are printed in condensed form.

The graphical representation of the printed results shows the

variation of the different force components with different arch
parameters. All computation has been done for rise-to-span
ratios(r) 0.05 to 0.45 at an increment of 0.05 due to various

loading and support yielding conditions. The two sets of

generalized equations have been derived for fill load (chapter-3)

above and below the crown. The results obtained for these two types

of fill loads are presented separately. A rapid change of negative
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bending moments at crown section are observed at rise-to-span ratio
0.05 due to fill load below the crown and hence these are plotted
for rise-to-span ratio 0.06 and 0.07.

The bending moments, vertical shear forces and horizontal
thrusts have also been computed due to six different types of
partial uniformly distributed loads for rise-to-span ratios(r) 0.05
to 0.45 at an increment.of 0.05. They are : (i) loads over full
span (ii) loads over left half span (iii) loads over left quarter
span (iv) loads over second quarter span (v) loads over left.three-
fourth and (vi),loads over middle half span of the arch. Finally,
the results obtained for bending moments, vertical shear forces,
horizontal thrusts, radial shear forces and axial thrusts due to
unit clockwise rotation, unit downward vertical disp~acement and
unit outward horizontal displacement at the left support of an arch
for the above rise-to-span ratios are presented. From these
graphical representation, the worst type of loading for a
particular rise-to-span ratio can be easily obtained.

It is intended that figures contained in this chapter,
considerably shorten and simplifies the work in selecting an
economical arch dimension and thus considerable saving in time is
gainea. Detail descriptions of tabular and graphical represented
of the result has made in next two article. Some important
observations have been made in article (5.4).
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signThe
displacements, support reactions and force components at the
different sections are illustrated in ~ig. 5.2.1.
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cC ~~0-f%~t~",Vo
(a) Positive support displaceMents

Fig. 5.2.1 Sign convention

Positive force [onponents ot the both faces of any section
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5.2 Introduction to Tables
The influence tables for different force components are

obtained based on elastic cent;re method. The co-efficients of
different force component~ due to different loading and support
yielding conditions are also obtained in tabulation forms. These
computer printed tables presented in Appendix A.I are arranged in
following order :

(a) The influence tables for different force components at the left
support and at the right face of eleven sections of an arch due to
a moving unit load are presented in Table A.l to A.50.
(b) Tables showing the values of different force components at
different sections of an arch due to self load of the arch of unit
radial thickness, fill load above and below the crown are given in
Table A.5l to A.65.

(c) The co-efficient of different force components at the different
sections due to six different forms of partial uniformly
distributed load of unit intensity in Table A.66 to A.92.
(d) The co-efficient of different force components at the different
sections due to different unit support displacements are also
recorded in Table A.93 to A.l05.

The tables in above cover the range of rise-to-span ratio of
0.05 to 0.45 at an increment of 0.05. The first row and second
column of these tables indicate different section number and rise-
to-span ratio.
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5.3 Introduction to Graphical representations
Computer printed results obtained in tabular form'are also

presented graphically. in this chapter and in following order
(a) Influence lines for bending moments, vertical shearforces and
horizontal thrusts at the different sections for different rise-
to-span ratios as in Fig. 5.1 to 5.12, 5.14.
(b) The variation of maximum positive bending moments at different
sections due to unit load with different rise-to-span ratio as
narrated in Fig.5.l3.
(c) The variation of bending moments, vertical shear forces and
horizontal thrusts with different rise-to-span ratios due to fill

~and self load of the arch ring as portrayed in Fig. 5.15 to 5.20.
~(d) Variation of bending moments,vertical shear forces due to six
~ different types of partial uniform distributed loads for rise-to-

span ratio 0.05 to 0.45 at an increment of 0.05 as said in Fig.
5.21 to 5.22.
(e) The variation of horizontal thrusts due to above different
partial uniform distributed loads with different rise-to-span ratio
as given in,Fig. 5.23.
(f) Fig. 5.24 to 5.30 indicates the effect of different sup~ort
movements on bending moments, vertical shear forces and horizontal
thrusts in arches of 'different rise-to-span ratios.
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From these graphical display, the most worst possible cases

under different loading and support yielding conditions can easily

be predicted. Though the results for nine .different rise-to-span

ratio~ are available, some of the curves are not shown in the graph

for clarity. The results for intermediate value of rise-to-span
ratio may be interpolated, if necessary.

5.4 General discussion on the results

In this article some important observation have been

discussed from the presented tabular and graphical forms of

results. It can be observed from Fig. 5.1 to 5.3 that the variation

of the influence co-efficients for bending moments and horizontal

thrusts with rise-to-span ratio is significant while that for

vertical reactions is negligible. The maximum negative and positive

bending moment at the left support of an arch occurs due to the

position of unit load at arround .IL and .38L away from the left

and right support respectively(Fig. 5.1). The maximum nagative

bending moment decreases gardually with the increase of rise-to-

span ratio while the corresponding position of the live.load shifts

towards the left support. The variation of the maximum positive

bending moment with the rise-to-span ratio is relatively smaller

and the corresponding location of the live load is almost fixed at

around O.38L away from the right support. It is further observed
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that the bending moment at the left support becomes zero when the
live load is at O.lL away from the left for arch with rise-to-span
ratio of 0.05. The live load position causing zero bending moment
shifts towards the left support with the increase of rise-to~span
ratio.

The position of live load at the crown section(Fig. 5.3)
g~ves the maximum horizontal thrust in fixed arches and it
decreases with the increase of rise-to-span ratio. A9ain, the
variation .of the maximum thrust is observed to be rapid for lower

•rise-to-span ratios while it is gradual for higher rise-to-span
ratio.

A parabolic variation of vertical shear force at the left
support and at different setions is observed for different arches
as illustrated in Fig. 5.2 and 5.14 ..The figures also indicate a
negligible variation of vertical shear force with rise-to-span
ratio.

.", .
"",.

The maximum axial thrust (Table A.4) at the left support
occurs for rise-to-span ratio upto 0.20 while the load is at crown
section and it decreases very rapidly with the increase of rise-
to-span ratio. The maximum axial thrust at the left support of an
arch for rise-to-span ratio 0.25 occurs due to the position of live
load .at .4L.away from the left support. For rise-to-span ratio
greater than 0.25, the live load position at the left springing
point causes the maximum axial thrust at the left support and it
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increases gradually with the increase of rise-to-span ratio. It may

be concluded from the above influence table that the arch of rise-

to-span ratio 0.30 gives a comparatively smaller axial thrust at

the supports. The maximum" axial thrust at any section ( Table A.9,

A.14 and A.19 ) for flatter arches occurs at~he support while the

live load position is at crown section". But the position of live

load causing maximum axial thrust gradually shifts towards the

corresponding section (Table A. 24, A.29, A. 34, A. 39, A.'44 and A.49)

at higher rise-to-span ratio.

It may be mentioned from table A.5 that the maximum radial

shear force of an arch occurs at the left support while the live

load is at the corresponding left support for lower rise-to-span

ratio. This maximum shear force influence decreases gradually with

the gradual movement of live load from left support to right

support. The live load position at 0.80L away from the left

support causes maximum negative shear force at the left support for

rise-to-span ratio upto 0.40.

Fig. 5.4 to 5.12 indicate that the maximum positive bending

moment due to concentrated live load at a section of an arch occurs

while the live load is at the corresponding section. The positive

bending moment at any section iricreases gradually with the increase

of rise-to-span ratio as shown in Fig. 5.13. In the figure it is

also observed that the positive bending moment occurs at section

four (nearer to the quarter span section) for arches of rise-to-
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span ratio upto 0.38 which shifts towards the crown for arches with
higher rise-to-span ratio. Fig. 5.15 and 5.18 display the similar
types of variation of bending moment due to the uniformly
distributed fill load above the crown and self load of the arch.
The maximum positive bending moment occurs at supports and at crown
and maximum negative bending moment occurs at section around 0.15L
away from the left and right support of the arch. Both the maximum
positive and negative bending moment increase with the increase of
rise-to-span ratio. It is observed that the positive bending moment
at the supports increases at a faster rate than that at other
sections. It is further observed that the location of maximum
negative moment gradually shifts towards the supports with the
increase of rise-to-span ratio. The point of contrafluxares 'are
observed to occur at sections around 0.30L away from the supports
which gradually shifts towards the supports with the increase of
rise-to-sp~n ratio. The maximum negative bending moment (Fig. 5.16)
due to fill load below the crown occurs at the supports and it
increases at a faster rate with the increase of rise-to-span ratio.
The negative bending moment also occurs at the crown section for
arches with' rise-to-span ratio greater than 0.08. The positive
bending moment has been observed at the crown section for flatter
arch,es. The arch of rise-'to-span ratio 0.05 gives a very high
positive bending moment at the crown section. On the other hand,
the arch of rise-to-span ratio greater than 0.10 gives the maximum
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positive bending moment at section around 0.35L away from support
which gradually reduces with the decrease of rise-to-span ratio.

A very high horizontal thrust (Fig. 5.20) develops due to
uniformly distributed fill load above the crown and self load of
the arch for flatter arches but decreases sharply with the increase
of rise-to-span ratio. From the above figure, it is also observed
that the maximum thrust due to fill load below the crown occurs for
rise-to-span ratio 0.15. The horizontal thrust decreases gradually
for arches with rise-to-span ratio greater than 0.15 and abruptly
for arches with rise-to-span ratio lower than 0.15.

Fill load below the crown increases gradually towards the
support with the increase of rise-to-span ratio. of arches,
consequently vertical shear force in Fig. 5.17 increases towards
the supports with the increase of corresponding rise-to-span ratio.
The vertical shear force in Fig. 5.19.due to self load of the arch
ring shows almost linear variation for flatter arches which
gradually increases, showing a parabolic variation over the span,
with the increase of rise-to-span ratio.

The maximum axial thrust (Table A.54 and A.64) due to
uniformly distributed load above the crown or self load of the arch
occurs at supports and it decreases gradually towards the crown.
It is also .observed frointhe above tables that the axial thrust
decreases with. the increase of. rise-to-span ratio. The maximum
axial thrust (Table A.59) due to fill load below the crown occurs
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at the supports and it gradually increases with the increase of
rise-to-span ratio.

Values of different force components due to six different
type of partial uniformly distributed loads at eleven sections of
arches with different rise-to-span ratio are presented in Table
A.66 to A.92. These vaYues are plotted in Fig; 5.21 to 5.23 but
only for the arch with rise-to-span ratio 0:25. Figure 5.21

illustrates the typical bending moment over an arch due to six
different types of partial uniformly distributed loads. From th~
Fig. 5.21 and Tables A.66, A.69, A.72, A.75, A.78, A.78, A.81,

A.84, A.87 and A.90 , it can be observed that the greatest'positive
bending moment in an arch due toth'e above six partial uniformly
distributed loads always occurs at the right support. But it is
caused due to the uniform load spread over left half span for
arches with rise-to-span ratio upto 0.20 and due to the load spread
over left three-fourth span for arches with rise-to-span ratio more
than 0.20. It can further be observed that the greatest negative-
bending moment occurs at the left support for arches with rise-to-
span ratio upto 0.30. But for arches with rise-to-span ratio upto
0.20 it is caused due to the distributed load spread over left hal(
span and for arches having rise-to-span ratio within 0.20 to 0.30

it is caused by the load spread over left quarter span. For arches
withrise-to-span ratio more than 0.30 the negative bending moment
at the second location becomes greatest and it is caused due t6 the
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uniform load spread over left three-fourth span.
Fig. 5.23 illustrates the variation of horizontal thrust in

arches with the rise-to-span ratio for six cases of partial
uniformly distributed loads. In an arch the load distributed over
the full span develops higher horizontal thrusts while distributed
load over the left quarter span gives the smallest horizontal
thrust. It may be concluded from the above figure that the
horizontal thrust mainly depends on the location and total amount
of load over the span.

Fig. 5.22 reveals that the maximum vertical shear force in
arches occurs at the supports due to the distributed load over the
full span, as expected.

'.-1'

It. is observed from Fig. 5.24 that the maximum negative
moment of an arch due to clockwise rotation of the left support
occurs at section around O.6L away from left support of the arch
and it increases gradually with the decrease of rise-to-span ratio.
Due the induced rotation at the left support, the maximum positive
bending moment develops at the left support which is almost three
times higher than the positive moment developed at the right
support. Both the positive an? negative bending moment gradually
increase with the decrease of rise-to-span ratio. It is further
observed that the above support deformation develops the constant
negative bending moment in arches at a section o.38L and O.l8L away
from left and right support of the arch respectively. The point of
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contrafluxares are observed to occur at the both side, which
gradually shifts towards the supports with the increase of rise-
to-span ratio.

Fig. 5.27 shows a symmetrical linear variation of bending
,

moment fOr arches due to vertical support displacements. Both the
positive and negative bending moment occurs at the springing and
it gradually decreases with the increase of rise-to-span ratio.
The symmetrical bending moments(Fig. 5.29) are also observed in
arches due to horizontal support displacement. The maximum negative
and positive bending moment occurs at springing and crown section
respectively and are observed to increase with the decrease of
rise-to-span ratio but with a higher rate for flatter arches. It
is also observed that the points of contrafluxare occur at around
0.2L away from supports and gradually shift towards the crown with
the decrease of rise-to-span ratio. From Fig. 5.27 and 5.29, it may
be concluded that the horizontal support displacement is much more
critical than vertical support displacement.

Fig. 5.25 and 5.28 show that the vertical shear force in an
arch due to end rotation or vertical support displacement gradually
decreases with the increase of rise-to-span ratio. The variation
can be observed to be non-linear for flatter arches and almost
linear and at comparatively higher rate for arches with higher
rise-to-span ratio. It is illustrated in Fig. 5.26 and 5.30 that
the arch of lower rise-to-span ratio gives a very high horizontal
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CHAPTER - 6
Permissible load capacity of arches

6.1 Introduction

The permissible load capacities obtained using the numerical. ,

model developed on the elastic centre method are discussed in this
chapter. The results were obtained considering different arch
parameters e.g. , span(L), rise-to-span ratio(r), radial
thickness(t), depth of fill above the crown and support
displacements.

The permissible load capacity has been computed considering
allowable stresses in compression, tension and shear. For the
purpose of computation, an arch have been divided into ten segments
of equal, horizontal projection. The material properties and the
allowable stresses are presented in Table 6.1. The procedure
followed in determining the permissible load capacity is described

,

in Art. 4.2. At any stage of loading the maximum' compressive
stress, tensile stress and shear stress being developed in the arch
due to the dead weight and applied live load are computed and
compared with the allowable stresses. The model also identifies the
corresponding sections where above stresses are developed.

The programme has been utilised to compute the permissible
load capacity without considering support yielding for arches
having different spans and with following variations :
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(a) radial thickness of 5" to 50" with an increment of 5".
(b) depth of fill above the crown of 0.5' to 5.0' with an increment
of 0.50' and
(c) rise-to-span ratio of 0.05 to 0.45 with an increment of 0.05.

The results obtained for the above mentioned data have been
plotted in various combinations in Fig. 6.3 to 6.10, to show the
variation of permissible load capacities with different arch
parameters. They are also useful in predicting the load carrying
capacity .of a particular arch having similar parameters.

The results obtained considering support displacements for
arches of different spans having rise-to-span ratio 0.25, depth of
fill above the crown 1.00' and 1.50' and radial thickness of 10",
15" are illustrated in Fig. 6.10 to 6.18. The clockwise rotation,
downward vertical and outward horizontal displacements are applied
at the ieft support of the arch separately and then the load
capacity of the arch is computed using the numerical model
developed. They are useful in assessing. the effect of support
displacements on load carrying capacity of an arch, Moreover, the
permissible load capacity for the arches of span 10 I and .15I

considering different support displacements have been compared In
various combinations with those obtained without considering
support displacement.
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TABLE 6.1

Material properties

Density of fill over the arch 110 psf

Density of masonry units 110 psf

Density of wearing coat material 110 psf

Elasticity of arch ring material 432000000 psf

Limiting allowable stresses""

Maximum compressive stresses 1000 - 1125 psi

"Maximum tensile stress 0.0 psi

Shear stre~ses 50 - 55 psi
"
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6.2 Discussion

The results presented in Fig. 6.1 to 6.28 indicate the
variation of permissible live loads capacity with different arch
parameters.

Among the three basic modes of limiting stresses, as
discussed earlier, it has been observed that for maximum number of
arches tensile stress at the supports was critical. The permissible

\live load position of an arch mainly depends on rise-to-span ratio
and depth of fill above the crown. critical tensile stress is
reached when the live load is located near the support for arches
with lower rise-to-span ratio, which shifts towards the crown for
arches with higherrise-to-span ratio or under higher depth of
fill. The.arches having longer span, higher rise~to-span ratio and
under higher depth of fill develop tensile stress at the crown when
the live load is situated at the crown.

It can also be observed that some arches of higher radial
thickness or higher depth of fill develop excessive shear stress
at the supports due to the position of the live load near the crown
or quarte.rsection. For an example, the arch of effective span s',
rise-to-span ratio o.is, radial thickness 10" and depth 6f fill of
the crown 3' suffers excessive shear stress due to position of the
live load at section 3 which is 0.20L away from the left support.
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A significant effect of permissible live load capacity has
been observed by changing the allowable stress in tension as
indicated in Fig. 6.1 and 6.2. The permissible live load capacity
increases linearly with the increase of allowable tensile stress.
The rate of increase of load capacity for shorter span arches is
faster than that of longer span. It is to be noted that, at higher
allowable tensile stress, there is a possibility of reduction in
load capacity of an arch due to the limiting compressive shear
stresses rather than due to the tensile stresses. This is indicated.
by the arch of 5' span, with a live load capacity of 1449 Ibs when
the allowable tensile stress is zero while the live load capacity
increases to 26000 Ibs by increasing the allowable'tensile stress
to 100 psi. The same arch shows a load capacity of 24000 Ibs while
the allowable tensile stress is further increased to 125 psi, but
in this case shear stress becomes critical instead of tensile
stress.

The permissible live load capacity increases very rapidly
with the increase of radial thicknes~ as illustrated in (Fig. 6.3)
as expected. The increment of radial thickness increases the cross-
sectional area and moment uf inertia of the section and thus the
bending stress is reduced and consequently the live load capacity
of the arch is increased. The load capacity also increases with
increasing depth of fill above the cr6wn(Fig. 6.5). The live load
intensity on the arch after dispersion through the fill decreases
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with the increasing depth of fill. Thus for a particular live load
the actual load on one feet strip of the arch, considered in the
analysis, is relatively small when it is under higher depth of fill
and hence arches under higher depth of fill supports higher amount
of live load. It is further observed that the rate of increase of
permissible live load capacity for shorter span is very much
significant than those of longer span with the increase of both the
radial thickness and the depth of fill. It is to be noted from
Fig 6.3 and 6.5 that the permissible live load capacity of arches
varies within a small range both for the lower radial thickness and
lower depth of fill. The permissible live load capacity of arches
decreases (Fig. 6.4 and 6.6) with the increase of the effective
span. But at certain instances, as indicated in the figures, the
load capacity is observed to be increased gradually. This is
because at the vulnerable position of the live load the arch of
longer span has a higher depth of fill. Thus the live load
disperses comparatively on larger area for arches of longer spans
and consequently the arches take a little higher amount of live
load.

It is observed from Fig. 6.7 to 6.8 that the permissible live
load capacity of arches of shorter span increases very rapidly with
the decrease of rise-to-span ratio while it decreases for longer
span. The permissible load capa.cityof arches varies within a small
range for rise-to-span ratio 0.20 to 0.30. It is also observed from
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Fig. 6.7 that an arch of effective span 20' having radial thickness
10" and" depth of fill 1.00' gives a comparatively higher
permissible load capacity at rise-to-span ratio 0.25 and 0.30 than
the load capacity for arches of effective spans 7.50', 10' and 15'.

The high permissible load capacity (Fig. 6.9) of arches of shorter
span at lower rise-to-span ratio decreases sharply with the
increase of effective span upto 10'. Further increase of effective
span causing gradual decrease of the permissible load capacity upto
failure of the arch. It is also observed that the permissible load
capacity for arches of comparatively higher span with higher rise-
to-span ratio increases gradually.

From the study of support deformation, it may observed that
the effect of support deformation is very much significant for
shorter span than those of longer span and it is more critical for
horizontal support displacement than the vertical displacements.

It is observed from Fig. 6.10, 6.11 and 6.12 that the load
carrying capacity of the" arches of shorter span decreases very
sharply with increasing rotation in the clockwise direction at the
left support but it increases gradually upto some extent in case
of arches of comparatively higher effective span. The permissible
load capacity due to counter clockwise rotation varies. at almost
reverse rate than that of clockwise rotations. From the figures it
is further observed that under the same amount of rotation at the"
support the load carrying capacity of arches increases with "the
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increase of fill depth above the crown and also with the increase
of rib thickness.

A spurious result has been observed due to vertical support
displacements. A minute downward settlement at the left support of
arches of shorter span tends to increase the load carrying capacity
rapidly and then it decreases with the same rate for further
increase of the displacement. For relatively longer span the load
capacity is observed to be reduced gradually at a very small rate.
For upward vertical displacement the load carrying capacity is
observed to be reduced sharply for shorter span and for higher span
it can be observed to be unaffected at least upto a displacement
of (1j104)inch. From the figures it can further be observed that
under the same amount of vertical support displacement the load
capacity of arches increases with the increase of the fill depth
and also with the increase of rib thickness.

The load capacity of arches is found to be reduced
drastically, as illustrated in Fig. 6.16, 6.17 and 6.18, under the
action of horizontal support displacement. Under the action of
outward displacement the load carrying capacity of arches reduces
sharply, while the load capacity is observed to increase to some
extent before being reduced under the action of inward support
displacement. The increased depth of fill, however, is observed to
flatten the load capacity curves( Fig. 6.16 and 6.17 ), and thus
it decreases the rate of reduction of load capacity for arches. The
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similar behaviour is not observed for arches with increased rib
thickness though the arches are found to carry more loads.

The permissible live load capacity of the arch, illustrated
in Fig. 6.19, shows a little variation due to a small clockwise
rotation of 0.000001 radian at the left support. But it does carry
no live load when the rotation is increased to 0.00001 radian. Fig.
6.20 displays a little variation with increasing depth of fill of
the permissible live load capacity of the arch due to similar
clockwise rotation. The permissible live load capacity (Fig. 6.21)
of an arch of effective span 10', radial thickness 10" and depth
of fill 1.00' increases at lower rise-to-span ratio and decreases
at higher rise-to-span ratio under clockwise rotation of 0.00001
radian.

Fig. 6.22 illustrates that the arch of effective span 10'
allows a very little amount of downward vertical support
displacements at lower radial thickness while the arch of span 15'
(Fig. 6.23) allows a small displacement with increasing variation
in live load capacity with increasing radial thickness. It may be
further observed from Fig. 6.22 and 6.23 that the effect of
vertical support displacement on the permissible load capacity is
considerably higher for shorter span arches mentioned earlier. The
permissible live load capacity (Fig. 6.24) of the 15' span is
observed to be reduced increasingly, arch under any particular
downward vertical support displacement, with the increase of depth
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of fill. Again, the live load capacity of the arch (Fig. 6.25) at
lower rise-to-span ratio is found to be increased with the increase
of downward vertical.support displacement while it decreases at
higher rise-to-span ratio.

It was observed that the arch of effective span upto 10',

rise-to-span ratio 0.25 and depth of fill 1.00' does carry no live
load under any amount of outward horizontal support displacement.
The effect on permissible live load capacity of the arch of span
15' due to outward horizontal displacement is presented in Fig.
6.26 to 6'.28.The live load capacity.of the arch is reduced to zero
due to a small outward horizontal support displacement of 1/1000"

for any radial thickness greater than 15". It may be mentioned tha~
a small horizontal vertical support displacement causes a very high
tensile and shear stresses at higher radial thickness. The
permissible live load capacity of the arch in Fig. 6.27 under
higher depth of fill increases with the increase of outward
horizontal support displacement while it decreases at lower depth
of fill. It is also observed that the permissible load capacity
varies within a small range at lower depth of fill. Erratic
behaviour of permissible live load capacity is observed for the
arch in Fig. 6.28, when it is plotted with increases rise-to-span
ratio. It is, however, observed that the live load capacity of an
arch is greatly reduced if it suffers any form of support
displacements.
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6.3 Conclusions

The conclusions stemming from the results of elastic analysis
are as follows : ,

(1) Rise-to-span ratio is the main parameter in designing the
circular masonry arches which has a dramatic effect on the
permissible live load capacity and abutment thrusts. The arch
designer can easily fix up the most effective rise-to-span ratio
from the influence diagrams and graphical display of the variation
of loading capacity with rise-to-span ratio presented in the
thesis. ,

(2) The elastic analysis of an arch though conservative, the use
of permissible tensile stresses has an appreciable effect on the
permissible live load capacity.

(3) The load carrying capacity of an arch is very much dependent
on the position of live load, the most vulnerable position is
either the crown or the quarter sections. Considering stresses the
most critical section of masonry arches lie at the springing,and
at the crown.

(4) The load carrying capacity of arches considering tensile,
compressive or shear stress mainly depends on the allowable limits
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I,

of these stresses and the study reveals that for most of the arches
tension is the critical stress.

(5) A 'significant effect of support displacement on the permissible

live load capacity was observed. It is further observed that the

direction of support displacements has also a very much significant
effect or load carrying capacity of arches.

6.4 Scope for further study

(1) The permissible load capacity has been computed in the thesis

by dividing on arch into ten segments' of equal horizontal

projection but it can be divided into more segments than ten to get
more precise result.

(2) The fill is considered to be of uniform density and to exercise

a purely vertical load upon the arch-ring. It may however be

possible to consider non- homogeneous fill, the load of which is
acting vertically or in any direction on the arch.

(3) Effect of any thermal expansion, temperature change' and
shrinkage may be considered in further study.
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(4) The computer programme de~eloped analyzes the fixed circular
arches of uniform radial thickness only. It is possible to improve
the model to include arches of variable radial thickness by slight
modification of the programme.

(5) The basic equations and assumptions used to derive the
generalized equations due.to various loading and support yielding
conditions for circular arches may also be utilised for any other
shape of arch. The numerical model thus developed may be improved
for analyzing arches of any arbitrary shape.

(6) The numerical model developed computes the permissible live
load capacity based on the limiting allowable stresses and support
deformations. The model may be further extended to include the.
buckling.behaviour of the masonry arches.
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APPENDIX - A

COMPUTER PRINTED RESULTS



,

A.l Influence co-efficient due to moving unit load and
co-efficient of different force components due to
various.loading and support displacements

._--------------



y

x

x

L

0,0

M_
TABLE A.l

POSITION.oF UNIT LOAD FROM THECROYN

BENDING MOMENTS AT LEFT SPRINGING
=INFLUENCE VALUE"(Ll

+--------+--------+--------+--------+._------+---._---+------._+--------+--------+--------+--------+--------+
I 0.350 I 0.00001 -0.04491 -0.03631 -0.00951 0.02001 0.04361 0.05621 0.05511 0.04081 0.01731 0.00001

+--------+--------+--------+._-----.+------.-+-._-----+--------+-------.+--------+--------+--------+--------+
I .0.400 I 0.00001 -0.03901 -0.02821 -0.00221 0.02551 0.04721 0.05851 0.05721 0.04301 0.01931 0.00001

+--------+--------+._------+--------+--------+---_._--+--------+--------+--------+--------+--------+--------+
I 0.450' I 0.00001 -0.03201 -0.01931 0.00571 0.03131 0.051'1 0.06111 0.05941 0.04541 0.02161 0.00001

+---~---~---~-----+--------+--------+--------+--------+--------+-----._-+--------+--------+--------+--------+--- .. -.-+I X/L I -0.50 1 -0.40 1 -0.30 1 -0.20 I -0.10 1 0.00 1 0.10 I 0.20 I 0.30 I 0.40 1 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+I 0.050 I 0.00001 -0.06051 -0.06341 -0.03611 0.00051 0.03151 0.04821 0.04741 0.03221 0.01141 0.00001
+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-_ ... _--+

I 0.100 I 0.00001 .-0.05971-0.06171 -0.03431 0.00181 0.03231 0.04871 0.04801 0.03281 0.01171 0.00001RISE- +--------+- + + + + + + + + •• __• •• +_ •• +

I 0.150 I 0.00001 -0.05821 -0.05891 -0.03131 0.00401 0.03361 0.04961 0.04891 0.03381 0.01231 0.00001-TO- +--------+- + + + + + + + + + + +
I 0.200 I 0.00001 -0.05621 -0.05491 -0.02731 0.00701 0.03551 0.05081 0.05011 0.03511 0.01311 0.00001

SPAN +--------+- + + ._+_~ + + + + + + + +
I 0.250 I 0.00001 -0.05331 -0.04971 -0.02221 0.01071 0.03771 0.05231 0.05161 0.03671 0.01421 0.00001RATIO +.-------+ ._+ . + + +---- + ~--+--------+----- + + + +
I 0.300 I' 0.00001 -0.04961 -0.04351 -0.01621 0.01511 0.04051 0.05411 0.05321 0.03861 0.01561 0.00001

y

x

x
•

L

0,0TABLE A.2

POSITION OF UNIT LOAD FROM THE CROYN

VERTICAL REACTIONS AT LEFT SPRINGING

+--------+--------+--------+--------+--------+-------.+--------+--------+-------.+--~-----+--------+--------+--------+
1 X/L I -0.50 1 -0.40 1 -0.30 1 -0.20 I -0.10 I 0.00 1 0.10 1 0.20 1 0.30 1 0.40 1 0.50 1+--._----+._------+--------+--------+------.-+-._--._-+--------+--------+--------+--------+--------+--------+--------+
I 1 0.050 I 1.00001 0.97181 0.89561 0.78361 0.64771 0.50001 0.35231 0.21641 0.1044/ 0.02821 0.00001+ +---._---+--------+--------+--._----+._--._--+--------+--------+--------+--------+--------+--------+--------+
1 1 0.100 1 1.00001 0.97141 0.89451 0.78231 0.64691 0.50001 0.35311 0.21771 0.10551 0.02861 0.00001+ RISE- +------.-+- + .+ + .+------ __+_. +---. + + . + + +
1 1 0.150 I 1.00001 0.97051 0.89261 0.78021 0.64561 0.50001 0.35441 0.21981 0.10741 0.02951 0.00001+ -TO- +--"---.--+ + +. + __. ._+ +--- .+-- .__+ + + + +'
I I 0.200 1 1.00001 0.96931 0.89001 0.77741 0.64381 0.50001 0.35621 0.22261 0.11001 0.03071 0.00001+ SPAN +--------+ .+ ..__+ . ..+-.---- __+. + +----- + . + + + +
1 1 0.250 I 1.00001 0.96751 0.88651 0.77381 0.64161 0.50001 0.358410.22621 0.11351 0.03251 0.00001
+ RATIO +--------+- +---- .+-----.~_+---- +-- +----- +---- + + + + +

I I 0.300 I 1.00001 0.96521 0.88221 0.76951 0.63901 0.50001 0.36101 0.23051 0.11781 0.03481 0.00001+ +- --- --- -+- -----':'-+-- --- --.+- -------+" ---. ---+- --. ----+- ----. --+- ---. -- -+- -------+- ---- ---+.--. -- ---.••---- ---+
1 I 0.350 I 1.00001 0.96221 0.87711 0.76471 0.63611 0.50001 0.36391 0.23531 0.12291 0.03781 0.00001+ +--------+--------+--------+--------+------._+--------+----._--+--------+--------+--------+--------+--------+
1 I 0.400 I 1.00001 0.95831 0.87121 0.75931 0.63301 0.50001 0.36701 0.24071 0.12881 0.04171 0.00001+ +--------+--------+------ ..+-----_.-+._------+._------+--------+--------+--------+-------~+--------+-------.+
I 1 0.450 I 1.00001 0.95361 0.86471 0.75361 0.62981 0.50001 0.37021 0.24641 0.13531 0.04641 0.00001+--------+--------+---._---+--------+--------+--------+---._---+--------+--------+--------+--------+--------+--------+

/\

. \ "t,



y

x
B

L

0,0TABLEA.3

POSITIONOF UNIT LOADFROMTHECROWN

HORIZOHTALREACTIONSAT LEFT SPRINGING

+--------+~-------+--------+---._---+--------+--------+--------+--------+--------+--------+--------.--------+--._--.-+ <

I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 i '+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+---- .. __+ •• +••__•__~~ i

I I 0.050 I 0.00001 0.61201 1.92771 3.31291 4.32081 4.68621 4.32081 3.31291 1.92771 0.61201' 0.0000'1 I
+ +--------+--------+--------+--------+--------+--------+-_._--_.+-_ ... _--+----_._-+ .. _-_._-+_._-_._-+_.~-_._-~ (-
I I 0.100 I 0.00001 0.31281 0.97541 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001'
+ RISE- +--------+------ __+ + + + + + +__ •• + + • __ •• +~
I I 0.150 I 0.00001 0.21641 0.66281 1.11791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001'. -TO- +--------+._---- __+ + + + + + + +~------_+ + ..+
I I 0.200 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+ SPAN +-.------+-- .+ .__.+ +_._. +. __. +. + .__+_. +_ .. +_ .. +_. .__+
I 1 0.250 I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+ RATIO +-.------+-------_+ + + .+ + + + +_. + . + . +
I I 0.300 1 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.00001+ +-----._-+--------+--------+-----_._+--------+-----._-+------ ..+------.-+--._----+-_._--.-+--._----+-._--._-+
I I 0.350 I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ +--------+--------+--------+._------+------_.+._------+-._--._-+_._--._-+-._--._-+ .._--._-+~.__._-.+--..__.-+
I I 0.400 1 0.00001 0.11791 0.29311 0.44431 0.54321 0.57741 0.54321 0.44431 0.29311 0.11791 0.00001.+ +--------+-----_._+._------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
, I 0.450 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0.11571 0.00001+--------+-------.+--------+--._----+--------+------.-+--------+--------+--------+-._-----+----_._-+--------+--._--.-+

y

x

x
BT,

TABLEA.4

THRUSTSAT THELEFT SPRINGING

POSITIONOF UNIT LOADFROMTHECR~N L• +------ ..+--------+--------+._------+--.------+--._----+--------+--------+--------+--------+--------+--------+--------+
I X/L 1 -0.50 I -0.40 I -0.30 I -0.20 1 -0.10 I 0.00 1 0.10 I 0.20 1 0.30 1 0.40 I 0.50 I+--------+--------+--------+-----_ ..+-_._----+. __._---+--------+._._---.+-_._--_.+--------+-._-----+------_.+--------+
I 1 0.050 I 0.19801 0.75821 2.02051 3.36451 4.34311 4.68621 4.33141 3.31961 1.92651 0.60871 0,00001+ +--------+--------+--------+--------+--------+-._-----+-_._----+--------+--------+--------+--------+--------+
I I 0.100 I 0.38461 0.59661 1.15551 1.76491 2.20501 2.34111 2.18241 1.67801 0.97341 0.30651 0.00001+ RISE- +--------+--- + .+_. .__+ + . + ._+ __. + + . + ._+_. __. +
I I 0.150 1 0.55051 0.62161 0.92041 1.26221 1.50451 1.55861 1.47251 1.13881 0.66111 0.20721 0.00001+ -TO- +----_.--+---- .+__. +. .+ + + + + .+ ._+_. + . +
I I 0.200 I 0.68971 0.67721 0.83251 1.02821 1.16121 1.16691 1.12151 0.87521 0.50981 0.15931 0.0000/+ SPAN +--------+ + +_. +. .+__._._._+ + ..__+ .+__. + + . .+
I 1 0.250 1 0.80001 0.73121 0.79451 0.89651 0.95861 0.93141 0.91331 0.72131 0.42351 0.13271 0.00001+ RATIO +--------+ + .__+. + +_. + ._+_. +__. + + +__. +
I I 0.300 I 0.88241 0.77421 0.77491 0.81221 0.82471 0.77431 0.77561 0.62201 0.37~21 0.11741 0.00001+ +--------+--------+--------+--_._---+-_._._.-+--------+---- .._-+---._---+--------+--------+----._--+--_._-.-+
I I 0.350 I 0.93961 0.80411 0.76091 0.75211 0.72891 0.66181 0.67781 0.55321 0.33581 0.10931 0.00001+ +--------+--_._---+._--._.-+-. __._--+--------+._----_.+------_.+---_._--+- ..-._.-+------_.+--._-_.-+ ..-._- ..+
I I 0.400 I 0.97561 0.82171 0.74771 0.70541 0.65631 0.57741 0.60441 0.50301 0.31301 0.10621_ 0.00001
+ +--.-_. __+_. J._+_. + + + +. . + + • +. __.... _+ __ . __ .. _+ .• _ .• +

I 1 0.450 I 0.99451 0.82881 0.73301 0.66651 0.59871 0.51171 0.54711 0.46471 0.29781 0.10701 O.OOOOi
+._ ... __ .+--_. __._+._._-~--+-----_._+------._+--------+---_._--+._-_._--+----._--+._---_ ..+------_.+._---- ..+----._--+
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TABLE A.5
SHEAR FORCES ALONG THE RADIAL SECTION AT THE LEFT SPRINGING

POSITION OF UNIT LOAD FROM THE CR~N

A
0,0

L

B

x

+--------+--------+--------+-------.+--------+--------+--------+--------+--------+--------+--------+------ ..+--------+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0,10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+--------+------.-+--------+--------+--------+
I I 0.050 I 0.98021 0.86261 0.66021 0_51871.0.47611 0.50001 0.18091 -0.04671 -0.12541 -0.06921 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+----- ... +--------+-- ... _--+
I I 0.100 I 0_92311 0.82801 0.64531 0.51701 0.47871 0.50001 0.18581 -0.04101 -0.12241 -0.06901 0.00001
+ RISE- +--------+--------+--------+---_.---+--------+--------+-----_.-+--------+--------+---- .. --+--------+-_. +
1 I 0.150 I 0.83491 0.77611 0.62361 0.51491 0.48291 0.50001 0.19351 -0.03181 -0.11761 -0.06881 0.00001
+ -TO- +--------+--------+--------+--------+--------+--------+--------+--.-- ••. +.--.----+--------+ ••••• + ••• _+
I I 0.200 I 0.72411 0.71421 0.59921 0.51371 0.48831 0.50001 0.20351 -0.01951 -0.11081 -0.06861 0.00001
+ SPAN +- •.. --.-+.--.-- ..+-.---.-.+.-- ..--.+-.--.- ..+ ..-- .... +- ..-..-.+-. __ •... + __ .__ .__+ .__ .+ •• + __•••. __+
I I 0.250 I 0.60001 0.65021 0.57581 0.51391 0.49461 0.50001 0.21511 ,0.00481 -0.10231 ,0.06831 0.00001
+ RATIO +-----.--+-- ..--.-+.-- ..--.+- ... -... +- ..-.... +-.- ..-..+-.--.---+-.-._ ... +_. ._+ ••+. + __ •• +
I I 0.300 I 0.47061 0.59121 0.55631 0.51601 0_50131 0.50001 0.22771 0.01171 -0.09211 ,0.06791 0.00001
+ +------_.+----_ ..-+----_ ..-+ .•-._._.+ .._.._--+-_ +--_ .._--+ .•_._._-+-._-----+---- •• _.+--------+ •• _-----+
I I 0.350 I 0.34231 0.54241 0.54251 0.52011 0.50821 0.50001 0.24081 0.02961 -0.08041 -0.06721 0.00001
+ +------ •.+._-_ .._-+--- •._.-+-._-_._.+ •.•.. _..+- ... _..-+-._ •._.-+._------+-.- .•• _-+--------+ •••• _---+--- •• _--+
I I 0.400 I 0.21951 0.50711 0.53481 0.52571 0.51491 0.50001 0.25391 0.04821 -0.06721 -0.06601 0.00001
+ +-----._-+. __ ..__ .+.--_ .. _-+---_. __ .+- ... _...+ ... _.._-+- .. -_._-+-----~--+---- .. _-+--------+- ... _---+--- ... _-+
I 1 0.450 I 0.10501 0.48571 0.53251 0.53241 0.52111 0.50001 0.26671 0.06701 -0.05281 -0.06401 0.00001
+---- ••• -+------_.+--._----+------ ••+--_._-_.+-_._-_ .•+ ..__ ._--+-_. __ ._-+-. __ ._--+-------.+- ••• _---+----- ••• +-------.+

TABLE A.6
BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.050)
=INFLUENCE VALUE"(L)

POSITION OF UNIT LOAD FROM THE CR~

y
X

• • •, X
0,0

<

L
+._------+-- •• _---+-._----.+----_._-+. __ •._--+--_. __ ..+ ••_... _-+-_. __ ._-+ ••• __ ._-+--------+ ••• _----+--- ••••• +----_ ••• +
. I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I
+-------.+--------+-- •.. __ .+-_._ .._-+. __ ..__ .+-_._---.+ ..__ .._-+-_._- ... +-_. __ ._-+--------+--------+ •• _-----+- ••• _._-+
1 I I 0.00001 -0.06051 -0.06341 -0.03611 0.00051 0.03151 0.04821 0.04741 0.03221 0.01141 0.00001
+ +------ ••+-_: __ ._-+-- ••... -+-._ .._--+.- + _..-.+ __ ..-+-_._-._.+------_.+.- •••• _-+---- ••• -+------ ••+
I I 2 I 0.00001 0.02561 -0.00881 -0.01781 -0.01301 -0.00341 0.00511 0.00911 0.00771 0.00311 0.00001+ +------_.+ .. __ .__ .+------ ..+----_ .._+._._._ ..+-~._ .._-+._._ .._.+-. __ ._.-+._._----+---_ •••• +----_.-.+._----_.+
1 I 3 I 0.00001 0.01421 0.05381 0.01421 -0.00881 -0.01901 -0.02011 -0.01571 -0.00881 '0.00271 0.00001
+DIFFER- + ••••• --.+---- .••. +--------+-.-.- ..-+.---.- ..+ •..... -.+--.--.-.+_. ._+ •••• + •.+ ••••. + •••• __ ._+
I I 4 I 0.00001 0.00531 0.02421 0.05961 0.01301 -0.01561 -0.02791 -0.02701 -0.01761 -0.00591 0.00001
+ .ENT + ..-..•• -+.--.-- ..+-.-.-- ..+- ..--.-.+-- -..+ -_+_ _.+_ .._._._+ ._.+ ...••• __+ ._._.+. ...• +
1 I 5 I 0.00001 -0.00"1 0.00231 0.01821 0.05211 0.00651 -0.01841 -0.02511 -0.01861 -0.00681 0.00001
+SECTIONS+.-- ..•• -+--.- ..-.+ .. --.. --+-- ... -..+ .•-.... -+ ..-..... +- ..-..--+- ..-.... +--.--- ..+.-.- ..• _+ ..+._. +
I I 6 I 0.00001 -0.00521 -0.01201 -0_01001 0_00831 0.04721 0.00831 -0.01001 -0.01201 -0.00521 0.00001
+ +._----_.+- .. _-:-.+---_ .._.+- .._-_ ..+ +-- +-_. __ ..-+- ••.. _--+._ .._ +-._-----+-._.- ••. +-_ ..•••. +
I I 7 1 0.00001 -0.00681 -0.01861 -0.0~511 -0.01841 0.00651 0.05211 0.01821 0.00231 -0.001'1 0.00001+ + ...• _-_.+-. __ .._-+.-._. __ .+._ .._-_.+ ... _.... +. __ .._-.+ .._-_ ... + ... _..• -+._._._ ..+._ ...•• -+----_ ... + ••• _. __ .+
I I 8 1 0.00001 -0.00591 -0.01761 -0.02701 -0.02791 -0.01561 0.01301 0.05961 0.02421 0.00531 0.00001
+ +-_ ...•. -+-_. __ ._.+.-.-_._-+. __ .._..+._ ..... -+ .._... _.+._ .._---+- .._..-.+-._---_.+._.- •.• -+----_ ..• + ••. __ ... +
I I 9 I 0_00001 -0.00271 -0_00881 -0.01571 -0.02011 -0.01901 -0.00881 0.01421 0.05381 0.01421 0.00001
+ +- .. --.--+-- ..-.--+ - -+.--.---.+ + ---.+ -..-.+- ---+- ..-.-.-+.- ..-.--+.--- -~.-- ..-.+
I I 10 I 0.00001 0_00311 0.00771 0.00911 0.00511 -0.00341 -0.01301 -0.01781 -0.00881 0.02561 0.00001
+ +..•... _-+---_. __.+_.~- .._-+.__.__..+.._---..+.__.....+ ......•. +-._-_ ..-+._ ..... -+ .. _--_.-+-._ .. -.-+-_._ ..•• +
I I 11 I 0.00001 0.01141 0.03221 0.04741 0_04821 0.03151 0.00051 -0.03611 -0.06341 -0.06051 0.00001
+----_ .. -+ .._.• ---+-. __ .__ .+- .._----+ _ + +--:- -+ .. _..•.. + _--.-+-._ .._.-+ .. _._ .•• + .•. _----+-_ •••• _-+

.,



y

TABLE A.7
VERTICAL SHEAR'FORCESAT DIFFERENT SECTIONS (RISE-TO-SPANRATIO 0.050)

x

POSITION OF UNIT LOAD FROM THE CROWN+--------+--------+._------+--------+--------~-._--._-+--------+--------+--------+--------+--------+--------+--------+
1 X/L 1 -0.50 1 -0.40 1 -0.30 1 -0.20 1 -0.10 1 0.00 1 0.10 1 0.20 1 0.30 1 0.40 1 0.50 1"+--------+--------+--------+--------+--------+--------+-------~+--------+--------+--------+--------+--------+--------+
/ 1 I 0.00001 0.971BI 0.89561 0.78361 0.64771 0.50001 0.35231 0.21641 0.10441 0.02821 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+-----~--+._------+--._----+--------+
/ / 2 1 0.00001 -0.0282/ 0.89561 0.78361 0.64771 0.50001 0.35231 0.2164/ 0.10441 0.0282/ 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+----~---+-._-----+--._-._-+
1 1 3 1 0.00001 -0.02821 -0.10441 0.78361 0.64771 '0.50001 0.35231 0.21641 0.10441 0.02821 0.00001+OIFFER- +--------+- + + + + + + ~__+ ~---+--------+--------+-- ~_+
1 1 4 1 0.00001 -0.0282/ -0.10441 -0.21641 0.64771 0.50001 0.35231 0.21641 0.1044/ 0.02821 0.0000/+ -ENT +--------+- + +__ ~ + + +__~ + + + ~ + + +
/ 1 5 1 0.0000/ -0.02821 -0.10441 -0.21641 -0.35231 0.50001 0.35231 0.21641 0.1044/ 0.028210.00001+SECTJONS+--------+- + + + + . + + + + + + +
/ / 6 1 0.00001 -0.02821 -0.10441 -0.21641 -0.35231 0.50001 0.35231 0.21641 0.10441 0.02821 0.00001+ +-._-----+--------+------~-+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 ,7 1 0.00001 -0.02821 -0.10441 -0.21641 -0.3523/ -0.5000/ 0.35231 0.2164/ 0.10441 0.02821 0.00001+ +--------+--------+--------+--------+--------+--------+._------+--------+-----~--+-------.+--------+---~----+
1 1 8 1 0.00001 -0.02821 -0.10441 -0.21641"0.35231 -0.50001 -0.64771 0.21641 0.10441 0.02821 0.00001
+ +~-------+--------+--------+--------+--------+--------+--------+--------+---~----+--------+--------+---~----+
1 1 9 1 0.00001 -0.02821 -0.10441 -0.21641 -0.35231 -0.50001 -0.64771 -0.7836/ 0.10441 0.02821 0.0000/+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 I 10 1 0.00001 -0.0282/ -0.10441 -0.21641 -0.3523/ -0.50001 -0.6477/ -0.78361 -0.89561 0.02821 0.00001+ +--------+--------+--------+--------+-------.+--------+--------+--------+-~---~--+--------+--------+--------+
1 1 11 1 0.0000/ -0.02821 -0.10441 -0.21641 -0.35231 -0.50001 -0.64771 -0.78361 '0.89561 -0.97181 0.00001+----~---+--------+--------+--------+--------+--------+--------+--------+--------+--~-----+--------+--------+--------+

TABLE A.8
HORIZONTAL THRUSTS AT OIFFERENT SECTIONS (RISE'TO-SPANRATIO 0.050)

y
x

• •, -,
X

0.0
<

POSHION OF UNIT LOAD FROM THE CROWN L+-------~+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
. I, X/L 1 -0.50 1 -0.40 / . -0.30 1 ,0.20 1 -0.10 1 0.00 1 0.10 1 0.20 1 0.30 1 0.40 1 0.50 1 '+--------+--------+--------+--------+--------+--------+--------+-----~--+--------+--------+--------+--------+--------+
1 1 1 0.00001 0.61201 1.92771 3.31291 4.32081 4.68621 4.32081 3.31291 1.92771 0.61201 0.00001+ +--------+--------+--------+--------+--------+--------+--------+-----~--+--------+--------+--------+--------+
/ / 2 1 0.0000/ 0.61201 1.92771 3.31291 4.32081 4.68621 4.32081 3.31291 1.92771 0.61201 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 3 / 0.00001 0.61201 1.92771 3.312914.32081 4.68621 4.32081 3.31291 1.92771 0.61201 0.0000/+DJFFER- +-------_+ + + + + + + + + + + +
1 1 4 1 0.00001 0.61201 1.92771 3.31291 4.32081 4.68621 4.32081 3.3129/ 1.92771 0.61201 0.00001+ -ENT +--~-----+-------_+ + + + + + + + + + +
1 1 5 1 0.00001 0.61201 1.92771 3.31291 4.32081 4.68621 4.32081 3.3129/ 1.92771 0.6120/ 0.00001+SECTJONS+--------+- + + + + + + ~ + + + + +
/ 1 6 / 0.00001 0.61201 1.92771 3.31291 4.32081 4.68621 4.32081 3.3129/ 1.92771 0.61201 0.00001+ +--------+--------+--------+--------+-----._-+------_.+--------+--------+--------+--------+--------+--------+
1 1 7 / 0.00001 0.61201 1.92771 3.31291 4.32081 4.68621 4.32081 3.3129/ 1.92771 0.61201 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 8 I 0.00001 0.61201 1.92771 3.31291 4.3208/ 4.68621 4.32081 3.3129/ 1.92771 0.61201 0.00001+' +--------+--------+--------+--------+--------+--------+--------+-------~+--------+--------+--------+--------+
1 1 9 / 0.00001 0.61201 1.92771 3.31291 4.3208/ 4.68621 4.32081 3.3129/' 1.92771 0.6120L 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 10 1 0.00001 0.6120/ 1.927713.3129/ 4.32081 4.68621 4.32081 3.31291 1.92771 0.61201 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 11 1 0.00001 0.61201 1.92771 3.31291 4.32081 4.68621 4.32081 3.31291 1.92771 0.61201 0.00001+--------+--------+--------+----~---+--------+--------+._------+--------+--------+--------+--------+--------+--------+



y
x

TABLE A.9

THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TD-SPAN RATID 0.D5D)
POSITION OF UNIT LOAD FROM THE CR~N L

x

+--------+---_._.~+--------+--------+---.----+--------+--------+--------+-_ .. ----+--------+ .... ----+--------+--------+
I X/L I -D.50 I -0.40 I -0.30 I -D.20 I -0.10 I 0.00 I 0.10 I 0.20 I D.30 I 0.40 I 0.50 \+--------+--------+--------+--------+-----_ ..+--------+---_.---+--------+--------+--------+-_ +--------+~-------+
I I I 0.0000\ 0.79231 2.06691 3.40241 4.36351 4.69241 4.30501 3.29011 1.9102\ 0.60551 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I \ 2 I 0.00001 0.59981 2.04531 3.39521 4.36891 4.70621 4.32211 3.30531 1.91991 0.60871 0.00001
+DIFFER- +--------+--------+--------+--------+--------+----- ... +--------+--------+--------+ .... _.--+--------+--------+
I I 3 I 0.00001 0.60431 1.90171 3.38251 4.36721 4.71241 4.33211 3.3151\ 1.92651 0.61101 0.00001
+ -ENT +--------+-----~--+--------+--------+--------+--------+-.------+-------p+--------+--------+~ ..... -.+- ..-.-.-+
I I 4 I 0.00001 0.60791 1.91341 3.28531 4.35861 4.71101 4.33521 3.3196\ 1.92991 0.61231 0.00001+SECTIONS+---p----+-----:--+--------+-~------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 5 I 0.00001 0.61041 1.92211 3.30171 4.30351 4.70231 4.3314\ 3.31881 1.93041 0.61261 0.00001+ +_._-----+--------+-------~+--------+--------+-_._----+--------+----.---+--------+--_._~--+_.------+--------+
I \ 6 I 0.00001 0.61201 1.92771 3.31291 4.3208\ 4.68621 4.32081 3.31291 1.92771 0.61201 0.00001+ +--------+--------+--------+.-.-----+--------+--------+----~---+--------+--------+--------+_p.----.+--------+
I I 7 I 0.00001 0.61261 1.93041 3.31881 4.33141 4.70231 4.30351 3.30171 1.92211 0.61041 0.00001+ +-_. __ .. -+--------+--------+--------+--------+-----;--+--------+--------+--------+.---.---+--------+--------+
I I 8 I 0.00001 0.61231 1.92991 3.31961 4.33521 4.71101 4.35861 3.28531 1.91341 0.60791 0.0000\+ +--_._---+--------+--------+--------+-_ ... ---+~-------+--------+--------+--------+_ .... ~..+ ... -----+--------+
1 I 9 I 0.00001 0.61101 1.92651 3.3151I 4.3321 I 4.71241 4.36721 3.38251 1.90171 0.6043\ 0.00001+ +--------+----~-_.+--------+--------+------_.+--_._---+--------+--------+--------+--------+------_.+ .... __ ..+
I I 10 I 0.00001 0.60871 1.91991 3.30531 4.32211 4.70621 4.36891 3.39521 2.04531 0.59981 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+---_.~--+._ ..... _+... -.. _.+
I I 11 I 0.00001 0.60551 1.91021 3.2901\ 4.30501 4.69241 4.3635\ 3.40241 2.06691 0.7923\ 0.00001+--~-----+--------+--------+--------+--.-----+--------+---_._--+--------+--------+_.~-_ ... +-._.-.--+--------+--------+

y
x

> •• •
X

0.0 ~

L

SHEAR FORCES ALONG THE OIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.050)
POSITION OF UNIT LOAO FROM THE CR~N+._._-._-+--_ .. _--+--------+------_.+-_. __ ... +-._-----+--------+--------+---_ .. _.+.-------+--------+--------+--------+

I X/L I -0.50 I -0.40 I -0.30 I -0.20 1 ,0.10 I 0.00 I 0.10 I 0.20 I 0.30 \ 0.40 I 0.50 I+--------+--------+--------+--_._---+-----~--+------_.+-_. __ .. _+-_ ... _--+--------+--------+-----~_.+ .. _.. _.-+ •••••• _-+
I 1 I 0.00001 0.83141 0.49621 0.11201 -0.22071 -0.43791 -0.51031 -0.44391 -0.27941 -0.09361 0.00001+ +--------+--------+. __ ._---+ .. _-----+--------+------_.+._-_._--+--------+--------+--------+--------+--------+
I 2 I 0.00001 -0.12481 0.57891 0.24891 -0.04491 -0.24871 -0.33671 -0.3111\ -0.20231 -0.06921 0.0000\+DIFFER- +--------+-----.--+--.--.-.+-- .. ----+--------+------.-+--.~.-.-+--------+--------+-.------+ .. -.. ~--+- ... --.-+
I I 3 \ 0.00001 -0.10071 -0.33271 0.38441 0.12981 -0.06031 -0.16361 -0.17871 -0.12541 -0.04481 0.00001+ -ENT +--------+----.---+.-.-----+--------+--- .. --.+ .. --.--.+--------+--------+--------+- -.+ + - +
I I 4 I 0.00001 -0.07651 -0.25671 -0.47811 0.30341 0.12721 0.00891 -0.04671 -0.04871 -0.02041 0.00001+SECTIONS+--------+----.--.+---- .. --+--------+--------+--------+---.".-.-+--------+--------+--------+- .. -----+ ... -----+
I 5 I 0.00001 -0.0524\ -0.18061 -0.34751 -0.52311 0.31401 0.18091 0.0851\ 0.02791 0.00391 0.00001+ +--------+--------+-._-.---+--------+-----_ ..+-_. __ ._-+ .. _-----+--------+----_._-+ .. _._._.+--------+------.-+
1 6 I 0.00001 0.02821 0.10441 0.21641 0.35231 -0.50001 -0.35231 -0.21641 -0.10441 -0.02821 0.00001+ +--------+-----_ ..+-. __ .. _-+--_._---+--------+------_.+-._-_._-+----.---+--------+--------+-._-----+-_._----+
.1 I 7 I 0.00001 0.00391 0.02791 0.08511 0.18091 0.31401 -0.52311 -0.34751 -0.18061 -0.05241 0.00001+ +--------+--_. __ .-+._------+--------+--------+-_._----+. __ ._---+--------+--------+----_._-+ .. _._ .. _+_ .. ~.. _-+
1 8 I 0.00001 -0.02041 -0.04871 -0.04671 0.00891 0.12721 0.30341 -0.47811 -0.25671 -0.07651 0.00001+ + ... _----+--------+--------+---_. __ .+._ .. _.. -+.-------+--------+---_._--+--------+.-.-----+--------+------.-+
1 1 9 I 0.00001 -0.04481 -0.12541 -0.17871 -0.16361 .0.0603\ 0.12981 0.38441 -0.33271 -0.10071 0.00001+ + +. __ .__ ._+. + + + __ .. _.. _+ + + .+. +__ • __ • __1_._ .... _+
I 1 10 1 0.00001 -0.06921 -0.20231 -0.31111-0.33671 -0.24871 -0.04491 0.24891 0.57891 '0.12481 0.00001+ +--------+------_.+--------+--------+--------+--_._---+--_._---+-----_.-+---_._--+- .. _... -+--------+--.-----+
1 I 11 I 0_00001 -0.09361 -0.27941 -0.44391 -0.51031 -0.43791 -0_22071 0.11201 0.49621 0.83141 0.00001+--.-:---+--------+------_.+_._-----+--------+-_ .. _... +-.------+--------+-----_ ..+--------+--------+--------+-_ .... _-+

TABLE A.I0



TABLEA.Tl

BENDINGMOMENTSAT DIFFERENTSECTIONS(RISE-TO-SPAN RATIO0.100)
=INFLUENCEVALUE'(L)

POSITIONOF UNIT LOADFROMTHECROWN+~-------+-------.+--------+--------+--------+--------+--------+--------+--------+--------+--------+_ .. _--_.+- •• _----+
I X/l I -0.50 I -0.40 I -0.30 I -0_20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I I 0.00001 -0'05971 -0.06171 -0.03431 0.00181 0.03231 0.04871 0.04801 0.03281 0.01171 0.00001
+ +--._---.+--------+--------+~-------+--------+._----.-+--------+--------+--------+--------+- ... _---+-- •• _---+
I I 2 I 0.00001 0.02591 -0.00831 -0.01761 -0.01331 -0.00411 0.00421 0.00831 0.00731 0.00301.0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+ .. _-----+-- .. _---+-- •• _---+
I I 3 1 0.00001 0.01431 0.05391 0.01411 -0.00911 -0.01961 -0.02101 -0.01651 -0.00941 .0.00291 0.00001
+DIFFER- +--------+------ __+ + + + + ~~+~.-~--~-+----~_~_+-------_+--------+---. +
I I 4 I 0.00001 0.00531 0.02421 0.05971 0.01321 -0.01561 -0,02811 -0.02741 -0.01801 -0.00611 0.00001
+ -ENT +--------+------~_+~---~--~+_~ ~_+~.--~~-~+~-~.~ __~+.~-----.+-~-_~ __~+------ __+--.----_+-----~--+ +
I I 5 I 0.00001 -0.00121 0.00231 0.01861 0.05271 0.00721 -0.01791 -0.02501 -0.01881 -0.00691 0.00001'+SECTJONS+-----. __+---~--.-+_~ __~~__+--~~~--~+-~.--~ ..+~~- ..~~~+-.-~-~.-+-~.-.~_~+ ..-~----+ . +__~ + • __+

I I 6 I 0.00001 -0.00531 -0.01201 -0.00961 0.00911 0.04821 0.00911 -0.00961 -0.01201 -0.00531 0.00001+ +-------~+~~-----~+------~-+.~----~-+--~~~~-.+-~_._-~~+---~-_ ..+~-------+---~----+--------+--------+._------+
I I 7 I 0.00001 .0.00691 -0.01881 -0.02501 -0.01791 0.00721 0.05271 0.01861 0.00231 -0.00121 0.00001+ +--------+---~---~+~---~---+--~---~~+._~-_ .._+~---~~_.+-~~----~+ .._-~_._+~--_._~-+--._----+--._----+---._~--+
I I 8 I O.O~OOI -0.00611 -0.01801 -0.02741 -0.02811 -0.01561 0.01321 0.05971 0.02421 0.00531 0.00001
+ +.-------+ ..--~---+--.---.-+-~--.~-.t--~~.--~+- ..-~.--+-- .. -.~~+-.-.~-.-+--~- +----~ .._+---~-~-~+~_.~ .+
I I 9 I 0.00001 -0.00291 -0.00941 -0.01651 -0.02101 -0.01961 -0.00911 0.01411 0.05391 0.01431 0.00001+ +---_._--+-._-_._-+---~----+-----~_._+-~-_._--+--.~-_.-+~---~---+._-~--.-+--------+-----~--+._----~-+-._--.~-+
I I 10 1 0.00001 0.00301 0.00731 0.00831 0.00421 -0.00411 -0.01331 -0.01761 -0.00831 0.02591 0.00001+ +--------+--------+~-------+------~~+_.~-----+~---~---+._~-_._-+_._-~---+-----~--+~-------+--------+-_._---~+
1 I 11 I 0_00001 0.01171 0.03281 0.04801 0.04871 0.03231 0.00181 -0.03431 -0.06171 -0.05971 0.00001+--------+--------+--_._---+--------+--------+--------+-~---~--+-._--_._+---._---+._--- .._+----- ...+--._---.+--._- ...+

TABLEA.12

VERTICALSHEARFORCESAT DIFFERENTSECTIONS(RISE-TO-SPAN RATIO0.100)

POSITIONOF UNIT LOADFROMTHECR~N

I X/L I -0.50 I -0.40 I -0.30 I -0.20 1 -0.10 I 0.00 I 0.10 1 0.20 I 0.30 I 0.40 I 0.50 I+--------+~-------+-~--_._~+--~-----+~---~---+---_ .._-+-~~---~-+_._~----+----.~--+._-~----+--------+-- .._--.+-- .._--~+
I I 0.00001 0.97141 0.89451 0.78231 0.64691 0.50001 0_35311 0.21771 0.10551 0.02861 0.00001+ +-._-----+--------+~---~~--+------~-+._~--_.~+-_._----+.~-----~+-._~----+---._---+---- .._-+-._-----+-._--._-+
1 2 1 0.00001 -0.02861 0.89451 0.78231 0.64691 0.50001 0.35311 0.21771 0.10551 0.02861 0.00001+ +--------+-----~--+------~-+--------+--_.~-~-+.~--_._~+--~-----+--------+----- .._+-_._-- ..+--._-- ..+------.-+
I I 3 I 0.00001 -0.02861 -0.10551 0.78231 0.64691 0.50001 0.35311 0.21771 0.10551 0.02861 0.00001+DIFFER- +.---- +-------_+--------+---.~---+----.~ __+-.~~--_~+---.----+~ ~__+-.---- __+__. .+__.. +__. +
I I 4 I 0.00001 -0.02861 -0.10551 -0.21771 0.64691 0.50001 0.35311 0.21771 0.10551 0.02861 0.00001
+ -ENT +--.--~-_+---.----+ . +-----.~_+-.-~----+ .~~__+ +-.-----_+ • + +. + •• -- +

I I 5 I 0.00001 -0.02861 -0.10551 -0.21771 -0.35311 0.50001 0.35311 0.21771 0.10551 0.02861 0.00001+SECTIONS+- ..---.-+-.-----_+ + .~ +~~ ~~_+ ~__~~+__.~~ + ~__+.----. __+_. +_. .~+_ •• +

I I 6 I 0.00001 -0.02861 -0.10551 -0.21771 -0.35311 0.50001 0.35311 0.21771 0.10551 0.02861 0.00001+ +--------+--------+--------+--------+-~------+--~----~+---._---+-----~~-+--~-----+-._--._-+------._+--------+
I I 7 I 0.00001 -0.02861 -0.10551 -0.21771 -0.35311 -0.50001 0.3531 I 0.21771 0.10551 0.02861 0.00001+ +-._-----+--------+------_.+~---~---+---_.~~-+._~~-_ ..+-_.~--_.+---_.~~-+-----_._+--------+--._----+--._--.-+
I I 8 I 0.00001 -0.02861 -0.10551 -0.21771 -0.35311 -0.50001 -0.64691 0.21771 0.10551 0.02861 0.00001+ +--------+--------+------_.+---_._--+._--_._~+ ..__.__.+---_._--+.~----~-+_ ..~----+----._--+--------+_._-----+
I I 9 I 0.00001 -0.02861 -0.10551 -0.21771 -0.35311 -0.50001 -0.64691 -0.78231 0.10551 0.02861 0.00001+ +- •• _----+------_.+----._--+~-----~-+--------+-- ..~-_.+----.~--+------.~+--------+~-- .._--+._-- .._-+---- .._-+
I I 10 I 0.00001 -0.02861 -0.10551 -0.21771 -0.35311 -0.50001 -0.64691 -0.78231 -0.89451 0.02861 0.00001+ +--------~-----~--+------~-+--------+---~----+--_._~--+----_.~~+---~----+--------+--------+------._+--._----+
I I 11 I 0.00001 -0.02861 -0.10551 -0.21771 -0.35311 -0.50001 -0.64691 -0.78231 -0.89451 -0.971'1 0.00001+--------+-._-----+---~----+----~---+--------+--~---_.+~-------+-~--_._-+--------+----._--+----- .._+--._----+-----_.-+



TABLEA. T3

HORIZONTALTHRUSTSAT DIFFERENTSECTIONS(RISE-TO-SPANRATIO0.100)

POSITIONOF UNIT LOADFROMTHECR~+--------+--------+--------+--------+--------+--_ .._--+--------+--------+--------+--------+--------+--------+--------+
I X/L I -0.50 I -0.40 I -0.30 1 -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 I I 0.00001 0.31281 0.97541 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+----- .. _+--------+--------+
I I 2 I 0.00001 0.31281 0.97541 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-- .. _---+--------+
I I 3 1 0.00001 0.31281 0.97541 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001
+DIFFER- +--------+---- + + + + + + ••__+ ~~~_~+---.-.-~~+--~.._~.+--.--__~+
I I 4 10.000010.312810.975411.664312.161612.341112.16161 1.664310.975410.312810.00001+ ~ENT +~~--~._~+~--~~ +~-~~~_~~+-~-~._~~+--~~~__~+__~~._~~+._~~~.~~+.__~~.~~+._~_~._~+. ~._~+---~ ~+--.._~~_+
I I 5 I 0.00001 0.31281 0.97541 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001+SECTIONS+-.--~.--+.-~~.-~~+~ +__~~ ~+_~~ +_~~~__~~+__~~__~~+__~~ ~+~--~~__~+~-~~-__~+__~~__~~+-~.~~_._+
1 1 6' I 0.00001 0.31281 0.97541' 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001+ +~~-~~~-~+~---~---+._~~._~~+-~-~--~~+--~~---~+--~~---~+---~--~~+----._-~+---_._~~+--~._~~-+~----~~-+~~--~._-+
I I 7 I 0.00001 0.31281 0.97541 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001+ +-~~--~~-+~~---~--+~~-~----+~--~~--~+._~~---~+---~----+--~~----+--~~----+-~~---~~+--~._~~.+~~._-~._+._~-._-.+
I I 8 I 0.00001 0.31281 0.97541 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001+ +---._---+--._-~._+~._~~._~+~-~~~--~+--~~--~~+--~----~+--~._--~+-~~~---~+-~_._~~~+~~-._~--+-~---~--+---~.~~~+
I I 9 I' 0.00001 0.31281 0.97541 1.66431 2.16161 2.341'1 2.16161 1.66431 0.97541 0.31281 0.00001+ +~~.~-._-+~--~~-~~+--~~-~_.+--~._---+--._--~-+~~---~.-+~----~--+~~-~~~--+~.~-~~--+--~---~-+~--~-~-~+~---._--+
I I 10 10.000010.312810.975411.664312.161612.341112.16161 1.664310.975410.312810.00001
+ +._-~----+--------+~~._----+--------+--------+--------+---~----+--------+------~-+-~~--~_.+----~~-~+~--~._~~+
I I 11 I 0.00001 0.31281 0.97541 1.66431 2.16161 2.34111 2.16161 1.66431 0.97541 0.31281 0.00001+------.~+-----._-+._~~~~--+--~~-~-~+~--~---~+~.~~-~~~-+~~--~~~.+~~._~~~-+~~.~~~--+~~._~~--+~-~-~---+._-~---~+--.._-_.+

TABLEA.14

THRUSTSAT THEDIFFERENTRADIALPLANES(RISE-TO-SPAN'RATIO0.100)

POSITIONOF UNIT LOADFROMTHECROWN+~---_._~+-~~--~~~+-~---~~-+-._-~~--+~--~~--~+--~~----+--~~--~-+~-~._-~~+-~~~--~-+-~--~~_.+-..__.._+~--~~._~+.-._----+
I X/L I -0.50 I ,0.40 I -0.30 I -0.20 I -0.10 1 0.00 I 0.10 I 0.20 I 0.30 I 0.40 1 0.50 1+~._~~--~+-~~--~~~+--._----+-~--~---+~--~~---+----._~~+--~--~-~+~-~._-~~+~~~_.~~.+-~~-~~_.+-_.~-_._+~-~~~--~+._~-~-~.+
I I I 0.00001 0.66241 1.24441 1.83721 2.24411 2.35331 2.13111 1.62001 0.94091 0.29981 0.0000/+ +~~._~~--+~--~~--~+--~~._--+---~---~+--~---~~+~~~.~~~-+-~~--~~-+~~--~~~-+~_._-~~~+~-~-~---+--------+---~--.-+
I I 2' 1 0.00001 0.28891 1.20331 1.82431 2.25581 2.38141 2.16541 1.65051 0.96051 0.30651 0.00001+DIFFER- +-------~+---- +__~ ._+_~ + + +~ ~.__+ + + +------__+..__. +
I 1 3 I 0.00001. 0.29781 0.92471 1.79991 2.25251 2.39331 2.18471 1.66961 0.97341 0.31101 0.00001+ -ENT +---- +--~- +__~ ._+_~ + + ~ +.__~~ + ~~ +---~ +---. .+--.---__+_. +
I 1 4 I 0.00001 0.30471 0.94751 1.61101 2.23541 2.39021 2.19021 1.67801 0.98001 0.31351 0.00001+SECTIONS+--~---~-+-~----__+-.---.__+---- + ~ ~+ ~ ~+---.__~~+__~. +__••__~~+-~.--~.-+-.--~.__+---~--~_+
I I 5 I 0.00001 0.30971 0.96441 '1.64261 2.12801 2.37261' 2.18241 1.67611 0.98061 0.31411 0.00001+ +-~._----+~-------+~-------+--------+--------+--------+---~----+--~._---+---._-~-+-~-~--..+-~._-~--+---~._--+
I I 6 10.000010.312810.975411.664312.161612.341112.16161 1.66431 0.97541 0.31281 0.00001
+ +._-----~+--~~----+--~-----+--~-----+--------+~----~--+~~---._-+~._-----+~---.._-+---_._-~+--_._---+-._-~._-+
I I 7 I 0.00001 0.3141 I 0.98061 1.67611 2.18241 2.37261 2.12801 1.64261' 0.96441 0.30971 0.00001+ +._--~---+------~~+--~---~-+-_._--._+---_._--+-----~--+~-------+~-------+~----._-+-------~+--~._---+-.._~.~~+
I I 8 I 0.00001 0.31351 0.98001 1.67801 2.19021 2.39021 2.23541 1.61101 0.94751 0.30471 0.00001+ +----~--~+~-------+._~---~~+---~---~+-~~---~-+-----~-~+--~~---~+-~~----~+~~~---~.+~~._-~--+~---~._-+---~._~.+
I I 9 I 0.00001 0.31101 0.97341 1.66961 2.18471 2.39331 2.25251 1.79991 0.92471 0.29781 0.00001
+ +~-~-----+-~--~---+----~---+~------~+--------+---~---~+----~---+------~-+--~~----+---~--~~+--~--~--+._-~_._-+
I I 10 I 0.00001 0.306510.96051 1.65051 2.16541 2.38141 2.25581 1.82431 1.20331 0.28891 0.00001
+ +--- --- ~-+~~---~--+~---~---+~~---~--+~-------+- - - - - - - -+~~---~--+- ~- - ~~~.+-~~_.•~~-+- ~-- ~~- ~+~~-~~~-:'\.~-~~.~~~+
I I 11 I 0.00001 0.29981 0.94091 1.62001 2.13111 2.35331 2.24411 1.83721 1.24441 0.66241 0.00001+~---~--~+~---~--~+---~--~~+-~~~~~~~+~--~~-~~+--~---~~+-~~~--~~+--~~--~~+--~~~._~+----~._-+~--~~--~+-~~~._~-+-~~--~..+
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TABLE A.15

SHEAR FORCES ALONG THE DIFFERENT RACIAL PLANES (RISE-TO-SPAN RATIO 0.100)
POSITION OF UNIT lOAO FROM THE CROYN

+_ •• ~----+--------+--------+--------+_._-----+--------+--------+---_._.-+--------+-.------+--------+--------+- .._-_ ..+
I X/l I -0.50 I -0.40 I -0.30 I -0.20 1 -0.10 \ 0.00 \ 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+ --+--------+--------+--------+--------+--------+-_.-----+----_ .. -+--------+-_ --+--------+ +
I I 0.00001 0.7763\ 0.45061 0.08201 -0.23421 -0.43891 -0.50541 -0.4392\ .0.27781 -0.09391 0.00001
+ +--------+--------+--------+------_.+--------+--------+--------+--_ .. ---+--------+ ----+--------+ +
I \ 2 I 0.00001 -0.12351 0.5510\ 0.23231 -0.04961 -0.24461 -0.32911 -0.30501 -0.1997\ -0.06901 0.00001
+DIFFER- +--------+--------+--------+--------+--------+----- ... +--------+--------+------- .•...... --+--------+--------+
I I 3 I 0.00001 -0.10011 -0.32771 0.3771\ 0.13061 -0.05381 -0.15531 -0.17231 -0.12241 -0.04431 0.00001
+ -ENT +--------+------.-+.-.-----+-~------+--.-----+--------+ ••••• ---+-------.+.-------+------ ..+ .... --.-+.-------+
I I 4 I 0.00001 -0.07641 -0.25431 -0.47111 0.3067\ 0.13391 0.01631 -0.04101 -0.04581 '0.01981 0.00001+SECTIONS+- .. -----+--------+--------+.-------+--------+.-------+--------+ .. ------+--------+ ..... ---+--------+--------+
1 1 5 \ 0.00001 -0.05261 -0.18021 -0.34511 -0_51831 0.31841 0.18581 0.08901 0.03011 0.00451 0.00001+ +--------+--_ .. _.-+--------+---_._--+._----_.+--------+-._-----+--------+-._-.---+--------+----_ ... +._._ .... +
I I 6 I 0.00001 0.02861 0.10551 0.21771 0.35311 -0.50001 -0.35311 .0.21771 -0.10551 -0.02861 0.00001+ +--------+--------+--------+--------+-_._----+--------+--~--_._+--------+--------+.-------+--------+--------+
\ I 7 1 0.00001 0.00451 0.03011 0.08901 0_18581 0.31841 -0.5183\ -0.3451\ -0.18021 -0.0526\ 0.00001+ +----_ .. -+--------+--------+--_. __ .-+--------+------_.+.-------+--------+ .. _-_.--+--------+--------+-._._---+
I I 8 I 0.00001 -0.01981 -0.04581 -0.04101 0.01631 0.13391 0.30671 -0.47111 -0.2543\ .0.07641 0.00001+ +--------+--------+._------+--------+ ... __ ._-+--------+--------+--------+------_.+--------+--------+--------+
\ I 9 I 0.00001 -0.04431 -0.12241 -0.17231 -0.15531 -0.05381 0.13061 0.37711 -0.32771 .0.10011 0.00001+ +--------+--------+-----_ ..+--_._ .. -+--------+-----_.-+--------+------_.+--------+--------+----_._.+ .... _---+
I I 10 I 0.0000\ -0.06901 -0.19971 -0.30501 -0.32911 -0.24461 -0.04961 0.23231 0.55101 -0.1235\ 0.00001+ +------_.+--------+--------+---_ .... +--_._---+--------+ .. __ ._ ..+--------+-----_.-+-_.-----+--------+--------+
1 I 11 I 0.00001 -0.09391 -0.27781 -0.43921 -0.50541 -0.43891 -0.23421 0.08201 0.45061 0.77631 0.00001+------_.+--------+--------+-~------+------.-+--------+------_.+_._ .. _--+-~------+-_._ .._.+ ..... _._+--------+--------+

TABLE A.16

BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.150)
=INFlUENCE VALUE"(l)

POSITION OF UNIT lOAD FROM THE CR~N+--------+--------+--------+--------+---._---+--------+------_.+---_._--+--------+--------+-----_.-+- .. _. __ .+ ..... _..+
I X/l I -0'.50I -0.40 I -0.30 I -0.20 1 -0.10 I 0.00 I 0.10 I 0.20.1 0.30 I 0.40 I 0.50 I+---_. __ .+_._._._-+--------+-----_ ..+ .... _.~-+ ..... _--+--------+._---_.-+._ .. _._-+--------+--------+--------+--------+
I I I 0:00001 -0.05821 -0.05891 -0.03131 0.00401 0_03361 0.0496\ 0.04891 0.03381 0.01231 0.00001+ +---_._ ..+--------+----_._-+--_ ..... +._ ...~ ..+.._-----+--------+-_ .. ~_ ..+--------+--------+--------+--------+.
I 2 I 0.00001 0.02641 -0_00751 -0.01721 -0.0139\ -0.0055\ 0.00251 0.00691 0.00661 0.00291 0.00001+ +------_.+ .._-.-_.+_._-----+--------+----_._.+-_ ....~.+- .. _----+--------+--------+-_ .. _.. -+ .. _.----+-._-----+
I I 3 I 0.00001 0.01441 0.05401 0.01401 -0.00971 -0.02071 -0.0224\ -0.01791 -0.01041 .0.00321 0.00001+OIFFER- +--------+---.-- ..+--~.---.+-----.--+-----.--+-----.-.+---- .. --+--------+--------+--------+------.-+--.-----+
I I 4 I 0.00001 0.00531 0.02431 0.06001 0.01351 -0.01541 -0.02831 -0.02791 -0.01871 -0.00651 0.00001+ -ENT +--------+.--.- .. -+.--.-- ..+--------+---.-- ..+----.--.+-- ... ---+--------+-------,-+--------+--------+--------+
I I 5 I 0.00001 -0.00131 0.00241 0.01921 0.0539\ 0.00841 -0.0170\ -0.0247\ -0.01901 -0.00721 0.00001+SECTIONS+--------+.--.----+--------+-------.+-------.+- ....-... +.- .. -.--+--------+-------.+--------+----.---+.--.----+
I I 6 I 0.00001 -0.00541 -0.01201 -0.0089\ 0.01051 0.04981 0.01051 -0.0089\ -0.01201 -0.00541 0.00001+ +._._----+--------+-----_.-+ .. __ .... +- ... _._-+.-------+----_._-+-----_.-+---_ .. _-+- .. _----+--------+-----_.-+
I I 7 I 0.00001 -0.00721 -0.01901 -0.02471 -0.0170\ 0.00841 0.05391 0.01921 0.00241 -0.00131 0.00001+ +--_._---+--------+------_.+-_ .. _.. -+ +._._----+--------+--------+----.---+--------+--------+--------+
I I 8 I 0.00001 -0_0065\ -0.01871 -0.02791 -0.02831 -0.01541 0.01351 0.06001 0.02431 0.00531 0.0000\+ +--------+--------+-_._----+. __ .. _..+~--_._._+ .. _-_._.+--------+. __ ._---+--------+--------+--------+----_._-+
I I 9 I 0_00001 -0.00321 .0.0104\ -0.01791 -0.02241 -0.02071 -0.00971 0_01401 0.05401 0.01441 0.00001+ +--------+--------+---_._--+-_._----+ .. _-----+--------+--------+-----_.-+--------+--------+--------+--------+
I I 10 I 0.00001 0.00291 0.00661 0.00691 0.00251 -0.00551 -0.01391 -0.0172\ -0.00751 0.02641 0.00001+ +----_._-+-_ .. _-_.+- -+--_. __ .-+--_. __ ..+-_ _--+- _-+--------+------_.+--------+------.--+------_.+
1 I 11 I 0.00001 0.01231 0.03381 0.04891 0_04961 0.0336\ 0.00401 -0.03131 -0.05891 -0.05821 0.00001+--------+--------+-_. __ ._-+-_. __ ._-+._------+. __ ._---+- .. _._.-+-_._----+--------+--_._---+._------+--------+--------+



TABLEA.17

VERTICALSHEARFORCESAT DIFFERENT SECTIONS.(RISE-TO-SPAN RATIO 0.150)

POSITION OF UNIT LOAOFROMTHE CR~N+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+ .._-----+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 I I 0.00001 0.97051 0.89261 0.78021 0.64561 0.50001 0.35441 0.21981 0.10741 0.029510.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+- .. _----+--------+
I I 2 I 0.00001 -0.02951 0.89261 0.78021 0.64561. 0.50001 0.35441 0.21981 0.10741 0.02951 0.00001
+ +--------+--------+--------+--------+--------+--------.--------+--------+- .. _-_._+-- .. _---+--------+--------+
1 I 3 I 0.00001 -0.02951 -0.10741 0.78021 0.64561 0.50001 0.35441 0.21981 0.10741 0.02951 0.00001+DIFFER- +--------+- +_ •• + • __ •• + + • +. ~__+------ __+----- .. _+-.--_. __+..--. +
1 I 4 I 0.00001 -0.02951 -0.10741 -0.21981 0.64561 0.50001 0.35441 0.21981 0.10741 0.02951 0.00001+ -ENT +-- •• .+-- +--- +---. +---- +----. +.----. __+------._+--~--- __+--.---._+--.-- .._+..--. +
I I 5 I 0.00001 -0.02951 -0.10741 -0.21981 -0.35441 0,50001 0.35441 0.21981 0.10741 0.02951 0.00001+SECTIONS+-.---. __+------ __+-.---- __+-.---- __+-.----._+--~ +-- +--- +--- +---_. +---- +-- •• +
I I 6 I 0.00001 -0.02951 -0.10741 -0.21981 -0.35441 0.50001 0_35441 0.21981 0.10741 0.02951 0.00001+ +.~------+._------+._------+------~-+._------+-----~--+------._+------~-+-----_._+------._+- .. _----+ .._-.._-+
I I 7 I 0.00001 -0.02951 -0.10741 -0.21981 -0.35441 -0.50001 0.35441 0.21981 0.10741 0.02951 0.00001+ .+---._---+-_._----+--------+--------+--------+--------+--------+----._--+--------+--- •• _--+-- •• _---+- •• _-._-+
I I 8 I 0.00001 -0.02951 -0.10741 -0.21981 -0.35441 -0.50001 -0.64561 0.21981 0.10741 0.02951 0.00001+ +--------+--------+_._-----+-----~--+------_.+--------+_._-----+------._+------._+-._-- .._+.~--. __.+---._._-+
I I 9 I 0.00001 -0.02951 -0.10741 -0.21981 -0.35441 -0.50001 -0.64561 -0.78021 0.10741 0.02951 0.00001+ +--_. __ ..+--------+-----_.-+---._---+---._---+--------+-_._----+--------+----_.-.+._----.-+-. __ .. _-+. __ .__ ..+
I I 10 I 0.00001 -0.02951 .0.10741 -0.21981 -0.35441 -0.50001 -0_64561 -0.78021 -0.89261 0.02951 0.00001 "..+ +--._._-.+-._-_._-+--------+--._----+--------+--------+-----._-+-----._-+._-_ .._-+. __..~--+-_._._--+ ...__._.+ ~.~.
1 I 11 I 0.00001 -0.02951 -0.10741 -0.21981 -0.35441 -0.50001 -0.64561 -0.78021 -0.89261 -0.97051 0.00001+ +-._--._-+._ ..-._-+._ _-+. __..__.+~---~-_.+------_.+_ .._--_.+~. __._._+-_._-_ ..+-_._._ ..+_ _ + .••.••.. +

TABLEA.18

HORIZONTALTHRUSTSAT OIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.150)

POSITION OF UNIT LOADFROMTHE CR~N+ _.._+- _+ -.._-+._-- .._.+-_ _..+---.~---+----~-_.+~---~._.+~-_ +-_.- ..-.+._.- +_._.~.-.+ .•..... -+
I X/L I -0.50 I -0.40 I -0.30 1 -0.20 I -0.10 1 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+-----._-+._ ..._.~+--------+-_._--_.+-_.~----+--------+--._-_ ..+---._---+_ ..__._-+_ .._----+_ .._.._-+_.~ .._--+.~ ...__.•
I I I 0.00001 0.21641 0.66281 ",,791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001•• • ..__.._-.--------~--_._-_.+-_._-_._+----_ .._+--------+-_._----+-_. __.._+_..~_...+ .... _..~+..._.-.- •... _--_ .•
I I. 2 1 0.00001 0.21641 0.66281 1.11791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001
+ .-._-----.-._----- •.. _-----.---_._--+---_._--+--------+---_._-- •. _--_._-.--_.-._ .• -_._- ... +._---_ ..+_._~._--.
1 1 3 10.000010.216410.662811.117911.442211.558611.44221 1.11791 0.66281 0.21641 0.00001+DIFFER. + ..--..._+.---- +--.-. +---. +--- ..__.•----~ +-- ..• +--- .• __ .+--- .• _..+-.-._._.+ .. -- .. -_+ ..•. -- __+
1 I 4 I 0.00001 0.21641 0.66281 1. 11791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001+ -ENT +-- ..-.__+---.- __.+---. .+-.-. +-- ..__._+----~ __.•--.-. __.+--- .• _._+--.-._ ..+-- .•• _.•+- .•• -. __+ .•..• _._+
1 I 5 I 0.00001 0.21641 0.66281 1.11791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001+SECTIONS+- .• __ ..• +-----.-_+-----.-_+-.---. __+-.-- .. __+---.-- __+.---- __ .+-.- ..• _.+--.-- +-- ..• +-.--_._.+ .. ---. __+
I I 6 I 0.00001 0.21641 0.66281 1.11791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001+ +-_ .._---+-_._--_.+--._-- .._+--._---.+------.~+._-_._--+-. __..._+..~-_.._+_. __._--+_._ .._--+-._ .._--+._ .._--~.
I I 7 10.000010.216410.662811.117911.442211.558611.44221 1.11791 0.66281 0.21641 0.00001+ + .._._-_.+-_ .._---+--------+_._-_._-~ .._-_.-.+ .._-_._-+~---_._-+--------+_ ..__..-.-.._--._+ ..__.._-+_ ..-.__.•
I I 8 I O.OGOOI 0.21641 0.66281 1.11791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001+ +_. __.._-+------_.+--------+--_._--~+._--- .._+._._- ..-+--------+-----_.-+--------+-_ .. _---+-_._----+-._---.-+
I I 9 I 0.00001 0.21641 0.66281 1.11791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001+ +-~------+--'------.----._--+--_ ..__.+-_._--_.+-----_.-+-_ .. _---+--_._---+._---_._+. __ ._---+. __ .• _..+--- •. _.~.
I 1 10 I 0.00001 0.21641 0.66281 1.11791 1.44221 1.55861 1.44221 ",1791 0.66281 0.21641 0.00001+ +._-_._--+--------+. __ .. _--+--------+--------+--_._---+-. __.._-+~--_ .._-+-----_.- •... __._-+---_ ... _+--._._--+
I I 11 I 0.00001 0.21641 0.66281 ",1791. 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641- 0.00001+_._-----+._------+ .._-----+_.~----- •. _-----.+-_._-_.-+- .. _--_.+-_ .. _---+--_. __ ..+--------.---_ .•• -+._--_ .• -+ .• _.- •• -+

r""
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TABLEA. T9

THRUSTSAT THE DIFFERENTRADIALPLANES(RISE-TO-SPAN RATIO 0.150)

POSITION OF UNIT lOAD FROMTHE CROYN+-~------+--------+--------+--------+--------+--------+--------+--------+-_.-----+---_.---+---_ ... -+--------+ .... ----+
I X/l I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I O. TO I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+----_.--+--------+--------+ .. ------+---_ .. --+--------+
1 I I 0.00001 0.71491 1.04471 1.362BI 1.55941 1.57651 1.39921 1.05431 0.61251 0.19681 0.00001
+ +••• -----+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 2 I 0.00001 0.18131 0.98821 1.34721 1.57921 1.61951 1.45101 1.10041 0.64241 0.20721 0.00001
+DIFFER- +--------+--------+--------+--------+--------+--------+--------+----_.--+--------+--------+- .. -----+--------+
I I 3 I 0.00001 0.19451 0.59021 1.31281 1.57451 1.63631 1.47841 1.12771 0.66111 0.21391 0.00001
+ -ENT +------_.+--------+--------+--------+--------+--------+ ... --.--+--- ..-..+---- ... -+--------+ ... -----+--------+
I I 4 I 0.00001 0.20461 0.62291 1.04211 1.54901 1.63051 1.48491 1.13881 0.67021 0.21751 0.00001+SECTI0NS+--------+ .. ------+------ ..+--------+ .. ------+-- ---+--- +-------.+--------+ ----+--------+ --+
I I 5 I 0.00001 0.21181 0.64701 1.08691 1.39451 1.60421 1.47251 1.13531 0.67061 0.21B31 0.00001+ +.-------+----.---~-------+ ..------+-~.--- ..+--------+ ... -----+- ... ----+---- .... +--------+ .... ----+--------+
I I 6 I 0.00001 0.21641 0.66281 1.11791 1.44221 1.55861 1.44221 1.11791 0.66281 0.21641 0.00001+ + .. -._---+---_ ... -+------_.+- ... _._.+----_ ..-+.. _-----+- .. _.. _-+--_ .. _--+----_ ... +--------+- ..... _-+.-------+
I 1 7 I 0.00001 0.21831 0,67061 1.13531 1.47251 1.60421 1.39451 1.08691 0.64701 0.21181 0.00001+ +----_ .. -+._------+--_ ..... +--------+- ..... _-+----_ ...+--------+ ... _----+--_ .. _--+----_._.+ ... -.---+--------+
I I 8 I 0.00001 0.21751 0.67021 1.13881 1.48491 1.63051 1.54901 1.04211 0.62291 0.20461 0.00001+ +---_ ... -+--------+--_ ... _.+------_.+-_ .. _._-+---_ .... +--------+ .. _-----+-_ .... --+-~------+ .. _-----+--------+
I I 9 I 0.00001 0.21391 0.66111 1.12771 1.47841 1.63631 1.57451 1.31281 0.59021 0.19451 0.00001+ +-----_.-+ -----+--------+--------+----_ +--------+-_ _--+---_ +--------+- _---+--------+ +
I I 10 I 0.00001 0.20721 0.64241 1.10041 1.45101 1.61951 1.57921 1.34721 0.98821 0.18131 0.00001+ +-_._ +--------+------_.+._------+-_ __ .+--------+ .. __ ._--+---_ .. --+--------+ -----+--------+ +
I I 11 I 0.00001 0.19681 0.61251 1.05431 1.39921 1.57651 1.55941 1.36281 1.04471 0.71491 0.00001+ ..... _--+--------+-_.-._--+--------+--------+----_._-+_ .... _--+_._ ... --+--------+--------+---_ .... +~._-._--+--------+

TABLEA.20

SHEARFORCESALONGTHEDIFFERENTRADIALPLANES (RISE-TO-SPAN RATIO 0.150)

POSITION OF UNIT lOAD FROMTHE CROYN+-_ .... -.+--------+-----_ ..+._------+-----_ ..+. __ ._---+----_ ...+--_._---+- ..... _-+--------+ ... -._--+--------+-_._-_ ..+
I X/l I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 1 0.10 I 0.20 I 0.30 I 0.40 I 0.50 1+--------+-._ .. -_.+--------+---_ .... +--------+-----_ ..+. __ .._--+-_ ..... -+--------+._._----+-----_.-+ .. --_._-+--------+
I I 0.00001 0.69121 0.38041 0.03601 -0.25491 -0.44051 -0.49801 -0.43191 -0.27521 .0.09451 0.00001+ +--------+--_ ... _-+--------+----_ ...+._------+-._-- ...+--------+_ ... _---+------_.+--------+--------+----_ ...+
I I 2 I 0.00001 -0.12171 0.50951 0.20821 -0.05551 -0.23751 -0.31691 -0.29501 -0.1955\ -0.06881 0.00001
+DtFFER- +--------+-------.+.-------+-------.+.--.----+- ..-- ..-+.-------+-- ..... -+-------.+.-------+--------+~-------+
I I 3 I 0.00001 -0.09931 -0.32021 0.36721 0.13301 -0.04281 -0.14181 -0.16181 -0.11761 -0.04361 0.00001+ -ENT +--------+------.-+--.-----+-----.--+.- ..... -+--------+--------+--- .. -..+--------+.-------+--------+--------+
I I 4 I 0.00001 -0.07641 -0.25071 -0.46051 0.31221 0.14451 0.02821 -0.03181 -0.04121 -0.01891 0.00001+SECTIONS+--------+--- .... -+--------+-------.+.-------+----- ..-+--------+--- ..... '+--------+.-.-----+.-------+--------+
I I 5 I 0.00001 -0.05311 -0.17971 -0.34151 -0.51111 0.32541 0.19351 0.09541 0.03371 0.00551 0.00001+ +-_. __ ._.+--------+--------+._------+--_. __.-+._ .._---+--------+._------+----_ ..-+--------+--------+---_ .... +
I I 6 I 0.00001 0.02951 0.10741 0.219BI 0.35441 -0.50001 -0.35441 -0.21981 -0.10741 -0.02951 0.00001+ +--------+._------+--_._---+._._ .._.+--------+-._ ... _-+--------+ ... _----+----_ ... +--------+--------+~-_ .... -+
I I 7 I 0.00001 0.00551 0.03371 0.09541 0.19351 0.32541 -0.51111 -0.34151 -0.17971 -0.05311 0.00001+ +- .... __ .+------_.+._---_ ..+-._-----+._------+. __ ._---+-_ .... _-+--------+-_._----+--------+._ ... _--+--------+
I I 8 I 0.00001 -0.01891 -0.04121 -0.03181 0.02821 0.14451 0.31221 -0.46051 -0.25071 -0.07641 0.00001+ +--_ ... _.+ .._-----+--------+ .._.~-_.+._-_._--+ .._._---+-----_ ..+--------+- ... _---+--------+ ... -.. _-+--------+
I I 9 I 0.00001 -0.04361 -0.11761 -0.16181 -0.14181 -0.04281 0.13301 0.36721 -0.32021 .0.09931 0.00001+ +._------+------_.+._ .._---+----_ .. -+- .... _..+----_ ..-+._------+--_ .... -+--------+-_ .. _---+--------+--------+
I I 10 I 0:00001 -0.06881 -0.19551 -0.29501 -0.31691 -0.23751 -0.05551 0.20821 0.50951 -0.12171 0.00001+ +._------+-._---_.+ .._-----+-----_.-+ ..... _--+- ..---_.+-._-----+---_._--+--------+-_._----+-----_.-+-_ ... -.-+
I I 11 I 0:00001 -0.09451 -0.27521 -0.43191 -0.49801 -0.44051 -0.25491 0.03601 0.38041 0_691~1 0.00001+--------+--------+._------+-----_.-+--------+--_._._-+--------+ ... _----+----_._-+--------+._._----+--------+ .._... _-+

(



TABLE A.21
BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.200)
-INFLUENCE VALUE'(L)

POSITION OF UNIT LOAD FROM THE CR~N+--------+--------+--------+--------+--------+--------+--------+--------+--------+----_ ...+----_ ••• +---_ •••• +••----~-+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I .0.40 I 0.50 1
+-----_ •• +--------+--------+--------+--------+_ .. -----+--------+--------+--------+--------+ ... -----+ ••••• ---+--------+
I I I 0.00001 -0.05621 -0.05491 -0.02731 0.00701 0.03551 0.05081 0.05011 0.03511 0.01311 0.00001
+ +--------+--------+._------+--------+--------+--------+--------+--_.----+-_ ... ---+--_ ••• --+-_ ••••• -+-_._-----+
I 1 2 I 0.00001 0.02721 -0.00651 -0.01701 -0.01491 -0.00751 0.00011 0.00491 0.00551 0.00261 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ ... -----+ ••• _----+
I I 3 I 0.00001 0.01461 0.05431 0.01391 -0.01041 .0.02211 -0.02421 -0.01971 .0.01171 -0.00381 0.00001+DIFFER- +--------~--------+--------+--------+--------+-----.--+-------.+------_.+------.-+------ ..+--------+--------+
I I 4 I 0.00001 0.00531 0.02451 0.06041 0.01401 -0.01511 -0.02841 -0.02861 -0.01951 -0.00701 0.00001+ -ENT +--------+--------+-----.--+----.---+------ ..+-------.+--------+--------+--------+--------+--.-----+--------+
I 1 5 I 0.00001 -0.00141 0.00271 0.02021 0.05551 0.01021 -0.01581 -0.02431 -0.01931 ~0.00761 0.00001+SECTIONS+-------.+--------+--------+- ..-----+- ..... --+---- .... +---.--.-+----- .. -+-------.+--------+--------+--------+
1 I 6 I 0.00001 -0.00571 -0.01191 -0.00791 0.01231 0.05211 0.01231 -0.00791 -0.01191 -0.00571 0.00001+ +--------+--------+--------+--------+--------+_ ... ----+--_.----+--_ ..---+--------+--------+--------+--------+
I I 7 I 0.00001 -0.00761 -0.01931 -0.02431 -0.01581 0.01021 0.05551 0.02021 0.00271 -0.00141 0.00001+ +--------+--------+- .._----+----_ .. -+----_.-.+------_.+--------+--------+._------+._._.--~+--------+--------+
I I 8 I 0.00001 -0.00701 -0.01951 -0.02861 -0.02841 -0.01511 0.01401 0.06041 0.02451 0.00531 0.00001+ +--------+--------+--------+--------+--------+--------+--------+_._-----+--------+--------+--------+-_.-----+
I I 9 I 0.00001 -0.00381 -0.01171 -0.01971 -0.02421 -0.02211 -0.01041 0.01391 0.05431 0.01461 0.00001+ +--------+-_.-----+---_.---+--------+-----~--+_.-._---+--_ .. _--+-----.--+----_.--+--------+--------+--------+
I I 10 I 0.00001 0.00261 0.00551 0.00491 0_00011 -0.00751 -0.01491 -0.01701 -0.00651 0.02721 0.00001+ +---.----+---_._--+--------+._---_ ..+ ... _----+._-_ .._-+--_._._-+----_._-+--------+--------+---_.---+--------+
I I 11 I 0.00001 0.01311 0.03511 0.05011 0.05081 0.03551 0.00701 -0.02731 .0.05491 -0.05621 0.00001+--------+-------~+--_.----+--------+--------+--------+--------+-----_.-+--------+--------+_._-----+--------+--------+

lABLE A.22
VERTICAL SHEAR FORCES Al DIFFERENT SECI10NS (RISE-TO-SPAN RATIO 0.200)

POSITION OF UNIT LOAD FROM IHE CR~N+--------+--------+--------+--------+--------+--------~._------+. __ ._---+---_._--+--------+--------+-_._._--+--------+
I X/L -0.50 I -0.40 I -0.30 I .0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 1 0.40 I 0.50 I+--_ .. ---+--------+--------+---_.---+--------+ .._._---+-_ .... _.+------_.+--------+--------+--_ .. _--+--------+---_.---+
I I I 0.00001 0.96931 0.89001 0.77741 0.64381 0.50001 0.35621 0.22261 0.11001 0.03071 0.00001• + +--------+--------+_._-----+-----_.-+--------+--------+--_._._-+------_.+--------+--------+--------+----._--+
I I 2 I 0.00001 -0.03071 0.89001 0.77741 0.64381 0.50001 0.35621 0.22261 0.11001 0.03071 0.00001+ +--------+--------+--_ ... -.+--~-----+ .._._---+---_ .... +-----_ .. +--------+--------+--------+--------+--------+
I I 3 I 0.00001 -0.03071 -0.11001 0.77741 0.64381 0.50001 0.35621 0.22261 0.11001 0.03071 0.00001+DIFFER- +--------+--------+----- ..-+--------+- +----- +--------+-.--.---+-----._-+--------+--------+--------+
I I 4 I 0.00001 -0.03071 -0.11001 -0.22261 0.64381 0.50001 0.35621 0.22261 0.11001 0.03071 0.00001+ -ENT +--------+---.----+--------+-_.-----+-------.+--------+--_.----+----.---+--------+._------+--------+--------+
I I 5 I 0.00001 -0.03071 -0.11001 .0.22261 -0.35621 0.50001 0.35621 0.22261 0.11001 0.03071 0.00001+SECTIONS+--------+--------+-------.+--------+-.------+------ ..+--------+-.------+----- .. _+--------+--------+--------+
1 I 6 I 0.00001 -0.03071 -0.11001 -0.22261 -0.35621 0.50001 0.35621 0.22261 0.11001 0.03071 0.00001+ +--------+--------+-----_.-+----_._-+ .. _._---+----_.--+------_.+--------+--------+--------+--------+--------+
I 1 7 I 0.00001 -0.03071 -0.1'001 -0.22261 -0.35621 -0.50001 0.35621 0.22261 0.11001 0.03071 0.00001+ +. __ ._---+-----_ ..+._------+---_ .... +----_._.+-_._----+----_._-+--------+--------+----_._-+--------+--------+
I I 8 I 0.00001 -0.03071 -0.1'001 -0.22261 -0.35621 -0.50001 -0.64381 0.22261 0.11001 0.03071 0.00001+ +--------+--_ .._--+------_.+--------+-_.- .... +---_. __ .+ .. _-----+--_ .. _--+--------+--------+-_ .. _---+--------+
I I 91 0.00001 -0.03071 -0.11001 -0.22261 -0.35621 -0.50001 -0.64381 -0.77741 0.11001 0.03071 0.00001+ +--------+--------+-----.--+--------+--------+---- ..--+--------+.-------+--------t-~-----.+--------+--------+
I 1'0 I 0.00001 -0.03071 -0."001 -0.22261 -0.35621 -0.50001 -0.64381 -0.77741 -0.89001 0.03071 0.00001+ +------_.+-_. __ ._-+--_._-_.+--------+._ .... _-+----_ ...+-----_ ..+._------+-._-----+----_._.+--------+--------+
I I 11 I 0.00001 -0.03071 -0.1'001 -0.22261 -0.35621 -0.50001 -0.64381 -0.77741 -0.89001 .0.96931 0.00001+----_ ..-+--------+-----_.-+--------+ .._-----+- .. _.._.+-----_ ..+._------+ ..------+---_.---+--------+--------+--------+



TABLEA.23
HORIZOHTALTHRUSTSAT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.200)

POSITION OF UNIT LOADFROMTHE CR~N+--------+--------+--------+--------+~ .... _--+--------+--------+--------+--------+--------+--------+--------+--------+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 1 0.00 1 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+--_ .. -.-+--------+-~------+--------+--------+
I I 1 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001
+ +--------+--------+--------+--------+--------+--------+ ..------+--------+--------+-_ .... _-+ •••••• _-+ •••.•• _-+
I I 2 1 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001
+ +--------+--------+--------+-. __ ._--+ •••• ----+--------+--------+-----_ ..+.- •• _---+--------+--~-----+--------+
I I 3 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001
+DIFFER- +--------+.-.-----+--------+--------+--------+--------+._._----+--------+--------+--------+----.---+--------+
I 1 4 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+ -ENT +--------+------~.+ .... -.-.+--------+--------+--------+--------+---.-- ..+ ..--.---+--------+--------+---- ... -+
I I 5 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+SEcTtONS+-----.--+.-----~.+-~--.---+--------+--------+--------+--------+.---- .. -+ -.+- .. - -+ .. --.---+ -----+
I I 6 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+ +-._._ .. -+ ... _. __ .+.-------+--------+--------+--------+--------+--------+--------+--_ .. _.-+--------+--------+
I 1 7 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991.0.17071 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--_ _+ _..+ +~ _--+--------+
I 1 8 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+ +---_._~-+~._-~---+--.-----+._.-~ ...+~._ ..~_.+-------.+--------+--------+--------+--------+--------+---- ... -+
I I 9 I 0.00001 0.17071 0.'50991 0.846611.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+ +--------+----.---+-------.+--------+-.----.-+------~-+--------+--------+--------+--------+--~-----+----- ..-+
I I 10 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+ +.- --.-+. ----~--+--------+--------+..-- -+. --..-~.+. -.. _.-.+----_.. -+--.-. ---+ _ + --+--------+
I I 11 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+---_._.-+-_._----+--------+- +.._._ + -- ..+._-- -+----.-.-+--------+--------+-_._. __ .+ +_._---~-+

TABLEA.24
THRUSTSAT THE DIFFERENTRADIALPLANES(RISE-TO.SPAN RATIO 0.200)

POSITION OF UNIT LOADFROMTHE CR~N+--------+---- .. --+._._ ... -+ ..... _--+~-----_.+---_. __.+--------+--------+--------+--------+--------+--------+- .. _.. _-+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 -I 0.50 I+--------+ .... _---+--_._---+--------+--------+--------+--------+--------+--------+--------+--------+--.--_ ..+ .._-----+
I I 0.00001 0.79211 0.98301 1.14921 1.22801 1.18981 1.02971 0.76661 0.44521 '0.14481 0.00001+ +--------+-----~--+--------+-----_._+------_.+._.-.---+-._-.--.+- .. -... -+-- .... _.+ ... _... -+--------+------_.+
1 I 2 I 0.00001 0.12541 0.9163.1 1.13501 1.25821 1.24911 1.09961 0.82891 0.48601 0.15931 0.00001
+0 I F FER - + - - - - - - - - + - - - - -'- - - +- - - - - - - -+ - - - • - - • - +-.. -..-.+ ~-.-- + - +-- + - +.. -.. -.-+--:------+- - -. - ••• +
I 1 3 I 0.00001 0.14271 0.41871 1.09241.1.2521 I 1.26921 1.13311 0.86281 0.50981 0.16811 0.00001+ -ENT +--------+--------+--------+----.--.+- .. - + +-- -.+ +.- -..+ -.-+--------+----- +
I I 4 I 0.00001 0.15561 0.45981 0.75231 1.21831 1.25951 1.13901 0.87521 0.52051 0.17261 0.00001+SECTIONS+--------+----~---+--------+--------+.-- .. ---+--.-----+- ... -.. -+-- .. ----+- ..-.- ..+.... -.-.+--------+-------.+
I I 5 10.000010.164910.489910.807811.023311.224711.12151 0.86921 0.52021 0.17331 0.00001+ +--------+--------+--------+-----_._+~ .. -.~.~+~._._--~+. __ ._~~.+--------+--------+--------+--------+ ..... _--+
I I 6 I 0.00001 0.17071 0.50991 0.84661 1.08271 1.16691 1.08271 0.84661 0.50991 0.17071 0.00001+ + __ ._+---~--~~+~-- .._--+--------+--------+--------+--------+--------+------_.+---- .. -.+ _-+--------+
I I 7 10.000010.173310.520210.869211.121511.22471 1.02331 0.80781 0.48991 0.16491 0.00001+ +----_._-+--------+--------+--------+--_._-~~+~ + _-+- ..- -+ .. _--_.-+-._-----+--------+---- .. _-+
I 1 8 I 0.00001 0.17261 0.52051 0.87521 1.13901 1.25951 1.21831 0.75231 0.45981 0.15561 0.00001+ +. __.. ~.~+--------+--------+--------+--_._---+--------+-----~--+---_._--+._------+- _+--_._---+----~---+
1 I 9 1 0.00001 0.16811 0.50981 0:86281 1.13311 1.26921 1.25211 1.09241 0.41871 0.14271 0.00001+ +--------+--------+--------+-_ .._~.~+~~-~~~_.+._.~_._-+-~----_.+-_._----+--------+--------+--------+---- .._.+
I I 10 I 0.00001 0.15931 0.48601 0.82891 1.09961 1.24911 1.25821 1.13501 0.91631 0.12541 0.00001+ +--._-~--+--------+--------+--------+--------+--------+--------+--------+-,-------+--------+-------.+._------+
I I 11 I 0.00001 0.14481 0.44521 0.76661 1.02971 1.18981 1.22801 1.14921 0.98301 0.792110.00001+--------+~-------+--------+--------+---~~---+--------+--------+--------+--------+--------+--------+--------+---- .... +



TABLE A.25
SHEAR FORCES ALOHG THE DIFFERENT RADIAL PLANES (RISE.TO-SPAN RATIO 0.200)

POSITION OF UNIT LOAO FROM THE CROYN+-------~+--------+--------+---_ ..--+--------+--------+ ••------+-_.-----+- .... ---+--_ •••• -+---_ •••• +--------+-_.~_ ••• +
I X/L 1 -0.50 I -0.40 I -0.30 I -0.20 I -O.TO I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 1+--------+ ---;.+--------+--------+--------+--------+----_ .. -+-----_.-+--------+------_.+._------+ +--------+

1 I 0.00001 0.58411 0.29281 -0_02091 -0_28051 -0.44271 -0.4BB81 -0.42261 -0.27201 -0.09551 0.00001
+ +--------+--------+--------+--------+--------+----_.-.+--------+--------+--------+ .... ----+----_ .. -+--------+
1 I 2 1 0.00001 -0.11981 0.46091 0.18131 -0.06051 -0.22681 -0.30031 -0.28141 -0.18961 -0.06861 0.00001
+DIFfER- +--------+--------+--------+--------+--------+----- ...+------ .. +--------+-.------+- ..-----+---- .... + •• ------+
I 1 3 I 0.00001 -0.09861 -0.31121 0.35741 0.13801 -0.02771 -0.12371 -0.14761 -0.11081 .0.04271 0.00001
+ -ENT +--------+-.------+--------+--- .. ---+---- .•• -+------ .. +--------+------.-+-.------+- ---+-- + -----+
I I 4 I 0.00001 -0.07661 -0.24641 -0.44751 0.32011 0.15871 0.04371 -0.01951 -0.03491 -0.01761 0.00001+SECTtONS+--------+--------+ ... -----+--------+--------+--------+--------+--------+.-------+ .... ----+------.-+--------+
I I 5 I 0.00001 -0.05401 -0.17931 -0.33731 -0.50221 0.33431 0.20351 0.10371 0.03861 0.00691 0.00001+ +--------+--------+--------+------_.+--------+--------+-_ .. ----+-----.--+---_ -+------_.+ .. ------+-_ +
1 I 6 I 0.00001 0.03071 0.11001 0.22261 0.35621 -0.50001 -0.35621 -0.22261 -0.11001 .0.03071 0.00001+ +--------+--------+ ..------+-_.-----+----_ ..-+--------+--------+ ..------+- .. -----+--_ .... -+--------+-_ .... -.+
I I 7 I 0.00001 0.00691 0.03861 0.10371 0.20351 0.33431 -0.50221 -0.33731 -0.17931 .0.05401 0.00001+ +.. ------+-_._._--+--------+--------+-.------+------_.+-----_.-+--------+--------+ --+--------+._.-----+
I I 8 I 0.00001 -0.01761 -0.03491 -0.01951 0.04371 0.15871 0.32011 -0.44751 -0.24641 -0.07661 0.00001+ +---_ .. _-+--------+--------+-_._----+------_.+--------+-._-----+--_ --+-----_ ..+--------+ -+--------+
I I 9 I 0.00001 -0.04271 -0.11081 .0.14761 -0.12371 -0.02771 0.13801 0.35741 -0.31121 -0.09861 0.00001+ +--------+_._-----+--------+--------+--------+--------+--------+._------+---_._--+-----_ ..+--------+--------+
1 1 10 I 0.00001 -0.06861 -0.18961 -0_28141 -0.30031 -0.22681 -0.06051 0.18131 0.46091 -0.11981 0.00001+ +--------+--------+--------+_.------+--------+------_.+--------+--------+----_.--+.-------+- .... _--+--------+
I I 11 1 0.00001 -0.09551 -0.27201 -0.42261 -0_4BB81 -0.44271 -0.28051 -0.02091 0.29281 0.58411 0.00001+--------+--------+---_.---+--------+--------+---_._--+--------+--------+--------+--_ .. ---+--------+ .... ----+--------+

TABLE A.26
BENOING MOMENTS AT OIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.250)
=TABLE COEFF.*(L)

POSITION OF UNIT LOAO FROM THE CRaYN+-----_.-+._------+--------+--------+- ----+------_.+--------+- .._----+------_.+--------+ +--------+-----_ ..+. .I X/L I -0.50 I -0.40 I -0.30 I -0.20 1 -0.10 I . 0.00 I 0.10 I 0.20 1 0.30 I 0.40 I 0.50 1+-----_.-+--------+--------+--------+-._-.---+--------+--------+-_ ... ---+--------+--------+-._ ..... +--------+--------+
I I I 0.00001 -0.05331 -0.04971 -0.02221 0.01071 0.03771 0.05231 0.05161 0.03671 0.01421 0.00001+ +--------+--------+--------+--------+--------+.-------+--------+--.-----+--------+--------+--_ ... _.+--------+
I I 2 I 0.00001 0.02811 -0.00541 -0.01691 -0.01641 -0.01031-0.00311 0.00211 0.00381 0.00211 0.00001+ +--------+--------+--------+---_.---+--------+--------+-----_._+------~-+- .. -----+----_._.+ ... -.---+--------+
I I 3 I 0.00001 0.01491 0.05471 0.01391 -0.01121 -0.02371 -0.02631 -0.02191 -0.01351 .0.00451 0.00001+DIFFER- +------.-+--------+-----.--+------~-+-.------+-------~+--------+--------+--------+.-.-.---+--------+--------+
I I 4 I 0;00001 0.00531 0.02491 0.06121 0.01491 -0.01451 -0.02851 -0.02931 .0.02051 -0.0077\ 0.00001
+ -ENT +--------+--------+--------+-----~--+----~---+--------+--------+--------+----.---+----~---+----.---+.-.-----+
1 1 5 I 0.00001 -0.00151 0.00311 0.02161 0.05761 0.01241 -0.01411 -0.02371-0.01961 -0.00801 0.00001+SECTIONS+------.-+--------+--------+--------+--------+--------+--------+---- ..--+--------+--- .. ---+--------+--------+
I I 6 I 0.0000\ -0.00601 -0.01171 -0.00661 0.01471 0.05491 0.01471 -0.00661 -0.01171 -0.00601 0.00001+ +--------+--------+--------+_ ..-----+--------+--------+-----_.-+--------+--------+--------+-._-.--.+--------+
I I 7 I 0.00001 -0.00801 -0.01961 -0.02371 -0.01411 0.01241 0.05761 0.02161 0.00311 .0.00151 0.00001+ "+--------+.-------+--------+--------+-----_.-+--------+----.---+------~.+--------+---_ .. _.+--------+--------+
I I 8 I 0.00001 -0.00771 -0.02051 -0.02931 -0.02851 -0.01451 0.01491 0.06121 0.02491 0.00531 0.00001+ +.-------+--------+--------+--------+--------+----_.--+--------+--------+---- ... -+--------+ ... _.... +-.--.---+
I I 9 1 0.00001 -0.00451 -0.01351 -0.02191 -0.02631 -0.02371 -0.01121 0.01391 0.05471 0.01491 0.00001+ +-_._.---+--------+--------+--------+--------+--------+--------+-._-.---+------_.+--------+--_ .. _..+ +
I I 10 I 0.00001 0.00211 0.00381 0.00211 -0.00311 -0.01031 -0.01641 -0.01691 -0.00541 0.02811 0.00001+ +--------+--------+--------+--------+--------+--------+- .. -----+-------.+--------+- .. -.---+--------+-_ +
.I I 11 1 0.00001 0.01421 0.03671 0.05161 0.05231 0.03771 0.01071 -0.02221 -0.04971 -0.05331 0.00001+--------+--------+--------+--------+--.-----+------_.+--------+-_.-----+---_ ... -+-----_.-+.-.-----+-----_ ..+ ..... -.-+



TABLE A.27
VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.250)

POSITION OF UNIT LOAD FROM THE CR~+-----.--+--------+--------+--------+--------+--------+--------+--------+----_ ... +--------+--------+---- ....+--------+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-- +--------+-- _--+
I 1 I 0.00001 0.96751 0.88651 0.m81 0.64161 0.50001 0.35841 0.22621 0.11351 0.03251 0.00001
+ +--_ .._---+--------+--------+--------+--------+-----.--+--------+--------+------ ..+ ••• _----+------ ..+--------+
I I 2 I 0.00001 -0.03251 0.88651 0.m81 0.64161 0.50001 0.35841 0.22621 0.11351 0.03251 0.00001
+ +--------+--------+--------+--------+--------+--------+-- .._---+--------+--------+--------+--------+--------+
I 1 3 I 0.00001 -0.03251 -0.11351 0.m81 0.64161 0.50001 0.35841 0.22621 0.11351 0.03251 0.00001
+DIFFER- +--------+--------+--------+--------+--------+--------+--------+------.-+.~.-----+--------+ .... + ...._+
I 4 I 0.00001 -0.03251 -0.'1351 -0.22621 0.64161 0.50001 0.35841 0.22621 0.11351 0.03251 0.00001+ -ENT +--------+--------+--------+--------+--------+--.-----+--------+--------+_ ... + +_ .... + .._+
I I 5 I 0.00001 -0.03251 .0.'1351 -0.22621 -0.35841 0.50001 0.35841 0.22621 0.11351 0.03251 0.00001+SECT IONS+- -..----+ --------+- -------+- - - - - - - - +- - - •• - • - + - - - - - - - - +- - - - - - - -+. ---... -+. ------.-+----_.. _+ _. + __ . +
1 1 6 1 0.00001 -0.03251 -0.11351 -0.22621 .0.35841 0.50001 0.35841 0.22621 0.11351 0.03251 0.00001+ +--------+----_._-+--------+-_. __ ..-+--------+---_._ ..+.---- ..-+--------+--------+ .. _-----+----- ... +--------+
I I 7 I 0.00001 -0.03251 -0.11351 -0.22621 -0.35841 ;0.50001 0.35841 0.22621 0.11351 0.03251 0.00001+ +--------+._------+--------+-._-----+----_ ..-+._-_._--+--------+._------+-- .. _._-+--------+-- .. _---+--- ... _-+
I I 8 I 0.00001 -0.03251 -0.11351 -0.22621 -0.35841 -0.50001 -0.64161 0.22621 0.11351 0.03251 0.00001+ +--------+-_._----+----_._-+ ..... _--+._-_ .._-+ ..-._---+--------+------ ..+•••_----+--------+ .. ~-----+- .._----+
I I 9 I 0.00001 -0.03251 -0.11351 -0.22621 -0.35841 -0.50001 -0.64161 -o.msi 0.11351 0.03251 0.00001+ +--------+--_._---+-----_.-+----._--+--------+-_ ..__ ..+--------+--------+--------+--------+-_ ... _--+--_ .... -+
1 I 10 1.0.00001 .0.03251 -0.11351 -0.22621 -0.35841 -0.50001 -0.64161 -0.77381 -0.88651 0.03251 0.00001+ +------_.+--------+--------+._------+-----_ ..+-_.-----+--------+- -+--------+----._--+------_.+ .. _-----+
I 1 II 1 0.00001 -0.03251 -0.11351 -0.22621 -0.35841 -0.50001 -0.64161 -0.77381 -0.88651 -0.96751 0.00001+--------+- ... _---+--------+ .._-----+-----_.-+ .. _-----+------_.+._-_ .. _-+--------+---_ .... +-._-----+-_ .... _-+---- .... +

TABLE A.28
HORIZONTAL THRUSTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.250)

POSITION OF UNIT LOAD FROM THE CR~+._------+--------+--------+ .._._---+-----_ ..+-._-----+---_ .._-+--------+-----_ ..+--------+----- ... +--------+ ... _----+
I X/L I -0.50 I -0.40 I -0.30 1 -0.20 I -0.10 I 0.00 I 0.10 1 0.20 I 0.30 I 0.40 I 0.50 I+----_._-+--------+--------+---_. __ .+--------+--_ ... _-+--------+--_ ... _-+---:----+---_ .... +--------+-- .. _---+-- ... _--+
I I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+ +--------+--------+-----_ ..+._------+--_ .... -+--------+. __ .__ ..+--------+------_.+-._-----+--- .... -+--- ... _-+

.. I 2 I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+ +--------+--------+--._----+----_ ..-+--------+--_ .._--+--------+-----_.-+--------+---- ... -+-------.+ .. _-----+
I I 3 I 0.00001- 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.;4571 0.00001+OIFFER- +-.------+--------+------.-+ ... -----+--- ..... +--------+--.-- ..-+._. + ._+ +._ .. + __..~ +
I I 4 I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+ -ENT +--.-----+-------.+ ... -----+------.-+--------+--- ..---+-------~+----.--.+--------+---- ..--+------ ..+-------.+
1 I 5 I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+SECTIONS+-----.--+--------+--.----:+----- ... + ..------+---.-- ..+--------+---- '.+ + .. __+ ._.+ ._ ..+
I I 6 I 0.00001 0.14571 0.42071 0.68501 0.86711' 0.93141 0.8671I 0.68501 0.42071 0.14571 0.00001+ +-_. __._-+--._._--+._._----+----_._-+ .... _---+-._---_.+ .. _. __.-+-_._----+-.- .. _.-+---_._.-+-._._._-+ .. _.. _..+
I I 7 I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+ +-_._----+-_. __._.+- ... _---+---_._--+ ... _----+-. __.... +_ ..-_._-+._---_ ..+.-._-_ ..+._.-.-._+. __._---+--~---_.+
I I 8 I 0.00001 0.14571 0.42071 0.68501 0_86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+ +._------+---_._--+._------+-_._-_.-+-----_.-+-_. __ ._-+--------+._._--_.+---_._.-+--_ ... _-+-._-----+. __ .__..+
1 I 9 I 0.00001 0.14571 0.42071 0.68501 0_86711 0.93141 0_86711 0.68501 0.42071 0.14571 0.00001+ +-_._----+-----_._+ ... _----+_ •• _-_.~+--------+_. __.~..+--------+-_ .. _.. -+._------+- .. _--_.+ .. _-_._.+--._ ... -+
I I 10 I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+ +._---_._+._ .._---+------_.+_ .._~---+--------+._.------+-_. __.. -+.. __ ._--+---_ ... -+------.-+---_. __ .+. __._._-+
I I II I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.8671I 0.68501 0.42071 0.14571 0.00001+-._ .. __.+---_ .. _-+-_._----+----_ .. -+. __.. _--+--_ .. _--+_ .._--_.+----_._-+----_ .._+----_._.+_._._-_.+-_._ ... ~-- .... _.+



TABLE A.29
THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.250)

POSITION OF UNIT LOAD FROM THE CROUN+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ .. ------+- ••••••• +
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+-----_ ..+-----_ •• +--------+--------+ -+
I I I 0.00001 0.86141 0.96161 1.03001 1.03351 0.95891 0.80701 0.59201 0.34321 0.11341 0.00001
+ +---_.---+--------+--------+--------+--------+--------+--------+--------+--------+--------+ ... -----+----_._.+
I I 2 I 0.00001 0.09121 0.89061 1.02151 1.07681 1.03571 0.89571 0.67111 0.39591 0.13271 0.00001
+OIFFER- +--------+--------+--------+--------+--------+--------+-----.-~+--------+-------.+------ ..+••------+----.-.-+
I 1 3 I 0.00001 0.11221 0.31451 0.97231 1.06861 1.05711 0.93271 0.70951 0.42351 0.14341 0.00001
+ -ENT .+--------+--------+--------+--------+._.-----+--------+--------+--------+--------+---.----+------.-+.-------+
I I 4 I 0.00001 0.12761 0.36221 0.57651 1.02681 1.04251 0_93621 0_72131 0.43491 0.14841 0.00001+SECTIONS+--------+--------+--------+------ ..+-------.+------ ..+---~- ..-+---~-- ..+--------+--------+ ... -----+--------+
I I 5 I 0.00001 0.13861 0.39711 0.63991 0.79861 0_99941 0.9133\ 0.71231 0.43341 0.14901 0.00001+ +- ... ----+--------+----_.--+--------+----_ ..-+---_._--+--------+-----_.-+-----_ ..+--------+ .. ------+--_._ ...+
1 I 6 I 0.00001 0.14571 0.42071 0.68501 0.86711 0.93141 0.86711 0.68501 0.42071 0.14571 0.00001+ +--------+--------+--------+--------+_ ..-----+--------+--_ ..---+--------+--_ ..---+----_ .. -+--------+ .... _.. -+
I I 7 I 0.00001 0.14901 0.43341 0.71231 0.91331 0.99941 0.79861 0.63991 0.39711 0.13861 0.00001+ +--------+--------+-.------+-_ .. _.--+---_._.-+-----_ ..+--------+--------+--------+ ... -----+--_ ..... +- .. -----+
I I 8 I 0.00001 0.14841 0.43491 0.72131 0.93621 1.04251 1.02681 0.57651 0.36221 0.12761 0.00001+ +------_.+--------+--------+- .. _----+----_ ..-+------_.+--------+--------+ .._-----+- .... ---+--------+ ... -.---+
I I 9 1 0.00001 0.14341 0.42351 0.70951 0.93271 1.05711 1.06861 0.97231 0.31451 0.11221 0.00001+ +~----_.-+--------+-.------+-_.-----+--------+-----_.-+-----_.-+--------+-.------+- ... _---+----_ ...+- .. -----+
I I 10 I 0.00001 0.13271 0.39591 0.67111 0.89571 1.03571 1.07681 1.02151 0.89061 0.09121 0.00001+ +-----_.-+-----_.-+--------+--------+-_.-----+--------+--------+-----_.-+--------+.-------+ .... _.--+--------+
\ I. 11 I 0.00001 0.11341 0.34321 0.59201 0.80701 0.95891 1.03351 1.03001 0.96161 0.86141 0.00001+-_ ..----+--------+--------+--------+--------+--------+--------+---_ ..--+--------+-----_ ..+------_.+- .. -----+---_ ... -+

TABLE A.30
SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.250)

POSITION OF UNIT LOAD FROM THE CROYN+--------+--------+--------+-_ ..-~--+--------+--------+--------+._------+-_ .... --+----_ .. -+------_.+.~.-----+------_.+
I X/L I -0.50 I -0.40 I -0.30 I .0.20 I -0.10 I 0.00 1 0.10 1 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+----_.--+------_.+--------+--------+--------+--------+------_.+.-".-----+---_.---+--------+
I I 0.00001 0.46401 0.19541 -0.08371 -0.30871 -0.4451I -0.47861 -0.41221 -0.26841 .0.09711 0.00001~ + +--------+--------+--------+--------+----.---+--------+--------+--------+--------+ ... _.---+----_._.+--------+
I I 2 I 0.00001 -0.11821 0.41191 0.15621 -0.06201 -0.21191 -0.27951 -0.26451 -0.18201 .0.06831 0.00001+DIFFER- +--------+--------+-----.--+--------+--------+--------+ .. ------+- .... ---+--- ..... +-------.+ ... -.---+--------+
I 3 I 0.00001 -0.09841 -0.30151 0.35001 0.14661 -0.00851 -0.10171 -0.13031 -0.10231 -0.04141 0.00001+ -ENT +--------+--------+--.-----+--------+--------+--------+--------+--.-----+--------+----- ... +--------+------.-+
I I 4 I 0.00001 -0.07741 -0.24221 -0.43351 0.33031 0.11561 0.06211 -0.00481 -0.02711 -0.01591 0.00001+SECTIONS+--------+----- .• -+--------+-.------+--------+------.-+-------.+--------+ ... ~----+-- ..... -+--------+- ••• - •• -+
I 15 I 0.00001 -0.05531 .0.17941 -0.33291 -0.49261 0.34451 0.21511 0.11371 0.04471 0.0087\ 0.00001+ +--------+--------+--.-----+-----.--+--------+--------+--------+-.---.--+--------7-------.+ .. ------+--------+
I I 6 I 0.00001 0.0325\ 0.11351 0.22621 0.35841 -0.50001 -0.3584\ -0.22621 -0.11351 -0.03251 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+.-.-----+----~.--+--------+
I I 7 1 0.00001 0.00871 0.04471 0.11371 0.21511 0.34451 -0.49261 -0.33291 -0.17941 -0.05531 0.00001+ +---_.---+---_._--+--------+--------+--------+--------+--------+-----_.-+--------+- .. _.---+----_._-+--------+
I 1 8 I 0.00001 -0.01591 -0.02711 -0.00481 0_0621I 0.17561 0.33031 -0.43351 -0.24221 -0.07741 0.00001+ +--_ ..---+------.-+--------+--------+-_.-----+--_ .._.-+-----_.-+--------+--------+-.------+----_.--+--------+
I I 9 I 0.00001 -0.04141 -0.10231 -0.13031 -0.10171 -0.00851 0.14661 0.35001 -0.30151 -0.09841 0.00001+ +--------+--.-----+--------+---_._--+--------+--------+-.------+--------+-_.-.---+---_.---+------_.+ ... -----+
1 I 10 I 0.00001 -0.06831 -0.18201 -0.26451 -0.27951 -0.21191 -0.06201 0.15621 0.41191 -0.11821 0.00001+ +--------+-_.-~---+--------+-----_._+--------+--------+-_._----+--------+--------+--------+--------+-_.-----+
I I 11 I 0.00001 -0.09711.'0.26841 -0.41221 -0.47861 -0.4451I -0.30871 -0.08371 0.19541 0.4640j 0.00001+--------+--------+--------+--_. __.-+-----_ •.+--------+--------+--------+--------+-.------+-._-----+--_._---+-----_ ..+



TABLE A.31
BENDING MOMENTS AT DIFFERENT SECTioNS (RISE-TO-SPAN RATIO 0.300)
=INFLUENCE VALUE"(Ll

POSITION OF UNIT LOAD FROM THE CR~+--------+--------+--------+--------+--------+--------+--------+--------+--------+ ... -----+---_ .. --+--------+ ..------+
I X/L 1 -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0;30 I 0.40 I 0.50 I.--------+--------+--------+--------+--------+--------+_ .. -----+--------+--------+--------+------.--+----_ .. -.----_ ..-.
I I 0.00001 -0.04961 -0.04351 -0.01621 0.01511 0.04051 0.05411 0.05321 0.03861 0.01561 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+_ .. -----+--------+-----_ ..+
I 2 I 0.00001 0.02931 -0.00421 -0.01711 -0.01841 -0.01381 -0.00731 -0.00151 0.00151 0.00141 0.00001
+ +--------+-----~--+--------+-----_._+---_.---+-_.-----+--------+--------+--------+--_ .. _--+_ .. -----+_ •• -----+
I I 3 1 0.00001 0.01541 0.05521 0.01401 -0.01191 -0.02531 -0.02861 -0.02431 -0.01551 -0.00551 0.00001
+DIFFER- +--------+--------+----.---+--.-----+--------+-~---.--+-----~--+------.-+---.----+--------+--------+--------~
1 I 4 I 0.00001 0.00541 0.02551 0.06231 0.01621 -0.01361 -0.02821 -0.02991 -0.02161 -0.00851 0.00001+ -ENT +--------+--------+--------+--------+-~------+--------+--------+--------+--------+--------+--------+--------+
I I 5 I 0.00001 -0.00171 0.00371"'0.02331 0.0601\ 0.01511 -0.012TI -0.02281 -0.01991 -0.00861 0.00001+SECTIONS+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 6 1 0.00001 -0.00631 -0.01131 -0.00481 0.01761 0.05B21 0.01761 -0.00481 -0.01131 -0.00631 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--_._---+--------+
I I 7 1 0.00001 -0.00861 -0.01991 -0.02281 -0.01211 0.01511 0.06011 0.02331 0.00371 -0.00171 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 8 I 0.00001 -0.00851 -0.02161 -0.02991 -0.02821 -0.01361 0.01621 0.06231 0.02551 0.00541 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 9 1 0.00001 -0.00551 -0.01551 -0.02431 -0.02861 -0.02531 -0.01191 0.01401 0.05521 0.01541 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-_._----+
liTO I O.OOOPI 0.00141 0.00151 -0_00151 -0.00731 -0.01381 -0.01841 -0.01711 -0.00421 0.02931 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+---~----+--------+
I I 11 I 0.00901 0.01561 0.03861.0.05321 0.05411 0.04051 0.01511 -0.01621 -0.04351 -0.04961 0.00001+ + . + + + t +--------+--------+--------+--------+--------+--------+-------.+

(
TABLE A.32

VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.300)
POSITION OF UNIT LOAD FROM THE CROYN+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+

I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 1 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I 1 I 0.00001 0.96521 0.88221 0.76951 0.63901 0.50001 0.36101 0.23051 0.11781 0.03481 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+

0\ 1 2 I 0.00001 -0.03481 0.88221 0.76951 0.63901 0.50001 0.36101 0.23051 0.1T781 0.03481 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 3 I 0.00001 -0.03481 -0.11781 0.76951 0.63901 0.50001 0.36101 0.23051 0.11781 0.03481 0.00001+DIFFER- +--------+--------+--------+------ ..-+--------+--------+--------+--------+--------+--------+--------+--------+
.1 I 4 I 0.00001 -0.03481 -0.11781 -0.23051 0.63901 0.50001 0.36101 0.23051 0.11781 0.03481 0.00001+ -ENT +--------+--------+--------+--------+--------+--------+--------+--------+--------+------.-+--------+--------+
I I 5 I 0.00001 -0.034BI -0.T1781 -0.23051-0.36101 0.50001 0.36101 0.23051 0.11781 0.03481 0.00001
+SECTIONS+--------+--------+--------+--------+--------+--------+--------+--------+-------~+--------+--------+--------+
I I 6 I 0.00001 -0.034BI -0.11781 -0.23051 -0.36101 0.50001 0.36101 0.23051 0.11781 0.03481 0.00001+ +--------+--------+--------+--------+--------+--------+---~----+--------+--------+--------+--------+--------+
I I 7 I 0.00001 -0.03481 -0.1178\ -0.23051 -0.36101 -0.50001 0.36101 0.23051 0.11781 0.03481 0.00001+ +--------+--------+--------+--------+_:_-----+--------+--------+--------+--------+--------+--------+--------+
I I 8 I 0.00001 -0.03481 -0.11781 -0.23051 -0.36101 -0.50001 -0.63901 0.23051 0.11781 0.03481 0.00001+ +--------+--------+--------+---_.---+--------+--------+--------+--------+--------+--------+._.-----+-_. __ .--+
I 1 9 1 0.00001 -0.03481 -0.117BI-0.23051 -0.36101 -0.50001 -0.63901 -0.76951 0.11781 0.03481 0:00001+ +--------+--------+--------+--------+--------+--------+-_.-----+------_.+--------+---_ .. _-+-_._._--+----_._-+
I I 10 I 0.00001 -0.03481 -0.11781 -0.23051 -0.36101 -0.50001 -0.63901 -0.76951 -0.88221 0.03481 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--_._._-+
1 I 11 I 0.00001 -0.03481 -0.11781 -0.23051 -0.36101 -0.50001 -0.63901 -0.76951 -0.88221 -0.96521~0.00001+.-------+--------+--------+--------+--------+--------+---~----+--------+--------+------_.+-----_._+----_.--+-----_.-+



TABLE A.33
HORIZONTAL THRUSTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.300)

POSITION OF UNIT LOAD FROM THE CR~N+--------+--- .._--+--------+--------+----- ... +--------+--------+-- ... _--+--------+--------+- .... _--+--- ••••. +--- •• _--+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 1 -0.10 I 0.00 I 0.10 I 0.20 I 0.30 1 0.40 I 0.50 1+--------+--------+--._----+--------+--------+--------+--------+--------+--------+--------+ ... _----+ ••• _----+- •• _----+
I I I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.00001
+ +._------+--------+--------+--------+--------+--------+--------+-------~+--- .. _._+----_ .. _+._-- ••• _+---_._.-+
I I 2 I 0.00001 0.13111 0.36281 0.57781 0.72331 0,77431 0.72331 0.57781 0.36281 0.13111 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--- ... _-+----._--+-- .... _-+
I I 3 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.00001+DIFfER- +-- •.. ----+-._-----+-- .. ----+--- + + + •• _+ + + •• .+ ••• .+. .. _+
I I 4 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0,57781 0.36281 0.13111 0.00001+ -ENT +--------+--------+------.-+------ __+ ~_+ + ._.+ ••+ +. .. +. .+ •• +
1 I. 5 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.00001+SECT 1ONS+- -------+- -------+ ------__+ + ..+ ~._+ •__+ .••.+ •+ •••+ + _._• +

I I 6 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.51781 0.36281 0.13111 0.00001+ +--------+---~--_.+---_._--+-- ... _--+-_ .._---+_ .._----+-._._---+--------+ .. _-----+._------+--------+---_._--+
I I 7 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.00001+ +--------+~-------+--------+._------+-----_ ..+----- ..-+----_ •.. +-----_.-+--------+--- •• _--+--._----+._----.-+
I I 8 I 0.00001 0.13111 0.36281 0,57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.00001+ +--------+--_._---+-._-----+._-----.+------~.+-----~~-+----- .. _+---- ... _+--~-._--+----._--+-- .. _---+ .. _-- ...+
I I 9 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.00001+ +--------+---~----+--._----+_. __ .._-+._------+------_.+------ ..+----._--+----._--+-- •• _---+ ••• _----+----_._-+
I I 10 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.0000/+ +----._--+--.-----+.-------+._----_.+-----~._+-----_ ..+----._--+-- ... _--+-~._----+ .. _-----+._---_ ..+--- .. _--+
I I 11 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.7233/ 0.57781 0.36281 0.13111 0.00001+.-------+--------+--------+--.-----+-.-----.+~----- ..+.----.-.+----.---+--- .. ---+-- ..--~i+-•• ----.+.---- ...+-- ••• ---+

TABLE A.34
THRUSTS AT THE DIFFERENT RADIAL PLANES .(RISE=TO.SPANRATIO 0.300)

POSITION OF UNIT LOAD FROM THE CR~. +--------+--._----+-----._.+-- .. _---+-._----.+---~- .. -+--- .._--+-._-----+--------+-----_.-+---_._--+ •• _-----+---- .. _-+
/ X/L I -0.50 I ,0.40 1 -0.30 1 -0.20 I -0.10 1 .0.00 1 0.10 I 0.20 I 0.30 I ••••• I 0.90 I+-----_.-+--_ .._---+----_ .• -+----._--+-_._----+----- •.-+---_ ... -+-- •._---+-------.+._---_ ••+-- •••• _-+- •• _---.+--._ •• _-+
I I 1 I 0.00001 0.91331 0.94911 0.95091 0.90421 0.80551 0.65891 0.47531 0.27471 0.09241 0.00001+ +-----._-+--._-_._+-. __.- ..+----~---+-._._ .. _+._-_._~.+-_._-_.-+------_.+- •• _----+ •• _- •••• +--.-._--+ •• _-- •• -+

.I I 2 I 0.00001 0.06831 0.87971 0.95251 0.96341 0.90141 0.76721 0.57201 0.34021 ~.11741 0.00001+01 FFER - + -~------+- - - - - - • - +. -_. _.. _+. .. _.+- ._..+ __•.•_.__+ _. _. + ••. + • + _•• +. .... + __•• .+
I . / 3 I 0.00001 0.09281 0.24541 0.89761 0.95191 0.92161 0.80471 0.61221 0.37021 0.12961 0.00001+ -ENT +.-.-.---+--.-----+ . + ..__+- ..--.--+. __.__~.+. •._+---.--.-+_._. +. ••. + •• + •• ._+
I I 4 I 0.00001 0.11041 .0.29791 0.45931 0.90221 0.90091 0.80411 0.62201 0.3811I 0.13491 0.00001+SECTIONS+--------+.-----.-+-- •. _... + •.__ ..•• +--.-.-.-+ __•.. + •• •• + ••_+ • +••~ ••+ ••__+_ •• __ •• _+
I I 5 I 0.00001 0.12291 0.33631 0.52811 0.64821 0.85031 0.77561 0.60941 0.37791 0.13521 0.00001+ +-- •• _-_.+._ .. _-_.+-._-_ ...+----_ ...+---_ ... -+._-_ .._-+--------+------ ••+---- •• _-+-._._--.+._---._-+- •• _-._.+
I 1 6 I 0.00001 0.13111 0.36281 0.57781 0.72331 0.77431 0.72331 0.57781 0.36281 0.13111 0.0000/
+ +._--_._.+--~ ..._-+ •• _--_ •• +--_ •••• _+-_._._ .. +----~ .. -+--._--_.+--_._--.+-----._-+-- •• _---+-._-- •• -+- •• __._-+
I I 7 I 0.00001 0.13521 0.37791 0.60941 0.77561 0.85031 0.64821 0.52811 0.33631 0.12291 0.00001+ +-- •• _---+----_._.+--------+-._._- ••+ ... _----+ .. __._--+ ••_----.+._--- ••-+--- ••• _.+ •••• _-.-+ ••• -•• _-+- •• _----+
I I 8 I 0.00001 0.13491 0.38111 0.62201 0.80411 0.90091 0.90221 0.45931 0.29791 0.11041 0.00001
+ +-----._.+---~_._-+._----_.+----_._.+-~ .. _---+ •• _---_.+---- •.. -+----_._-+._ .._--.+----_ •• -+-- ••• _--+---- ••• -+
I. I 9 I 0.00001 0.12961 0.37021 0.61221 0.80471 0.92161 0.95191 0.89761 0.24541 0.09281 0.00001+ +------.-+---_._--+-_ .._--.+- .._----+.-._----+ .... __.•+._-_ .•• -+ .. __ ••_-+-_ •• _---+------.-+--- •• _--+._-- •• _-+
I I 10 I 0.00001 0.11741 0.34021 0.57201 0.76721 0.90141 0.96341 0.95251 0.87971 0.06831 0.00001+ +-._-----+--------+--_._---+-._-----+ ... _----+. __ ._---+._-_ .. _-+ .._-----+----._--+- •• _----+._---._-+- ••• _- ••+
I I 11 I 0.00001 0.09241 0.27471 0.47531 0.65891 0.80551 0.90421 0.95091 0.9491I 0.9133110.00001+--------+._--_ .. -+-._-----+-._--_ ..+---_._ .. +._--_._.+-_ ..__ .-+ ..... -•.+---- ••_.+---._---+- •• _---.+._-- ••• -+- •• _-- ••+



TABLE A.35
SHEAR FORCES ALONG THE OIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.3001

POSITION OF UNIT LOAD FROM THE CR~+--------+--------+-_ ..----+--------+--------+--------+--------+--------+--------+--------+--------+_.--_ ... +---_ •• --+
I X/L' I ~0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 \ 0.50 I+-----_.-+--_._---+-------~+--_._---+--------+--------+--------+--------+--------+--------+-_ .. ----+--------+--------+

I I 0,00001 0,33861 0.09501 -0.14nl -0.33751 -0,44791 -0.46831 -0.40141 .0.26471 -0.09931 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--_ .. ---+_ •• -----+----_ ... +
I I 2 I 0.00001 -0.11721 0.36881 0.13721 -0,0579\ -0.19241 -0.2548\ -0.24461 -0.17271 .0.06791 0.00001
+DIFFER- +--------+--------+--------+--------+--------+--------+--------+--------+--- .. ---+ ••• --- •• +--- •• ---+--- •• ~--+
I I 3 I 0.00001 -0.09891 -0.29201 0.34691 0,15921 0.01431 -0.07661 -0.11031 -0.09211 -0.03991 0.00001
+ -ENT +--------+--------+--------+--------+--------+--------+------.-+--------+-----.--+--.-----+.-----.-+---- .... +
1 I 4 I 0.00001 ,0.07881 -0.23831 -0.41961 0.34261 0.19461 0.08251 0.01171 .0.01781 -0.0137\ 0.00001+SECTIONS+----- ..-+--------+.-----.-+--.-----+------.-+--------+-----.--+--.----.+----.---+ ... ----.+---- .. --+-- .... --+
1 I 5 I 0.00001 -0,05741 -0.18001 -0.32891 -0.48301 0~35551 0.22771 0.12491 0.05191 0.01111 0.00001+ +_ ..-----+-----~--+--------+--------+-_ ..----+--------+-_.-----+----_.--+-._---_.+--_ ... --+ ... -----+._------+
I I 6 I 0.00001 0.03481 0.11781 0,23051 0.36101 -0.50001 -0.36101 -0.23051 -0.11781 -0.03481 0.00001+ +.-------+--------+--------+----.---+--------+--------+------_.+---_.---+- .. ---_.+---_ .. --+- .. _----+ ... -----+
I I 7 I 0.00001 0.01111 0.05191 0.12491 0.22771 0.35551 -0.48301 -0.32891 .0,18001 -0.05741 0.00001+ +--------+--------+--------+--------+--------+--------+--_.----+-----_.-+---_.---+._----_.+---_ .. _-+--_ ... _-+
I I 8 I 0.00001 -0.01371 -0.01781 0.01171 0,08251 0.19461 0.34261 -0.41961 -0.23831 -0.07881 0.00001+ +--------~-----_.-+--------+-_.-----+--------+--------+------_.+--------+- .. -----+----_._-+-_ ... _--+-_ ... ---+
I I 9 I 0.00001 -0.03991 -0.09211 -0.11031 -0,07661 0.01431 0.1592\ 0.3469\ -0.29201 -0.09891 0.00001+ +-_.-----+--------+--------+--------+_.------+--------+--------+--------+---_.---+_ .. -----+-----_._+-----_ ..+
\ I 10 I 0.00001 -0.06791 -0.17271 -0,24461 -0.25481 -0.19241 -0.05791 0.13721 0.36881 -0.1172\ 0.00001+ +.-------+--------+--------+--------+--------+--------+--------+-----_.-+--_.----+-._-----+.----_ ..+------_.+
I I 11 I 0.00001 -0.09931 -0.26471 -0,40141 -0.46831 -0.4479\ -0.33751 -0.14nl 0.09501 0.33861 0.00001+.-------+---_ .. --+--_.----+.---~---+----_ .. -+--------+----~---+--------+--_ .. ---+ .. ---_ ..+---_ .. --+-_ ... ---+- ••••• --+

TABLE A_36
BENOING MOMENTS AT OIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.350)
=INFLUENCE VALUE'(LI

POSITION OF UNIT LOAO FROM THE CR~+--------+---_ .. --+--_.----+-.----_.+----_ .. -+--_.----+--------+----_ .. -+- .. ---_.+.---_ .. -+-_ ... -_.+- .. -----+ .... ----+
. I X/L 1 -0.50 I -0.40 I -0.30 1 -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 \ 0.40 I 0.50 I+_.------+._------+-----_.-+--------+--------+--------+--------+--------+-----_ ..+---_.---+ ... -----+ .. ---_ ..+._------+
1 I I 0.00001 -0.04491 -0.0363L -0.00951 0.02001.0_04361 0.05621 0.05511 0.04081 0.01731 0.00001+ +_.------+--------+--------+-_.-----+--------+--------+-_.-----+-----_.-+---_.---+ ... -----+-----_ ..+------_.+

'I I 2 I 0.00001 0.03071 -0.00311 -o,olnl -0.02111 -0.01811 -0.01221 ,0.00601 -0.00141 0.00041 0.00001+ +-_.-----+--------+--------+--------+--------+--------+--------+------_.+---_.---+_ .. -----+ .. ------+ ... -----+
I I, 3 I 0.00001 0,01601 0.05601 0.01431 -0.01241 -0.02671 -0.03081 -0.02691 -0.01771 -0.00671 0.00001+DIFFER- +-- ..----+--------+------.-+----.---+--.-----+-.------+---- .. --+--.-----+~------.+----- .. -+---- ... -+----- •• -+
I I 4 I 0,00001 0.00571 0.02651 0.06391 0.01791 -0,01221 -0.02761 -0.03021 -0.02271 ,0.00941 0.00001+ -ENT +--------+--------+--------+--------+--------+--------+--------+--------+.-------+------.-+-----.--+---- .. --+
I I 5 I 0.00001 -0.00171 0.00461 0.02561 0,06321 0.01831 -0.00961 -0.02151 ,0.01991 -0.0093\ 0.00001+SECTIONS+-------.+-----~--+--------+--------+--------+-------.+--------+--------+------ ..+---- .. --+--- .. ---+-- +
I I 6 I 0.00001 -0.00671 -0.01071 -0.00271 0,02091 0.06201 0.02091 ,0.00271 -0.01071 -0.00671 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+_ .. -----+ .. ----_.+-----_._+------_.+
I I 7 I 0.00001 -0.00931 -0.01991 -0.02151 -0,00961 0.01831 0.06321 0.02561 0.00461 -0.00171 0.00001+ +-_.-----+-_._----+--------+--------+--------+_._---_.+--------+--------+.----_ ..+----_ ..-+--_ .... -+-_._ .... +
I . I 8 I 0.00001 -0,00941 -0.02271 -0.03021 -0,0276\ -0.01221 0.0179\ 0.06391 0.02651 0.00571 0.00001+ +--------+--------+---_.---+-_.-----+--------+--------+--------+ .. _---_.+---_ .. _-+- .... ---+- .. -----+- ... _---+
I 1 9 I 0.00001 -0.00671 -0.01771 -0.02691 -0,03081 -0.02671 -0.01241 0.0143\ 0.05601 0.01601 0.00001+ +--------+---_.---+-_.-----+------_.+--------+--------+--------+----_.--+-_._----+ ... -----+--------+-_.-----+
I I 10 I 0.00001 0,00041 -0.00141 -0.00601 -0,01221 -0.01811 -0.02111 -o,olnl -0.00311 0.03071 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+-----_ ..+----_ .. -+----_._.+
I I 11 1 0.00001 0.01731 0.04081 0.05511 0,05621 0.04361 0.02001 -0.00951 -0.03631 '0.0449110.00001+--------+--_.----+--------+--------+-_.-----+------_.+--------+------_.+--------+--------+.----_ ..+----_ .. -+---_ .... +

,



TABLE A.37
VERTICAL SHEAR fORCES AT DiffERENT SECTIONS (RISE.TO-SPAN RATIO 0.350)

POSITION Of UNIT LOAD fROM THE CROYN+----_.--+--------+--------+--------+_ ... ----+--------+--------+-_._----+-.----_.+---_ .. --+- •••• ---+ ... -----+ .... ----+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+--------+--------+--------+--------+--------+--------+-'-------+--------+--------+--------+--_ .. ---+_ •• -----+-_ ••••• -+
I I I 0.00001 0.96221 0.87711 0.76471 0.63611 0.50001 0.36391 0.23531 0.12291 0.03781 0.00001
+ +--------+--------+--------+--------+--------+--------+-----_.-+--_ .. _--+- •• _----+--------+--------+--------+
I I 2 I 0.00001 -0.03781 0.87711 0.76471 0.63611 0.50001 0.36391 0.23531 0.12291 0.03781 0.00001
+ +----_._-+--------+-_._----+--------+-------~+--------+--------+--------+-----_.-+--_ ... _-+--_._.--+-----_ ..+
I I 3 I 0.00001 -0.03781 -0.12291 0.76471 0.63611 0.50001 0.36391.0.23531 0.12291 0.03781 0.00001+DIFFER- +--------+--------+--------+--------+--------+-------- •.. ------+---- .. --+-- ... ---+ ... -.---+ ..------+ .... ----+
I I 4 I 0.00001 -0.03781 -0.12291 -0.23531 0.63611 0.50001 0.36391 0.23531 0.12291 0.03781 0.00001+ -ENT +-- ..----+- ..-----+--------+--------+----- ...+--------+-.-.----+.----- ..+---- ..--+-- ... ---+- .... ---+-- ..... -+
I I 5 I 0.00001 -0.03781 -0.12291 -0.23531 -0.36391 0.50001 0.36391 0.23531 0.12291 0.03781 0.00001+SEcTtONS+- ... ----+--------+ ... -----+.----- ..+-------.+---- ..--+-- ..----+-.------+----- ...+---- ... -+--- ... --+--- ..... +
I I 6 I 0.00001 -0.03781 -0.12291 -0.23531 -0.36391 0.50001 0.36391 0.23531 0,12291 0.03781 0.00001+ +_ .. -----+--------+--------+----_ ... +~----_ ..+----_._-+- ... _---+-.----_.+----_ ..-+-_ ... ---+- ..... --+---_ ... -+
I I 7 I 9.00001 -0.03781 -0.12291 -0.23531 -0.36391 -0.50001 0.36391 0.23531 0.12291 0.03781 0.00001+ +--------+--_.----+---_._--+-.------+--------+.-.-----+._----_.+---_.---+-_ ..----+ ... -----+ ... -----+ .... ----+
I I 8 I 0.00001 -0.03781 -0.12291 -0.23531 -0.36391 -0.50001 -0.63611 0.23531 0.12291 0.03781 0.00001+ +.-------+--------+--------+------_.+------_.+--------+---_._--+-_._----+ ..----_.+-----_ ..+.---_ ...+--------+
I I 9 I 0.00001 -0.03781 -0.12291 -0.23531 -0.36391 -0.50001 -0.63611 .0.76471 0.12291 0.03781 0.00001+ +--------+--------+--------+.-------+--------+--------+._---_ ..+----_.--+--_ ..---+-_ ..----+-_ ..----+--_ ..... +

.1 I 10 I 0.00001 -0.03781 -0.12291 -0.23531 -0.36391 -0.50001 -0.63611 -0.76471 -0.87711 0.03781 0.00001+ +------_.+-_ .._---+-_ .._---+- .._----+- .._----+- .._----+--------+._---~--+-----_._+--_ ... --+---_ ... -+--------+
I I 11 I 0.00001 -0.03781 -0.12291 -0.23531 -0.36391 -0.50001 -0.63611 -0.76471 -0.87711 -0.96221 0.00001+--------+--------+-_.-----+- ..-----+-._-----+--_._---+-_._----+.-------+._----_.+----_ ...+-----_ ..+-.---_ ..+ ..------+

TABLE A.38.
HORIZONTAL THRUSTS AT DiffERENT SECTIONS (RISE-l0-SPAN RAllO 0.350)

POSITiON .OFUNIT LOAD fROM THE CROYN+ -----+- ---+--------+---_ ..--+---_ -+----_.--+----_.--+---_ ..--+--_ --+._ .._---+- --+ -+--_._ +
I X/L I -0.50 I -0.40 I -0.30 I -0.20 1 -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+-_.-----+--_ .._--+-._-_._-+-----_ ..+-._-_._.+-----_ ..+------_.+----_ ...+---_.-.-+-. __..--+--_ .... -+. __._..-+.-. __._-+
I I I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ +--_._---+----_ ..-+-._---_.+--------+--------+-_.-----+-----_.-+-._-----+._-_._.-+ ... -----+ ... ---_.+. __..... +
I I 2 I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ +-. __.._-+ .._-----+-._-----+._------+--------+-._-----+.------'-+--------+--------+--------+ ... -----+----_ ...+
I I 3 10.000010.122610.322610.501510.620510.66181 0.62051 0.50151 0.32261 0.12261 0.00001+DIFFER- +--------+-.------+ ..------+--------+-- ..----+--.-----+--.-----+--------+---.----+-- .... --+--- .... -+--------+
I I 4 I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ -ENT +--------+.-------+--------+--------+--.-----+---.----+---.-.--+----.---+--- ..---+--- ..---+------ ..+--------+
I I 5 I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+SECTIONS+- ..-----+---.----+------.-+------.-+--------+--------+--------+--------+--------+--------+ ..------+--- .... -+
I I 6 1 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ +-----_.-+-----_.-+--------+._------+._------+--------+.-------+--------+.-------+ ... -----+ ... -----+--_._ ...+
I I 7 1 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ +--_ ..---+----_.--+----_.--+--------+------_.+-----_ ..+-----_ ..+-----_.-+-----_ ..+-~----_.+ -----+_ -+
1 I 8 I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ +-_ _--+--------+----_._-+--------+------_.+-----_.-+--------+-----_.-+-----_ ..+---_._.-+.-------+ +
I I 9 I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ +--------+--------+--------+--------+-.------+--------+- ..-----+--------+.-------+ .._.----+- .... ---+----_._-+
I I 10 I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.12261 0.00001+ +------_.+--------+--------+--------+--------+._------+--------+------_.+----~-_.+--------+--------+-_ ..... -+
I I 11 I 0.00001 0.12261 0.32261 0.50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.1226r 0.00001+._------+--------+------_.+-----_._+-----_.-+-~------+----_.--+---_.---+---_.---+_._-----+_.~ .. ---+ .. __ .. :-+----_ •• -+



TABLE A.39
THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.350)

POSITION OF UNIT LOAD FROM THE CROWN
+•.•••••• + •••••• _-+---_._--+--------+--------+--------+--------+--------+--------+- +•••••••• + •••••••. +--------+
I X/L I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0_30 I 0_40 I 0.50 I+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+- .. ----.+ ... _----+
I I I 0.00001 0.94601 0.93451 0.89011 0.81011 0.69631 0.55431 0.39281 0.22591 0.07751 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+----._.-+
I I 2 I 0.00001 0.05241 0.87211 0.90551 0.88741 0.81231 0.68271 0.50771 0.30521 0.10931 0.00001
+OIFFER- +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ +
I. I 3 I 0.00001 0.07991 0.19721 0.84531 0.87111 0.82851 0.71761 0.54691 0.33581 0.12261 0.00001
+ -ENT~ +-- •••••• +--------+--------+--------+--------+--------+--------+--------+--------+--.-----+.-------+--.- ... -+
I I 4 I 0.00001 0.09941 0.25281 0.37631 0.81401 0.80121 0.71171 0.55321 0.34521 0.12781 0.00001+SECTIONS+ ..-.----+--------+--------+-------:+--------+--------+--------+--------+--------+--------+-------.+ ... -----+
I I 5 I 0.00001 0.11331 0.29381 0.44841 0.54101 0.74401 0.67781 0.53681 0.34001 0.12751 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--._ .... + .._-----+
I I 6 I 0.00001 0.12261 0.32261 0..50151 0.62051 0.66181 0.62051 0.50151 0.32261 0.1226\ 0.00001+ +--_ ..---+--------+--------+--------+--------+--------+~-------+-.------+--------+-_ + _-+--------+
I I 7 I 0.00001 0.12751 0.34001 0.53681 0.67781 0.74401 0.54101 0.44841 0.29381 0.11331 0.00001+ +--------+--------+------.-+._ ... _.-+--------+--------+--------+--------+--------+--------+----._ ..+... _----+
I I 8 I 0.00001 0.12781 0.34521 0.55321 0.71171 0.80121 0.81401 0.37631 0.25281 0.09941 0.00001+ + _ -+._------+--------+--_ .._--+--_ + __._.+--_._---+--------+--------+--------+-_ +------_.+
I I 9 10.000010.122610.335810.546910.717610.82851 0.87111 0.84531 0.197210.07991 0.00001+ +- _--+._------+--_._---+--.-._--+ .._.._--+._._.~--+----_ ..-+. __.__.-+.- + -+--------+.- .._..-+
I I 10 I 0.00001 0.10931 0.30521 0.50771 0.68271 0.81231 0.88741 0.90551 0.87211 0.05241 0.00001+ +..... __.+._-_. __.+----_._-+---_._--+. __._._-+-_._-_ ..+-. __._--+--------+--_. __.-+-. __.... + .... _---+-_._. __.+
1 I 11 1 0.00001 0.07751 0.22591 0.39281 0.55431 0.69631 0.81011 0.89011 0.93451 0.94601 0.00001+--------+-----_ ..+._ _..+ -+._------+--------+-_. __..-+. __..__.+. __ + +.._.._--+-----_ ..+ -+

TABLE A.40
SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES (RISE-TO:SPAN RATIO 0.350)

POSITION OF UNIT LOAD FROM THE CROWN+ _-_.+------_.+ ..__ -+- __.-+----_._-+-_._--_.+._ .._-.-+-._-_._-+--------+---_._.-+ + _--+--_._ +
1 X/L I -0.50 1 -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 1 0.40 I 0.50 I+--------+-_ ... _.-+-_ .._--.+ .._-_ ..-+._--_._.+ .._--_ ..+- ... ~... +--------+-_. __ ._-+._-- •••. +_._-----+_._--~ ..+..... _--+
I I 0.00001 0.21421 -0.00291 -0.20951 -0.36521 -0.45071 -0.45841 -0.39071 .0.26111 -0.10221 0.00001
t +.- ...-..+.--.---.+--.-- ..-+-.- ..--.+-- ...-.-+--------+---.----+ ..-..-..+--------+--------+----.- ..+..------+
I I 2 I 0.00001 -0.11711 0.33591 0.12731 -0.04681 -0.16771 -0.22641 -0.22181 -0.16151 -0.06721 0.00001+DIFFER- +.-------+--------+---- .... +... -----+--------+------.-+.- •• -- .. +---.----+-.--~---+----.- ..+-.-----.+---_ ..__+
I 3 I 0.00001 -0.10031 -0.28341 0.34881 0.17561 0.03991 -0.04921 -0.08841 -0.08041 -0.03791 0.00001+ .ENT +-.------+----.---+--.--.--+--- ..--.+--- ..-..+..--..--+- ... --.-+--------+--------+--- ... -.+.-------+- __...__+
I I 4 I 0.00001 -0.08111 -0.23521.-0.40661 0.35631 0.21461 0.10401 0.02961 -0.00741 .0.01101 0.00001+SECTIONS+-------.+-----.--+--.-- ..-+.-- ..--.+- +-.-- .. --+--.--.--+-- ..- + ..-.. ---+--------+-~-- -+--------+
\ I 5 1 0;00001 -0.06021 -0.18141 -0.32541 -0.47401 0.36671 0.24081 0.13691 0.06011 0.01411 0.00001+ +-_ ..__.-+. __._-_.+-._-_._-+._ .._-_.+-._. __..+.._ _.+._ +._._----+--------+--------+ .._-----+---- -+
I I 6 I 0.00001 0.03781 0.12291 0.23531 0.36391 -0.50001 -0.36391 -0.23531 -0.12291 -0.0378\ 0.0000\+ +--------+--------+--_. __..+--_ ..._-+._------+-_ .._...+-.,_. __.+~.._--_.+--------+----. __.+ ... _----+----- .. -+
I I 7 I 0.00001 0.01411 0.06011 0.13691 0.24081 0.36671 -0.47401 -0.32541 -0.18141 -0.06021 0.00001+ +--------+ ..._-.--+-_ .._---+----_._.+ ..... _--+-_.-_._-+._------+-. __._.-+._ .... _-+._------+--------+._------+
I I 8 I O.ooqol -0.01101 -0.00741 0.02961 0.10401 0.21461 0.35631 -0.40661 -0.23521 -0.08111 0.00001+ +----_._-+- ..--_.-+._----_.+-_ +-_ ..__..+._------+~-_. __._+.__.-._-+ ••. _----+--------+-_.-._ ..+--------+
I I 9 I 0.00.001-0.03791 -0.08041-0.08841 -0.04921 0.03991 0.17561 0.34881 -0.28341 -0.10031 0.00001
+ +--------+-_ .._-_.+-. __._--+--------~----_ ... +- ••• __ .-+--_._---+--------+--------+-_._----+--------+-_._._--+
I I 10 I 0.00001 -0.06721 -0.16151 -0.22181 -0.22641 :0.16771 -0.04681 0.12731 0.33591 -0.11711 0.00001
+ +-------~+-_._._--+----. __ .+ _----+----_._.+ _-+----_ •• _+._ .._---+--------+--------+~._-_._-+-----_ ..+
I I 11 I 0.00001 -0.10221 -0.26111 -0.39071 -0.45841 -0.45071 -0.36521 -0.20951 -0.00291 0.21421~0.00001+---_ ..--+-_._----+--------+--------+---_ .._.+. __... _-+---- ... -+- ..... _-+--------+--------+--------+._-_ .... +--------+



TABLEA.41
BENDINGMOMENTSAT DIFFERENTSECTIONS(RISE.TO.SPANRATIO0.400)
=INFlUENCEVAlUE*(l)

POSITIONOFUNIT lOAD FROMTHECROWN
+•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I X/l I ,0.50 I .0.40 / .0.30 / .0.20 I .0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 / 0.50 I
+•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I I I 0.00001 .0.0390/ .0.02821 .0.00221 0.02551 0.04721 0.05851 0.05721 0.

0430
1 0.

0193
1 0.00001

+ +•••••••• +•••.•••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I I 2 I 0.00001 0.

0323
1 .0.00201 .0.01861 .0.02421 .0.02291 .0.0Inl .0.0111 I '0.0050/ '0.

0010
1 0.00001

+ +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•.•.•••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
/ I 3 I 0.00001 0.0169/ 0.05721 0.01511 .0.0125/ .0.02781 .0.03271 '0.02931 '0.

0200
1 '0.

0081
1 0.00001

+OIFFER' +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I I 4 I 0.00001 0.

0061
1 0.02781 0.06601 0.0202/ .0.0103/ .0.0266/ .0.03031 .0.

0237
1 .0.

0105
1 0.00001

+ .ENT +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +

I / 5 I 0.00001 .0.
001

71 0.00591 0.02821 0.0667/ 0.02191 .0.0066/ '0.0199/ '0.01981 '0.01001 0.00001
+SECTIONS+•••••••• +•••••••• +•••••••• +•••••••• +•••••••. +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +

/ / 6 I 0.00001 .0.
0070

1 .0.00981 .0.00021 0.02471 0.0662/ 0.02471 '0.0002/ '0.00981 '0.00701 0.0000/
+ +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
/ I 7 I 0.00001 .0.

0100
1 .0.01981 .0.01991 .0.00661 0.0219/ 0.0667/ 0.02821 0.

0059
1 '0.

0017
1 0.00001

+ +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
/ / 8 I 0.0000/ .0.

0105
1 .0.02371 .0.03031 .0.0266/ .0.0103/ 0.0202/ 0.0660/ 0.

0278
1 0.

0061
1 0.0000/

+ +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I / 9 I 0.00001 .0.00811 '0.02001 .0.02931 .0.03271 .0.02781 .0.01251 0.0151/ 0.

0572
1 0.

0169
1 0.00001

+ +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I I 10 I 0.0000/ .0.

0010
1 .0.00501 .0.0"11 .0.01n/ .0.02291 .0.0242/ .0.0186/ '0.

0020
1 0.

0323
1 0.0000/

+ +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
/ I 11 I 0.0000/ 0.

0193
1 0.04301 0.05721 0.0585/ 0.0472/ 0.02551 '0.00221 '0.

0282
1 .0.

0390
1 0.0000/

+•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••••

TABLEA.42
VERTICALSHEARFORCESAT DIFFERENTSECTIONS(RISE.TO.SPANRATIO0.400)

POSITIONOFUNIT lOAD FROHTHECROWN
+•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I X/l I .0.50 I '0.40 I .0.30 I .0.20 I .0.10 I 0.00 I 0.10 I 0.20 1 0.30 I 0.40' I 0.50 I
+•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +

I I" I 0.00001 0.
9583

1 0.87121 0.75931 0.63301 0.50001 0.3670/ 0.24071 0.12881 0.0417/ 0.00001
+ +•••••••• +•••••••• +•••••••• +•••••.•• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
/ / 2 I 0.00001 .0.

041
71 0.8712/ 0.75931 0.63301 0.5000/ 0.36701 0.24071" 0.12881 0.

0417
1 0.00001

+ +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I I 3 I 0.0000/ .0.

0417
1 .0.1288/ 0.7593/ 0.63301 0.5000/ 0.36701 0.24071 0.12881 0.

0417
1 0.00001

+OIFFER' +•••••••• +•••••••• +•••••••• +•••••.•• +•••••••• +•.•••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I I 4 I 0.0000/ '0.

041
71 .0.1288/ .0.24071 0.6330/ 0.5000/ 0.36701 0.24071 0.12881 0.

0417
1 0.00001

+ -ENT +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I 1 5 / 0.00001 .0.

041
71 .0.1288/ .0.24071 .0.36701 0.50001 0.3670/ 0.24071 0.1288/ 0.

0417
1 0.00001

+SECTIONS+•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
/ / 6 I 0.00001 .0.0417/ .0.12881 .0.2407/ .0.36701 0.50001 0.36701 0.2407/ 0.12881 0.

0417
1 0.00001

+ +•••••••• +•••••••• +•••••••• +•••••••• +.••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I / 7 / 0.00001 .0.

0417
1 .0.12881 .0.24071 .0.36701 .0.5000/ 0.36701 0.24071 0.12881 0.

041
71 0.00001

+ +•••••••• +•••••••• +•••••••• +•••••••• +.••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I 1 8 / 0.00001 .0.

041
71 .0.12881 .0.24071 .0.3670/ .0.5000/ .0.63301 0.2407/ 0.1288/ 0.

0417
1 0.00001

+ +•••••••• +.••••••• +•••••••• +•••••••• +•••••••. +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +c••••••• +
I I 9 / 0.00001 .0.

0417
1 .0.12881 .0.24071 .0.3670/ .0.50001 .0.6330/ '0.75931 0.12881 0.0417/ 0.00001

+ +••••••••••••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I I 10 / O.MOOI .0.0417/ .0.12881 .0.24071 .0.36701 .0.50001 .0.6330/ .0.75931 .0.

8712
1 0.

0417
1 0.00001

+ +•••••••• +.••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +
I 1 11 I 0:00001 .0.0417/ .0.12881 .0.24071 .0.36701 .0.50001 .0.63301 .0.75931 .0.87121 .0.958~1 0.0000/
+•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••.•••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +•••••••• +



TABLE A.43
HORI20HTALTHRUSTS AT DIFFEREHT SECTIONS (RISE.TO.SPANRATIO 0.400)

POSITIONOF UNIT LOAD FROM THE CR~N+--------+--------+--------+--------+--------+._------+--------+----- ...+--------+ .._-----+ •• _-----+-._-----+ ..._----+
I X/L I .0.50 I -0.40 I -0.30 I -0.20 I -0.10 1 0.00 I O.TO 1 0.20 I 0_30 I 0.40 I 0.50 I+--------+--------+~-------+~-------+--------+- .. _----+--------+----.---+--------+--------+--------+- .... _--+ ••• _----+
I I I 0.00001 0.11791 0.29311 0.44431 0.54321 0.57741 0.54321 0.44431 0.29311 0.1T791 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+- ... _---+- ••• _---+-_._----+
I 1 2 1 0.00001 0.T1791 0.29311 0.44431 0.54321 0.57741 0.54321 0.44431 0.293TI 0.1T791 0.00001
+ +--------+--------+--------+--------+--._----+--------+--------+-------.+------ ..+ •.• _----+._---- ..+._-- •••. +
I I 3 I 0.00001 0.'1791 0.293'1 0.44431 0.54321 0.57741 0.54321 0.44431 0.293TI O.IT791 0.00001+DIFFER- +---- •. --+--------+--------+---- + •• __ + . + ._+ .+_. ~+••• +•• .~+. ••__+
I I 4 1 0.00001 0.T1791 0.29311 0.44431 0.54321 0.57141 0.54321 0.44431 0.293TI O.TT791 0.00001+ -ENT +--------+-----~--+--------+~---~ + + + ~. __+ .+ .+ ..+ ••_+ __ .. +
I I 5 I 0.00001 0.11791 0.29311 0.44431 0.54321 0.57141 0.54321 0.44431 0.29311 O.IT791 0.00001+SECTIONS+--------+--------+-----.--+--- + + + • + • + ~ + •__+__~•• +_ .. .+
I I 6 I 0.00001 0.11791 0.2931I 0.44431 0.54321 0.57741 0.54321 0.44431 0.29311 O.TT791 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--_ .. _--+-~------+-._-----+--------+
I I 7 1 0.00001 0.11791 0.29311 0.44431 0.54321 0.57141 0.54321 0.44431 0.29311 0.1T791 0.00001+ +--------+--------+--------+--------+-----._-+--------+--------+------.-+--------+--------+----._--+---_._--+
I I 8 I 0.00001 0.11791 0.29311 0.44431 0.54321 0.57141 0.54321 0.44431 0.29311 0.1T791 0.00001+ +-_._----+--------+--------+--------+--------+--------+------.-+------.-+--------+--------+--------+---_._--+
I I 9 I 0.00001 0.11791 0.2931I 0.44431 0.54321 0.57741 0.54321 0.44431 0.2931I 0.11791 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-----_._+--------+
I I 10 I 0.00001 0.'1791 0.29311 0.44431 0.54321 0.57141 0.54321 0.44431 0.29311 0.1T791 0.00001+ +--------+--------+_._-----+--------+--------+--------+-------.+--------+--------+-----._-+--------+--------+
I I II I 0.00001 0.11791 0.2931I 0.44~31 0.54321 0.57741 0.54321 0.44431 0.2931I O.T1791 0.00001+--------+--------+--------+--_._---+-_._----+--------+--------+--~-----+--------+--------+_._--.-.+._------+--------+

TABLE A.44
THRUSTS AT THE OIFFERENT RADIAL PLANES (RISE-TO.SPAN RATIO 0.400)

POSITION OF UNIT lOAD FROM THE CR~+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I X/L I -0.50 I -0.40 I -0.30.I -0.20 1 -0.10 I 0.00 1 O.TO I 0.20 I 0.30 1 0.40 I 0.50 I+--------+--------+--------+--------+--------+--._----+--------+--------+--------+~-------+._------+--------+--------+
I I 0.00001 0.96091 0.91431 0.83841 0.73681 0.61461 0.47731 0.33231 0.T900I 0.06651 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+._------+----_._.+--------+--------+
I I 2 I 0.00001 0.04121 0.86321 0.87041 0.83371 0.75121 0.62601 0.46561 0.28381 0.T0621 0.00001+OIFFER- +--------+--------+------ __+ + + + + . +_. + __ . + + • +

I I 3 I 0.00001 0.07121 0.16231 0.80471 0.81101 0.76081 0.65521 0.50111 0.31301 0.12001 0.00001+ -ENT +--------+--------+--------+ + + + + + + + + +
I I 4 I 0.00001 0.09231 0.21961 0.31521 0.74721 0.72681 0.64341 0.50301 0.320TI 0.12481 0.00001+SECTIONS+--------+--------+--------+-- + + + + + + + +. ._+
I I 5 I 0.00001 0.10751 0.26241 0.38881 0.46121 0.66391 0.60441 0.48281 0.3T261 0.T2381 0.00001+ +--------+--------+--------+--------+-~------+--------+--------+--------+--------+--------+--------+--------+
I 1 6 I 0.00001 0.11791 0.29311 0.44431 0.54321 0.57141 0.54321 0.44431 0.29311 0.TT791 0.00001+ +--------+--------+--------+--------+--------+--------+-----'---+--------+--------+--------+--------+--------+
I 1 7 I 0.00001 0.12381 0.31261 0.48281 0.60441 0.66391 0.46121 0.38881 0.26241 O.T0751 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 I 8 I 0.00001 0.12481 0.320110.50301 0.64341 0.72681 0.74721 0.31521 0.21961 0.09231 0.00001+ +--------+--------+--------+--------+--------+--_._---+--------~--------+--------+--------+--------+--------+
I I 9 I 0.00001 0.12001 0.31301 0.50111 0.65521 0.76081 0.81101 0.80471 0.T6231 0.07121 0.00001+ +--------+--------+--------+--------+--------+--------+----- .. _+--------+--------+--------+--------+--------+
I I TO I 0.00001 0.10621 0.28381 0.46561 0.62601 0.75121 0.83371 0.87041 0.86321 0.04T21 0.00001+ +--------+--------+--------+--------+--------+--------+--------+-----_._+--------+--------+-_._----+--------+
I I TT I 0.00001 0.06651 0.19001 0.33231 0.47731 0.61461 0.73681 0.83841 0.91431 0.96091 0.00001+--------+--------+--------+--------+--------+--------+--------+----_._-+--------+---_._--+--------+-._-----~--------+



TABLE A.45SHEAR FORCES ALOHG THE DIFFEREHT"RADIAL PLAHES (RISE-TO-SPAN RATIO 0_400)

POSITION OF UNfT LOAD FROM THE CR~+-._.__.-+-_._----+-._.__.-+._--_._-+"----_.-+-_._----+--_._---+-._--_.-+._--_._.+--_._---+-_._ ••_.+-._.__.-+.-••-._-+
/ X/L I '0.50 / -0.40 / '0.30 I -0.20 / '0.10 I 0.00 I 0.10 I 0.20 1 0.30 / 0.40 I 0.50 I+_._--_._+._------+------.-+._------+---_._--+--------+-._--_.-+------_.+--------+-._"._.-+._._ ••_.+-.__._.-+._-._-.-+
I " I I 0.0000/ 0.09531 -0.09471 -0.266S/ -0.3910/ -0.4536/ -0.4494/ '0.38071 -0.

25n
l '0.

1059
1 0.00001+ +--_._---+--------+--------+--------+--------+--------+._--_._.+--_._---+---_. __.+.__._._.+-.__•__.+••_.__.-+

/ I 2 / 0.0000/ -0.11811 0.31591 0.12791 -0.0282/ -0.13811 '0.19461 -0.19631 '0.14831 -0.
0660

1 0.00001+DIFFER' +- +_. + •__+ ._+ +_. ._+__• + +_.__._._+.__._.__+_••_.__.+_._••__.+
I / 3 I 0.0000/ -0.10281 -0.27601 0.35561 0.19531 0.06741 -0.02051 '0.06501 -0.06721 '0.

0353
1 0.00001+ -ENT +- +. •__+ •__.+ • +__: + •__+ • + • +._••_.__+_••_.__.+.__•__._+._••__._+

I I 4 I 0.0000/ -0.0844/ -0.23301 -0.39501 0.37091 0.23501 0.12591 0.04821 0.00421 'o.oonl 0.00001+SECTIONS+.-_.__._+__• + +. •__+ +.__._.__+_.__• +__•__._.+_._.__._+._••••__+__•__._.+_••_••_.+
I I 5 / 0.00001 -0.0639/ -0.1835/ -0.3227/ -0.4659/ 0.3m/ 0.2539/ 0.14931 0.06911 0.0178/ 0.00001
+ +--------+--------+--------+--------+-----_._+--------+--_._---+---_._--+--_._---+-_. __._.+-.__._--+••_••_.-+
I / 6 I 0.00001 0.0417/ 0.12881 0.2407/ 0.3670/ -0.50001 -0.36701 '0.24071 -0.12881 '0.

0417
1 0.00001+ +_.__._--+--------+-_._----+--------+----_._-+_._--_.-+-_. __._-+-----_.-+._.__._.+-.__•__.+.__._---+._••_••-+

/ I 7 / 0.00001 0.01781 0.06911 0.14931 0.2539/ 0.3ml -0.46591 -0.32271 -0.18351 '0.
0639

1 0.00001+ +--------+------_.+--------+--------+_. __._--+--------+--------+--_._---+---_. __.+.__._._-+-_.__._-+-_.__._-+I I 8 / 0.0000/ -o.oonl 0.00421 0.04821 0.12591 0.23501 0.37091 '0.39501 -0.23301 -0.
0844

1 0.00001
+ +-_._----+--------+----_._-+--------+--------+--------+-----_.-+-_._--_.+-._--_.-+._ ••_••-+-_.__._-+-••_••_-+
I I 9 I 0.0000/ -0.0353/ -0.0672/ -0.0650/ -0.02051 0.0674/ 0.1953/ 0.35561 -0.27601 -0.1028/ 0.0000/+ +_.__._--+--------+--------+--------+-----_._+-_._----+--------+-_. __._-+-._--_.-+._--_._-+-_. __._.+-••_--_.+
/ I 10 I 0.00001 -0.0660/ '0.1483/ -0.19631 -0.1946/ -0.13811 '0.02821 0.12791 0.31591 '0.

1181
1 0.00001

+ +--------+--------+--_._---+-_._----+_._-----+----_._-+-_. __._.+-.__._.-+--------+-.__•__.+••_--_.-+.__•__.-+
I / 11 / 0.00001 -0.1059/ -0.25nl -0.38071 -0.44941 -0.45361 '0.39101 -0.266S1 '0.09471 0.

0953
1 0.00001-+---_._--+--_.__.-+-_.__._-+--------+-----_.-+.__._._-+-_.__._.+-._--_.-+._••_._.+-.__._••+._••_••-+._.__._.+-••-••-.+

TABLE A.46BENDING MOMENTS AT DIFFERENI SECTfONS (RISE-TO-SPAN RATIO 0.450):INFLUENCE VALUE'(L)

POSITION OF "UNIT LOAD FROM THE CR~+-._.__.-+.__•__.-+-_.__._-+---_._--+-_:._---+-_._--_.+---_._.-+-_. __._-+-.__._.-+._-_••_.+-••_.__.+-.__._••+-••••-••+
I X/L I -0.50 / -0.40 I '0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I+-_.__._-+_.__•__.+-----_._+._------+-_._----+_._-----+----_._-+-. __._.-+._--_._-+-.__•__.+-.__•__.+••_••_••+••••••••+
/ I 0.00001 -0.03201 -0.0193/ 0.00571 0.03131 0.0511/ 0.061'1 0.05941 0.04541 0.0216/ 0.00001+ +-.-••---+---.--._+_c.__•__+ • + • +__• +.__• +__._••_.+_._••_._+.__._••_+__•__._.+_••__._.+

• -I 2 / 0.00001 0.03421 -0.00091 -0.01961 -0.02731 -0.02781 -0.02351 -0.0167/ '0.00921 '0.
0029

1 0.00001+ +._------+----_._-+--------+-----_._+-_._----+--------+--------+-_. __._-+-.__•__.+••_••_••+.__•__.-+.__•__.-+
/ / 3 I 0.00001 0.01821 0.0588/ 0.0163/ -0.0121/ -0.02841 -0.0342/ -0.03151 '0.02241 -0.

0097
1 0.00001+OIFFER- +-.__• + +__• +_.__• +. •__+__• +_. ._+ •__+__._._••+_._••_••+••_.__._+.__•__._+

I / 4 I 0.0000/ 0.00681 0.02961 0.06851 0.0229/ '0.00801 -0.02521 '0.03001 '0.02451 -0.
0117

1 0.00001+ -ENT +.__• +__• .+ • +. + + •__._+__•__._.+_.__•__.+._••_.__+__• +_.__••_.+_.__•__.+
I / 5 / 0.0000/ -0.0015/ 0.0076/ 0.0313/ 0.07071 0.0259/ '0.00331 -0.0180/ -0.01951 -0.

0107
1 0.00001+SECTIONS+ •__+ .+ +.__• + •__+ + •__._+__•__•__+_.__•__.+_. ••+.__• +. ._+

I I 6 I 0.00001 -0.0073/ -0.00861 0.00271 0.0288/ 0.07081 0.0288/ 0.00271 -0.0086/ -0.
0073

1 0.00001+ +--------+--------+-_._----+~--_._--+--------+--------+--------+--------+--------+-. __•__.+-.__•__.+-.__•__.+
I / 7 I 0.00001 -0.0107/ -0.01951 -0.01801 -0.00331 0.0259/ 0.07071 0.03131 0.00761 -0.0015/ 0.00001+ +.__._---+-_._----+---_._--+--_. __._+----_._-+--------+--_.__.-+----_._-+---_.__.+-.__._.-+.__•__.-+.__••_.-+
/ / 8 I 0.00001 -0.01171 -0.0245/ -0.0300/ -0.0252/ -0.00801 0.02291 0.06851 0.02961 0.

0068
1 0.00001+ +.__•__._+--------+--------+--------+--------+--------+-._-----+----_._-+---_._.-+. __•__.-+.__•__.-+.__•__••+

I I 9 I 0.00001 -0.00971 -0.02241 -0.03151 -0.03421 -0.0284/ -0.01211 0.01631 0.0588/ 0.
0182

1 0:00001+ +._------+--------+---_._--+--------+--------+---_._--+--_._---+-_._----+-----_.-+-_ ••_••-+-_._-_.-+.__••_.-+
I I 10 1 0.00001 -0.00291 -0.00921 -0.01671 -0.02351 -0.02781 -0.0273/ -0.01961 -0.00091 0.

0342
1 0.0000/

+ +_.__._--+--------+--------+--------+--------+--------+--------+--------+---_._--+-._. __.-+._---_.-+. __•__.-+
/ I 11 I 0.00001 0.02161 0.0454/ 0.0594/ 0.0611/ 0.05111 0.03131 0.0057/ -0.01931 -0.032U1 0.00001+----_._-+-_._----+-------,+--------+--------+--------+--------+--_._---+------_.+_._. __._+-_.__._-+---_••_.+-._-••-.+



TABLE A_47
VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.450)

POSITION OF UNIT lOAD FROM THE CR~N'+--------+--------+--------+--------+--------+--------+-._-----+--------+--------+- .. _----+ •• _-----+----- ...+-- .. _---+
I Xfl I -0.50 I -0.40 I -0.30 I -0.20 I -0.10 I 0.00 I 0.10 I 0.20 I 0.30 1 0.40 I 0.50 I+._------+------~-+----~---+--------+--------+--------+--------+--------+--------+-----._-+--- ... _-+- •••• _--+ •• _-- •• -+
I I I 0.00001 0.95361 0.86471 0.75361 0.62981 0.50001 0.37021 0.24641 0.13531 0.04641 0.00001
+ +--------+--.:_---+--------+--------+--------+--------+--------+---._---+--------+--------+ .. _-----+--.:_---+
I 2 I 0.00001 -0.04641 0.86471 0.75361 0.62981 0.50001 0.37021 0.24641 0.13531 0.04641 0.00001
+ +--------+--------+._------+--------+--------+--------+--------+--------+-._-----+ .. _-----+---- .. _-+- •• _----+
1 I 3 I 0.00001 -0.04641 -0.13531 0.75361 0.62981 0.50001 0.37021 0.24641 0.13531 0.04641 0.00001+DIFFER- +--------+--------+---- + + + + + • +__ • +_ •• +•• ._+ __••• +
I I 4 I 0.00001 -0.04641 .0.13531 -0.24641 0.62981 0.50001 0.37021 0.24641 0.13531 0.04641 0.00001+ -ENT +------.-+--------+--. +•• .+ .__+ + •••__+__•• +_••~----+ ••----••+.----.--+- ••----.+
I I 5 I 0.00001 -0.04641 -0.13531 -0.24641 -0.37021 0.50001 0.37021 0.24641 0.13531 0.04641 0.00001+SECTIONS+-----.--+---.----+-- + •__+__ ...• __+_ .•• +_. +•• +. .+ •• _+ __ ••• + •• ._+
I I 6 I 0.00001 -0.04641 -0.13531 -0.24641 -0.37021 0.50001 0.37021 0.24641 0.13531 0.04641 0.00001+ +---._---+ .•_-----+------.-+----._--+--._--_.+-._---.-+._---_ .•+----- ••-+----- •• -+-- ••• _--+ ••• _-- ••+----._--+
I I 7 I 0.00001 -0.04641 -0.13531 -0.24641 -0.37021 -0.50001 0.37021 0.24641 0.13531 0.04641 0.00001+ +--------+._-----.+-----._-+-- ••_---+._---_ ..+--------+---- •.• -+---- •• _-+-- ••• _--+- •• _---.+ •• _- ••• -+-_ •• _--.+
1 1 8 I 0.00001 -0.04641 -0.13531 -0.24641 -0.37021 -0.50001 -0.62981 0.24641 0.13531 0.04641 0.00001+ +-----._-+------_.+._--_ ..•+---_ .•_-+---._-_.+.-._-_ ..+._-----.+-----_.-+---- ••• -+-- •• _---+ ••• _-- ••+-- ••• _--+
I I 9 I 0.00001 -0.04641 -0.13531 .0.24641 -0.37021 -0.50001 -0.62981 -0.75361 0.13531 0.04641 0.00001+ +.•~---_.+---_._--+_._-----+----_._-+--_._-_.+--._--_.+ •• _---_.+------.-+----- ••-+-- •• _---+-._---_.+---._---+
I I 10 I 0.00001 -0.04641 -0.13531 -0.24641 -0.37021 -0.50001 -0.62981 -0.75361 -0.86471 0.04641 0.00001+ +--- ••_--+ .• _-_.-.+---- •• _-+- .•• __..+--_._ ...+-_ •••• _-+._. __ ._-+- ..• _-_.+ •• _-_._-+---- ••• -+- .•• _---+ •• _- ••• -+
I I II I 0.00001 -0.04641 -0.13531 -0.24641 -0.37021 -0.50001 -0.62981 -0.75361 -0.86471 -0.95361 0.00001+••_----.+----._--+--._----+._-----.+--_ .•• _-+ ..-._---+ .•_---_.+._-_.- ..+----_ •• -+---_ ••• -+-- •• _---+ ••_--- ••+-- ••• _-.+

TABLE A.48
HORI20NTAl THRUSTS AT DIFFERENT SECTIONS (RISE-TO-SPAN'RATIO 0.450)

POSITION OF UNIT lOAD FROM THE CR~+ ••_---.-+---_._--+--------+--_._-.-+-_ ..• _--+- •• __...+---_ ..•• +----- ••.+---_ •• _-+-- •._--.+ •••. _- •• +._- ••••• +- ••• _- •• +
I XfL I -0.50 I .0.40 I -0.30 I -0.20 I .0.10 I 0.00 1 0.10 I 0.20 I 0.30 I 0.40 I 0.50 I
+- ••• _-_.+._--- ... +--._ •• _-+---_._-~+_ .. _._--+ ••• __••• +._---_.-+--_ .. _.-+---_ .... +--_._---+ .... _--.+._-- ... -+•••_--••+
I I I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0.11571 0.00001+ +.._-- •. -+.-._._--+ .•. __.. -+--_._-_.+-.- ••_..+- •• __...+•• _._.-.+._-- ••• -+-_.-._.-+ •••• _--.+._--- ••. +-_ •. - ••• +
I I 2 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0.11571 0.00001
+ +••_.••• -+- .•• __.-+-._-_.-.+-._----.+ ....• __.+-._. __..+••• _.. _-+- ••• _- •• +- ..•••. -+- ••• _--.+ •• _-- ••• + .••. _ .•• +
1 1 3 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311' 0.39971 0.27051 0.11571 0.00001+DIFFER- +•.---- •.+.... -.--+ ..•. _...+. __ .... _+ __.. __..+. . +•.. __.. _+ __.__ .• _+._._ •• __+.•••• _._+. •• _+ __ •• .+
I I 4 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0.11571 0.00001
+ -ENT +- ••• ---.+ .. --.--.+ .. -- + +.• ..+ ._._+. __.• _._+ .__+_ ••. _. __ +._. ••+ ••. _+_ •• _ .••. +

I I 5 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0.'1571 0.00001+SECTIONS+---- .••. +-.------+- •• --.. -+ .. _._+_ ...• +.••. __..+•• __.. __+.. __..•• + __._ •• __+ •• +••. __ ._.+. __ • .+

1 I 6 I 0.00001 0.11571 0.27051 0.39971 0.483JI 0.51171 0.48311 0.39971 0.27051 0.'1571 0.00001+ +-._ .. __ .+. __.. -.-+-._---_.+----_ ...+._-_ ...• +---_ .._-+--_ .•. _-+ ..•• _._-+- •• _----+ •. _--_ ••+._-- ••. -+- •• __.• -+
I I 7 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0.11571 0.00001
+ +•. __._--+._-_._.-+ ... _--_.+._-_ .... +-_ .... _-+- •••• _--+._ ..• __.+- .•_-_.-+ .• _.. _-.+ •.. _- ••. +-.- ... _.+ •• _-- •• -+
I I 8 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0.11571 0.00001
+ +--_ •.. _-+ ••. __ ... +-_ .. _-.-+ ...••. _-+ ..• _--_.+ .• _._-_.+-. __ .••• +-._--._-+-._ .•••. +--. __._-+ •• _---.-+-- .. _---+
I I 9 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0;11571 0.00001
+ +--_ ••.. -+- •• _-_ .. +••. _. __.+-_ ••.•• -+ ....•. _-+ ... _._--+ .•.__...+-._._._~+ •._._-••+_._- •••.+-- •• _._.+. __.-••-+
1 I 10 I 0.00001 0.11571 0.27051 0.39971 0.48311 0.51171 0.48311 0.39971 0.27051 0.11571 0.00001+ +••_---.-+- _-_.+._--_ +. __ -+-_ _-+ _-+ _._--+ .. _.• _--+. __ _.+.-._._--+ ••.. _-•.+--_ ••. _.+
I I II I 0.00001 0.11571 0.27051 0.39971 0.4831I' 0.51171 0.48311 0.39971 0.27051 o. 1~71 0.00001+-_ .._---+._.-._--+._ ..• _--+._---_ ..+-._-_ ... +--_ •••• -+--_ ••• -.+-. __ ...• +- .. __ .••+.. _._-.-+-._ .•• _-+. __ •... -+ ••. _-••.+

/,



TABLE A.49
THRUSTS AT THE OIFFERENT RAOIAL SECTIONS (RISE'TO'SPAN RATIO 0.450)

POSITION OF UNIT LOAD FROM THE CROWN
+~-_._---+-_.-----+--------+----_.--+--------+--------+--------.--------+--------+--------.--------.--------+-.- ..---+
I X/L I -0.50 I ,0.40 I -0.30 I -0.20 I -0.10 I 0.00 I O.TO I 0.20 \ 0.30 I 0.40 I 0.50 I.--------+--------+--------+--------+--------.--------+_.------+--~-----+.-_.----+---_.---+-_.-_.--+._-_.-_.+--------+
I I 1"0.00001 0.96051 0.88831 0.79141 0.67701 0.55101 0.41891 0.28691 0.1629\ 0.05831 0.00001
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+------_.+
I I 2 I 0.0000\ 0.03321 0.85181 0.84181 0.79371 0.70781 0.58721 0.43821 0.27151 0.1070\ 0.0000)
+DIFFER- +--------+--------+--------+--------+--------+--------+--------+--------.--------+- .. -----.--- .. ---+-_ .•• ---+
I I 3 I o.oPOOI 0.0652\ 0.13631 0.77051 0.76351 0.70901 0.60861 0.46781 0.29781 0.12061 0.00001
+ -ENT + + + + + + t--------+--------+--------+--------+--------+--------+
I I 4 I o.QOOOI 0.08771 0.19431 0.26871 0.6937) 0.6684\ 0.5905) 0.4647\ 0.30201 0.12461 0.00001+SECTIONS+--------+--------+-------.+------,-+-------.+--------+--------+--------+--------+--------+--------+--------+
I I 5 \ 0.00001 0.10421 0.23821 0.34271 0.39981 0.60091 0.5471\ 0.44071 0.29201 0.12271 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 I 6 I 0.00001 0.11571 0.27051 0.39971 0.4831I 0.51171 0.4831I 0.39971 0.27051 0.11571 0.0000\+ +--------+--------+--------+-_._----+--------+--------+--------+--------+--------+--------+------_.+--------+
I I 7 I 0.00001 0.12271 0.29201 0.44071" 0.54711 0.60091 0.39981 0.3427\ 0.23821 0.10421 0.00001+ +--------+--------+--------+--------+--------+._------+--------+--------+--------+--------+-----_.-+--------+
I I 8 I 0.00001 0.12461 0.30201 0.46471 0.59051 0.66841 0.69371 0.26871 0.19431 0.0877\ 0.00001
+ +--------+-----_.-+----_.--+----~---+--------+---_. __ .+--------+---_.---+--------+--------+--------+--------+
I I 9 I 0.00001 0.12061 0.29781 0.4678\ 0.60861 0.70901 0.76351 0.77051 0.13631 0.06521 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
\ I 10 I 0.00001 0.10701 0.27151 0.43821 0.5872\ 0.70781 0.79371 0.84181 0.85181 0.03321 0.00001+ +--------+--------+--_._---+--------+--------+._-_._--+_._-----+--------+--------+--------+----_ ..-+--------+
I I 11 I 0.00001 0.05831 0.16291 0.28691 0.41891 0.55101 0.67701 0.79141 0.88831 0.96051 0.00001+--------+--------+--------+-----_.-+--------+--------+--------+---_:---+-_.-----+--------+--------+--------+--------+

TABLE A.50
SHEAR FORCES ALONG THE OIFFERENT RAOIAL PLANES (RISE-TO-SPAN RATIO 0.450)

POSITION OF UNIT LOAD FROM THE CROYN
+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+._------+
I X/L \ -0.50 I -0.40 I -0.30 1 -0.20 I .0.10 I 0.00 I 0.10 I 0.20 I 0.30) 0.40 I 0.50 I+--------+--------+--------+-_.-----+--------+--------+--------+--------+--------+--------+--------+-----_.-+--------+
I I 0.00001 -0.01501 -0.17821 -0.31841 -0.41431 -0.45641 -0.44161 -0.37171 -0.25481 -0.11021 0.00001+ +--------+--_.----+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 2 I 0.00001 -0.1202\ 0.3087\ 0.13861 -0.00281 -0.10421 -0.1600\ -0.16881 -0.1332\ -0.0640\ 0.0000)
+DIFFER- +--------+-----~--+--------+--------+--------+--------+-----.--+----.--.+-----.--+--------+--------+--------+
I \ 3 I 0.00001 -0.10631 -0.27001 0.36631 0.21721 0.09591 0.00881 -0.04081 -0.05281 -0.03181 0.00001+ -ENT +--------+--------+--------+------.-+-.------+--------+--------+--------+------._+--------+--------+----._--+
I I 4 I 0.00001 -0.08861 -0.23171 -0.38501 0.38571 0.25521 0.14751 0.06701 0.0165\ -0.00351 0.00001+SECTIONS+--------+--------+--------+--------+--------+--------+-._-----+----.---+--------+--------+--------+-----.--+
I I 5 I 0.00001 -0.06851 -0.18641 -0.32091 -0.45891 0.38821 0.26671 0.16191 0.0788\ 0.0224\ 0.00001+ +--------+--------+--------+--------+--_.----+-_.-----+--------+--------+--------+--------+--------+--------+
I I 6 I 0.00001 0.04641 0.1353"1 0.24641 0.37021 -0.50001 -0.37021 -0.24641 -0.13531 -0.04641 0.0000\+ +--------+------_.+--:-----+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 7 I 0.00001 0.02241 0.07881 0.16191 0:2667\ 0.38821 -0.45891 -0.32091 -0.18641 -0.06851 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 8 I 0.00001-0.00351 0.01651 0.06701" 0.14751 0.25521 0.38571 -0.38501 .0.23171 -0.08861 0.00001+ +--------+--------+--------+--------+--------+----_._-+--------+--------+--------+--------+--------+--------+
I I 9 I 0.0000\ -0.03181 -0.05281 -0.04081 0.00881 0.09591 0.21721 0.36631 -0.27001 -0.10631 0.00001+ +--------+--------+--------+--------+--------+---_.---+--------+--------+------_.+--------+--------+--------+
\ I 10 I 0.00001 .0.06401 -0.13321 -0.1688\ -0.16001 -0.10421 -0.00281 0.1386\ 0.30871 -0.12021 0.00001+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 11 I 0.00001 -0.11021 -0.25481 -0.37171 -0.44161 -0.45641 -0.41431 -0.31841 -0.17821 -0.015111 0.00001+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+



y

TABLE A.51

BENDING.MOHENTS AT DIffERENT SECTIONS fOR fiLL LOAD ABOVE THE CR~
=TABlE COEFF.*(Q*L*L) •

SECTION NUMBER

x

+.-------+---~----+--------+--------+--------+--------+--------+--------+--------+--------+------_.+----_ ...+-----_ •• +
I (N) 1 1 2 1 3 1 4 1 5 1 6 I 7 1 8 I 9 1 10 11 1+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
.1 1 0.050 I 0.000291-0.000071-0.000121-0.000031 0.000071 0.000111 0.000071-0.000031-0.000121-0.000071 0.000291
+ +--------+--------+--------+--------+--------+--------+--------+--------+_ .. -----+ •• ------+--------+.------~+
1 1 0.100 1 0.001141-0.000291-0.000461-0.000111 0.000271 0.000431 0.000271-0.000111-0.000461.0.000291 0.001141
+ RISE- +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 0.150 1 0.002551-0.000701-0.001011-0.000211 0.000631 0.000971 0.000631-0.000211-0.001011-0.000701 0.002551
+ -TO- +--------+--------+--------+--------+--------+--------+-.------+------.-+------.-+--.-.---+-- .. ----+- .... ---+
1 I 0.200 1 0.004511-0;001391-0.001741-0.000281 0.00'171 0.001751 0.001171-0.000281-0.001741-0.001391 0.00451\
+ SPAN +-------.+------.-+-------.+---.-- ..+--.---.-+-.---.--+--.-.---+-~------+------.-+--------+------.-+--------+
1 1 0.250 I 0.006991-0.002411-0.002591-0.000261 0.001921 0.002751 0.001921-0.000261-0.002591-0.002411 0.006991
+ RATIO +--------+------.-+----.---+---.----+--.-- .. -+.--- .. --+~- ..----+--.-----+-.------+ ..------+--------+ ...-----+
I 1 0.300 I 0.009981-0.003841-0.003481-0.000071 0.002891 0.004001 0.002891-0.000071,0.003481,0.003841 0.009981+ +----_._-+--------+---_._--+------_.+-----_ ..+-----_.-+-_._-_.-+----_._-+-._._---+---_ .. --+---_ .. --+-----_ ..+
I 1 0.350 1 0.013461-0.005671-0.004311 0.000331 0.004111 0.005511 0.004111 0.000331.0.004311-0.005671 0.013461+ +_.-_._--+---:~---+_._-----+---_.-~.+--_.--_.+--_.- ..-+._------+._.-----+-.------+ .. ------+- .. -----+-_ .. ----+
I I 0.400 1 0.017411-0.007831-0.004961 0.001001 0.005601 0.007271 0.005601 0.001001.0.004961-0.007831 0.017411+ +._-_.-_.+--_ .. __ .+--------+--------+--_.----+- __ .-+ .. _.-_ ..+-._.-_.-+--------+-._-----+-.----_.+ -+
I I 0.450 1 0.021811-0.010141-0.005351 0.001991 0.007381 0.009311 0.007381 0.001991.0.005351-0.010141 0.021811+---_.---+---_._--+--_._---+--_ ... --+ .. _... --+--_ .. _..+-_._ ... -+._------+- .. _.---+ .. ------+ ... _----+ .... ----+ ... _.---+

+--------+-_.-----+--------+-_._-_.-+._------+--_ .. _--+--_.--_.+. __ .. ---+-_._.---+- ... ----+ ..... _--+._ ... _.-+-----_ ..+
I (N) 1 2 I 3 1 4 1 5 I 6 1 7 1 8 1 9 1 10 1 11 I+--------+--_._---+------_.+--------+-.-.----+- .. _----+. __ .__ .-+ .. _---_.+. __ .-_.-+. __ .. _--+- .. _.---+--------+-----_.-+
1 1 0.050 I 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001-0.200001-0.300001-0.400001-0.500001+ +-._-----+--------+-_. __ .. -+._-_._.-+-_. __ .. -+--_ .. _--+-._---_.+-----_.-+---_ .... +-----_ .. +------_.+ ..... ---+
I I 0.100 I 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001-0.200001-0.300001-0.400001-0.50000\+ RISE- . +--- ..----+-.------+ .. ---- ..+-.------+-- .. ----+-.-- .. -.+----.---+--- .. --.+-- ... ---+-- ..... -+--- ..... +--------+
1 f 0.15010.5000010.4000010.3000010.200001 0.100001 0.000001-0.100001'0.200001'0.300001'0.400001-0.500001+ .TO- +---.----+ .. -.----+-- .. ----+-- .... --+.-- .. ---+-- .. -.. -+.- ... -.-+.-.-- .. -+-.--- .. -+---- .... +-----._.+ .. -.----+
1 1 0.200 1 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001-0.200001-0.300001-0.400001-0.500001+ SPAN +---.--.-+----.--.+-.-- .. -.+------.-+ -.-.+ ----.+-.------+-.------+.-------+-.------+- ----+-_ +
1 1 0.250 I 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001-0.200001-0.300001-0.400001-0.500001+ RATIO +--------+--------+--------+--------+-------.+------ ..+--------+-------.+-------.+----- .. -+------ ..+ ... -----+
1 1 0:300 1 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001-0.200001-0.300001-0.400001'0.500001. + +---_ ... -+---_.---+--------+----_ .. -+----_ .. -+----_.--+----_ ... +----_.--+--_ .... -+--_ .. _--+----_ ... +-.------+
1 1 0.350 1 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001-0.200001-0.300001-0.400001'0.500001+ + ... -----+-_._----+--------+--------+--------+--------+--------+-----_.-+----_._-+-----_.-+------_.+--------+
1 1 0.400 1 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001-0.200001-0.300001-0.400001-0.500001+ +_ .... _--+--------+_._-----+ .. ------+--------+-----_ ..+--------+--_ .. ---+--------+-_ .. _---+--_.----+-._ ..... +
1 1 0.450 1 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001-0.200001-0.300001-0.400001-0.500001+-----_ ..+--------+-----_.-+----_ .. -+---_ .. --+-_ ... ---+-_ .. -----+.. ------+ ..---_ ..+----_ .. -+---_ .... +----_ ... +-----_ ..+

x

y

TABLE A.52

SECTION NUMBER

VERTICAL SHEAR fORCES AT OlffERENT SECTIONS fOR fILL LOAD ABOVE THE CR~N. ,
=TABlE COEFF. *(Q*U tVo

'-I ---------<
L



TABLE A.53

HORIZONTAL FORCES AT DIFFERENT SECTIONS FOR FILL LOAD ABOVE THE CR~ ~
=TABLE COEFF.*(Q*l)

SECTION NUMBER

y

L

x

+--------+--------+--------+--------+--------+--------+--------+--------+--_ .. ---+--------+--_ .. ---+--------+--------+
1 (N) 1 I 2 1 3 I 4 I 5 6 7 8 9 1 10 11
+-_ •• ----+--------+--------+--------+--------+--------+--------+--------+--------+-----_ ..+--------+--------+ ..--_..-+
1 1 0.050 1 2.503681 2.503681 2.503681 2.503681 2.503681 2.503681 2.503681 2.503681 2.503681 2.503681 2.503681
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+ .. -_ .. --+_.--_ .. -+_ ••• ----+
1 1 0.100 I 1.25709\ 1.257091 1.257091 1.257091 1.257091 1.257091 1.257091 1.257091 1.257091 1.25709\ 1.257091
+ RISE- +--------+--------+-----~--+_.------+-_.-----+--------+--------+-- .. ----+--------+--------+--------+_.---- ..+
1 I 0.150 I 0.843841 0.843841 0.843841 0.843841 0.843841 0.843841 0.843841 0.843841 0.84384\ 0.843841 0.843841
+ -TO- +--------+--------+-------.+--------+--------+.----~--+~.---.--+~.---.--+.---- .. -+- .. --- ..+.-.--- ..+- ..... --+
\ \ 0.200 1 0.638801 0.638801 0.638801 0.63880\ 0.638801 0.63880\ 0.638801 0.638801 0.638801 0.63880\ 0.638801
+ SPAN +-.------+---.----+---- •. --+.-------+--------+--.----.+-------.+---.----+---.----+--- .. -~-+•• -.-.-.+ .... -...+
1 1 0.250 \ 0.516951 0.51695\ 0.51695\ 0.516951 0.516951 0.516951 0.516951 0.516951 0.516951 0.516951 0.516951
+ RATIO +------.-+-.------+.--.----+-.~-----+--------+---.----+.---.---+.-------+----- •• -+-.------+--.---.-+----- •• -+
1 1 0.300 1 0.436591 0.436591 0.436591 0.436591 0.43659\ 0.436591 0.436591 0.436591 0.436591 0.436591 0.43659\
+ +-----_._+--------+--------+-----_._+---_:_--+--------+---_.---+.-------+._-.----+- ••. _-_.+. __ ••. _-+ •• -. __ •• +
1 1 0.350 \ 0.379861 0.379861 0.379861 0.379861 0.379861 0.379861 0.379861 0.37986\ 0.379861 0.379861 0.37986\+ +--------+--------+--------+-~----:-+._---_._+-_._--_.+--------+---_.---+---_.---+ •• ------+-_.-----+----_ •• -+
1 I 0.400 1 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841+ +--------+--------+--------+--_._~--+--------+_.------+--------+--------+---_.---+ •• --_._-+- ••• ----+----_ ••. +
I 1 0.450 1 0.305561 0.305561 0.305561 0.305561 0.305561 0.305561 0.30556\ 0.30556\ 0.305561 0.305561 0.305561
+------_.+--------+----_.--+-.----_.+--_.----+----_ •• -+-_.-----+--_.----+---_ •. _-+-.-_ ••• -+- •• -_ .•• +-_ ••• ---+ ••• -_ ••• +

TABLE A.54
THRUSTS AT THE DIFFERENT RADIAL SECTIONS FOR FILL LOAD ABOVE THE CR~
=TABLE.COEFF.*(Q*L)

SECTlON NUMBER
+--_._---+--_ .•• --+-.----_.+--------+----_.--+-_.-----+---_.---+----_._-+-._--_.-+-_ ••• -.•+- ..•••• -+ •••...•• +- ...•••• + .
I (N) 1 \ 21 3 1 4 1 5 1 6 \ 7 1 8 I 9 I 10 1 11 \+--_ .. _--+-_ .. -~--+._._--_.+._------+-_. __ ._-+------_.+-._._---+. __ .•• --+.-_._-_.+-_.-._--+- ...• -.. +._ •...• -+ ...•• _..+
I I 0.050 1 2.55311 2.53541 2.52161 2.5117\ 2.50571 2.50371 2.50571 2.51171 2.52161 2.53541 2.55311
+ +. __ .. _.-+--_ .•. _.+ .• --_._.+---_._--+- •• ---_.+-._.----+--_ .•• --+ •• -. __ ••+-_ ••. _.•+ •..•••.. +- ••....• + ••...••• +

\ 1 0.1001 1.35271 1.31921 1.29241 1.27291 1.26111 1.25711 1.26111 1.27291 1.29241 1.31921 1.35271
+ RISE. +--.--.-.+- •.. ---.+ .. -- .. -.+.- .. --.-+------.-+- ..• -.--+------.-+-- .. --.-+ .••...•• + ..•••. -.+ ••. -.- ••+ .•••••. -+
1 1 0.150 1 0.97971 0.93381 0.8956\ 0.86721 0.84971 0.843BI 0.84971 0.86721 0.8956\ 0.93381 0.97971
+ .TO. + ••• -.. -.+-.-.- .. -+-.- ... -.+ ••.. ---.+-.------+ •... -.--+- ... -- •.-+-- •. ---.+-.- •... -+ •. -.•••. +- ••.. ---+- ... -••• +
I I 0.200 1 0.80741 0.75351 0.70571 0.66921 0.64651 0.63881 0.64651 0.'66921 0.7057\ 0.75351 0.80741
+ SPAN +~..••• --+ •••• --.-+.-- ..---+- •• -----+ •.. --- .. +- •• --.-.+- ..• ----+.-.- •• -.+ •....• -.+ .••• -.•. + ... - ••. -+ ••••.... +
I I 0.250 1 0.71021 0.65321 0.59751 0.553BI 0.52631 0.51691 0.5263\ 0.55381 0.59751 0.65321 0.71021
+ RATIO +.--- .. --+ ... ---.-+- ••. ---.+-.-.---.+ .. --- ... +-.--.--.+ ..• --.-.+- ..••. --+.- .. -.-.+ .••...•• +-.- •••. -+ ••••. -.•+
1 1 0.300 1 0.64661 0.59161 0.52921 0.47911 0.4474\ 0.43661 0.44741 0.47911 0.52921 0.59161 0.64661
+ +..__..._+_.~_ ••• _+_.-. __•. +..••-.._+ •• _ ••• _-+-_ .. _-_.+ .• __ ._ •• +- .••. _.• + ...•• - .. + ••..••• -+ .•• -_._.+ •. _..••• +

I 1 0.350 \ 0.59981 0.55121 0.48291 0.42721 0.39191 0.37991 0.39191 0.42721 0.48291 0.55121 0.59981
+ + ..• -_._-+- .. __ ._.+-_ ... _..+- .. _._:.+---_ .. _-+ .. __ .__ .+----_._-+.- .. _._.+-_._._ ..+ .•• -... -+- ••• -._.+ •. _.•••. +
1 1 0.400 1 0.56201 0.52341 0.44951 0.3B91\ 0.35091 0.3378\ 0.35091 0.3891) 0.44951 0.523l\ 0.5620\
+ +. _. _•. -.+- -_. ---.+-. -_. ---+. _. _. --.+. _.... --+- .. _. - ---+ •• _. _. - .+- -..,;..• -.+- .. _. ---+- _. _.. -.+ .. _••... +••...••• +
I 1 0.450 1 0.52931 0.50341 0.42421 0.35991 0.31931 0.30561 0.31931 0.35991 0.42421 0.5034\ 0.52931
+----_.--+---_ .. _-+-_.-_._.+._-_._--+-_._._--+-_._-_.-+.-. __ •. -+---_ .• -.+- ••.. _••+-_ •...• -+-_ •• -..• + ..•••..• + ••..•••• +



TABLE A.55

SHEAR FORCES ALONG THE DIFFERENT RADIAL PLAHES FOR FILL LOAD ABOVE THE CROWN
,=TABLE.COEFF.*(Q*L)

SECTION NUMBER

+~~~-_.~~+~_...-~-+_..~~_..+~~--_._~+~_..~-~-+..~--_..+-~-*..~-+...--_..+-_...~~~+...~_...+-~_...-~+•••• ~-~-+...~~-~.+
I (N) , 1 I, 2 3 1 4 5 I 6 7 I 8 I 9 I 10 1 11 I+-~~~-_.~+-~----~-+-_.-~---+-~~--_.-+~-------+-~~-----+-~-_..--+_ •• --~--+-~~-_.~~+~_..~~~-+•• ~~~••• +~~-~..~-+-~ +
I I 0.0501-0.001911.0.0007110.0000310.000461 0.000681 0.000741 0.000681 0.000461 0.000031-0.000711.0.00191)+ +_.~-----+--~-----+------~-+_.----_.+-----_.-+--_.----+--~--_.-+---_..-~+_.~~~~_.+~~~~...~+-~..~-~-+....~~~~+
I I 0.100 1-0.000501 0.000081 0.000181 0.000061-0.000081-0.000151-0.000081 0.000061 0.000181 0.000081-0.00050)
+ RISE. +-~-..~--+-..~-~--+-----..~+----.---+---~----+-~---..~+--..-~--+.-~---.-+~-...~-~+.~-~~...+~-~..~.-+~~~.....+
I I 0.150 1-0.000611 0.000161 0.000261 0.000061-0.000161-0.000251-0.000161 0.000061' 0.000261 0.000161-0.000611+ ~TO~ +~~-~-~~~+~-.~~~--+~-~~-~.~+~~---~--+~.~-----+.~~~--.-+~~-.--~~+-~~~~-.~+--~.--~-+..-~--~.+~~~~-...+~~.....-+
I I 0.200 1-0.000701 0.000211 0.000311 0.000071-0.000211-0.000321-0.000211 0.000071 0.000311 0.000211-0.00070)
+ SPAN +----~-~~+-.-~~~-.+-~~-----+----~~--+--~~~,-..+-~~-.-~-+-.-~~--.+~~--..~~+-..~~~--+..-~-..~+~~...~~~+--..~~~~+
I I 0.250 1-0.000711 0.000251 0.000351 0.000061-0.000251-0.000371-0.000251 0.000061 0.000351 0.000251-0.000711
+ RATIO +--~-~~--+~~------+---~----+--------+----~---+--------+------~-+--------+-~--.---+-.-~-~-.+~-~--.~.+~-+
I I 0.300 1-0.000631 0.000271 0.000361 0.000061-0.000281-0.000411-0.000281 0.000061 0.000361 0.000271-0.000631+ +~----~--+--~-~---+-~------+--_.~---+~-----~-+-_._-~--+.~-~-_.~+--_..~--+.~-~-_..+-~...~~~+~..~~~~-+..~-~~--+
I I 0.350 1-0.000451 0.000261 0.000361 0.000051'0.000291-0.000431-0.000291 0.000051 0.000361 0.000261-0.000451+ +~~-_._-~+----~---+._-----~+--_.----+-----_.-+-~------+_.~-----+---_.~~-+..-~--_.+-~...~-~+_..~~~_.+..~----*+
1 I 0.400 1-0.000171 0.000231 0.000351 0.000051-0.000291-0.000431-0.000291 0.000051 0.000351 0.00~31.0.000171+ +~-------+~-----~-+--~----~+--_._---+_.----_.+-~_..---+-----_.-+-----~--+.~-~_..~+~-~..~-~+-~~~~-_.+~~~-~_..+
I I 0.450 I 0.000191 0.000191 0.000341 0.000061-0.000271-0.000411-0.000271 0.000061 0.000341 0.000191 0 •.000191
+_••~~---+--~-_.~-+-_.~-~--+~----~~~+~--~~~--+-~~---~-+----~---+---_.~--+_.~~-~..+-~_..~~~+••~-~---+~~_...~-+-~..~~~~+

+-_ •• _---+----_._-+_.---_.-+-_.---_.+--_.---~+-------- •.. ------+--------+- .. _----+--_ .. ---+----_ .. -+- •• --_.-+---_ ... -+
I (N) I I 2 I 3 I 4 I 5 I 6 7 I 8 9 10 11.--------+--------+--------+--------+--------+--------+--------+--------+-_ .._---+---_ .. --+ •• --_ •• -+- •• -----+---_ ... -+
I I 0.050 I 0.00571 0.00171 -0.00041 -0.00"1 -0.00081 0.00001 .0.0008\ -0.0011\ -0.00041 0.00171 0.00571
+ +--------+--------+---_ .. --+--------+------_.+--------+--------+--------.-.--_ .. -+- •• --_.-+--------+- ..--_ ..+
1 I 0.100 I 0.02201 0.00621 -0.00181 -0.00421 -0.00301 0.00001 .0.00301 .0.00421 -0.00181 0.0062) 0.02201
+ RISE- +--------+--------+--------+--------+--------+--------+ .. --- .. -+- •• -----+-- •• ----+---- .. --+------.-.--- ...--+
I I 0.150 I 0.04711 0.01251 '0.00451 -0.00931 -0.00651 0.00001 -0.00651 -0.00931 .0.00451 0.01251 0.04711
+ -10- +- •• -----+--------+--------+--------+--------+--------+--------+.~~~~.~-+~.~~~-.~+~~~ ..~~-+..-~~~..+~~~....-+
I I 0.200 I 0.07851 0.01881 -0.00881 -0.01601 -0.01091 0.00001 -0.01091 -0.01601 .0.00881 0.01881 0.07851
+ SPAN +~~~~~.~~+~~.~~~~-+-~--.~~~+-.--~---+--------+-~~-----+~--.~-~-+~~-~-.~-+-..~~-~.+-~-..~-~+.~~~~-~-+.-~---..+
I I 0.250 I 0.11361 0.02351 -0.01501 -0.02411 -0.01601 0.00001 -0.01601 -0.02411 -0.01501 0.02351 0.11361
+ RATIO +-~---~--+---~----+~~----~-+-----~--+----.-..+---.---.+~-----~-+--~~----+-~.~~~~-+-~-~-~-~+~..~~~--+.-~-~--*+
'1 I 0.300 I 0.14991 0.02481 -0.02341 -0.03301 -0.02141 0.00001 -0.02141 -0.03301 -0.02341 0.02481 0.14991+ +~~------+_..~----+.~--_.--+--------+~_.__.~.+---_.~--+----_.~-+-_.~-~--+-~---~~-+...~----+~--~_.~-+-~...-~~+
I I 0.350 I 0.18581 0.02171 -0.03361 ,0.04261 -0.02681 0.00001 -0.02681 -0,04261 -0.03361 0.02171 0.18581+ +~---~--~+.~~--_.-+---_.-~-+_.------+-~--_._-+_..-~-_.+-~------+_.~-~~.*+~~_..~~~+..~~~_..+~~-*-~~-+_....~-~+
I I 0.400 I 0.21981 0.01361 -0.04551 -0.05231 -0.03221 0.00001 -0.03221 -0.05231 .0.04551 0.01361 0.21981+ +*~~-----+~--_.---+--------+--------+--_.~---+~---_._-+-_.-~---+-~--*.-~+_..~~-_.+~-~_..~-+_...~~~~+..~~~~~-+
1 I 0.450 I 0.25141 0.00081 -0.05841 ,0.06191 -0.03721 0.00001 -0.03721 -0.06191 -0.05841 0.00081 0.25141+.~~-~~--+.~~~-_.-+----*~~~+--~-~---+~-~----~+--_._-~~+--~~-~..+~---~--~+_.~~~_..+--_...~-+••• ~~_••+~~~_...~+_....._~+
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SECTION NUMBER

TABLE A.56
BENDING MOMENTS AT DIFFERENT SECTIOHS FOR FILL LOAD BELOW THE CROWN
=TABLE COEFF.*(L*L*L)*(UNIT WT'. OF FILL)



x

x

y

y

SECTION HUl<BER

SECTION NUl<BER

TABLE A.58

HORIZONTAL FORCES AT OIFFERENT SECTIONS FOR Fill lOAO BELOW THE CROWN "
=TABlE COEFF.*(l*l)*UNIT WT.OF Fill) .

TABLE A.57

VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS FOR Fill llOAD BELOW THE CR~
=TABlE COEFF.*(l*l)*(UNIT WT.OF Fill)

+--------+--------+--------+--------+---~----+--------+--------+--------+--------+--------+--------+-----~--+-----_.-+
I (N) I' I 1 2 I 3 I 4 I 5 I 6 1 7 1 8 I 9 1 10 1 11 1+--------+--------+--------+--------+--~-----+--------+--------+--------+--_.----+--------+--------+--------+--------+
I I 0.050 1_0.032271.0.032271-0.032271'0.032271.0.032271.0.03227\_0.032271'0.032271'0.032271'0.032271'0.032271+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+---_._--+
1 I 0.100 1 0.016791 0.016791 0.016791 0.016791 0.016791 0.016791 0.016791 0.016791 0.016791 0.016791 0.016791+ RISE- +--------+--.-----+--------+--------+--------+--------+--------+--------+--------+--------+--------+-------.+
I I 0.150 I 0.017311 0.017311 0.017311 0.017311 0.017311 0.017311 0.017311 0.017311 0.017311 0.017311 0.017311
+ -TO- +--------+---.----+--------+--------+--------+--~.---.+--------+--------+------._+------.-+-----.~-+-.----.~+
I I 0.200 I 0.017041 0.017041 0.017041 0.017041 0.017041 0.017041 0.017041 0.017041 0.017041 0.01704\ 0.017041+ SPAN +--------+--------+--------+--------+--------+--------+--------+--------+----.---+---.----+------.-+--------+
I I 0.250 I 0.016641 0.016641 0.016641 0.016641 0.016641 0.016641 0.016641 0.016641 0.016641 0.016641 0.016641+ RATIO +--------+-.------+--------+-------.+--~---.-+--------+--------+--._----+--------+_.------+--------+--------+
I I 0.300 \ 0.016161 0.016161 0.016161 0.016161 0.01616\ 0.016161 0.016161 0.016161 0.016161 0.016161 0.0;616\+ +--------+--------+--------+--------+--------+--------+--------+--------+-_.-----+--------+_.--_._-+--------+
1 I 0.350 1 0.015651 0.015651 0.015651 0.015651 0.015651 0.015651 0.015651 0.015651 0.015651 0.01565\ 0.01565)+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-----_.-+
1 I 0.4pO \ 0.015101 0.015101 0.015101 0.015101 0.015101 0.015iol 0.015101 0.015101 0.015101 0.015101 0.015101+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+------_.+
I I 0.450 I 0.014541 0.014541 0.014541 0.014541 0.01454\ 0.014541 0.014541 0.014541 0.014541 0.01454\ 0.014541+-----~--+--------+--------+--------+--_.----+--------+--------+--------+--------+--------+--------+--------+--------+

+~-_.-_.-+----_.--+--_.----+_.--_.--+------_.+----_.--+--------+--------+----_:._+ ..------+-_ .. ----+--------+--_ .... -+
I (N) I I 2 I 3 1 4 I 5 I 6 I 7 I 8 I 9 10 I 11 I+--------+--------+--------+----_ .. -+--------+--------+------_.+--------+.- ..-_._+~.--_.--+-_ ..-.._+ •• -_ •• --+-._._.--+
I . I 0.050 I 0.008301 0.004241 0.001791 0.000531 0.000071 0.000001.0.000071.0.000531'0.001791.0.00424\.0.008301
+ +--------+--------+--------+--------+--------+--------+-_ .. ----+- ••.•• --+--------+-. __..--+--------+- ..-_...+
I 1 0.100 I 0.016401 0.0083310.003491 0.001031 0.000131 0.000001.0.000131.0.001031.0.003491.0.00833\'0.01640\
+ RISE- +--------+--------+--------+--------+--------+------_.+-.--.---+--.---.-+.---.--.+~-.-- ..-+ •• -- •• --+--- ••• --+
\ \ 0.150 I 0.024111 0.01211\ 0.005041 0.00148\ 0.000181 0.000001.0.000181'0.001481.0.005041.0.012111.0.024111
+ -TO- +--------+--------+--------+--------+--------+--------+--------+--------+--------+----._--+---._---+--------+
\ 1 0.200 I 0.031251 0.015471 0.006381 0.001861 0.000231 0.000001.0.000231.0.001861.0.006381.0.015471'0.031251+ SPAN +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+----.--.+
1 1 0.250 I 0.037641 0.018311 0.007471 0.002171 0.000271 0.000001.0.000271'0.002171.0.007471.0.01831\'0.037641+ RATIO +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+---~---.+
1 I 0.300 I 0.043131 0.020571 0.008311 0.002401 0.000301 0.000001.0.000301-0.002401.0.008311.0.020571.0.043131+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I 1 0.350 I 0.047591 0.022231 0.008911 0.002561 0.000311 0.000001.0.000311.0.002561'0.008911.0.022231'0.047591+ +-- ---- --+- --- ----+-- ---- --+- -- ---- -+- -- -----+- ----- --+- -- ---- -+- --- -- --+-- -- -- --+-- -- -- --+- _.---- -.+--------+
I I 0.400 I 0.050901 0.023321 0.009301 0.002661 0.000331 0.000001.0.000331.0.002661'0.009301.0.023321.0.05090)+ +--------+-------~+---~----+--------+--------+--------+--------+--------+--------+--------+_.--_ ... +--------+
I 1 0.450 I 0.052951 0.023911 0.009501 0.002721 0.000331 0.00000\.0.000331.0.002721'0.009501.0.023911.0.052951+--------+--------+--------+--------+-_.~-_.-+--------+--------+--------+-----_.-+--------+--_._---+--------+-_._----+



TABLE A.59

THRUSTS AT THE OIFFERENT RADIAL PLANES FOR FILL LOAD BEL~ THE CR~
=TABlE.COEFF.*(L*l)

SECTION NUMBER

+~-------+--------+--------+--------+------_.+-_.--_.-+--------+--------+--------+--------.-_ .. -_ ..• -.. -_ ...+- •• --_ •• +
I (N) I I 2 1 3 I 4 5 6 7 8 9 10 11+--------+--------+--------+--------+--------+--------+--------+_.-~----+--_.--_.+_.------+._-_.---+--_._---+--_ •• ---+
I I 0.050 I 0.03331 0.03251 0.03231 0.03221 0.03221 0.03231 0.03221 0.03221 0.03231 0.0325) 0.03331
+ +--------+--------+--------+--------+--------+--------+--------+---_ .. --+--------+- ..-----+ •. _----- •.. ------+
1 I 0.100 I 0.02181 0.01851 0.01711 0.01671 0.0167\ 0.0168\ 0.01671 0.0167\ 0.01711 0.01851 0.0218\
+ RISE- +--------+--------+--------+_.------+--- ..---+--------+- •• --.--+-.--.---+.--.---.+----- ..-+--.-- •. -+- •• ---~.+
I 1 0.150 I 0.02771 0.02091 0.01801 0.01721 0.01721 0.01731 0.0172\ 0.•01721 0.01801 0.0209) 0.02771
+ -TO- +- •• -----+--------+--------+--------+--------+--------+--------+--------+--------+--------+-_.-----+--------+
I I 0.200 I 0.03391 0.02271 0.0181\ 0.01691 0.01691 0.01701 0.01691 0.01691 0.01811 0.0227\ 0.03391+ SPAN +- -------+---------+--------+- -------+--------+--------+ --------+ --------+- -------+- -------+- -------+ --------+
1 I 0.250 1 0.0401\ 0.02451 0.01821 0.01651 0.01651 0.01661 0.01651 0.01651 0.01821 0.02451 0.04011+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 0.300 I 0.04571 0.02601 0.01811 0.01601 0.01601 0.01621 0.01601 0.0160\ 0.01811 0.02601 0.0457)+ RATIO +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+---.----+
I \ 0.350 I 0.05011 0.02701 0.01791 0.01551 0.01541 0.01561 0.01541 0.01551 0.01791 0.02701 0.05011+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 0.400 I 0.05301 0.02761 0.01771 0.01491 0.01491 0.01511 0.01491 0.01491 0.01771 0.0276\ 0.05301
+ +--------+--------+--------+--------+--------+---~----+-~------+--------+--------+--------+--------+--------+\ I 0.450 I 0.05421 0.02781 0.01731 0.01441 0.01431 0.01451 0.01431 0.01441 0.01731 0.02781 0.0542\+--------+--------+--------+--------+--------+--------+----~---+--------+--------+--------+----_._-+--------+--------+

TABLE A.6O

SHEAR FORCES ALONG THE OIFFERENT RAOIAL PLANES FILL LOAD BEL~ THE CR~
=TABLE.COEFF.*(L*l)

SECTION NUMBER

+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-----_._+-_._-_.-+--------+
I (N) 2 3 4 I 5 \ 6 I 7. I 8 I 9 I 10 I 11 I+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 0.050 I -0.00171 0.00091 0.00211 0.00201 0.00121 0.00001 0.00121 0.00201 0.0021\ 0.00091 -0.00171+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
.1 1.0.100 I -0.00871 -0.00281 0.00051 0.00161 0.00121 0.00001 0.00121 0.00161 0.00051 -0.00281 -0.00871+ RISE- +--------+--------+--------+--------+--------+--------+--------+--------+-------.+--------+--------+--------+
I 1 0.150 I -0.01061 -0.00331 0.00101 0.00241 0.00171 0.00001 0.00171 0.00241 0~00101 -0.00331 -0.01061+ -10- +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+----.---+
I I 0.200 I -0.01091 -0.00351 0.00121 0.00291 0.00211 0.00001 0.00211 0.00291 0.00121 -0.00351 .0.0109\+ SPAN +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 0.250 I -0.00931 -0.00341 0.00141 0.00331 0.00241 0.00001 0.00241 0.00331 0.00141 -0.00341 .0.00931+ RATIO +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I I 0.300 I -0.00601 .0.00321 0.00151 0.00351 0.00261 0.00001 0.00261 0.00351 0.00151 -0.00321 -0.00601+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
\ I 0.350 I -0.00161 -0.00291 0.00151 0.00351 0.00261 0.00001 0.00261 0.00351 0.00151 .0.00291 -0.0016\+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 I 0.400 I 0.00361 -0.00281 0.00131 0.00341 0.00261 0.00001 0.00261 0.00341 0.00131 -0.00281 0.0036)+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 I 0.450 I 0.0089\ -0.00291 0.00111 0.00331 0.00261 0.00001 0.00261 0.00331 0.0011\ -0.002~1 0.00891+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
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TABLE A.61

BENDING MOMENTS AT DIFFERENT SECTIONS FOR SELF LOAD OF THE ARCH
=TABlE COEFF.*(T*L*l)*(UNIT WI.OF ARCH MATERIAl)*~IDTH

TABLE A.62

SECTION NUMBER
+- •• _----+-----_ ..+---_.---+- .. -----+-----_.-+--_.----+.----_.-+--_.----+.----_ ..+-_ _--+ -_ +---_ -+- +
1 (N) 1 2 3 1 4 5. 1 6 1 7 1 8 1 9 1 10 1 11 1+----_ ...+-_ .. ----+-.----_.+---_._--+- ..-----+.---_.--+-_ .. ----+----_ .. -+-_ .. ----+----_ .. -+-_ .... --+ .. ---_ ..+------_.+
1 1 0.050 1 0.503331 0.401691 0.300711 0.200211 0.100031 0.000001-0.100031-0.200211-0.300711.0.401691-0.503331+ +.----_.-+--_.----+_ .. --_ ..+----~---+-_ ..----+.---_ .. -+--_.----+ .. ---_ ..+--_ •• ---+ .•. -._ .. +-_ •••• --+ •.... -.-+
1 1 0.100 1 0.513231 0.406601 0.302731 0_200801 0.100101 0.000001-0.100101-0.20080\-0.30273\-0.406601-0.513231
+ RISE. +--------+--------+--------+--------+-------.+---~----+ .. ----.-+---.----+.----.--+-- .. ----+.------~+----- .. -+
1 1 0.150 1 0.529481 0.414211 0.305741 0.201651 0.100201 0.000001-0.100201-0.201651-Q.305741-0.414211-0.529481+ -TO. +-.------+.-------+--------+-------.+----.---+-.------+----.---+-------.+--------+ .. ----.-+---- .. --+--- ..---+
1 1 0.200 1 0.551731 0.423711 0.309301 0.202631'0.100321 0.000001-0.100321-0.202631-0.309301-0.423711-0.551731
+ SPAN +.-------+--------+--~-----+--------+--------+------ ..+----.---+.-------+--.-----+.-~-- .. -+--- .. ---+ ..... ---+
1 1 0.250 1 0.579561 0.434061 0.312911 0.203581 0.100431 0.000001-0.100431-0.203581-0.312911-0.434061-0.57956\+ RATIO +..------+--------+--.-----+--------+---.----+--------+---.----+--------+--.-----+---- .. --+-- .. ----+ .... ----+
1 1 0.300 1 0.612481 0.444081 0.316151 0.204401 0.100531 0.000001-0.100531-0.204401.0.316151-0.444081-0.612481+ +.-------+--_.----+--------+-_.-----+--------+-_._----+--------+--------+-_ ..----+----_ .. -+-_ .. ----+ .. _-----+
1 1 0.350 I 0.649991 0.452641 0.318721 0.205041 0.100601 0.000001-0.100601-0.205041-0.318721-0.452~1-0.649991+ +--_.----+--------+--------+------~-+--------+----;---+--------+--------+--------+--------+--------+_ .. -----+
1 1 0.400 1 0.691611 0.458921 0.320481 0.205461 0.100651 0.000001-0.100651-0.205461-0.320481-0.458921-0.691611+ +--------+--------+--------+--------+--------+--------+--------+----_.--+-_.---_.+---_.---+----_ ...+--_ ... --+
1 1 0.45010.7368910.4625410.321461 0.205691 0.100671 0.000001-0.100671-0.205691-0.321461-0.462541-0.736891+--------+-_.-----+--------+ ..-_ .. --+--------+--_.--_.+---_.---+.---_.--+- .. --_.-+- .._----+--_ ..---+----_ ... +--_ ... --+

VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS FOR SELF LOAD OF THE ARCH
=TABLE COEFF.*(T*L)*(UNIT WT. OF ARCH HATERIAL)*WIOTH

SECTION NUMBER.--------+--------+--------+---_ ..--+--------+_ .. -----+--_.--_.+--_ .. ---+._--_.--+-~--_ .. -+_._---_.+-_ ... ---+-._--_.-+
1 (N) 1 1 2 1 3 1 4. 1 5 1 6 1 7 1 8 1 9 1 10 I 11 1+--------+--------+--------+--------+--_ .. _--+_.----_.+--------+--------+--------+--------+_ .. -- •. _+-_ •• _---+----_ ... +
1 1 0.050 1 0.000191-0.000051-0_000081-0.000021 0.000041 0_000071 0_000041.0.000021.0.000081-0.000051 0.000191
+ +--------+--------+--_.----+---~----+_.---_.-+--------+--------+--------+_.------+_ .. -----+--------+_._-----+
1 1 0.100 1 0.000781-0.000201-0.000311-0.000081 0.00019\ 0.00029\ 0.000191-0.000081.0.000311-0.000201 0.00078\
+ RISE- +--------+--------+-- .. ----+--------+--------+--------+--------+--------+--------+--------+--- ..---+- •• -----+
1 1 0.150 1 0.001801-0.000501-0.000701-0.000141 0.000441 0.000671 0.000441-0.000141-0.000701.0.000501 0.001801
+ -TO- +--------+--------+--------+--------+-.----.-+:-------+----.---+.-------+-.-----.+-- ... --~+.--- ... -+- ... ----+
1 1 0.200 I 0.003311-0.001021-0.001241-0.000191 0.000841 0.001241 0.000841-0.000191-0.00124\-0.001021 0.003311+ SPAN +--- ..---+.-----~-+---.----+.---- ..-+--.----.+----.---+.---- ..-+- .. --- ..+-------.+.--- .. --+- .. ----.+.---- ...+
1 1 0.250 1 0.005391-0.001851-0.001911-0.000161 0.001421 0.002021 0.001421-0.000161-0.001911-0.001851 0.005391+ RATIO +-.---- ..+---.----+ ..------+---.----+ ..----.-+--.-----+----.---+-.----.-+--.-----+---- .. --+ ... ----.+----- ...+
1 1 0.300 1 0.008121-0.003071-0.002631 0.000001 0.002221 0.003041 0.002221 0.00000\-0.002631-0.003071 0.008121+ RATIO +-----.--+--------+--------+--------+------.-+---.----+.---- .. -+--.-----+----.---+ .. ---- ..+---- •• --+-- .. ---~+
1 1 0.350 1 0.011601-0.004731-0.003351 0.000371 0.003281.0.004341 0.003281 0.000371-0.003351-0.004731 0.011601+ +- ... _---+ ..---_ ..+---_._--+- ..---_.+--_ ... --+-._-----+---_ ..--+-.---_ ..+--_ .. ---+ .. --_ ... +--_ ... --+- .... ---+
1 1 0.400 1 0.015901-0.006761-0.003941 0.001001 0.004641 0.005951 0.004641 0.001001-0.003941-0.006761 0.015901+ +- ... --_.+ ..---_.-+---_ ..--+-._-----+----_ .. -+-_.---_.+---_ ..--+ .. ---_ ..+-_ ... ---+ .. -_ .... +-_ ... ---+ ..... ---+
I .1 0.450 I 0.021141-0.009031-0.004311 0.001951 0.006351 0.007901 0.006351 0.001951-0.004311-0.00903\ 0.021141+--_ ..---+- ..-----+---_ ..--+- --_.+.---_._-+--_.----+----_.--+- .. --_ ..+--_ .. ---+ .. -_ -+ -_.+.-_ +- -+



TABLE A.63
HORIZONTAL FORCES AT DIFFERENT SECTIONS FOR SELF LOAD OF THE ARCH
=TABLE COEFF.*(TXL)*(UNIT ~T. OF ARCH MATERIAL)*~IOTH

y

0,0 x

LSECTION NUMBER+--------+--------+--------+- .._----+- ••• _---+----._--+--------.--------+- ..... _-+---- ••• :+-----_._+--------+ .._--- ..+
I (N) 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 10 1 11 1
+- ••• _---+--------+--------+--------+--------+--------+--------+--------+--- ... _-+--------+--------+ ... _----+ •• _-----+
1 1 0.050 1 2.510661 2.510661 2.510661 2.510661 2.510661 2.510661 2.5106612.510661 2.510661 2.510661 2.510661
+ +--------+--------+----._--+--------+--------+--------+ .. _-----+-_ ... _--+----- ...+----- ... +--------+----- ...+
1 1 0.,1001 1.271011 1.271011 1.271011 1.271011 1.271011 1.271011 1.271011 1.271011 1.271011 1.271011 1.271011
+ RISE- +--------+--------+--------+-- + + + •• + +. +_ •••• + ••• __+_ ••• +

1 1 0.150 1 0.864101 0.864101 0.864101 0.864101 0.864101 0.864101 0.864101 0.864101 0.864101 0.864101 0.864101+ -TO- +---.----+--------+--------+----- + + ._+ + + + __ ... + .. +_ ... +
1 1 0.200 1 0.664691 0.664691 0.664691 0.664691 0.664691 0.664691 0.664691 0.664691 0.664691 0.664691 0.664691+ SPAN +.-------+--------+-------_+ + + + + + ... _+ .. __+ ._._+ .. +
1 1 0.250 1 0.547601 0.547601 0.547601 0.547601 0.547601 0.547601 0.547601 0.547601 0.547601 0.547601 0.547601+ RATIO +---.----+._------+--------+ +_ .. + + . + .. + •... _+ .. _+ .. _+ .. +
1 1 0.300 1 0.471061 0.471061 0.471061 0.471061 0.471061 0.471061 0.471061 0.471061 0.471061 0.471061 0.471061+ +- .. _----+--------+._------+._~-----+--------+--------+._------+-_ .. _---+-_ ... _--+-_ .... _-+-._ ... _-+- ... _---+
1 I 0.350 1 0.417141 0.417141 0.417141 0.417141 0.417141 0.417141 0.417141 0.417141 0.417141 0.417141 0.417141+ +--------+--------+-----._-+--------+--------+---_._--+-----._-+-----_ ..+-------.+._-----.+------ ..+---_ ... -+
1 1 0.400 1 0.376911 0.376911 0.376911 0.376911 0.376911 0.376911 0.376911 0.376911 0.376911 0.376911 0.376911
+ +-----_._+----- .._+---- .. _-+-~------+---_._--+-----._-+----_ .. -+------_.+------ ..+-----_ ..+._--- ...+---- ... -+
1 I 0.450 1 0.345421 0.345421 0.345421 0.345421 0.345421 0.345421 0.345421 0.345421 0.345421 0.345421 0.345421+- .. _-_.-+ ..__ .__ .+--_ ..-..+----- ...+- .._- ...+-._-- ..-+. __ ..... +-._- .... +---_ .... +._._-_ ..+-._-- ... +•• _-- ••• +--- ..... +

TABLE A.64
THRUSTS AT THE DIFFERENT RADIAL PLANES FOR SELF LOAD OF THE ARCH
=TABLE.COEFF.*(TXL)*(UNIT ~T. OF ARCH HATERIAL).~IOTN

SECTION NUMBER
+.. _--_.-+._-- ... -+--- .. _--+-- ... __ .+-_ ..__ ..+- .. __ ._-+ •• _---_.+ .._---_.+- ... _-_.+ ..... __ .+ .... _---+ .... _--.+ ... __ ...+
I (N) 2 3 4 5 6 7 8 9 10 11+--------+---._---+--------+._------+._------+-----_.-+--------+-----_.-+-----_.-+--------+._---._.+._--- ... +--- .. _--+
1 I 0.050 1 2.56061 2.54261 2.52861 2.51861 2.51271 2.51071 2.51271 2.51861 2.52861 2.54261 2.56061+ +--------+-----._-+----._--+---._---+-._-----+-._-----+-._-----+ .. _-----+ ... _----+ ... _-- ..+.. _--- ..+--_ ... _-+

j, 1 1 0.100 1 1.37061 1.33451 1.30661 1.28681 1.27491 1.27101 1.27491 1.28681 1.30661 1.33451 1.37061+ RISE- +----- .. -+---- ..--+---. +__ .. + + +_. +.. +_. + .. ..+. ... + .. +
1 1 0.150 1 1.01291 0.95821 0.91661 0.88731 0.86991 0.86411 0.86991 0.88731 0.91661 0.95821 1.01291+ -TO. +--------+ ..------+-------_+ + + + .. + . + + ... __+ __ .. +.. ...+
1 1 0.200 1 0.86181 0.78811 0.7331i 0.69481 0.67221 0.66471 0.67221 0.69481 0.73311 0.78811 0.86181+ SPAN +----.---+---.----+--.-----+ .. .+ ._+ + ..+ + .+ .. _+ .. __+ __. .+
1 1 0.250 1 0.79221 0.69861 0.63061 0.58401 0.55661 0.54761 0.55661 0.58401 0.63061 0.69861 0.79221+ RATIO +- ---.- --+- -- -----+- -- + + ._+__ .__.__+ .__+ .:_+ + .+ ._.__+ __.. +
1 1 0.300 1 0.76211 0.64711 0.56701 0.51291 0.48141 0.47111 0.48141 0.51291 0.56701 0.64711 0.76211+ +._------+----_ .. -+----- .. -+---._---+-- .. _---+-._-----+ ... _----+-._-----+- .. _----+ .. _-----+ .. _---_.+--- ... _-+
1 1 0.350 1 0.75351 0.61541 0.52421 0.46361 0.42861 0.41711 0.42861 0.46361 0.52421 0.61541 0.75351+ +--- .. _--+-_._----+-._---_.+-------.+--------+-----_.-+--------+----_.~.+----- ...+----_ .. _+----_._-+- ... _--.+
1 1 0.400 1 0.75751 0.59381 0.49321 0.42721 0.38931 0.37691 0.38931 0.42721 0.49321 0.593~1 0.75751+ +--_._---+--._----+-_._----+-_._----+-._-----+--------+--------+- .. _----+--------+--_ .. _--+- ... _---+ ... _----+
1 1 0.450 1 0.76911 0.57731 0.46901 0.39871 0.35851 0.34541 0.35851 0.39871 0.46901 0.57731 0.76911+--------+--------+--------+--------+----._--+----._--+--------+---_._--+----- ...+------ ..+--------+------_.+-----_.-+



TABLE A.65

SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES FOR SELF LOAD OF THE ARCH
=TABLE. COEFF.*(T*L)*(UNIT Wi. OF ARCH HATERIAL)*~IOTH

.f..~\ :.,
I,'r

SECTION NUMBER+--------+-_ .._---+--------+--------+--------+--------+--------+-----_ ..+-_ •• _---+--------+--------+--------+--------+
I (N) I 2 3 4 I 5 6 . 7 8 9 10 11
+--------+--------+--------+--------+--------+--------+----_.--+----_ .. -+_.---_.-+_._--_._+-~----_.+.--_.---+ •• ------+
I I 0.050 I 0.00381 0.00111 -0.00031 -0.00071 -0.00051 0.00001 -0.00051 .0.00071 -0.0003\ 0.00111 0.0038\
+ +--------+--------+_ ..-----+--------+--------+--------+--------+--------+-----_ .. +-_ •• ----+--------+_._-----+
I I 0.100 \ 0.01511 0.00421 -0.00121 -0.0029\ -0.0020\ 0.00001 -0.0020\ -0.00291 .0.00121 0.00421 0.01511
+ RISE- +--------+--------+--------+--------+- .. -----+--------+--- .. ---+--------+--------+-._--:.-+-_._----.-----_.-+
I I 0.150 I 0.03361 0.00861 -0.00321 -0.00641 -0.00451 0.00001 -0.00451 -0.0064\ .0.00321 0.00861 0.03361
+ -TO- +-- .• ----+--------+--------+--------+--------+--------+--~.----+---.----+---~.---+.--- ...-+-...--..+.-- ....-+
I , 0.200 I 0.05891 0.01331 -0.00651 -0.01141 -o.oonl 0.00001 -o.oonl -0.01141 .0.00651 0.01331 0.0589\
+ SPAN +--------+.-------+-~------+--------+------.-+--------+--------+-----.--+~.--- ..-+-..----.+--- ..---+..-----~+
1 1 0.250 I 0.09031 0.01691 -0.01171 -0.01761 ,0.01151 0.00001 -0.01151 -0.01761 .0.0117\ 0.01691 0.0903\
+ RATtO +. ---- -. -+-----:--- ~+--------+~.----~-+---------+-- ------+.- ---~. -+--.- ----+- -•• -- --+- -- -•• --+~ •• --••• +-- -•••• -+
1 I 0.300 I 0.12741 0.01BOI ,0.01881 -0.02501 -0.015BI 0.00001 '0.01581 .0.0250\ '0.01881 0.01801 0.12741+ +--_.----+.---_.--+-------~+--------+--------+--------+---~----+---_.---+ ..---_..+_ .._----+---_ ..--+....----+
I I 0.350 I 0.16951 0.01501 -0.02811 -0.03321 -0.02041 0.00001 -0.02041 -0.03321 .0.02811 0.0150\ 0.16951+ + ••---_.-+--------+----_.--+------_.+--_ ••---+--------+_._--_.-+-~._--_.+-_ ...-_.+..-_..--+_..--_..+---_._--+
II 0.400 I 0.21591 0.00731 -0.03921 -0.04211 -0.02521 0.00001 -0.02521 -0.0421\ .0.03921 0.00731 0.21591+ +-_.-----+--------+_.------+--------+-----~--+--------+--~----~+--_.---~+---~.---+._--_ ..-+_..----~+-----~ ..+
1 I 0.450 I 0.26621 -0.00541 -0.05191 -0.05131 -0.03001 0.00001 -0.03001 -0.05131 -0.05191 -0.00541 0.26621+ ••---_ ••+---_ •• _-+ ••• --_ ••+--_ ••• --+ •• -_••• -+-_ •• -_ •• +-_._._-~+._--_._-+ ...-_...+_ ...-...+; ....-_.+ .._.....+ •••••• _-+

•



TABLE A.66
BENDING MOMENTS AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIPO = 0.050)
=TABLE COEFF.*(Q*L*L)

SECTION N~BER

f~' ,!l~ ,

y

0,0

L

x

~ "I.

, ~.. j

.+-_.-_.--+.--_.-_.+-_.-_.--+.-_.--_.+-----~--+--_.----.--------+--------.--------+--------+--------+-----_.-+-.------+
I Nil 2 \ 3 \ 4 1 5 I 6 1 7 8 9 10 11 \+--------+--------+--------+--------+--------+--------+--------+--------+--------+-_ .._---+--------+------_.+---_ ... -+
I I 1-0.01310\ 0.000821 0.005811 0.00310\ 0.000181-0.00171\-0.002571-0.00239\.0.001181 0.001091 0.004431
+ +--------+--------+--------+--------.--------+--------+--------+--------+--------+--------+---_ .. --+--_ •• ---+
I \ 2 1-0.01542\-0.00248\ 0.005601 0.008761 0.006921 0.000051-0.00685\-0.008791-0.00572\ 0.00242\ 0.015711
+ TYPES +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-- ..----+
\ \ 3 1-0.00413\'0.00115\ 0.001061 0.002361 0.002631 0.001821-0.000111-0.003131-0.005921.0.00088\ 0.01339\
+ OF +--------+--------+--------+--------+--------+-----.--+------.-+--.- ..-.+-..--..-+.-- ..---+--.--- ..+-.---.--+
I I 4 I 0.000301-0.00006\-0.000121'0.000041 0.000061 0.000101 0.000061'0.00004\-0.000121-0.000061 0.00030\+ LOAD- +-.--- ...+-.------+.--.---.+--.--- ..+- ..--..-+---.- ...+..-.....+..-..-.-+..---.-.+.---.- ..+-- ..--..+-.--- ..-+
1 5 1-0.002321-0.003301-0.000201 0.00566\ 0.00675\ 0.001771-0.00428\'0.006401-0.00454\ 0.001331 0.01128\+ .ING +.-.-.---+------.-+-----.--+--------+--.-----+--------+---.---.+-----.-.+.--.-.-.+-- ..-.-.+ ..--..--+.-- ..---+
1 6 I 0.008961-0.001971-0.004741-0.000731 0.002461 0.003531 0.002461-0.000731-0.004741-0.001971 0.00896\
+ •. __•.. -+._-_.---+-_.--_.-+-_.-_ ..-+.-._-_.-+--_.--_.+-_.-_ ..-+.-...-.-+._ ..-_.-+ ..._..--+-_ ...-..+- ..-_..-+-._-_ ..-+

x

L

y

SECTION N~BER

!I;,
TABLE A.67 !li~

VERTICAL SHEAR FORCES AT THE OIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.050) . '
=TABlE COEFF.*(Q*l)

+---_ .._-+--_.-_ ..+._.-._ ••+-..-_..-+-.--_ ..-+--_..---+-_ ..._..+ .• -_ .• -.+.._..-_.+...__...+- .._...-+. __ •• _--+. __ ••• --+
1 N 1 2 3 4 5 6 1 7 8 1 9 \ 10 I 11 1+.--_ .._-+--_ ..-.-+._----_.+ ...-._--+--_. __.-+- •. __.. -+-.__.---+--_.-._.+-_.--_ ..+•• -_ ••. -+.-_ ••. _.+._ ..._..+- ...-...+
I I \ 0.236281 0.136281 0.036281_0.01372\_0.013721.0.013721-0.013721-0.013721.0.013721'0.013721'0.013721
+ +.--_ •• --+--_ ••. _-+._..--_.+- .._-_.-+ ..--_.--+.--_.-.-+ .._..-_.+- ..._..-+..-_..--+._ ...-_.+-_ ..._..+- •••. _••+
1 I 2 1 0.406121 0.306121 0.20612\ 0.106121 0.006121_0.093881_0.093881.0.093881-0.093881-0.093881-0.093881+ TYPES +--.-- ...+-.--- ..-+.- ..• -.-+-.- ..---+-- ..---.+- ..--..-+..--.-..+-- ..--..+ ••• -••• -+.-- ..---+.-- •• --.+- ....-.-+
I I 3 I 0.486281 0.386281 0.286281 0.186281 0.086281_0.01372\_0.113721-0.21372\-0.263721-0.263721.0.263721
+ OF +.-- ... --+.--.-- ..+--.-- ..-+..-.-.-.+ ...-----+---.---.+- ..--.--+--.-.---+--.---.-+-.-.-.--+-.---.--+.--- ...-+
\ I 4 1 0.500001 0.400001 0.300001 0.20000\ 0.100001 0.00000\_0.100001_0.200001.0.300001-0.400001-0.50000\+ LOAD. +-- ..--.-+-.---.--+.-.-----+---.---.+--------+--------+-------.+-- ..... -+...----.+.-- .....+-- ..--.-+- •• --- .• +
\ \ 5 10.169851 0.169B51 0.169851 0.119851 0.01985\_0.080151_0.080151-0.080151-0.08015\-0.080151'0.080151+ .ING +- .•• ----+- ..--.--+.-------+-------.+--------+----.---+--------+-.-.- ..-+-------.+--.-.- ..+-.-.-.-.+ ..---.--+
I I 6 1 0.250001 0.250001 0.250001 0.200001 0.100001 0.000001_0.100001_0.200001-0.250001-0.250001-0.250001+-._._---+- ...----+-.--_.--+--------+-._--_.-+---_.---+--------+._-_.- ..+------_.+-.--_ ..-+--_ •• - •• +...-...-+ •• - •••• -+~

•



TABLE A.68
HORIZOHTAL FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.050)
=TABLE COEFF.*(Q*L)

SECTION NUMBER

y

x

"+--------+--------+--------+--------+--------+-_._----.-._-----.- .._----.--------.-----_.-.----_._ .• --------+-.- ..---+
\ N \' 1 1 2 1 3 1 4 I 5 , 6 7 \ 8 9 10 11+--------+--------+--------+--------+--------+--------+------_.+--------+--------+-------".+--------+--------+--------.
\ 1 \ 0'.260011 0.260011 0.260011 0.260011 0.26001\ 0.26001\ 0.26001\ 0.26001\ 0.260011 0.260011 0.260011
+ +--------+--------+--------+--------+--------+------_.+--------+--------+--------+----_ ... +--------+--------+
1 1 2 \ 1.251841 1.251841 1.25184\ 1.25184\ 1.251841 1.25184\ 1.25184\ 1.25184\ 1.251841 1.25184\ 1.25184\
+ TYPES. +--------+--------+--------+--------+--------+------_.+--------+--------+--------+---_._--+--------+--------+
1 1 3 \ 2.243751 2.243751 2.243751 2.24375\ 2.243751 2.24375\ 2.243751 2.24375\ 2.243751 2.24375\ 2.24375\
+ OF +--------+--------+--------+--------+------_.+--------+-------.+-~--~~-~+-~----~-+~--~-~-~+~-~--~-.+-------.+
1 I 4 \ 2.504011 2.504011 2.504011 2.50401\ 2.504011 2.50401\ 2.504011 2.50401\ 2.504011 2.504011 2.504011
+ lOAD- +~---~-~~+~--~--~~+~~-~~---+~--~~---+~-~~----+--~~~---+-~~-~~-~+~~.~-.--+~-~~.~~~+-~---~--+.~~-----+.-~-~~--+
I \ 5 1 0.991781 0.99178\ 0.99178\ 0.99178\ 0.99178\ 0.99178\ 0.99178\ 0.99178\ 0.991781 0.99178\ 0.991781
+ -ING +--~-----+--~-~~~-+-~--~~.~+~----.-~+.-.--.~~+--.~--~~+~~-----.+--~-~-.~+~-------+~~.--~-~+---~~-~-+~-.~~-~~+
1 16 1 1.983611 1.98361\ 1.983611 1.98361\ 1.983611 1.98361\ 1.983611 1.98361\ 1.983611 1.98361\ 1.98361)+---~~-~-+~-~---~-+~-~~-~_.+~-------+_.~_.-.~+._~.~~.~+.-_.~--~+~~-~~.~-+-_.---_.+_.---_._+.__.__._+.~_..-.~+--_ •• -_.+

TABLE A.69
8ENOING HOMENTS AT THE OIFFEREHT SECTIONS (RISE-TO-SPAN RATIO 0.100)
=TABLE COEFF.*(Q*L*L)

SECTIOH NUMBER
+~_.---~~+~-_.----+~_.~~--~+-~--~_.-+~---~-~-+~---_._~+-_.~---~+~_.__._.+-_._--_.+.__.__._+--_._-_.+._._._--+--------+
1 N 1 2 3 4 5 6 7 8 9 10 II
+~----~--+~-~~~.~~+~~-~--~-+------~-+~~.-~---+~_.----~+--_._.~-+~~.~~-~~+~~-~~.~-+~--~.~--+~~~~----+--~---~-+---~~---+
1 1 \-0.012841 0.000901 0.005821 0.003101 0.000181_0.00172\-0.002601.0.002461.0.001261 0.001041 0.00452\+ +---~~~~~+~~-~~-~~+~~.-_.-~+---~--~-+~~--~-_.+---~.-~-+-~-~---~+-~_._--~+.~~.~--~+~_._---~+-~~._---+.~~--~--+
I 1 2 1-0.014811-0.00244\ 0.005551 0.008791 0.007061 0.000221-0.006791-0.008911.0.006001 0.002161 0.015941
+ TYPES +--------+--~--~-.+--~--~~.+~-------+--~-.~~.+~---~--.+--~.---~+-~~-----+--..~.-~+~----.~-+-~.-----+.-~--~--+
1 1 3 1-0.003381-0.001331 0.00080\ 0.002341 0.002871 0.002151 0.000101.0.003211-0.00628\-0.001181 0.013981
+ OF +-.--.~--+--~-.---+--~-.~~.+~.----.-+-.-~.-~.+~..-.~--+--~--~--+--~.~~-~+-~--~~~~+----~--~+-~.---.~+--------+
1 I 4 10.00114\-0.000291-0.000461-0.00011'10.000271 0.000431 0.000271-0.000111-0.000461-0.000291 0.001141
+ lOAD~ +.~-.~---+-~--~--~+-~~.~~.~+-.--~-.~+.-~-~--.+.~~.~~.-+---.--~~+-~-~--~-+~--~~~~-+---~----+~--~~.--+.~--~---+
I \ 5 1_0.00196\-0.003341-0.000281 0.005701 0.006891 0.001941-0.004191-0.006451-0.00474\ 0.001121 0.011421
+ -ING +--~-~---+--------+-~.-~---+--.--.--+-.------+-------.+-.-----~+..--~---+.~-.~---+---.~---+~-.~~--~+---.-~.-+
1 \ 6 1 0.009461-0.002231-0.005021-0.00075\ 0.002701 0'00387\ 0.002701-0.000751-0.005021-0.002231 0.009461
+.---~~-~+--------+--------+-~--~~-~+--~-~~--+----~-,.~+----~-~~+---~----+~.~_._--+_.---~.~+--_._---+.~------+------_.+

~------------------



SECTION NUMBER

TABLE A.70 "
VERTICAL SHEAR FORCES AT THE OIFFERENT SECTIONS (RISE-TO-SPAN RATIO' 0.100)
=TABlE COEFF.*(Q*l)

SECTION NUMBER
+_._---_.+--------+--------+--------+--------.--------+--------+,.-~----+_.-.----+_.---_.-+_. __.-.~+-_.-.__.+-.------+
\ Nil 2 3 4 1 5 6 7 8 9 10 11+---_._--+--------+--------+--------+--------+--------+--------+--------+--------.--,------.--------+-_._----+--------+
1 1 I 0.236111 0.136111 0.036111_0.013891-0.013891-0.013891-0.013891-0.01389\-0.01389\-0.01389\-0.01389\
+ +--------+--------+-~------+------_.+--_._---+--------+--------.----_._-+--------+--------+-_._----+--------+
1 1 2 1 0.405751 0.305751 0.205751 0.105751 0.00575\_0.094251-0.094251-0.09425)-0.094251-0.094251-0.09425)
+ TYPES +--------+--------+--------+--------.--------+--------+--------+------_.+----_._ .• -._-----+--------+--------+
1 1 3 1 0.486111 0.38611\ 0.28611\ 0.18611\ 0.08611)_0.01389\-0.11389\-0.213891-0.263891-0.26389\-0.263891
+ OF +--------+--------+--------+--------+--------.--------+~-------+--------+--------+--------+--------+--------+
1 1 4 I 0.50000\ 0.400001 0.300001 0.200001 0.100001 0.000001_0.100001-0.200001-0.30000\.0.400001-0.50000)
+ lOAD- +--.-.---+--~-----+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I 1 5 10.16963\ 0.169631 0.169631 0.119631 0.019631_0.080371-0.080371-0.08037\-0.080371-0.080371-0.080371
+ -lNG +--------+--------+--------+--------+--------+-------"-+--------+--------+--------+--------+--------+--------+
1 \ 6 1 0.250001 0.25000\ 0.250001 0.200001 0.10000\ 0.000001_0.100001-0.20000)-0.250001-0.250001-0.25000)
+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--_.----+--------+

TABLE A.71
HORIZONTAL"FORCES AT THE OIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.100)
.TABLE COEFF.*(Q*Ll

+--------+--------+--------+--------+--------+--------+--------+~-------+--------+--------+--------+----_._-+--------+1 N 2 3 4 5 6 7 8 9" 10 11 1
+--------+--------+--------+--------+~-------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 \ 0.131831 0.131831 0.131831 0.13183\ 0.131831 0.13183\ 0.13183\ 0.131831 0.131831 0.131831 0.131831+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+"
1 1 2 1 0.628551 0.628551 0.628551 0.628551 0.628551 0.62855\ 0.62855) 0.628551 0.62855\ 0.628551 0.628551+ TYPES +--------+--------+--------+--------+--------+--------+--------+--:-----+--------+--------+--------+--------+
1 \ 3 \ 1.12527\ 1.125271 1.125271 1.125271 1.125271 1.125271 1.125271 1.125271 1.12527) 1.125271 1.125271+ OF +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 I 4 1 1.257141 1.257141 1.257141 1.257141 1.25714\ 1.257141 1.257141 1.257141 1.257141 1.257141 1.257141
+ lOAD- +--------+--------+--------+--------+--------+--------+--------+--------+----~---+--------+--------+--------+
1 1 5 I 0.496711 0.496711 0.4967110.496711 0.496711 0.496711 0.496711 0.496711 0.496711 0.496711 0.496711+ -lNG +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 6 \ 0.993431 0.993431 0.993431 0.993431 0.99343\ 0.993431 0.99343\ 0.993431 0.993431 0.993431 0.993431+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+

TABLE A.n
BENOING MOMENTS AT THE OIFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.150)
=TABLE COEFF.*(Q*l*L)

SECTION NUMBER

+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
I N 1 1 2 1 3 4 1 5 I 6 1 7 1 8 1 9 1 10 1 11 I
+--------+--------+--------+--------+--------+---~----+--------+--------+--------+--------+--------+--------+--------+
1 1 \-0.012421 0.001031 0.005851 0.003101 0.000181.0.001731-0.002651-0.002561-0.001401 0.000951 0.004681
+ +--------+--------+--------+--------+--------+--------+--------+-------~+--------+--------+--------+--------+

" 1 1 2 1_0.013791-0.002401 0.005461 0.008871 0.007301 0.000491_0.006671-0.009081-0.006471 0.001701 0.016341+ TYPES +--------+--------+--------+--------+----:---+--------+--------+--------+--------+--------+--------+-----.--+
I 13 1-0.00212\-0.001651 0.000381 0.002341 0.003281 0.002711 0.000451-0.003321-0.006861-0.001731 0.014971
+ OF +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+~-------+--------+
1 1 4 \ 0.002551-0.000701-0.001011-0.000211 0.00063\ 0.000971 0.000631-0.000211-0.001011-0.000701 0.00255\
+ LOAD- +--------+--------+--------+--------+--------+--------+---~----+--------+--------+--------+--------+--------+
1 1 5 \_0.001371-0.003431-0.000391 0.005761 0.00712\ 0.002221-0.004021-0.006521-0.005071 0.000751 0.01166\
+ -lNG +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+-------~--------+
1 \ 6 1 0.010291_0.00268\-0.00547\-0.000761 0.003101 0.004441 0.00310\-0.000761-0.005471-0.00268\ 0.010291
+--------+--------+--------+------~-+--------+--------+--------+--------+--------+--------+--------+--------+-.------+

""\j



TABLE A.73
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.150)
=TABLE COEFF.*(Q*L)

SECTION NUMBER

+_.-_.---+-----_.~+----_.--+--------+.---_.--+--------+--------+------_.+--------+----_._.+- .... _.-.--'-----+ ..---_ ..+
1 Nil 1 2 1 3 1 4 1 5 6 1 7 8 9 10 .11+-_._----+--------+--------+--------+--------+--------+--------+--------+--------+--------.-----_._+----_._.+ ... _-_ ..+
1 1 1 0.235841 0.135841 0.035841_0.014161-0.014161-0.014161-0.014161-0.014161-0.014161-0.01416)-0.014161
+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+_ .. _----+_ .. _----+------_.+
1 1 2 1 0.405121 0.305121 0.205121 0.105121 0.005121_0.094881-0.094881-0.094881-0.094881-0.094881-0.094881
+ TYPES +--------+--------+--------+------_.+--------+------_.+--------+--------+-----_._+-_._----+--------+--------+
1 1 3 10.48584\ 0.385841 0.285841 0.1B5841 0.08584\_0.014161-0.114161-0.214161-0.264161-0.264161-0.264161
+ OF +-.--.-.-+.-------+-----~--+--_._---+-_._----+--------.--------+--------+--------+--------+--------+--------+
1 I 4 1 0.50000,"0.400001 0.300001 0.200001 0.10000\ 0.000001_0.10000\-0.200001-0.300001-0.400001-0.50000\+ lOAD - + --------+- -------+--------+- -------+--------+- - - - - - - - +- - - - - - - - +- - - - - - - -+----.--.+. --.--'--+-------.+- -------+
\ \ 5 10.16928\ 0.169281 0.169281 0.11928\ 0.019281_0.08072\-0.08072\-0.08072\-0.080721-0.080721-0.080721+ -ING +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+:-------+--------+
1 6 1 0.250001 0.250001 0.25000\ 0.200001 0.100001 0.000001_0.10000\-0.200001-0.250001-0_250001-0_250001+--------+--------+--------+--------+--------+--------+--------+--------+--_.-_.-+-_.-. __.+-.-. __.-+.---_._-+-_ ..... -+

TABLE A.74
HORIZONIAL FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.150)
=TABLE COEFF.*(Q*L)

SECTION NUMBER

+-----_.-+--_.----+--------.--------+--------.--------+--------+--------+--_.----+-_.---_.+-.- .. ---+--_.-_.-+.-_.----+
1 N I" 1 2 3 4 5 6 7 8 9 10 11+--_.-_.-+--_.----+--------+-.------+--------+--------+--------+--------+--------+---_._--+--_._---+._--_._-+-_._-_.-+
\ 1 1 0.08991\ 0.089911 0.089911 0.089911 0.089911 0.089911 0_089911 0.089911 0.089911 0.08991\ 0.08991)+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+. __._---+
\. \ 2 1 0.42192\ 0.421921 0.421921 0.421921 0.42192\ 0.421921 0.421921 0.421921 0.421921 0.421921 0.42192\
• TYPES- +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+.-_.--.-+.-_.--.-+
1 1 3 1 0.753931 0.753931 0.753931 0.753931 0.753931 0.753931 0.753931 0.753931 0.753931 0.753931 0.753931+ OF +--------+--------+--------+--------+--------+--------+--------+--------+-------.+-.-.--.-+--------+--------+
1 1 4 \ 0.843851 0.843851 0.843851 0.843851 0.843851 0.843851 0.843851 0.843851 0.843851 0.843851 0.843851+ lOAD- +--------+--------+--------+--------+--------+--------+--------+--------+----.---+--------+--------+-.-----.+
1 1 5 1 0.332011 0.33201\ 0.332011 0.332011 0.3320'1 0.332011 0.332011 0.332011 0.332011 0.332011 0.332011+ -ING +--------+--------+--------.--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 6 1 0.664021 0.664021 0.664021 0.664021 0.66402\ 0.664021 0.66402\ 0.664021 0.664021 0.664021 0.664021+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+------_.+--_.-_.-+

TABLE A.75
BENDING MOMENTS AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RAllO = 0.200)

=TABLE COEFF.*(Q*l*L)
SECTION NUMBER+--------+--------+--------+--------+--------+--------+--------+--------+--------+----_.-.+-----_ ..+-----_.-+._---_.-+

1 N I 2 3 4 5 "6 7 8 9 10 11 \
+--------+_.------+--------+--------+--------+--------+-----~--+--------+--------+--------+---_._--+--------+---_.---+
I I 1 \-0.01'811 0.00120\ 0.005891 0.003121 0.000191_0.001741-0.002721-0.002701-0.001591 0.000811 0.00489\+ +--------+--------+--------+--------+--------+--------+--------+--------+---_.-_.+--------+--------+--_.----+
1 1 2 1-0.012371-0.00239\ 0.005351 0.009011 0.007661 0.000871-0.006491-0.009291-0.007101 0.00101\ 0.01'6881+ TYPES +--------+--------+--------+--------.--------+--------+--------+--------+--------+--.-----+--------+-_.-----+
1 I 3 1_0.000391-0.00219\-0.000161 0.002411 0.003891 0.003491 0.000981-0.003411-0.007641-0.002581 0.01631\.+ OF +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 1 4 \ 0.004511-0.001391-0.001741-0.000281 0.00'171 0.001751 0.001171-0.000281-0_001741-0.001391 0.00451\+ lOAD- +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+------_.+--------+
1 \ 5 1_0.000561-0.00359\-0.00054\ 0.005881 0.007471 0.00262\-0.003771-0.006601-0_005511 0.000201 0_011981+ -ING +--------+--------+--------+--------.--------+--------+--------+--------+--------+--------+--------+------.-+
\ \ 6 1 0.01142\-0.003391-0.006051-0.000711 0.003691 0.005231 0.003691-0.000711-0.006051-0.00J391 0.011421+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------.--_._._-+--_.-._-+



TABLE A.76
VERTICAL SHEAR FORCES AT THE OIFFERENT SECTIONS (RISE-TO-SPAN RATIO' 0.200)
=TABlE COEFFo*(Q*l) ,

SECTION NUMBER+--------+--------+--------+--------+--------+--------+--------+--------.--------+_ _+_ ••.•• --+_ ••.••. -+- •• -_ •• -+
1 N 1 2 \ 3 \ 4 1 5 6 7 8 9 10 11+-_._----+--_.-_.-+--_.----+--_.----+------~-+--------+--------+--------+--------+-----_ ..• --------.----_ ... +-_.- •• --+
\ \ I 0.235451 0.135451 0.03545\_0.014551-0.01455\-0.014551-0.01455\-0.014551-0.01455\'0.014551-0.014551
+ +--------+--------+--------+------_.+--------+--------+--------.--------.-._-----+--------+------_.+---_ .. --+
1 1 2 \ 0.404251 0.304251 0.20425\ 0.104251 0.004251_0.095751-0.095751-0.095751'0.09575\'0.095751-0.095751
+ TYPES +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------.-.------+
1 1 3 I 0.485451 0.385451 0.285451 0.185451 0.085451_0.014551-0.114551-0.214551'0.264551'0.26455\'0.264551
+ OF +--.--.--+--------+--------+------.-+--------+---~~--~+-~-~--~-+---~-.~~+-~.~~.~~+~~.~~.~-+-~.~-..~+~~-.~~..+
1 1 4 10.5000010.40000\ 0.300001 0.200001 0.10000\ 0.000001_0.100001-0.200001-0.300001-0.400001'0.500001
+ LOAD~ +~~-~~~~~+~~~~~~~-+~.-~.---+~.~~-~--+--~~.-~-+~~~~-~--+~-~~-~~-+~-~~.~~.+~.~-.-~.+~.~-..~.+~..~~.~-+-~..~~.~+
\ 1 5 \ 0.168801 0.16880\ 0.16880\ 0.118801 0.018801_0.081201-0.081201-0.081201'0.081201-0.081201-0.081201
+ -ING +--~.~~~~+~.~-~~--+--~~----+--~~--~-+---~----+-~---.~-+-~-~~.~~+~~.~~-~~+~-.~-.~-+~..~..-~+~~.~~.~~+~-..~~..+
\ 1 6 1 0.250001 0.25000\ 0.25000\ 0.200001 0.100001 0.000001_0.10000\'0.20000\-0.25000\-0.250001-0.250001
+~~--~~~-+~.-~~~~~+~~-~~.~~+~~-~~~.~+.-~-~~-~+---~~-_.+_.~~-~~-+~-~~-~~-+_.~_.~~.+~..~.~~.+_.-~.~_.+~._~..-.+~_..-...+

TABLE A.77
HORIZONTAL FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.200)
=TABLE COEFF.*(Q*L)

SECTION NUMBER

1 N I 2 3 4 5 1 6 1 7 8 9 10 1 11 1+.~~~.~.~+~.~~~.~-+~~~~--~-+~~~----~+-~~--~--+-~----~-+--~-----+~~~~~-~~+~~.~~.~~+~_.~~-~~+.~..~~~~+.~~..~~.+~~.~~.~~+
\ \ 1 0.069551 0.069551 0.06955\ 0.069551 0.069551 0.069551 0.069551 0.06955\ 0.069551 0.069551 0.069551+ +~.~~~~~~+~~.~~.~~+~~..~~--+.-----_.+_.~~.---+-----~--+-_.~_.~-+-_.~--~-+.-_.-_.~+.~~..~..+...~..~.+~...~..~+
\ \ 2 1 0.31940\ 0.319401 0.319401 0.319401 0.319401 0.319401 0.319401 0.31940\ 0.319401 0.319401 0.319401
+ TYPES +~~~~~~~~+~.~~-~~-+~--~~.--+-~-.~~-.+.---~-.-~+--~~..~-+~-.~-.~~+~~-~~-~~+~~-~~.~~+~~~.-..~+.-~..-~.+~.~~-..-+
1 1 3 1 0.569251 0.569251 0.569251 0.56925\ 0.569251 0.56925\ 0.56925\ 0.569251 0.569251 0.569251 0.569251
+ OF +.-~.~~~-+--~--~--+--~--.--+~--~----+~---~--.+----.---+-.--~.--~+-.--.~-.+-.--.~-.+-.~~-~--+~-.~~.~~+.~~.~~-.+
1 1 4 \ 0.638811 0.638811 0.638811 0.638811 0.638811 0.638811 0.63881\ 0.638811 0.638811 0.638811 0.638811
+ LOAD~ +-.~-----+---~--.-+.~-.--_.+.~--.--.+-..--~--+--.~-.--+--~-----+--.~-.--+-~.~~.~-+-~.~~..~+.~-.-~.~+~.~~..~~+
1 I 5' 1 0.249851 0.24985\ 0.249851 0.249851 0.249851 0.249851 0.249851 0.249851 0.249851 0.24985\ 0.249851
+ -ING +--~-.~~.+-.-~---~+~-~~--~-+.~-.--.-+-~--.--.+-~--.--.+-.--.--.+-.--.--.+-.~..~-.+~.~-.~~.+--.--.~-+-~-.~--~+
1 1 6 1 0.499691 0.499691 0.499691 0.499691 0.499691 0.499691 0.499691 0.499691 0.499691 0.499691 0.499691
+~~--~~--+-----~--+_:.~----+~--~--~-+.-------+_.-_.---+--~-_.--+-_.~----+-_.~_..-+~-_.-..~+.-••~••~+._~..-_.+~_.~_..-+

TABLE A.78
BENDING MOMENTS AT THE OIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.250)
=TABLE COEFF.*(Q*L*L)

SECTION NUMBER
+~_.-~.~-+-~_.~--~+-~---~_.+------~-+--_.----+_.------+-_.-_.--+--------+----~--~+_.-_.~_.+_.~~_._.+~~..-...+..-_..~.+
1 N 2 3 4 5 6 7 8 9 10 11 \
+_.~_.~~.+--~~_.--+-----_._+---_._--+--------+--------+--------+--------+_.------+-----~~-+-_.--_.-+-~_.--_.+_._-_.~-+
1 1 1-0.011011 0.00140\ 0.005961 0.003171 0.00023\-0.001751-0.002791-0.002861-0.001841 0.000591 0.005171
+ +.~_.---~+-----~--+--------+--------+--------+---_.---+--------+--~-----+-_.~----+~-_.-_.-+_.~_.__.+~_..-_..+
\ 1 2 1-0.010571-0.00245\ 0.00527\ 0.009251 0.008151 0.00138\-0.006231-0.00950\-0.007861 0.000041 0.017561
+ TYPES +~-.--.--+--------+.-------+----.---+--.--.--+--.~----+---.--.-+---.~--~+.~--.-.~+-.--..--+--..--.~+-.--..~-+
1 1 3 1 0.001821-0.003001-0.000761 0.002611 0.004711 0.004501 0.00169\-0.003431-0.008551.0.003811 0.018001
+ OF +--.---~-+--------+--------+-.------+--------+--------+------.-+-------.+-------.+-.~-.-~-+--.~--.-+.~--.---+-
1 1 4 1 0.006991-0.002411:0.002591-0.000261 0.001921 0.002751 0.001921-0.000261-0.002591.0.002411 0.006991
+ LOAD- +-~--~---+-.~--~-.+--------+---~----+-------.+----.---+--.-----+--..-.~-+~----.~~+.--..~..+-.~-..~-+--..~-..+
1 1 5 1 0.000441-0.003861-0.00069\ 0.006081 0.007921 0.003121_0.003441-0.00664\-0.006021-0.000551 0.012391
+ ~ING +-----~--+--.-----+--------+--------+--------+--------+--.-----+--------+--------+.~--.~-.+-.--..--+~-..-..~+
1 1 6 1 0.012831-0.004401-0.006721-0.00056\ 0.004481 0.006251 0.00448\-0.00056\-0.006721-0.0~401 0.012831
+~_.-_.~-+~~_.~---+-~---~_.+-----~--+----_.--+--------+--------+.------~+.~-_.---+-~-_.-_.+_.~_.-~-+-_.~_._-+.~_..-_.+



TABLE A.79
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO' 0.250)
=TABLE COEFF.*(Q*l)

SECTION NUMBER+---~----+-----_._+--------+--------+-_.-----+--_._---+--------+--------+--------+--------+ .._-----+--_ .. ---+._---_ ..+
I N I I 2 I 3 I 4 1 5 6 I 7 B 9 I 10 11 I
.-.--_ •• -+-_ •• ----+--------+--------+--------+--------+--------+--------+--------+--------+-_ .. ----+---_ .... +-_ •• ----+
I I I 0.234921 0.134921 0.034921-0:015081-0.015081-0.015081-0.015081.0.015081-0.015081-0.015081-0.015081
+ +--------+--------+--------+--------+--------+--------+--------+-_ ..----+--------.----_ .. -+--------+ ..--_ ...+
I I 2 1 0.403121 0.303121 0.203121 0.103121 0.003121-0.096881-0.096881-0.096881-0.096881-0.096881-0.09688\
+ TYPES ••• ------+--------+---- ..--+------ ..+--------+--------.--------+- ..-----+--- .. ---+---- ••• -+--------+--------+
\ \ 3 \ 0.484921 0.384921 0.284921 0.184921 0.084921-0.015081-0.115081-0.215081.0,26508\-0.265081.0.265081
+ OF +-- •• ----+--------+--------+--------+--------+-- .. ----+--------+-.---~~-+--.----.+---- ..--+...----.+.---- ...+
1 I 4 I 0.500001 0.400001 0.300001 0.200001 0.100001 0.000001-0.100001.0.200001"0.300001-0.400001-0.500001+ lOAD- +-- ... ---+------.-+------- .•--------+-.------+--------+-----.--+- ..---.-+-- ..---.+.-- ... --+ ... -----+------ ..+
I I 5 I 0.168201 0.168201 0.168201 0.118201 0.018201-0.081801-0.081aol.0.081801-0.081801.0.081801-0.081aol
+ -ONG + ..-----.+---.----+-----.--+- ..-----+--------+--------+--------+----.---+.---- ..-+--.-----+.----.--+--~.----+
I I 6 I 0.250001 0.250001 0.250001 0.200001 0.100001 0.000001-0.100001-0.200001-0.25000\-0.250001-0.250001+-.----_.+--------+.----_.-+-_ ..----+----_ ..-+------_.+---_ ..--+ ..---_.-+-_ ..--_.+--_ .._--+ ..--_ ...+-_ .... --+- ... ----+

TABLE A.80
HORIZONTAL FORCES AT THE DIFFERENT SECllONS (RISE-TO-SPAHN RATIO 0.250)
'TABlE COEFF.*(Q*l)

SECTION NUMBER+--------+--_.----+-.------+---_ ..--+---_._--+--------+--------+--------+-.---_ ..+--_.----+ .._--_ ..+--_ ... --+ .... ----+
I N 2 3 4 5 6 7 8 9 10 11 I+---_.---+-_.-----+----_.--+-.------+----_.--+-_ ..----+----_.--+--------+---_.---+-.---_ ..+--_ ... --+- ..---_.+ ..----_.+
1 I I 0.057821 0.057821 0.057821 0.057821 0.057821 0.057821 0.05782\ 0.057821 0.05782\ 0.057821 0.057821+ +--_._---+--------+--------+ ..------+----_.--+--------+--------+-.----_.+--_._---+ ..---_ ..+----_.--+-_ ... ---+
I I 2 I 0.258471 0.258471 0.258471 0.258471 0.258471 0.258471 0.258471 0.258471 0.258471 0.258471 0.258471+ TYPES +--------+--------+--.-----+--------+---.---.+--------+---.----+--------+--.-----+.----.--+--------+-.-.----+
I 1 3 I 0.459131 0.459131 0.459131 0.459131 0.459131 0.459131 0.459131 0.459131 0.45913\ 0.459131 0.459131+ OF +:-------+--.-----+----.---+--.-----+--------+- ..-----+.-------+--------+----.---+--.---.-+--------+--------+
I I 4 I 0.516951 0.516951 0.516951.0.516951 0.516951 0.516951 0.516951 0.516951 0.516951 0.516951 0.516951+.lOAD- +--------+--------+.-------+--------+--------+--------+-----.--+--.-----+----.---+.----- ..+--------+--------+
1 I 5 I 0.200651 0.200651 0.200651 0.200651 0.200651 0.200651 0.200651 0.200651 0.20065\ 0.200651 0.200651+ -ING +--------+----.---+-.------+--.-.---+-.------+--------+-.----.-+---.---.+----- ..-+- ..----.+-.--- ...+--- .....+
1 1.6 I 0.401311 0.401311 0.401311 0.401311 0.401311 0.40131\ 0.401311 0.401311 0.401311 0.401311 0.401311+-._-----+----_._-+-._-----+--------+. __.----+--------+--------+----_._-+------_.+--_ .._--+ ..----_.+---_ ... -+-_ .... --+

TABLE A.81
BENDING MOMENTS AT THE OIFFERENl SECTIONS (RISE'TO-SPAN RATIO' 0.300)
=TABlE COEfF.*(Q*l*l)

SECTION NUMBER+---_._--+--------+----_ ..-+--~.----+--------+-_._.---+_.------+--_ ..---+_.---_ ..+-_ .._---+ ..--_...+--~ ....-+ ••••• ---+
I N 2 3 4 5 6 7 8 9 10 11 I+-----_.-+-_ ...---+--------+--------+ ..------+--------+--------+-_._----+-.------+--_ ..-.-+-_. __..-+-._._---+-_ ..... -+
I I 1 1-0.010011 0.001631 0.006061 0.003241 0.000281-0.001741-0.002871-0.003051-0.002141 0.000291 0.005501+ +-._-_.--+--_. __.-+ .._..._.+- .... _--+--_._-_.+---_ .._-+._--~-_.+ ..~.._.-+..... -._+-_._ ....+~-_ •• ---+...._._-+
1 I 2 1-0.008381-0.002621 0.005241 0.009611 0.008771 0.002001-0.005881-0.009691-0.008721-0.001221 0.018361+ TYPES +.---.--.+-.---.--+--- ..---+----- ..-+-- ..---.+--------+-.-.- ...+-.--.-.-+.- ..---.+..----~.+.-- ...--+-.--.---+
I I 3 I 0.004481-0.004121-0.001341 0.002981 0.005761 0.005751 0.002611-0.003321-0.009541.0.005471 0.019991
+ OF +.---.--.+-----.--+--.--- ..+---.--.-+---.----+--------+-.------+--------+-.---.--+--.-----+----- ...+-----~.-+
I I 4 I 0.009981-0.003841-0.003481-0.000071 0.002891 0.004001 0.002891-0.000071.0.003481-0.003841 0.009981
+ lOAD- +----.- ..+-.---.--+---.----+--------+-- ..-.--+-.----.-+--------+---- ..--+.-------+-~ ..---.+---- ..--+---- ...-+
I I 5 I 0.001621-0.004251-0.000821 0.006371 0.008491 0.003741-0.003011-0.006631-0.006581-0.001511 0.012861+ -ING +--------+---- ..--+--------+--.----.+--------+--------+----.---+-.---.--+--.-----+-----.-.+---.--.-+-.------+
I I 6 1 0.014491-0.005761-0.007401-0.000261 0.005481 0.007491 0.005481-0.000261-0.007401-0.005161 0.014491+--_.----+--------+------_.+-----_.-+._.-_._-+--------+._----_.+--------+--------+-._--_.-+--_ ... --+ ... --_ ..+----_ ...+



TABLE A.B2
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.300)
=TABlE COEFF.*(Q*L)

SECTION NUMBER
1 N 2 3 4 5 6 7 1 8 9 10 11+--------+--------+--------+--------+--------+------_.+--------+--------+--------+--------+-_._----+-----_ ..+--------+
1 1 1 0.234261 0_134261 0.034261_0.015741-0.015741-0.01574\-0.015741-0.01574\-0.01574\-0.015741-0-015741
+ +--------+--------+--------+--------+------_.+--------+--------+--------+--------+--_._---+--------+--------+
1 1 2 10.4017510.3017510.201751 0.101751 0.001751_0.09825\-0.09825\-0.098251-0.09825\-0.09825\-0.098251
+ TYPES +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+_.------+--------+
I I 3 I 0_484261 0.384261 0.28426\ 0.184261 0.084261_0.015741-0.11574\-0.215741-0.26574\-0.265741-0.265741
+ OF +--------+--------+--------+--------+--------+--------+--------+--------+--------+_ .... ---+--------+- ..-----+
1 1 4 I 0_500001 0.400001 0.300001 0.200001 0.100001 0.00000\_0.100001-0.200001-0.30000\-0.400001-0.500001
+ LOAD- +--------+--------+--------+--------+--------+-------.+--------+------.-+---.--.-+.--.--.-+---.--.-+ ..--.---+
I I 5 \ 0.167491 0.167491 0.167491 0.117491 0.01749\_0.082511-0.08251\-0.082511-0.082511-0.08251\-0.082511
+ -ING +-.------+--------+--------+--------+--------+--------+--------+-----~--+-.-----.+---.--.-+.-----.-+-.--.---+
I 1 6 I 0.250001 0.250001 0;250001 0.200001 0.10000\ 0.000001_0_100001-0.200001-0.250001-0.250001-0.250001+--------+--_.----+--------+--------+--------+---_. __ .+-.---_.-+--_.-_.-+----_.--+-_.---_.+-_.---_.+-._---_.+-_ .... _-+

TABLE A.83
NORIZONTAL FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.300)
=TABLE COEFF.*(Q*L)

SECTION NUMBER+-_.-_.--+------_.+-. __ ._--+-.------+-_. __ ._-+._---_.-+-----_.-+._------+._.-----+-_.-----+-_ .. -_.-+.---_ .. -+ ..----_.+
I Nil 2 1 3 I 4 1 5 1 6 1 7 1 8 1 9 1 10 1 11 \+-_.-----+--------+---_._--+------_.+--------+-.--_._-+-_.-----+-_.-_._-+ .... __ .-+---_. __ .+-. __ .. --+- .. -_.--+.-_.-_ ..+
I 1 I 0.050381 0.050381 0.050381 0.050381 0.050381 0.050381 0.050381 0.050381 0.050381 0.05038\ 0.05038\+ +-.-_.-_.+--------+--------+-_._----+-_._----+----_._-+---_.---+---_.---+------_.+---_ .. --+- .. -----+----_ ... +
I 1 2 1 0.218291 0.218291 0.218291 0.218291 0.218291 0.218291 0.218291 0.218291 0.218291 0.218291 0.21829\+ TYPES +--------+--------+-------.+-.-.---.+--.-----+-.------+----.--.+-.-----.+-.--_.--+ .. -----.+----.---+- .. _--.-+
1 1 3 1 0.38620\ 0.386201 0.386201 0.386201 0.386201 0.386201 0.386201 0.386201 0.386201 0.386201 0.386201+ OF .--------+.-------+.-------+--------+--------+---.--.-+------:-+---.--.-+.- .. ----+---.----+-------.+-----.--+
1 1 4 1 0.436591 0.436591 0.436591 0.436591 0.436591 0.43659\ 0.436591 0.43659\ 0.436591 0.436591 0_436591+ LOAD- +.~------+--------+--------+--.--.--+--.-----+--.--.-.+--------+----.---+-.--.-_.+-.--.--.+----.--.+--.-- ..-+
I 1 5 10.1679110.1679110.1679110.167911 0.1679ll 0.167911 0.167911 0_167911 0.16791\ 0.167911 0.167911+ -ING +-------.+--------+----.---+--.-----+--.---.-+--------+--------+--------+-------.+----.--.+-.------+--.--- ..+
1 1 6 I 0.335821 0.33582\ 0.335821 0.335821 0.335821 0.335821 0.33582\ 0.335821 0.33582\ 0.335821 0.335821+---_.---+-_.-_.--+-_.-----+--------+--_.----+--------+--------+.-------+--------+--_.-_.-+ .. -..-.-+-.--_.-.+-._--_.-+

TABLE A.84
8ENOING MOMENTS AT THE DifFERENT SECTIONS (RISE-TO-SPAN RATIO 0.350)
=TABlE COEFF.*(Q*L*L)

SECTION NUMBER+--------+-_.-----+--------+--------+--------+--------+----_.--+-_.-_.--+-_.-_.--+-_.-----+- ..-----+-_.-_ .. -+. __ ._-_.+
1 N 1 2 3 4 5 6 7 8 1 9 \ 10 1 11 1+- .. -----+----_.--+-----_.-+--------+------_.+---_._--+--------+--------+------_.+-.-_.---+-.-_.-_.+-.-_._--+-_._----+
1 1-0.008801 0.001881 0.006211 0.003371 0.000371_0.001721-0.002941-0.003261-0.002481-0.00012\ 0.00589\+ +.--_.---+--------+--------+--------+--------+-----_.-+----_.--+--------+-_._----+-_ .. -_.- •. -_.-_.-+-.- ... -.+
I 1 2 1-0.005841-0.002891 0.005311 0.010141 0.009541 0.002751_0.005431-0.009811-0.009611-0.002781 0.019301+ TYPESM +--.-----+--------+--------+--------+-------.+----.---+-.------+-----.--+-.-----.+- .. -.. --+--.----- •. --.. --.+
I 1 3 1 0.007571-0.005551-0.001821 0.003591 0.00705\ 0.007231 0.003741-0.003041-0.010511-0.007551 0_022261+ OF +--------+--------+--------+--------+--------+--------+--------+--------+--------+--.-----+--.-----+._------+
I 1 4 1 0.013461-0.005671-0.004311 0.000331 0.004111 0.005511 0.004111 0.000331-0.004311-0.005671 0.013461+ LOAD- +-.--.--.+-.------+--------+--------+--------+.-------+--------+------.- •. -----.- •. -----.-+----_.-.+-._-- ..-+
1 I 5 I 0.002961-0.004771-0.000901 0.006771 0.009171 0.004471_0.002491-0_006551-0.007131-0.00266\ 0.013411+ -ING +--------+--------+--------+--------+--------+--------+--------+--------+--.-----+--.--.--+--.--.--+--- .. --.+
I I 6 1 0.016371-0.007431-0.008031 0.000221 0.006681 0.008941 0.006681 0.000221-0.008031-0.00~31 0.016371+-_.-----+. __.----+-----_.-.--------+--------+--_.----+.-------+._------+--------+--------+--_.----+-----_.-+------_.+

,-'



TABLE A.85
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.350)
=TABLE COEFF.*(Q*l)

SECTION NUMBER

.••..

1 N 2 3 4 5 6 7 8 9 \ 10 11 1+-_._----+----_.--+-.----_.+-_._----+---_.---+-----_.-+--------+--------+.---_.--+ .. ---_.-+-_.---_.+---_ .. --+- .. -----+
I ' I 10.0454010.0454010_0454010.0454010.045401 0.045401 0.045401 0.045401'0.045401 0.045401 0.045401+ +.---_._-+--------+---_.---+._---_ ..+-_.-----+---_._--+._------+-.---_.-+-_.--_ ..+-_._----+ .. --_ ... +-_ .... --+
1 1 2 10.1899310.1899310.1899310.1899310.1899310.189931 0.189931 0.189931 0.189931 0.189931 0.189931+ TYPES +---- .. --+------ ..+--------+--------+--.-----+----.---+---- .. --+-.------+- .. --- ..+--.----.+.--- .. --+- ... ---.+
1 1 3 1 0.334461 0.334461 0.334461 0.334461 0.334461 0.334461 0.334461 0.334461 0.334461 0.334461 0.33446\+ OF +------.-+--------+-----.--+--------+---.---.+--------+--------+------.-+-.---- ..+-- .. ----+--- ... --+ ... ----.+
I 1 4 1 0.379861 0.379861 0.379861 0.379861 0.379861 0.379861 0.379861 0.379861 0.379861 0.379861 0.379861
+ LOAD- +---.----+--------+-------.+---.----+--------+--------+------.-+-- ..---.+---.----+----.---+ ..------+---.----+
1 I 5 10.1445310.1445310.1445310.1445310.144531 0.144531 0.14453\ 0.144531 0.144531 0.144531 0.144531+ -lNG +----- .. -+--.-----+--------+--------+--------+--------+.---.--.+.----.--+-.--- ... +-- .. ----+----.---+-- ..----+
I 1 6 10.289071'0.2890710.2890710.2890710.289071 0.289071 0.289071 0.28907\ 0.289071 0.289071 0.289071+-----_.-+--------+._------+--------+--------+-._-_ ...+-_._--_.+--_.----+---_ ..--+ ..--_._-+-._.-_ ..+-_ ... _--+ •• _-_ ••• +

+--~-----+----_.--+--------+--------+------_.+--------+--------+-.------+-_.---_.+--_.----+----_._-+-_.---_.+.---_ ... +

TABLE A.86
HORIZONTAL FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.350)
=TABLE COEFF.*(Q*L)

TABLE A.87
BENOING HOMENTS AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.400)
=TABLE COEFF.*(Q*L*L)

SECTION NUMBER+--------+- ..-----+---_.---+-----_.-+---_._--+. __ ... _-+- ..--_ ..+--_.----+---_.---+._--_ .. -+-_._-_ ..+--_ ... --+ .•. _--_.+
1 N 2 3 4 5 6 7 8 9 10 11 I
+-_ ••• ---+.--_ ... -+--------+--_ .. _--+-~----_.+--------+--------+.----_.-+-_.---_.+--_.--_.+---_._--+-.---_ ..+-. __ ... -+
I I 1-0.007371 0.002161 0.006421 0.003551 0.000501'0.001661-0.003011-0.003471-0.00286\.0.000631 0.006331+ +- .. ---_.+--_.----+._--_ .. -+- .. _--_.+--_ ... _-+--------+-.---_.-+------_.+-_._----+---_._--+._--_ ... +---_ ... -+
I 1 2 1-0.002931-0.003221 0.005541 0.010851 0.010471 0.003641'0.004871-0.009841-0.010501-0.004601 0.020341+ TYPES +.-------+--.-----+---.----+.-------+--------+---.----+----.---+.----.--+-.---_.-+--.----.+-----.--+- ... ----+
1 1 3 10.011081'0.007201-0.002101,0.0044710.008611 0.008941 0.005101-0.002551-0.011381'0.009991 0.024781+ OF + ..---- ..+---.----+.----.--+--------+--------+--------+--------+------ ..+--.----.+--- ..---+ .. --- ... +-- ..----+
1 1 4 I 0.017411-0.007831'0_004961 0.001001 0.005601 0.007271 0.005601 0.001001-0.004961-0.007831 0.017411
+ LOAD. +--.-----+--------+--------+--------+--------+----.---+ ..------+-.----.-+---.---.+--- ... --+ ..--- ... +-- ... ---+
\ I 5 I 0.004431-0.005381-0.000881 0.007301 0.009971 0.005301-0.001861-0.006371-0.007641-0.003971 0.014011
+ -ING +------ ..+---.----+----.---+--------+--------+--.-----+----.---+--------+.----.--+-.---- ..+-- .. ----+--- .... -+
1 1 6 I 0.018451-0.009361-0.008521 0.000921 0.008101 0.010601 0.008101 0.000921-0.008521-0.009361 0.018451+----_.--+-.----_.+--_.--_.+--_._---+--------+--------+-----_.-+-_.-----+------_.+------_.+--_._---+ .. --_ .. -+-_ .. _---+

SECTION NUMBER+--------+--------+--------+--------+--------+------_.+--------+--------+-----_ ..+--------+--------+--------+------_.+
I.N 1 2 3 4 5 6 1 ' 7 8 9 10 11+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ ... -----+
1 I 1 0.233441 0.133441 0.033441-0.016561-0.016561-0.016561-0.016561-0.016561-0.016561-0.016561-0.016561
+ +_. - - - _. -+- - - - - - - - + - - - - - - - - +- - - - - • - - + - - - - - - - - +- .'. - - - - - + - - - - - - - -+ - -,- - - - - -+ - - - - - - - .+ - - - •• - - -+ - - - - •• - -+ _. - - - - --+
1 1 2 1 0.400131 0.300131 0.200131 0.100131 0.000131.0.099871-0_099871-0.099871-0.099871-0.099871-0.099871
+ TYPES +--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+----- .. -+--------+
I 1 3 I 0.483441 0.38344\ 0.283441 0.183441 0.083441-0.016561-0.116561-0.216561-0.266561-0.266561-0.26656\
+ OF +--------+--------+--------+--------+--------+._----.-+--.----.+-- ..---~+-- ..----+--- ... --+.--- .. --+- .. ----.+
I 1 4 1 0.500001 0.400001 0.300001 0.200001 0.10000\ 0.000001-0.100001-0.200001-0.300001-0.400001-0.500001+ lOAD. +--.----.+--------+.--- ..--+-.---- ..+-- .. ---.+---.----+--- .. ---+---- .. --+.--- .. --+.-----.-+- .. ----.+----- .. -+
1 1 5 10.1666910.1666910.166691 0.116691 0.016691-0.08331\-0.083311-0.08331\-0.083311-0.083311-0.083311+ -lNG +----- ..-+--------+-.-----.+----.---+ .. ------+-.------+--.----.+-- .. ---.+---.----+---- .. --+ .. ---- ..+----.---+
1 1 6 1 0.~50001 0.250001 0.250001 0.200001 0.100001 0.000001-0.100001-0.200001-0.250001.0.250001-0.25000)+--------+---_ .. --+_.---_.-+--_._---+---_.~--+_.---_.-+-_ .. --_.+-_ ..-_ ..+--_ .. ---+--_ .. ---+._-_ .. --+ .. _-_ ..-+--_ .._--+



TABLE A.88
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.400)
cTABlE COEFFo*(Q*L)

SECTION NUI4BER+--------+ ... -----+-_ •• ----+----_ ... +--------+--------+--------+ ... -----+ •• ------+-.------+ ...-----+--_.----+--------+
1 N 1 '1 2 1 3 1 4 5 6 7 8 9 1 10 11+--------+--------+--_ ... --+-----_.-+--------+--------+--------+- .. _----+-_ ... ---+- •••• ---+--_ •••• -+----_ ••• +-.------+
I. 1 1 0.232451 0.132451 0.032451-0.017551-0.017551-0.017551-0.017551'0.017551'0.017551-0.017551-0.01755)
+ +----_.--+--------+--------+--------+ ... -----+-_ •• ----+--~._.--+--_._---+--_ ..._-+----_ •• _+-----_ ..+••••----+
1 1 2 10.398281 0.2982BI 0.198281 0.098281-0.001721-0.101721-0.101721-0.101721-0.101721-0.101721-0.101721
+ TYPES +---_.---+--- ..---+--------+--------+--------+--------+.-------+--------+--------+ ..------+ ••••• ---+------ ..+
1 1 3 1 0.482451 0.382451 0.282451 0.182451 0.082451-0.017551-0.117551'0.217551-0.267551-0.267551-0.267551
+ OF +-.------+--------+- ...----+--------+----_.--+--------+---- ... -+---- ..--+---- ....+----- ..-+------ ..+.... ----+
1 I 4 I 0.500001 0.400001 0.300001 0,200001 0.100001 0.000001-0.100001-0.200001-0.300001'0.400001-0.500001+ lOAD- +----- +-------.+ ..------+ -----+- ----+--.-----+- ----+ ---+ ---+ ~.---+-- +-.------+
1 1 5 1 0.165831 0.165831 0.165831 0.115831 0,015831-0.084171-0.084171'0.084171'0.084171-0.084171-0.084171+ -ING +.-------+ ..------+- ..-----+--------+---- +-------.+.----- ..+.----- ..+----- +.-------+ ..-.-.-.+- +
I 6 1 0.250001 0.250001 0.250001 0.200001 0.100001 0.000001-0.100001-0.200001-0.250001-0.250001-0.250001+- -_..+-_._--_.+-_._-_.-+-._---_.+.-_ ..__.+ ----+-_ _.+- +.._ +. __ +--_ + .._--_ ..+•••••••• +

TABLE A.89
HORIZONTAL FORCES AT 'THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.400)
=TABlE COEFF.*(Q*L)

SECTION NUI4BER+- __..+--_._-_.+-_. __..-+-._ .._--+._ .._..-+. __._---+ ..__._--+- _---+-_ _-+-_ -.+._--_ +-_ .. __.-+- +
I N 2 3 4 5 6 7 1 8 1 9 10 1 11 I.+..--_._-+--------+-._-----+._ .._._-+-.-_ .._-+----_.-.+ .._-_._-+----_ ..-+..--_._-+._.-----+- +-_._._--+- -..+
1 1 1 0.041931 0.041931 0.041931 0.041931 0.041931 0.041931 0.041931 0.041931 0.041931 0.041931 0.041931+ + ..---_.-+-_._.- ..+._._--_.+ __..+- ..__...• -_..-_..•. _---_.-+._------+ ..------ ••.... ---+._------+ _-+
1 1 2 10.1689210.1689210.1689210.1689210.1689210.1689210.168921 0.168921 0.168921 0.168921 0.168921+ TYPES +-.------+-- ..----+------ ..+-.------+- ----+---- -+------ ..+------.-+-.-.----+ ..---.--+- + -----+
1 I 3 1 0.295911 0.295911 0.295911 0.295911 0.295911 0.295911 0.295911 0.295911 0.295911 0.295911 0.29591)+ OF + ----.+-------.+--------+-.- --+--- -.+----- ...•. ------.+ ..------+-- ..--.-+----.-.-+.-------+- +
1 1 4 1 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841 0.337841+ lOAD- +----.--.+--------+-- ..-.-.+--- ...-.•.------ .•..... ---.- ..... --+--- ..--.+----- ...+-.-----.+ ..-.-.-.+.----.-.+
I 1 5 1 0..126991 0.126991 0.126991 0.126991 0.126991 0.126991 0.126991 0.126991 0.126991 0.126991 0.126991+ -ING +--...---+-------.+ ...-----+.----.--+---- ..-.•.-----~-+- ...----+--- ..---+-- ... ---+-----.--+---.----+-.-.- ...+
1 1 6 1 0,253981 0.253981 0.253981 0.253981 0.253981 0.253981 0.253981 0.253981 0.253981 0.253981.0.253981+--------+_ .. _.---+------_.+ .. -_._--+_ .. _~_._+----_ +._------+ ..--_._-+ _-+--_ -+--_ + _-_.-+- +

TABLE A.90
BENDING MOMENTS AT THE OIFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.450)
=TABLE COEFF.*(Q*L*l)

SECTION NUI4BER+----_ ...+--------+-_ ...-.-+------_.+--------+--_ .._--+._---_ ..+._------+ .... ----+-_ .... _-+-----_ ..+.... _---+-----_ ..+
1 N 1 2 3 4 5 1 6 I 7 1 8 1 9 1 10 1 11 1+--------+-_ _~+._---_ ..+••_-----+-----_ ..• -.. __ ...• - _-+- _-+---_._-.+-----_ ..+---_._--+- +._ __.+
1 1 1-0.005721 0.002481 0,006711 0.003801 0.000691-0.001571-0.003051-0.003681-0.003271-0.001241 0.006831+ +-----_ ..+--_. __.-+ ..-..__.+-_ ..._..+.._._---.-_._ .._-+-_ ..-..-+---_ ... -+------_.+-.-._._-+ .._.... -+._--_._-+
1 I 2 1 0.000311-0.003551 0.005971 0.011751 0.011571 0.004651-0.004191-0.009771.0.011311-0.006591 0.021501+ TYPES '+--------+- ..-----+-------.+------.-+- ... ----+---.--.-+---- ....+------ ..+-----~--+-.- ..---+---- ....+.- ..-.--+
1 1 3 I 0.014981-0.008901'0.002081 0.005661 0.010431 0.010881 0.006691.0.001821-0.012051-0.012621 0.027531+ OF +-.-.----+--------+--------.-.- --+------ ..+------.-+--------+ ..------+-- ..----+--- -+-.------+- +
1 I 4 10.021811-0.010141-0.0053510.0019910.007381 0.009311 0.007381 0.001991-0.005351.0.010141 0.021811+ LOAD- +.-.-----+----.---+-------.+.------- •.. ------+-- ---+---- ..--+------.-+-------.+--------+ --+-.-----.+
1 1 5 1 0.006021-0.006021-0.000741 0.007951 0.010881 0.006231-0.001141-0.006091-0.008051-0.005351 0.014671+ -ING +--------+--------+-------.+--------+.- ..---.+-- ..-.--+----.---+------.-+-----.--+--------+ ..-.----+------.-+
1 1 6 1 0.020701-0.011381-0.008781 0.001861 0.009731 0.012461 0.009731 0.001861-0.008781-0.01TS81 0.020701+.-------+ ... -----+---_ ... -+----_.--+------_ .•._------+- .._---- •.... ----+- ... ----+--_ ... --+-----_.-+------_.+ ..... -..+



I N 2 3 4 5 6 7 8 9 10 1 11 1+-.-_.---+-_.-----+--_.----+-.------+--------+--_.----+--------+--------+-.----_.+-_.- ..--+.- ..-.--+ ..-..-..+-_.-_ ..-+
\ \ \ 0.039461 0.039461 0.03946\ 0.03946\ 0.039461 0.039461 0.039461 0.03946\ 0.039461 0.039461 0.039461• +-.-_.---.-_.-----+--_.----+--------+-_.-----+--------+--------+---_.-_.+_.-_.~--+_ ..-_.--.-_ ..-..-+..-_..--+
1 1 2 \ 0.152781 0.152781 0.152781 0.152781 0.152781 0.152781 0.152781 0.15278\ 0.152781 0.152781 0.152781+ TYPES +---.--.-+----.---.--------+--------+--------+----.---+--------+--------+.-----.-+.--.-- ..+-.--.---+-- ..--.-+
1 1 3 1 0.26610\ 0.266101 0.266101 0.266101 0.26610\ 0.26610\ 0.266101 0.26610\ 0.266101 0.266101 0.266101+ OF +.-- ..---+--------+--------.------.-+----.---.-----.--+--.-----+.--.--~-+ ..---- ..+ ..-..--.+- ..-..--+.--.---.+
1 1 4 1 0.30556\ 0.305561 0.30556\ 0.305561 0.305561 0.305561 0.305561 0.305561 0.305561 0.30556\ 0.305561+ LOAD- +--.-----+---.----+--------.--------+--------.----.---.--------.--.-----+----- ..-•.--..--.+ ..--.--.+-- ..--_.+
\ 1 5 10.1133210.1133210.1133210.11332\ 0.113321 0.11332\ 0.113321 0.11332\ 0.113321 0.113321 0.113321+ -ING +--.-----+--------.--------+--------+--------+-----.--.--.-----+------.-+.--.--.-+.-- ..-..+..--..--+-- ..--..+
\ 1 6 \ 0.226651 0.226651 0.226651 0.226651 0.226651 0.226651 0.22665\ 0.226651 0.22665\ 0.22665\ 0.226651+.-_.--_.+-.------+--_.-_ ..•.--_.---+----_.-- •. -_.-_.-•.-_..-_.•-..-..-.•-_.-_._-+ ....-..-+..-.....+..-_....+...._...+

SECTION NUMBER+-_.-_.--+.-_.-_.-+-.------+-.------+--------.-----_.-.-.------+------_ .•-.-_.-_.+- ..-_.--.-_.-_ ..-+.- ..-_..+- ..-...-+

TABLE A.92
HORIZONTAL fORCES AT THE OlffERENT SECTIONS (RISE-TO-SPAN RATIO = 0.450)
=TABlE CpEff.*(Q*l)

TABLE A.91
VERTICAL SHEAR fORCES AT THE DIffERENT SECTIONS (RISE-TO-SPAN RATIO = 0.450)
=TABlE COEff.*(Q*l)

SECTION NUMBER
+--~-_.--+-_ ..-_.-+.-_.-_.-+.----_ ..+---_.-_.+---_.-_.+--------.--------.--------.---_ ... -.--------+.-------+--_ ..---+
1 N 1 \ 2 1 3 1 4 1 5 6 7 8 9 10 11+--------+--------+--------+--------.--------.--------+--_ •• ---+---_.---+_.------+._---_ ..+_.- •• -_.+_ •• -~.-.+--------+
\ 1 1 0.23130\ 0.131301 0.031301_0.018701-0.01870\-0.018701-0.018701-0.018701-0.018701-0.018701.0.018701
+ .------_.+--------.--------+--------+--------+--------+--------+--------+--------.--------.--------.--_ ..---+
1 \ 2 1 0.39620\ 0.296201 0.196201 0.096201_0.00380\_0.103801-0.103801.0.103801-0.103801-0.10380\-0.103801
+ TYPES +--------+--------.--------.--------+--------+--------+--------+--------+--------.--------+--------.--------+
1 '1 3 1 0.481301 0.38130\ 0.281301 0.181301 0.081301_0.018701-0.118701-0.218701-0.268701-0.26870\-0.268701
+ Of .--------.--------+--------.--------+--------.--------.--------+--------+---.--.-+.-----.-+ ..--.---+- ..--.--+
1 1 4 1 0.500001 0.400001 0.30000\ 0.200001 0.100001 0.000001_0.100001.0.200001.0.300001-0.400001-0.500001+ LOAD- +-.--.---+--------+--.--.--+---.----+--------+----.--.+--------+--.-----+--.--.--+--.-- ..-+.--.--.-+-.------+
1 \ 5\ 0.164901 0.164901 0.164901 0.114901 0.014901_0.085101-0.085101-0.085101-0.085101-0.08510\.0.085101+ .ING +--.--.--+--------+.-------+--------.--------.--.-----+--------+---.--.- •. -----.-+---_.--.+-.---.- .•--..--.-+
\ 6 \ 0.250001 0.250001 0.250001 0.20000\ 0.10000\ 0.000001_0.100001-0.200001-0.250001-0.250001-0.250001+-.-_.---+-_.-----+--_.----+-.-_.---+-.--_.--+-_.-_.--+-----_.-+.----_.-+ ..-._-_.+-.-_.- ..+-.-_ ..--+- ..__..-+..-_.-_.+



TABLE A.93
BENDING MOMENTS AT THE DIFFERENT SECTIONS FOR UNIT CLOCKWISE ROTATION AT THE LEFT SUPPORT
_TABLE COEFF.*(E*I/L)

RISE-TO-SPAN RATIO SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

.050 8.913 5.626 2.950 .877 -.602 -1.489 -1.788 -1.495 ••607 .883 2.985

.100 8.664 5.410 2.806 .810 -.607 -1.459 -1.751 -1.480 ••628 .831 2.940

.150 8.278 5.075 2.585 .709 -.613 -1.411 -1.694 -1.454 -.660 .748 2.870

.200 7.794 4.649 2.311 .587 -.618 -1.349 -1.621 -1.419 ••698 .637 2.779

.250 7.252 4.167 2.009 .457 -.621' -1.280 -1.536 -1.375 -.738 .504 2.673
.•300 6.6137 3.657 1.703 .329 -.620 -1.205 -1.445 -1.322 .-.774 .354 2.559
.350 6.127 3.147 .1.409 .211 -.614 -1.130 -1.352 -1.264 -.804 .197 2.439
.400 5.591 2.659 1.141 .108 -.605 .1.056 -1.260 -1.201 -.822 .042 2.319
.450 5.091 2.211 .904 .020 -.593 .-.985 -1.171 -1.136 ••830 ••101 2.201

TABLE A.94
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS FOR'UNIT CLOCKWISE ROTATION AT THE LEFT SUPPORT
-TABLE COEFF.*(E*I/L/L)

RISE.TO-SPAN RATIO SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) . (8) (9) (10) (11)

.050 -5.929 .5.929 -5.929 -5.929 -5.929 -5.929 -5.929 -5.929 -5.929 -5.929 -5.929

.100 -5.724 -5.724 -5.724 -5.724 -5.724 ,5.724 -5.724 -5.724 -5.724 -5.724 -5.724

.150 -5.408 -5.408 -5.408 ,5.408 ,5.408 -5.408 -5.408 -5.408 -5.408 -5.408 -5.408

.200 -5.015 -5.015 -5.015 -5.015 -5.015 -5.015 -5.015 -5.015 -5.015 ,5.015 -5.015

.250 -4.579 -4.579 -4.579 -4.579 -4.579 -4.579 -4.579 -4.579 -4.579 ,4.579 -4.579

.300 -4.128 -4.128 -4.128 -4.128 -4.128 -4.128 -4.128 -4.128 -4.128 ,4.128 -4.128

.350 -3.6137 -3.6137 -3.6137 -3.6137 -3.6137 -3.6137 -3.6137 -3.6137 -3.6137 -3.6137 -3.6137

.400 -3.272 -3.272 .3.272 .-3.272 -3.272 .3.272 -3.272 -3.272 -3.272 -3.272 -3.272

.450 -2.890 -2.890 -2.890 ,2.890 -2.890 ,2.890 -2.890 -2.890 -2.890 -2.890 -2.890

TABLE A.95
HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS FOR UNIT CLOCKWISE ROTATION AT THE LEFT SUPPORT
-TA8LE COEFF.*(E*I/L/L)

RISE-TO.SPAN RATIO SECTION NUMBER
1). (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

.050 148.769 '148.769 148.769 148.769 148.769 148.769 148.769 148.769 148.769 148.769 148.769

.100 72.605 72.605 72.605 72.605 72.605 72.605 72.605 72.605 72.605 72.605 72.605

.150 46.563 46.563 46.563 46.563 46.563 46.563 46.563 46.563 46.563 46.563 46.563

.200 33.180 33.180 33.180 33.180 33.180 33.180 33,180 33.180 33.180 33.180 33.180

.250 24.969 24.969 24.969 24.969 24.969 24.969 24.969 24.969 24.969 24.969 24.969

.300 19.426 19.426 19.426 19.426 19.426 19.426 19.426 19.426 19.426 19.426 19.426

.350 15.465 15.465 15.465 15.465 15.465 . 15.465 15.465 15.465 15.465 15.465 15.465

.400 12.527 12.527 .12.527 12.527 12.527 12.527 12.527 12.527 12.527 12.527 12.527

.450 10.292 10.292 10.292 10.292 10.292 10.292 10.292 10.292 10.292 10.292 10.292



•

TABLE A.96
AXIAL THRUSTS AT THE DiffERENT SECTIONS fOR UNIT CLOC~ISE ROTATION AT THE LEfT SUPPORT
=TABLE COEff.*(E*I/L/L)

RlSE~TO.SPAN RATIO
SECTION NUMBER

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

.050 144.649 145.951 147.01I 147.832 148.417 148.769 148.887 148.771 148.419 147.829 146.997

.100 64.818 67.321 69.324 70.860 71.949 72.605 72.830 72.621 71.966 70.844 69.221

.150 35.897 39.424 42.164 44.230 45.685 46.563 46.876 46.611 45.737 44.187 41.851

.200 20.568 24.906 28.131 30.509 32.171 33.180 33.555 33.276 32.281 30.440 27.486

.250 11.318 16.255 19.707 22.191 23.915 24.969 25.380 25.121 24.102 22.116 18.644

.300 5.499 10.846 14.295 16.719 18.393 19.426 19.850 19.633 18.666 16.674 12.784

.350 1.829 7.428 10.694 12.945 14.497 15.465 15.882 15.717 14.852 12.971 8.758

.400 -.442 5.278 8.242 10.257 11.648 12.527 12.925 12.811 12.072 10.385 5.942

.450 -1.794 3.936 6.535 8.293 9.512 10.292 10.661 10.592 9.984 8.535 3.954

TABLE A.97
SHEAR fORCES ALONG THE DIffERENT RADIAL SECTIONS fOR UNIT CLOCKWISE ROTATION AT THE LEfT SUPPORT
=TABLE COEff.*(E*I/L/L)

RISE-TO-SPAN RATIO SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (II)

.050 -35.271 -29.421 -23.562 -17.694 -11.816 -5.929 .032 -5.874 -11.789 -17.713 -23.648

:100 -33.208 -27.786 -22.324 -16.826 -11.292 -5.724 .122 -5.514 -11.186 -16.894. -22.642

.150 -30.147 ,25.361 -20.484 -15.528 -10.502 -5.408 .249 -4.977 -10.274 -15.649 -21.116

.200 -26.515 -22.489 -18.296 -13.974 -9.544 -5.015 .391 -4.332 ,9.164 -14.123 -19.251

.250 -22.722 -19.498 -16.002 '12.328 -8.515 -4.579 .525 -3.652 -7.968 -12.462 -17.228

.300 -19.084 ,16.637 -13.787 -10.719 -7.492 -4.128 .635 -2.994 -6.782 -10.789 -15.198

.350 -15.793 -14.057 -11.764 ,9.229 -6.528 -3.687 .716 -2.395 -5.673 -9.193 -13.269

.400 -12.940 -11.823 -9.986 -7.901 -5.653 -3.272 .764 -1.876 -4.681 -7.732 -11.504

.450 -10.538 -9.939 -8.460 -6.746 -4.879 -2.890 .785 -1.442 -3.822 -6.437 -9.932

TABLE A.98
BENDING MOMENTS AT THE DiffERENT SECT IONS fOR UNIT DOWNWARD VERTICAL DISPLACEMENT AT THE LEFT SUPPORT
=TABLE COEff.*(E*I/L/L)

RISE-TO-SPAN RATIO SECTION NUMBER
(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (II)

.050 5.929 4.743 3.557 2.372 1.186 .000 -1.186 -2.372 -3.557 -4.743 -5.929

.100 5.724 4.579 3.434 2.289 1.145 .000 .1.145 -2.289 -3.434 -4.579 -5.724

.150 5.408 4.327 3.245 2.163 1.082 .000 -1.082 -2.163 -3.245 -4.327 -5.408

.200 5.015 4.012 3.009 2.006 1.003 .000 -1.003 -2.006 -3.009 -4.012 -5.015

.250 4.579 3.663 2.747 1.831 .916 .000 ••916 -1.831 ,2.747 -3.663 -4.579

.300 4.128 3.303 2.477 1.651 .826 .000 -.826 -1.651 -2.477 -3.303 -4.128

.350 3.687 2.950 2.212 1.475 .737 .000 -.737 -1.475 -2.212 -2.950 -3.687

.400 3.272 2.617 1.963 1.309 .654 .000 -.654 -1.309 -1.963 -2.617 -3.272

.450 2.890 2.312 1.734 1.I56 .578 .000 -.578. -1.156 -1.734 -2.312 -2.890

TABLE A.99
VERTICAL. SHEAR fORCES AT THE DiffERENT SECTIONS fOR UNIT DOWNWARD VERTICAL DISPLACEMENT AT THE LEfT SUPPORT
=TABLE COEff.*(E*I/L/L/L)

RISE-TO-SPAN RATIO SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

.050 ,11.858 -11.858 -11.858 -11.858 -11.858 -11.858 -11.858 -11.858 -11.858 -11.858 -11.858

.100 -11.447 -11.447 -11.447 -11.447 -11.447 -11.447 -11.447 -11.447 -11.447 -11.447 -11.447

.150 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817

.200 -10.031 ,10.031 -10.031 -10.031 -10.031 .10.031 -10.031 -10.031 -10.031 -10.031 -10.031

.250 -9.157 -9.157 ,9.157 -9.157 -9.157 -9.157 -9.157 ,9.157 ,9.157 -9.157 -9.157

.300 -8.256 -8.256 -8.256 -8.256 -8.256 -8.256 -8.256 -8.256 -8.256 -8.256 -8.256

.350 -7.375 -7.375 ,7.375 -7.375 -7.375 -7.375 -7.375 -7.375 ,7.375 -7.375 -7.375

.400 -6.543 -6.543 -6.543 -6.543 -6.543 -6.543 -6.543 -6.543 -6.543 -6.543 -6.543

.450 -5.780 -5.780 -5.780 -5.780 ,5.780 ,5.780 -5.780 . -5.780 ,5.780 -5.780 ~-5.780

.r
./
I,
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.TABLE A.l00
AXIAL TKRUSTS AT TKE DIFFERENT SECTIONS FOR UNIT O~YARO VERTICAL DISPLACEMENTS AT TKE LEFTSUPPORT
-TABLE COEFF.*(E*I/L/L/L)

RISE-TO-SPAN RATIO SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

.050 -2_348 -1.878 -1.409 -.939 -.470 .000 .470 .939 1.409 1.878 2.348

.100 -4.403 -3.522 -2.642 -1.76I -.881 .000 .881 1.761 2.642 3.522 4.403

.150 -5.954 -4.763 -3.573 -2.382 -1.191 .000 1.191 2.382 3.573 4.763 5.954

.200 -6.918 -5.534 -4.151 -2.767 -1.384 .000 1.384 . 2.767 4.151 5.534 6.918

.250 -7.326 -5.861 -4.395 -2.930 -I.465 .000 1.465 2.930 4.395 5.861 7.326

.300 -7.285 -5.828 -4.371 -2.914 -1.457 .000 1.457 2.914 4.371 5.828 7.285

.350 . -6.929 -5.543 -4.158 .2.m -1.386 .000 1.386 2.m 4.158 5.543 6.929

.400 -6.384 -5.107 -3.830 -2.553 .-1.2n .000 1.2n 2.553 3.830 5.107 6.384

.450 -5.748 -4.599 -3.449 -2.299 -1.150 .000 1.150 2.299 3.449 4.599 5.748

TA8LE A.l01
SKEAR FORCES ALONG TKE DIFFERENT RADIAL SECTIONS FOR UNIT D~YARO VERTICAL DISPLACEMENT AT TKE LEFT SUPPORT
-TABLE COEFF.*(E*I/L/L/L)

RISE-TO-SPAN RATIO SECTION NUM8ER(I) (2) (3) (4) (5) (6) (7) (8) (9) (10i (II)
,148.769 -67.864 -5.343 39.102 65.685 74.532 65.685 39.102 -5.343 -67.864.-148.769

,72.605 -32.278 -1.727. 19.688 32.382 36.588 32.382 19.688 -1.727 -32.278 -72.605
-46.563 -19.783 -.186 13.245 21.099 23.684 21.099 13.245 -.186 -19.783 -46.563
-33.180 -13.157 .754 10.015 15.344 17.085 15.344 10.015 .754 -13.157 -33.180
-24.969 -8.967 1.382 8.049 11.822 .13_046 11.822 8.049 1.382 ,8.967 -24.969
,19.426 -6.069 1.798 6.702 9.436 10.317 9.436 6.702 1.798 ,6.069 -19.426
-15.465 -3.974 2.053 5.703 7.713 8.358 7.713 5.703 2.053 -3.974 -15.465
-12.527 -2.433 2.185 4;921 6.416 6.894 6.416 4.921 2.185 -2.433 -12.527
-10.292 -1.304 2.224 4.288 5.410 5.768 5.410 4.288 2.224 -1.•304 ,10.292

.TABLEA.l03
NORI.ZONTALTKRUSTS AT TKE DIFFERENT SECTIONS FOR OUTYARD KORI20NTAL DISPLACEMENT AT TNE LEFT SUPPORT
-TABLE COEFF.*(E*"L/L/L) .

RISE-TO-SPAN RATIO SECTION NUMBER(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (II)
.050 _4466.025_4466.025_4466.025_4466.025_4466.025-4466.025-4466.025-4466.025-4466.025-4466.025-4466.025
.100 _1091.925_1091.925_1091.925_1091.925-1091.925-1091.925_1091.925.1091.925.1091.925-1091.925-1091.925
.150 -468.318 -468.318 -468.318 -468.318 -468.318 -468.318 -468.318 -468.318 -468.318 -468.318 -468.318
.200 -251.327 '251.327 -251.327 -251.327 -251.327 -251.327 -251.327 -251.327 -251.327 -251.327 -251.327
.250 -152.061 -152.061 -152;061 -152.061 -152.061 -152.061 -152.061 -152.061 -152.061 -152.061 -152.061
.300 -99.145' -99.145 -99.145 -99.145 -99.145 -99.145 -99.145 -99.145 -99.145 -99.145 ,99.145
.350 -68.066 -68.066 -68.066 '68.066 -68.066 -68.066 -68.066' -68.066 -68.066 ,68.066 -68.066
.400 -48.553 -48.553 -48.553 -48.553 -48.553 -48.553 -48.553 -48.553 -48.553 -48.553 -48.553
.450 -35.690 -35.690 -35.690 -35.690 -35.690 -35.690 -35.690 -35.690 -35.690 -35.690 -3~.690



TABLE A.l04
AXIAL THRUSTS AT THE OIFFERENT SECTIONS FOR UNIT OUT~ARD HORIZONTAL DISPLACEMENT AT THE LEFT SUPPORT
=TABLE COEFF.*(E~I/L/L/L)

RISE-TO-SPAN RATIO SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (II)
.050 _4377.589_4409.631_4434.392_4451.994_4462.522_4466.025-4462.522-4451.994-4434.392-4409.631-4377.589
.100 _1007.930_1038.951_1062.452_1078.925_1088.689_1091.925_1088.689.1078.925-1062.452.1038.951.1007.930
.150 -390.981 -420_464 -442.038 -456.825 -465.472 -468.318 -465.472 ,456.825 ,442.038 .420.464 ,390.981
.200 ,181.995 ,209.613 -228.801 -241.575 -248.924 -251.327 ,248.924 -241.575 -228.801 -209.613 ,181.995
.250 -91.237.116.840.133.398.144.065 ,150.102 ,152.061 ,150.102 -144.065 -133.398 .116.840 -91.237 .
•300 -46.657 -70.228 -84.112 ,92.765 -97.589 -99.145 ,97.589 ,92.765 -84.112 ,70.228 ,46.657
.350 -23.298 -44.892 -56.218 -63.076 -66.853 -68.066 -66.853 -63.076 -56.218 -44.892 -23.298
.400 -10.658 -30.354 -39.365 -44.703 -47.620 -48.553 -47.620 -44.703 ,39.365 -30.354 -10.658
.450 -3.746 -21.623 -28.640 -32.745 -34.977 -35.690 -34.977 -32.745 -28.640 -21.623 ,3.746

TABLE A.l05
SHEAR FORCES ALONG THE OIFFERENT RADIAL SECTIONS FOR UNIT OUT~ARD HORIZONTAL DISPLACEMENT AT THE LEFT SUPPORT
=TABLE COEFF.*(E*I/L/L/L)

RISE-TO-SPAN RATIO SECTION NUMBER
(1) (2) (3) (4) (5) (6) (n (8) (9) (10) (11)

.050 884.361 707.489 530.617 353.745 176.872 .000 176.872 353.745 530.617 707.489 884:361

.100 419.971 335.977 251.983 167.988 83.994 .000 83.994, 167.988 251.983 335.977 419.971

.150 257.790 206.232 154.674 103.116 51.558 .000 51.558 103.116 154.674 206.232 257.790

.200 173.329 138.663 103.997 69.332 34.666 .000 34.666 69.332 103.997 138.663 173.329
..250 121.649 97.319 72.989 48.660 24.330 .000 24.330 48.660 72.989 97.319 121.649
.300 87.481 69.985 52.489 34.993 17.496 .000 17.496 34.993 52.489 69.985 87;481
.350 63.955 51.164 38.373 25.582 12.791 .000 12.791 25.582 38.373 51.164 63.955
.400 47.369 37.895 28.421 18.948 9.474 .000 9.474 18.948 28.421 37.895 47.369
.450 35.493 28.394 21.296 14.197 7.099 .000 7.099 14.197 21.296 28.394 35.493

-



A.2 Detail analysis for particular live load and permissible

load capacity

A.2.l

A.2.2

Analysis due to clockwise rotation

Analysis due to counter clockwise rotation

-



A.2.1 Analysis due to cl9ckwise rotation



SPAN(L)=15.000 FT
RISE-TO-SPAN RATIO(H/L)= .250
RAOIAL THICKNESS(T)= .833 FT
FILL OEPTH ABOVE THE CROYN=T.OOO FT
OENSITY OF FILL OVER THE ARCH= 110.00 #/FT/FT/FT
DENSITY OF THE MASONRY UNITS= 110.00 #/FT/FT/FT
MODULOUS OF ELASTICITY=432000000.00 PSF

CALCULATION FOR DEAD LOAD

BENDING HOMENT AT THE LEFT SUPPORT 20.475 ft-FT
VERTICAL REACTION AT THE LEFT SUPPORT 2553.107 #
HORIZONTAL THRUST AT THE LEFT SUPPORT Z017.498 #
AXIAL THRUST AT THE LEFT SUPPORT 3252.985 #
RADIAL SHEAR FORCE AT THE LEFT SUPPORT 82.1343 #

INTERNAL FORCES ,,
SECTION NUMBER

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
BENDING.MOMENTS ZO.48 -5.54 25.91 14.22 -15.21 ,29.34 ,15.21 14.22 25.91 ,5.54 20.48

(#-FT)
VERTICAL SHEAR 2553.11 1709.74 1110.01 663.45 309.66 .00 ,309.66 ,663.45 -1110.01 -1709.74 ,2553.11
FORCES (N)
HORIZONTAL THRUSTS 2017.50 2017.50 2017.50 2017.50 .2017.50 2017.50 2017.50 2017.50 2017 .50 2017 .50 2017 .50
(N)

AXIAL THRUSTS 3252.99 2644.43 2302.69 2123.72 2041.05 2017.50 2041.05 2123.n 2302.69 2644.43 3252;99
(N)

RADIAL SHEAR 82.13 -22.52 -5.38 17.03 17.13 .00 -17.13 -17.03 5.38 22.52 -82.13
FORCES (N)

STRESSES AT THE DIFFERENT RADIAL PLANES

SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

MAXIMUM STRESSES 28.349 22.378 20.753 18.559 17.929 18.581 17.929 18.559 20.753 22.378 28.349
(+VE'COMP.)

(PSI)
MINIMUM STRESSES 25.890 21.7.13 17.641 16.851 16.103 15.058 16.103 16.851 17.641 21.713 25.890
(+VE COMP.)

(PSI)
SHEARING STRESSES .6847 .1878 .0448 .1420 .1428 .0000 .1428 .1420 .0448 .1878 .6847

(PSI)



• CALCULATION FOR SUPPORT DISPLACEMENTS--------------------------_.---------
ROTATION (CLOCK-~I'SE) AT THE LEFT SUPPORT .00000500 RADIAN
VERTICAL OIPLACEMENT(D~N~ARO) AT THE LEFT SUPPORT .00000000 FT
HORIZONTAL DISPLACEMENT(OUT~ARD) AT THE LEFT SUPPORT .000000000 FT

BENDING MOMENT AT THE LEFT SUPPORT
VERTICAL REACTION AT THE LEFT SUPPORT
HORIZONTAL THRUSTS AT THE LEFT SUPPORT

50.3006 ('-FT)
-2.117 (tl

11.546 (tl

INTERNAL FORCES
SECTlOII NUMBER

(1 ) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11 )

BENDING MOMENTS 50.301 28.900 13.937 3.168 -4.305 -8.875 -10.656 -9.535 -5.118 3.493 18.543

(t-FT)
VERTICAL SHEAR '2.12 -2.12 -2.12 -2.12 -2.12 -2.12 -2.12 -2.12 ,2.12 -2.12 -2.12

FORCES (#)
HORIZONTAL THRUSTS 11.55 11.55 11.55 11.55 11. 55 11.55 11.55 11.55 11.55 11.55 11.55

(#)

AXIAL THRUSTS 5.23 7.52 9.11 10.26 11.06 11.55 11. 74 11.62 11.14 10.23 8.62

(tl
RADIAL SHEAR -10.51 -9.02 -7.40 -5.70 -3.94 -2.12 . .24 .1.69 -3.68 ,5.76 ,7.97

FORCES (tl



POSITION OF LOAO

1
2
3
4
5
6

CALCULATION FOR LIVE LOAD

CONCENTRATED LIVE LOAD 500.00'

BENOING MOMENTS AT THE DIFFERENT SECTIONS
('-FT)

SECTION NUMBER
(1) (2) (3) (4) (5) (6)
-22.135 1.133 12.547 10.068 1.770 ,3.892
-48.314 2.210 27.402 22.710 4.159 -8.532
-95.406 -2.327 59.402 62.626 17.245 -18.619
-69.364 -48.630 53.117 128.086 79.143 -12.822
43.459 -67.871 -43.040 70.483 174.165 70.498
115.651 -48.694 -109.483 -63.736 65.738 189.405

VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS
(')

(1) (8) (9)

-7.021 -7.513 -5.012
-j5.569 -16.720 -11.189
-39.169 -43.782 -30.297
-69.695 -90.045 -68.923
-53.731 -116.574 -109.713
65.738 -63.736 -109.483

(10)
1.298
2.845
6.216
4.968

-14.161
-48.694

(11)
13.457
29.933
78.080

.159.870 .
217.554
115.651

POSITION OF LOAD
(1) (2) (3) (4)

1 32.449 20.647 8.846 -2.930
2 71.113 45.522 19.931 -5.660
3 133.048 111.476 57.122 2.767
4 166.704 166.704 166.704 58.546
5 182.737 182.737 182.737 182.737
6 159.091 159.091 159.091 159.091

SECTION NUMBER
(5) (6) (1) (8) (9) (10) (11)
-2.930 -2.930 -2.930 -2.930 -2.930 -2.930 -2.930
-6.576 -6.576 ,6.576 -6.576 -6.576 -6.576 -6.576
-18.805 -18.805 -18.805 -18.805 -18.805 -18.805. -18.805
-49.613 -49.613 -49.613 -49.613 -49.613 -49.613 -49,613
40.128 -102.480 -102.480 -102.480 -102.480 -102.480 -102_480
159.091 .000 -159.091 -159.091 -159.091 -159.091 -159.091

HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS
(')

POSITION OF LOAD SECTION NUMBER
(1) (2) (3) (4) (5) (6) (1) (8) (9) (10) (11)

1 10.487 10.487 10.487 10.487 10.487 10.487 10.487 10.487 10.487 10.487 10.487
2 23.409 23.409 23.409 23.409 23.409 23.409 23.409 23.409 23.409 23.409 23.409
3 63.396 63.396 63.396 63.396 63.396 63.396 63.396 63.396 63.396 63.396 63.396
4 145.277 145.277 145.277 145.277 145.277 145.277 145.277 145.277 145.277 145.277 145.277
5 244.176 244.176 244.176 244.176 244.176 244.176 244.176 244.176 244.176 244.176 244.176
6 293.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302

SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES
'C')

POSITION OF LOAD SECTION NUMBER
(1) (2) (3) (4) (5) (6) (1) (8) (9) (10) (1I)

1 32.251 21.272 13.446 8.998 9.883 10.487 10.821 10.873 10.606 9.933 8.636
2 70.936 47.121 30.103 20.367 22.055 23.409 24.160 24.282 23.692 22.196 19.306
3 144.476 120.057 83.034 60.948 59.571 63.396 65.588 66.080 64_642 60.747 53.082
4 220.529 218.318 207.465 156.373 135.467 145.277 151.343 153.514 151.261 143.379 126.856
5 292.695 304.570 301.921 289.812 247.451 244.176 257.427 264.130 263.398 253.206 228.490
6 303.254 327.184 333.668 328.789 314.978 293.302 314.978 328.789 333.668 327••184 303,254



AXIAL THRUSTS AT THE OIFFERENT SECTIONS
(#)

(5)
-4.570
-10.237
-28.706
-72.218

.543
110.113

POSITION OF LOAD

1
2
3
4
5
6

(1 )
11.080
23.940
29.112
-16.199
-85.699
-139.187

(2)
9.153
19.996
45.082
35.114
.15.862
-65.472

(3)
2.726
6.249
19.681
76.511
43.105
.1.220

(4)
-6.132
-12.853
-17.665
8.979
94.992
56..869

SECTION NUMBER
(6) (7)
-2.930 1.215
-6.576 2.746
-18.805 8.419
-49.613 25.729
-102.480 62.092

.000 110.113

(8)
.-.580
.1.261
-2.4n

.515
18.956
56.869

(9)
.2.463
-5.468
.13.933
-26.209
-27:301
.1.220

(10) (11)
.4.460 -6.631
-9.929 -14.782
-26.124 -39.434
-54.856 -86.454
-77.529 -133.852
-65.472 -139.187

POSITION OF LOAO
1
2
3
4
5
6

CALCULATION DUE TO TOTAL IMPOSED CONDITIONS.
_.-------------------------------~---------
8ENDING MOMENTS AT THE DIFFERENT SECTIONS

(#-FT)

SECTION NUM8ER
(1) (2). (3) (4) (5) (6) (7) (8) (9) (10) (11)
48.640 24.494 52.395 27.461 .17.741 -42.105 -32.883 -2.823 15.781 -.747 52.474
22.461 25.571 67.249 40.103 -15.352 -46.746 .41.431 -12.030 9.604 .800 68.951 .
-24.631 21.034 99.250 80.019 -2.265 -56.832 -65.031 -39.092 -9.504 4.170 117.098
1.412 -25.269 92.964 145.479 59.633 -51.036 -95.557 -85.355 -48.130 2.922 198.888

114.234 -44:511 -3.192 87.876 154.654 32.285 -79.593 -111.884 -88.920 .16.206 256.572
246.427 -25.333 -69.635 -46.343 46.228 151.191 39.876 -59.046 -88.690 -50.740 214.669,

VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS
(#)

HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS
(#)

SECTION NUMBER
(1) (2) (3) .(4) (5) (6) (7) (8) (9) (10) (11)

2039.531 2039.531 2039.531.2039.531 2039.531 2039.531 2039.531 2039.531 2039.531 2039.531 2039.531
2052.453 2052.453 2052.453 2052.453 2052.453 2052.453 2052.453 2052.453 2052.453 2052.453 2052.453
2092.440 2092.440 2092.440 2092.440 2092.440 2092.440 2092.440 2092.440 2092.440 2092.440 2092.440
2174.321 2174.321 2174.321 2174.321 2174.321 2174.321 2174.321 2174.321 2174.321 2174.321 2174.321
2273.220 2273:220 2273.220 2273_220 2273.220 2273.220 2273.220 2273.220 2273.220 2273.220 2273.220
2322.346 2322.346 2322.346 2322.346 2322.346 2322.346 2322.346 2322.346 2322.346 2322.346 2322.346

POSITION OF LOAD

1
2
3
4
.5
6

POSITION OF LOAO

1
2
3
4
5
6

(1) (2) (3)
2583.439 1728.272 1116.738
2622..103 1753.147 1127.823
2684.0391819.101 1165.014
2717.694 1874.329 1274.596
2733.727 1890.361 1290.628
2710.081 1866.716 1266.983

(4)
658.407
655.677
.664.104
719.882
844.073
820.428

SECT ION NUMBER
(5) (6) (7) (8) (9) (10) (11)

304.616 -5.047 -314.711 -668.501-1115.056-1714.790-2558.155
300.971 -8.693 -318.357.672.147-1118.702-1718.435-2561.800
288.742 -20.922 -330.586 -684.376-1130.931-1730.664.2574.030
257.934 -51.730.361.394 -715.184"-1161.739-1761.472-2604.837
347.675 -104.598 -414.262 -768.052-1214.607-1814.340-2657.705
466.638 -2.117 -470.872 -824.662-1271.217-1870.950-2714.316



SHEAR FORCES ALONG THE OIFFERENT RACIAL PLANES
(#)

POSITION OF LOAD
1
2
3
4
5
6

SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (B) (9) (10) (11)

3290.470 2673.219 2325.250 2142.978 2061.994 2039.531 2063.610 2146.208 2324.443 2664.590 3270.243
3329.1542699.068 2341.908 2154.347 2074.167 2052.453 2076.949 2159.617 2337.530 2676.852 3280.912
3402.695 2772.003 2394.839 2194.928 2111.682 2092.440 2118.377 2201.415 2378.479 2715.404 3314.688
3478.7482870.264 2519.270 2290.352 2187.579 2174.321 2204.133 2288.849 2465.098 2798.036 3388.463
3550.914 2956.5172613.726 2423.792 2299.562 2273.220 2310.216 2399.465 2577.235 2907.863 3490.096
3561.473 2979.131 2645.473 2462.769 2367.090 2322.346 2367.767 2464.124 2647.506 2981.8413564.860

AXIAL THRUSTS AT THE DIFFERENT SECTIONS
(#)

POSITION OF LOAC SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

1 -81.562 22.661 .704 -28.864 -25.633 -5.047 -15.668 .19.300 •.771 12.301 .96.732
2 -68.701 33.504 4.226 -35.585 -31.299 -8.693 -14.137 -19.981 -3.776 6.832 -104.882
3 -63.529 58.590 17.658 -40.397 -49.769 -20.922 -8.463 -21.191 -12.241 -9.363 -129.535
4 -108.840 48_622 74.4B9 -13.753 -93.280 -51.730 8.847 -18.205 -24.517 -38.095 .176.555
5 -178.340 -2.355 41.082 72.260 -20.520 -104.598 45.i09 .235 -25.609 -60.768 -223.953
6 -231.828 -51.964 -3.242 34.137 89.050 -2.117 93.230 38.149 .472 -48.711 -229.288

MAXIMUM STRESSES(+VE.COMPRESSION)
(PSI) SECTION NUMBER

+_ •• _----+--------+--------+--------+--------+._------+--------+--------+--------+--------+--------+-----_ ..+----_.--+
I (N) 2 3 4 5 1 6 7 8 9 1 10 12 1+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+
1 130:3523123 •.75651 22.53101 19.51431 18.25541 19.53121 19.17821 18.06181 20.32571 22.25871 30.41391
+ +--------+--------+--------+------~-+--------+--------+--------+-~_.----+---_.---+--------+_._._---+.---_ ...+
1 I 2 1 29~10281 24.03671 23.56191 20.36821 18.21351 19.91761 19.80271 18.72641 20.06391 22.36411 31.49221
+POS 1 T 1ON+ - _. - - - - -+ - - - - - • - -+- - • - - - - - + - - - - - - - - + - - - - - - - - +- - - • - - - - +- - - - _. - -+ - - - - - - - - +- - - - - - - - +.- _••• --+.- •- - - _.+- - _. -.-.-+
I 1 3 129.84621 24.37231 25.92471 23.10341 17.7404120.8566121.5652120.6998120.3993122.8878134.66491
+ OF +-----.--+--.---.-+---- ..--+----.-.-+-- ..---.+---.-.--+-.--.- ..+----.---+.----.--+--.-----+.--- ..--+ .... ----+
1 1 4 129.0859125.44581 26.58461 27.82971 21.81791 21.19121 24.11311 24.20681 23.44081 23.50181 40.1913\+ LOAD +- ..-----+----.---+--------+--------+-----.--+-------.+--------+------.-+-.------+----.---+.-----.-+---- ..--+
1 1 5 1 36.46231 27.32031.21.98151 25.48311 28.45741 20.88971 24.03891 26.72201 26.82501 25.21501 44.5024\+ +.-------+--_.----+--------+--------+--------+--------+--_.----+--------+--------+--------+--------+-_ ..----+
.1 1 6 144.48831 26.35721 26.23591 23.31411 22.50951 2B.43941 22.13381 24.08821 27.39701 27.90541 42.60951.+--------+_._-----+--------+--------+--------+_.---_.-+--------+----_.--+-.---_.-+-_ ..--_.+---_ ..--+- ..----.+----_ ...+

MINIMUM STRESSES(+VE COMPRESSION)
(PSI) SECTION NUMBER+.----_.-+---_.---+.-----_.+--_.----+-.------+--------+-.--_.--+------_.+--_.----+---_ ..--+ ... --_.-+--_ ..---+ ... ---_.+

1 (N) 2 3 4 5 1 6 7 1 B 1 9 1 10 1 12 1+--------+--------+--------+--_._---+-----_.-+--------+-. __._--+------_.+--------+.----_.-+--_._---+.----_.-+--_ ..---+
1 1 24.510BI 20.B1491 16.23861 16.21631 16.12491 14.47451 15.22911 17.72271 18.43051 22.16891 24.11191+ +.---_.--+--------+---_._--+-_.--_ ..+--------+---_._--+--------+.-------+-_.-----+--_ .._--+ ..---_ ..+.---_ ...+
1 1 2 1 26.40531 20.965BI.15.4B551 15.55191 16.36981 14.30361 14.82701 17.28161 18.91051 22.26801 23.21151+POSITION+--.-----+--------+--------+----.---+-------.+--------+--------+---.----+---- ..--+------ ..+--------+- ... ----+
1 1 3 126.8881121.84621 14.00521 13.49341 17.46841 14.03131 13.75521 16.00511 19.25791 22.38701 20.60191+ OF +--------+-- ..----+---- ... -+.-------+--- ... -.+ ...--- ..+--.-----+------.-+-------.+-----:--+-------.+.------.+
1 1 4 1 28.91641 22.41111 15.42001 10.35B21 14.65631 15.06201 12.63711 13.95601 17.66061 23.15081 16.30561+ LOAD +--.-----+--------+-----.-.+----.---+-------.+-------.+--------+--------+--------+------.-+--------+ ..------+
1 1 5 122.7432121.9747121.59811 14.92951 9.8840117.0124114.4801113.2851116.1461123.2687113.68921+ +-._--_ ..+--------+--------+------_.+-_._.-_.+-.------+--------+--------+--------+--------+--------+--_._---+
1 1 6 1 14.89341 23.31481 17.B7301 17:74851 16.95771 10.28191 17.344BI 16.99701 16.74571 21.Bl!J!116.82861+.-------+--------+--------+------_.+--_ ..---+-----_ ..+--_.----+--------+--------+- ..---_.+--_._---+.--_ ... -+-_ ...---+



S~ARING STRESSES ALONG THE DIFFERENT RADIAL PLANES
(PSI)

SECTION NUMBER+--------+-------~+--------+--------+----~--~+-_._~---+--------+-_.-----+-----_.-+ ..------+.--_.-_.+--_.--_.+-_._ ..--+
I (N) 2 1 3 I 4 I 5 1 6 71 8 9 10 12+----_ ..-+--------+--------+--_.----+--_.----+---~----+--------+-_.----~+_.------+_.--_.--+ .. ------+._--_.--+ •• ---_.-+
1 I, 1 -.68001 .18891 .00591 -.24061 -.21371 -.04211 -.13061 -.16091 -.00641 .10261 -.80641+ +--_.----+--------+--------+.-------+--------+--------+-.------+.-------+.--_.---+.-_ ..---+--_ ..---+ ..------+
1 I 2 I -57271 .2793\ .03521 -.29671 -.26091 ~.07251 -.11791 -.16661 -.03151 .05701 -.8744\+POSITION+-.------+--------+--------+.-------+--------+-----.--+-.-- ..--+-----.--+---- ..--+.-- ... --+.--- ..--+..---- ..+
I I 3 'I -.52961 .48841 .14721 -.33681 -.41491 -.17441 -.07061 -.17671 -.1021\ -.0781\ -1.07991
+ OF +----.---+--------+-.----~.+-------~+--------+--------+---.----+---.----+--- ..-~-+-- ... ---+~-- .. ---+ .. --~ .. -+
I 1 4 I -.90741 .40531 .62101 -.11471 -.m61 •• 43131 .07381 -.1518\ -.2044\ -.31761 -1.47191.+ LOAD +- --.- ---+--- - -- - -+- --- -. --+-.--- - ~. -+- -- - - - - -+- -- - - - - -+-. - - - - - -+- -- - -- - -+-. -- - -- .+-. ------+-... ---.+--- •• ---+
1 1 5 I -1.48681 -.01961 .34251' .60241 -.17111 -.87201 .37691 .00201 -.21351 -.5066\ -1.86701+ +-.---_.-+-_.-----+--------+--------+---_.---+--------+.-------+~--_ ..--+.--_ .. --+.--_ .. --+ .. -_ ... -+_ .._----+
I 1 6 1 -1.93271 -.43321 -.02701 .28461 .74241 -.01771 .77721 .31801 .00391 -.40611 -1.91151+--_ ..---+..--_._-+-_.---_.+-_ ...---+--_ ..---+ .. __.. --+..-_..--+..-_...-+-.--_ ..-+..--_ ..-+- ..-_...+- ••• -_ •• +.-_ •••• -+

. CONCENTRATEliVE lOAOS 20000.000 N

POSITION OF lOAo SECTION NUMBER

MAXIMUMCOMPRISSIVE STRESS 628.27473 PSI 5 11

MINIMUM STRESS -421~50535 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -47.16661 PSI

CONCENTRATEliVE lOAOS 10000.000 N

5

6.

11

POSlT.ION OF lOAO SECTION NUMBER

MAXIMUMCOMPRISSIVE STRESS 328.904,30 PSI 5 11

POSITION OF LOAO SECTION NUMBER

MAXIMUMCOMPRISSIVE STRESS 179.21908 PSI 5 11

POSITION OF lOAO SECTION NUMBER

MAXIMUMCOMPRISSIVE STRESS 104.37647 PSI 5 11

MINIMUM STRESS -198.32868 PSI
(+VE COMP.)

MAXIMUMSHEAR STRESS -23.97947 PSI

CON~ENTRATEliVE lOAOS 5000.000 N

MINIMUM STRESS -86.74034 PSI
(+VE COMP.)

MAXIMUMSHEAR STRESS -12.37589 PSI

CONCENTRATEliVE lOAOS 2500.000 N

MINIMUM STRESS -30.94618 PSI
(+VE COMP.)

MAXIMUMSHEAR STRESS -6.57411 PSI

5

6

5

6

5

6

11

11

11

\



I

CONCENTRATE LIVE LOADS 1250.000'
POSITION Of LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 66.95517 PSI 5 11
MINIMUM STRESS -3.11044 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -3.67321 PSI

6

6

6

CONCENTRATE LIVE LOADS 625.000 •

POSITION Of LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 48.24452 PSI 5 11
MINIMUM STRESS 7.78516 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -2.22277 PSI

CONCENTRATE LIVE LOADS 1054.688'

5

6

5

POSITION Of LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 61.10809 PSI 5 11
MINIMUM STRESS .37715 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -3.21995 PSI

6

6

6

-



CONCENTRATE LIVE LOADS 1074.219 N

POSITION OF LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 61.692BD PSI 5 11
MINIMUM STRESS .02839 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -3.26527 PSI

CONCENTRATE LIVE LOADS 1083.984 N

6

6

6

POSITION OF LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 61.98515 PSI 5 11
MINIMUM STRESS -.14599 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -3.28794 PSI

CONCENTRATE LIVE LOADS 1079.102 N

6

6

6

POSITION OF LOAD SECTiON NUMBER
MAXIMUM COMPRISSIVE STRESS 61.83898 PSI 5 11
MINIMUM STRESS -.05880 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -3.27661 PSI

6

6

6

CONCENTRATE LIVE LOADS 1076.660 N

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 61.76589 PSI 5 11
MINIMUM STRESS -.01521 PSI 6 6(+VE COMP.)
MAXIMUM SHEAR STRESS -3.27094 PSI 6

CONCENTRATE LIVE LOADS 1075.439 N

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 61.72934 PSI 5 11
MINIMUM STRESS .00659 PSI 6 6(+VE COMP.)
MAXIMUM SHEAR STRESS -3.26811 PSI 6

CONCENTRATE LIVE LOADS 1076.050 N

POSITION OF LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 61.74762 PSI 5 11
MINIMUM STRESS -.00431 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -3.26952 PSI

CONCENTRATE LIVE LOADS 1075.745 N

6

6

6

-



POSITIoN OF LOAD SECTION NUMBERMAXIMUM-COMPRISSIVE STRESS 61.73848 PSI 5 II
MINIMUM STRESS .00114 PSI 6 6(+VE COMP.)
MAXIMUM SHEAR STRESS -3.26882 PSI 6

CONCENTRATE LIVE LOAOS 1075.897 _#

POSIT ION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 61.74305 PSI 5 1I
MINIMUM STRESS -.00158 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS ~3.26917 PSI

CONCENTRATE LIVE LOAOS 1075.821 #

6

6

6

MAXIMUM COMPRISSIVE STRESS 61.74076 PSI
POSITION OF LOAD SECTION NUMBER

5 II

MINIMUM STRESS -.00022 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -3.26899 PSI

CONCENTRATE LIVE LOAOS 1075.783 #

6

6

6

PllsITION OF LOAO SECT ION NUMBER
MAXIMUM COMPRISSIVE STRESS 61.73962 PSI 5 II
MINIMUM STRESS .00046 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -3.26890 PSI

CON~ENTRATE LIVE LOAOS = 1075.783 #

6

6

6

POSITION OF LOAD
LOADING INTENSITY
ACTUAL LOAO ON THE ARCH

(1)

16.928
76.120

(2)
36.707
167.152

(3)
- n.965
326.722

(4)
15B.209
465.420

(5)
275.043
613.663

(6)
342.295
684.589

BENDING MOMENTS AT THE DIFFERENT SECTIONS
(#-FT) -

POSITION OF LOAD SECTION NUMBER.(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)I 23.15 25.80 66.84 39.06 -15.70 --46.59 -40.97 -I1.48 10.01 .75 67.972 _-33.18 28.12 98.80 66.26 -10.56 -56.57 -59.36 -31.28 -3.28 4.08 103.423 -134.50 '18.35 167.65 152.14 17.59 -78.27 -11d.14 -89.51 -44.39 11.33 207.014 -78.47 -81.27 154.13 292.98 150.n -65.80 ,175.82 -189.05 -127.50 8.64 382.995 164.28 -122.67 -52.76 169.04 355.22 113.47 -141.47 -246.13 -215.26 -3~51 50t.l06 448.70 -.81.41 -195.71 ,119.74 121.93 369.30 li5.58 -132.44 -214.n -106.81 416.94



(5)
301.24
293.40
267.09
.200.80
393.88
649.84

VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS
(#)

POSITION OF LOAD
(1) (2) (3) (4)

1 2620.81 1752.05 1126.92 655.03
2 2703.99 1805.57 1150.77 649.16-3 2837.25 1947.47 1230.79 667.294 . 2909.67 2066.30 1466.57 787.30
5 2944.16 2100.79 1501.06 1054.51
6 2893.28 2049.92 1450.19 1003.63

SECTION NUMBER
(6) (7) (8) (9) (10) (11)
-8.42 -318.09 -671.88 ,1118.43 -1718.16 -2561.53
-16.27 -325.93 -679:72 -1126.27 -1726.01 -2569.37
-42.58 -352.24 -706.03 -1152.59 -1752.32 -2595.68
-108.86 -418.53 -772.32 -1218.87 -1818.60 -2661.97
-222.61 -532.27 -886.06 -1332.62 -1932.35'-2775.72
-2.12 --654.08 -1007.87 -1454.42 -2054.15 -2897.52

HORIZONTAL THRUSTS AT THE OIFFERENT SECTIONS
(#)

POSITION OF LOAO SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 2051.61 2051.61 2051.61 2051.61 2051.61 2051.61 2051.61 2051.61 2051.61 2051.61 2051.612 2079.41 2079.41 2079.41 2079.41 2079.41 2079.41 2079.41 2079.41 2079,41 2079.41 2079.41.3 2165.45 2165.45 2165.45 2165.45 2165.45 2165.45 2165.45 2165.45 2165.45 2165.45 2165.454 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.625 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554.406 2660.10 2660.10 2660.10 2660.10 2660.10 2660.10 2660.10 2660.10 2660.10 2660.10 2660.10

AXIAL THRUSTS AT THE OIFFERENT SECTIONS
(# )

>-POSITION OF LOAO SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 3327.61 2697.71 2340.73 2153.34 2073.38 2051.61 2076.07 2158.73 2336.66 2676.03 3280.192 3410.84 2753.33 2376.57. 2177.80 2099.57 2079.41 2104.77 2187.58 2364.81 2702.41 3303.143 3569.07 2910.26 2490.46 2265.11 2180.28 2165.45 2193.91 2277.51 2452.92 2785.36 3375.814 3732.70 3121.67 2758.18 2470.43 2343.58 2341.62 2378.41 2465.63 2639.29 2963.15 353.4.555 3887.97 3307.25 2961.41 2757.53 2584.52 2554.40 2606.66 2703.63 2880.56 3199.45 3753.226 3910.69 3355.90 3029.71 2841.39 2729.81 2660.10 2730.49 2842.75 3031.75 3358.61 3914.08

SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES
(#)

POSITION OF LOAD SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 -68.80 33.20 3.84 -35.93 -30.90 -8.42 -14.27 -19.97 -3.61 7.17 -104.372 -41.13 56.53 11.42 -50.39 -43.09 -16.27 -10.98 -21.43 -10.07 -4.60 -121.903 -30.00 110.50 40.32 -60.74 -82.83 -42.58 1.23 -24.04 -28.29 -39.45 -174.954 -127.49 89.06 162.60 -3.41 -176.44 -108.86 38.48 -17.61 -54.70 -101.26 -276.115 -277.03 -20.62 90.72 181.65 -19,.89 -222.61 1.16.71 22.06 -57.05 -150.05 -378.096 -392.11 -127.36 -4.65 99.62 215.85 -2.12 220.03 103.64 -.93 -124.11 -389.57

~



MAXIMUM STRESSES(+VE COMPRESSION)
(PSI)

SECTION NUMBER+-----~--+--------+--------+--------+--------+--------+--------+--------+--------+--------+ .... _--.+ ••• _-- •• +~••_-•••+
I (N) I. I 2 I 3 I 4 I 5 1 6 7 8 9 10 12 I'+--._----+- .._----+--------+--------+--------+--------+--------+--------+--._----+--- .. _--+-- ••• _--+- ••• _---+ ••• _----+
I I 1 29.13131 24.03911 23.52771 20.29691 18.22791 19.90111 19.76751 18.68571 20.08101 22.35411 31.42731
+ +._------+--------+--------+---._---+-----~--+--------+--._----+--- .. _--+--- ••• _-+-- •••• _-+- ••• _---+ ••• _-- •• +
I I 2 1'30.4272124.6419125.7457122.1341118.1376120.73231 21.11121 20.1157119.91161 22.m91 33.74741+POSITION+--------+--------+----- + + + + + + __• + +__ •• + •• __ •••. +
I 1 3 137.8305125.3640130.8294128.01911 19.2328122.7527124.9034124.3617123.1148123.9008140.57371+ OF +--------+--------+--------+-. + + + + +. +. .+ ••_+_~ ••• +

I 1 4 I 35.8300j 30.90441 32.24931 38.18791 28.59111 23.47251 30.38551 31.90711 29.65901 25.22171 52.46411+ lOAD +------.-+--------+---- ..--+--.- +_ .. + ... +_. ~-+ ...-----+ •• ------+ ..-----.+ ..----.-+-- ...---+
1 I 5 I 42.27741 34.93751 27.85621 33.13931 42.87631 28.10881 30.22581 37.31871 36.94031 28.62501 61.73961+ +-----_._+-----._-+--------+-_ .._---+_ .._----+--._----+_._-----+- ..._---+._ .._---+ ... _--~-+._--- ... +--- ..._-+
I I 6 I 59.54571 32.86541 37.00991 30.87791 30.07911 44.35231 29.70341 31.65201 38.17101 34.41361 57.66701+-._----.+--------+--- .._--+- .._----+._------+------_.+----- ..-+-----_ ••+----- ..-+---_ •••• +--- •••• -+- •••• _--+ ••• _- ••• +

MINIMUM STRESSES(+VE COMPRESSIOH)
(PSI)

SECTION NUMBER
I (N) 2 3 4 5 6 7 8 9 10 12+--- .._--+ .._----.+--------+------_.+--------+-_ .._---+ .._-~---+._----~-+----_._-+--._----+ .. _----.+._-- ... -+- .._-- ..+
I 126.3510120.9408115.5001115.6065116.3421114.30611 14.84751 17.30751 18.8789122.2642123.26431+ +_._--- ..+--------+--._----+--------+--_._---+--------+-------.+--------+--- .._--+- .._---.+._-- ... -+- .._---.+
I 1 2 I 26.44291 21.26531 13.87971 14.17711 16.86911 13.93841 13.98241 16.35861 19.51771 22.28431 21.32701+POSITION+---- ..--+- ..-----+.-------+ . + .+ .__+ . +__. + .. .+ . +_ ... +. ..._+
I 1 3 I 21.67781 23.15971 10.69481 9.74791 17.11981 13.35251 11.67641 13.61201 17.78351 22.54041 15.71241+ OF +--.-----+--------+---- +_. + +__. +. .+ ._+ ..__+__.. + +_ ... .+
1 . I 4 126.4066121.1443113.73871 3.0023110.4841115.57001 9.27061 9.2032114.3467124.18381 6.46861+ lOAD +--.-----+--------+--. + .__+__. + ._+ . +_ .. +... ..+ ••• __+_ .. ..+._ ... +
I I 5 I 22.54801 20.20541 21.52041 12.83791 .21621 14.48171 13.23601 7.75981 11.08821 24.72041 .83901+ +---- .._-+- .._---.+----_._-+--._----+._------+---._---+- .._----+._-----.+---_ .._-+- .._---.+ .._-- ..-+.... _-..+
I 1 6 I 5.6585123.08871 13.50561 16.49761 15.43591 .00051 15.82291 15.74611 12.37831 21.58571 7.59371+--._----+----._--+-------.+-----._-+--------+------.-+--_ .._--+--._----+ .._--- ..+---- .._-+-_ .._---+._-- ... -+••••_~••+

SHARING STRESSES ALONG THE DIFFERENT RADIAL PLANES
(PSI)

SECTION NUMBER+- ... _---+---- .._-+--------+--------+--------+------.-+----._--+- .._----+._----_.+-----._-+- ... _--.+---- ... -+- .._-...+
1 (N) 2 3 4 I 5 6 7 8 9 10 I 12
+••_---._+---._---+--------+---_._--+--._-_ ..+---~ •• _-+-_ .._---+ ... _--_.+-------.+--------+- ... _---+-----._-+ ... _-_ ..+
1 1 -.57361 .27681 •03201 -.29951 -.25761 -.07021 -.11901 ,.16651 -.03011 .05971 -.87011+ +--------+ .._--_.-+--------+-----_.-+---_._--+--._----+-------.+--------+-- ... _--+-._--- ..+--._._-.+ .._-.._-+
I I 2 I -.34291 .47131 .09521 -.42011 -.35921 -.13561 •. 09151 ,.17871 -.08401 -.03841 -1.01631+POSITION+--.-----+--- ..---+-- + ..__+__. .+ ...+ + . +_. + + + . +
I I 3 I -.25011 .92121 .33621 '.50641 -.69051 -.35501 .01031 -.20041 -.23581 -.32891 -1.45851+ OF +---.----+------.-+ + ._+ + +.. + . + __. + +_ .. + +
I I 4 1 -1.06291 .74241 1.35551 -.02851 -1.47101 -.90751 .32081 -.14681 -.45601 -.84421 -2.30191+ lOAD +--.----.+--------+-. + + .+ +_, + + + .. +_. +_ .. +
I 1 5 1 ,2.30951 -.17191 .75631 1.51431 -.16591 '1.85581 .97301 .18391 '.47561 -1.25091 '3.15201+ +--._----+--------+--._--_.+--------+- .._----+------.-+--------+--------+-----._.+--_._---+--------+--_._---+
I I 6 I -3.26891 -1.06181 -.03871 .83051 1.79951 -.01771 1.83431 .86401 -.00781 '1.03461 -3.24771+--------+--._----+---_._--+--._----+--------+--._----+------_.+---_._--+--------+-_._----+._------+--._-~--+ .._-...-+



,
. I

POSITION OF LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 61.73962 PSI 5 11

MINIMUM STRESS .00046 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -3.26890 PSI

PERMISSIBLE LOAOS 1075.78 #

6

6
6



I

A.2.2 Analysis due to counter clockwise rotation

-



SPAN(L)=15.000 FT
RISE-TO-SPAN RATIO(N/L)= .250
RADIAL THICKNESS(T)= .833 FT'
FILL DEPTH ABOVE THE CROYN=1.000 FT
DENSITY OF FILL OVER THE ARCH= 110.00 '/FT/FT/FT
DENSITY OF THE MASONRY UNITS= 110.00 '/FT/FT/FT'
MODULOUS OF ELASTICITY=432000000.00 PSF

CALCULATION FOR DEAO LOAD

BENDING MOMENT AT THE LEFT SUPPORT 20.475.'-FT
VERTICAL REACTION AT THE LEFT SUPPORT 2553.107'
HORIZONTAL THRUST AT THE LEFT SUPPORT 2017.498 •
AXIAL THRUST AT THE LEFT SUPPORT 3252.985 •
RADIAL SHEAR FORCE AT THE LEFT SUPPORT 82.1343'

STRESSES AT THE DIFFEREHT RAOIAL PLANES

SECT 1011NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
MAXIMUM STRESSES 28.349 22.378 20.753 18.559 17.929 18.581 17.929 18.559 20.753 22.378 28.349(+VE COMP.)

(PSI)
MINIMUM STRESSES 25.890 21.713 17.641 16.851 16.103 15.058 16.103 16.851 17.641 21.713 25.890(+VE COMP.)

(PSI)
SHEARING STRESSES .6847 .1878 .0448 .1420 .1428 .0000 .1428 .1420 .0448 .1878 .6847(PSI)

(

-



CALCULATION FOR SUPPORT DISPLACEMENTS

ROTATION (CLOCK-~ISE) AT THE LEFT SUPPORT -.00000500 RADIAN
VERTICAL OIPLACEMENT(D~N~ARD) AT TNE LEFT SUPPORT ,00000000 FT
HORIZONTAL DISPLACEMENT(OUT~ARD) AT THE LEFT SUPPORT .000000000 FT

< '"f'

BENOING MOMENT AT THE LEFT SUPPORT
VERTICAL REACTION AT THE LEFT SUPPORT
HORIZONTAL THRUSTS AT THE LEFT SUPPORT

-50.3006 (N-FT)
2.117 (N)

-11.546 (N)

INTERNAL FORCES

SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
BEHOING MOMENTS -50.301 -2B.900 -13.937 -3.168 4.305 8.875 10.656 9.535 5.118 -3.493 -18.543(N-FT)
VERTICAL SHEAR 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12FORCES (N)
HORIZONTAL THRUSTS -11.55 -11.55 -11.55 -11.55 -11.55 -11.55 -11.55 -11.55 -11.55 -11.55 -11.55(N)
AXIAL THRUSTS -5.23 -7.52 -9.11 ".10.26 -11.06' .11.55 -11.74 "-1"1.62 -11.14 -10.23 -8.62(N)
RADIAL SHEAR 10.51 9.02 7.40 5.70 3.94 2.12 -.24 1.69 3.68 5.76 7.97FORCES (N)

STRESSES AT "THE OIFFERENT RADIAL PLANES

SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)-
MAXIMUM,STRESSES 2.977 1.673 .761 .105 .166 .437 .542 .476 .214 .125 1.042(+VE COMP.)

(PSI)
,MINIMUM STRESSES -3.064 -1.798 -.913 -.276 -.351 -.629 -.738 -.669 -.400 -.295 -1.185(+VE COMP.)

(PSI)
SHEARING STRESSES .0876 .0752 .0617 .0475 .0328 .0177 .0020 .0141 .0307 .0480 .0664IPSI)



CALCULATION FOR LIVE LOAD

CONCENTRATED LIVE LOAD 500.00'

BENDING MOMENTS AT THE DIFFERENT SECTIONS
(#-FT)

POSITION OF LOAD

1
2
3
4
5
6

(1 )

-22.135
'48.314
-95.406
-69.364
43.459
175.651

(2) (3)

1.133 12.547
2.210 27.402
-2.327 59.402
-48.630 53.117
-67.871 -43.040
-48.694 -109.483

(4)
10.068
22.710
62.626
128.086
70.483
-63.736

SECTION NUMBER
(5) (6)

1.770 -3.892
4.159 ,8.532
17.245 -18.619
79.143 -12.822
174.165 70.498
65.738 189.405

(7) (8) (9)
-7.021 -7.513 -5.012
-15.569 -16.720 -11.189
-39.169 -43.782 -30.297
-69.695 -90.045 -68.923
-53.731 -116.574 -109.713
65.738 -63.736 -109.483

(10)
1.298
2.845
6.216
4.968

-14.161
-48.694

(11)
13.457
29.933
78.080
159.870
217.554
175.651

VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS
(#)

POSITION OF LOAD SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 32.449 , 20.647 8.846 -2.930 -2.930 -2.930 -2.930 -2.930 :2.930 -2.930 -2.9302 71.113 45.522 19.931 -5.660 -6.576 -6.576 -6.576 -6.576 -6.576 -6.576 -6.5763 133.048 111.476 57.122 2.767 -18.805 -18.805 -18.805 -18.805 -18.805 -18.805 -18.8054 166.704 166.704 166.704 58.546 -49.613 -49.613 -49.613 -49.613 -49.613 -49.613 -49.6135 182.737 182.737 182.737 182.737 40.128 -102.480 -102.480 -102.480 -102.480 -102.480 -102.4806 159.091 159.091 159.091 159.091 159.091 .000 -159.091 -159.091 -159.091 -159.091 -159.091

HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS
(#)

POSITION OF LOAO SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) '(10) (11),1 10.487 10.487 10.487 10.487 10.487 10.487 10.487 10.487 10.487 10.487 10.4872 23.409 23.409 23.409 23.409 23.409 23.409 23.409 23.409 23.409 23.409 23.4093 63.396 63.396 63.396 63.396 63.396 63.396 63.396 63.396 63.396 63.396 63.3964 145.277 145.277 145.277 145.277 145.277 145.277 145.277 145.277 145.277 145.277 145.2775 244.176 244.176 244.176 244.176 244.176 244.176 244.176 244.176 244.176 244.176 244.1766 293.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302

SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES
(')

POSITION OF LOAD SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 32.251 21.272 13.446 8.998 9.883 10.487 10.821 10.873 10.606 9.933 8.6362 70.936 47.121 30.103 20.367 22.055 23.409 24.160 24.282 23.692 22.196 19.3063 144.476 120.057 83.034 60.948 59.571 63.396 65.588 66.080 64.642 60.747 53.0824 220.529 218.318 207.465 156.373 135.467 145.277 151.343 153.514 151.261 143.379 126.8565 292.695 304.570 301.921 289.812 247.451 244.176 257.427 264.130 263.398 253.206 228.4906 303.254 327.184 333.668 328.789 314.978 293.302 3,14.978 328.789 333.668 327 •.l,84 303.254



AXIAL THRUSTS AT THE DIFFEREHT SECTIONS
(#)

POSITION OF LOAD SECT ION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) OD) (II)1 11.080 9.153 2.n6 -6.132 -4.570 -2.930 1.215 -.580 .2.463 .4.460 -6.6312 23.940 19.996 6.249 -12.853 -10.237 -6.576 2.746 -1.261 -5.468 -9.929 -14.7823 29.112 45.082 19.681 -17.665 -28.706 -18.805 8.419 .2.471 .13.933 .26.124 .39.4344 -16.199 35.114 76.511 8.979 -n.218 -49.613 25.729 .515 .26.209 .54.856 -86.454,5 -85.699 -15.862 43.105 94.992 .543 -102.480 62.092 18.956 .27.301 .77.529 .133.8526 -139.187 .65.472 -1.220 56.869 110.113 .000 110.113 56.869 .1.220 -65.4n .139.187

CALCULATION DUE TO TOTAL IMPOSED CONOITIONS

BENDING MOMENTS AT THE OIFFERENT SECTIONS
(#-FT)

POSITION OF LOAD

1
2
3
4
5
6

SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)-51.961 -33.305 24.521 21.125 -9.131 -24.355 -11.570 16.247 26.016 -7.734 15.389-78.140 -32.229 39.375 33.767 ,6.742 -28.996 -20.118 7.040 19.840 -6.187 31.866-125.232 -36.765 71.376 73.683 6.345 -39.082 .43.718 .20.022 .732 -2.816 80.013-99.189 ,83.068 65.090 139.143 68.242 -33.286 -74.245 -66.285 -37.895 -4.065 161.80313.633 -102.310 -31.066 81.540 163.264 50.035 -58.281 -92.814 -78.685 .23.193 219.486145.826 -83.132 '-97.509 -52.680 54.837 168.941 61.189 -39.976 -78.455 -57.726 177.584

VER11CAL SHEAR FORCES Al THE DIFFERENT SECTIONS
(#)

POSll10N OF LOAD .

1
2
3
4
5
6

(1) (2i (3)
2587.673 1732.506 1120'.9n
2626.337 1757.381 1132.057
2688.273 1823.335 1169.248
2721.929 1878.563 1278.830
2737.961 1894.596 1294.863
2714.316 1870.950 1271.217

(4)
662.641
659.912'
668.339
n4.117
848.308
824.662

SECTION NUMBER
(5) (6) (7) (8) (9) (10) (11)

308.851 -.813 "310.477 -664.267-1110.822-1710.555-2553.921
305.205 -4.459 -314.122 -667.913-1114.468.1714.201-2557.566
292.976 -16.688 .326.352 -680.142.1126.697-1726.430-2569.795
262.168 .47.496.357.159 -710.950-1157.505-1757.238-2600.603
351.909 -100.363 -410.027 .763.817-1210.372-1810.105.2653.471
470.8n 2.117 -466.638 -820.428.1266.983-1866.716-2710.081

HORI20NTAL THRUSTS AT THE DIFFERENT SECTIONS
(#)

POSITION OF LOAD

1
2
3
4
5
6

SECTION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

2016.440 2016.440 2016.440 2016.440 2016.440 2016.440 2016.440 2016.440 2016.440 2016.440 2016.440
2029.362 2029.362 2029.362 2029.362 2029.362 2029.362 2029.362 2029.362 2029.362 2029.362 2029.362
2069.349 2069.349 2069.349 2069.349 2069.349 2069.349'2069.349 2069.349 2069.349 2069.349 2069.349
2151.2302151.2302151.2302151.2302151.230 2151.230 2151.230 2151.230 2151.230 2151.230 2151.230
2250.T28 2250.128 2250.128 2250.128 2250.128 2250.128 2250.128 2250.128 2250.128 2250.128 2250.128
2299.255 2299.255 2299.255 2299.255 2299.255 2299.255 2299.255 2299.255 2299.255 2299.255 2299.255



SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES
(#)

POSITION OF LOAD
1
2
3
4
5
6

SECT ION NUMBER
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

3280.0022658.186 2307.0252122.4552039.8782016.4402040.138 2122.976 2302.153 2644.137 3253.000
3318.687 2684.035 2323.683 2133.825 2052.050 2029.362 2053.477 2136.385 2315.240 2656.399 3263.670
3392.2282756.9702376.6142174.406 2089.566 2069.349 2094.906 2178.183 2356.189 2694.951 3297.445
3468.281 2855.231 2501.045 2269.830 2165.462 2151.230 2180.661 2265.6172442.808 2777.583 3371.220
3540.4462941.484 2595.501 2403.270 2277.446 2250.128 2286.7442376.2332554.9452887.4103472.854
3551.005 2964.098 2627.248 2442.246 2344.973 2299.255 2344.2962440.891 2625.2162961.388 3547.618

AXIAL THRUSTS AT THE DIFFERENT SECTIONS
(#)

POSITION OF LOAD SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 -60.548 40.693 15.502 -17.463 -17.758 -.813 -16.153 ,15.922 6.598 23.826 -80.7992 -47.687 51.536 19.024 -24.184 -23.425 ,4.459 -14.622 ,16.604 3.594 18.357 -88.9503 -42.515 76.622 32.457 -28.996 -41.894 ,16.688 ,8.949 -17.813 ,4.872 2.162 -113.6024 -87.826 66.654 89.287 -2.352 -85.406 -47.496 8.361 .14_827 -17.148 -26.570 -160.6225 -157.326 15.678 55.881 83.661 -12.645 -100.363 44.724 3.613 -18.240 -49.243 -208.0206 -210.815 -33.932 11.556 45.538 96.925 2.117 92.745 41.526 7.842 -37.186 -213.355

MAXIMUM STRESSES(+VE COMPRESSION)
(PSI)

SECTION NUMBER

1 (N) 2 3 4 5 6 7 8 9 10 12 1+-- .._---+-------.+--------+--------+--------+--------+--------+---._---+--------+------._+------._+-- .._-_.+-._-----+
1 130.4644124.16031 20.70531 18.96271 17.55411 18.27291 17.70271 18.6741120.7545122.5077128.04331+ +--------+--------+--------+--------+-._-----+--._----+--------+----._--+._--- ..-+-._-_ ...+----- ..-+- ..-...-+
I I 2 132.35891 24.31121 21.73621 19.81661 17.51211 18.65921 18.32721 18.23311 20.49271 22.5170129.12161+POSITION+------.-+-------.+ .+__. + + . + ._+ .+ . .+. __.. +. __.. +. __..__.+
1 1 3 1 35.79981 25.19161 24.09901 22.55181 17.80101 19.59831 20.08971 19.36111 19.68671 22.63601 32.29431+ OF +----.---+----- + •__+ ~-+--------+---.----+ .. +. ..__+ ...+__ . ._+_ ..__ ...+_ ..__.._+
1 1 4 1 34.87001 28.79121 24.75891 27.27811 22.15051 19.93281 22.63771 22.86801 22.64041 23.39991 37.82061+ lOAD +--------+----- + + + + + + + +__.. + + __. +
I I 5 130.33421 30.66571 23.50331 24.93161 28.79001 21.76311 22.56351 25.38321 26.02461 25.46401 42.13171+ +---._---+--------+--------+--------+--------+--------+--------+--------+--------+- .._--._+- ••• _---+_ .. _-~--+
I 1 6 / 38.36011 29.70261 27.75771 23.52351 22.84211 29.31271 23.21791 22.74941 26.59661 28.15441 40.23891+-._-----+-._--._-+-._-----+------.-+--._----+--._----+----._--+._---._-+- .._-..-+- .._-- ..+- ... _-..+- ... -...+... _-..-+

MINIMUM STRESSES(+VE COMPRESSION)
(PSI)

SECTION NUMBER+-._---.-+-----._-+-._-----+--._--.-+--._---.+--------+--------+._---._-+-._---.-+--._--_.+-- .._-_.+-- .._-..+-~._- •• _+
1 (N) 2 3 4 I 5 1 6 1 7 8 I 9 1 10 1 12 1+.._-_._-+._---._-+--------+--------+-_._----+--------+---._---+--------+--------+- .._-_.-+-._--- ..+- ... _---+•• _- ••~-+
I 1 124.2242120.1605117.7605116.42571 16.45751 15.34791 16.31321 16.72301 17.6301121.5789126.19511+ +-._-----+--------+--._----+--------+--------+--------+-----._-+-._-----+-- .._-..+--_._--.+-- .._- ..+••• _- •• -+
I 1 2 122.9746120.44061 17.00741 15.76131 16.70241 15.17701 15.91111 17.38761 18.11011 21.77401 25.29471+POSITION+-.------+-------_+ + + + ~----+----.---+. +. •••+_ ••__••_+ ••• __ • __ + .._... __+
1 1 3 I 20.75991 20.77631 15.52711 13.70281 17.03901 14.90471 14.83931 16.95651 19.5988122.29781 22.6851(+ OF +-.---.--+- + + + + + +_. +_. ..+ .+_ .. ..+_ .._..__+
1 I 4 1 22.95781 18.81511 16.94181 10.56761 13.95491 15.93531 13.72121 14.90741 18.08941 22.91171 18.38881+ LOAD +---.~--.+---- + + + +_. •__+_. +__.. + . + ..__.+ . .+__..__ ._+

1 1 5128.6969118.3787119.7724115.13891 9.1826115.7541115.5642114.2366/16.5749122.6787115.77231+ +--------+--------+--------+--------+--------+--------+--------+--._----+--------+--- .._--+._-._---+--._-_.-+
1 1 6 120.84701 19.71881 16.04721 17.19691 16.25641 9.02351 15.86931 17.94841 17.1745121.22181 18.91181+--.---.-+------.-+--------+--------+--------+--------+--------+ ..---.--+- ..--- ..+-- ..---.+--- ..--.+ ..... -..1- ... -... +



SHARING STRESSES ALONG THE DIFFERENT RADIAL PLANES
(PSI)

SECTION NUMBER
+__.4 + ~__+--.-.---+--------+--.-- ..-+--------+-- ••••• -+-------.+ .... ----+-- •••••• + •••• ----+ •••••••• + •••••• _-+
1 (N) 1 1 2 1 3 1 4 1 5 I 6 1 7 8 9 I' 10 12 I+--------+--------+--------+--------+-_ ... ---+--------+-_ ... ---+--------+ .... ----+---_ .... +- .• -----+-_._ .... +--_ •• _--+
1 , -.50481 .33921 .12921 -.14561 •• 14lllll -.00681 -.13471' ,.13271 .0550\ .19861 •• 67361
+ +--------+--------+--------+--------+--------+ ..._----+-----_._+ .._-----+-_._~_ ..+._ •• ----+---_._._+_. __._..+
1 1 2 1 -.39761 .42961 .15861 -.20161 -.19531 '.03721 -.12191 ,.13841 .03001 .15301 -.74151
+POSITION+----- •• -+--------+--------+ ---+--------+---.--.-+ ..------+-- + ••• -----+ •••••••• +.--.----+--------+
, 3 , -,35441 .63881 .27061 -.24171 -.34931 -.13911 -.07461 ,.14851 -.04061 .01lllll ,.94711
+ OF +--------+--------+--------+--------+-_.-----+--------+- .... ---+--------+ .... ----+--------+- ..-....+ ...--...+
1 1 4 1 -.73221 .55571 .74441 -.01961 -.71201 -.39601 .06971 -.12361 -.14301 ,.22151 -1.33911+ lOAD +--------+--------+ ...-.---+--------+---- ..--+--------+-- ..--..+--------+--.- ....+-.--.---+---.----+ ..... -.-+
, 5 I -1.31161 .13071 .46591 .69751 -.10541 -.83671 .37291 .03011 -.15211 -.41051 -1.73421+ +._ •• _---+--------+---_ .._-+ •• _-----+--------+_.~-----+--------+ ..._----+----_._.+---_ .._-+.-------+- .._._--+

, 1 1 6 I -1.75751 '.28291 .09631 .37961 '.=1 .01n, .ro21 .34621 .06541 -.31001 -1.n871+ ---.-+--------+--------+-. __ +--------+--------+ _..--+------_.+ _.._-+--------+ _.+..------+------_.+

CONCENTRATELIVE LOADS 20000.000 #

POSITION OF LOAD SECTION NUMBER
MAXIMUMCOMPRISSIVE STRESS 625.90408 PSI 5 11

MINIMUM STRESS -419;42219 PSI
(+VE COMP.)

MAXIMUMSHEAR STRESS ,47.03261 PSI

CONCENTRATELIVE LOAOS 10000.000 #

5

6

11

11

POSITION OF LOAD SECTION NUMBER
MAXIMUMCOMPRISSIVE STRESS 326.53365 PSI 5 "

MINIMUM STRESS -196.24552"PSI
(+VE COMP.)

MAXIMUMSHEAR STRESS -23.82546 PSI

CONCENTRATELIVE LOADS 5000.000 #

5

6

11

'1

POSITION OF LOAD SECTION NUMBER
MAXIMUMCOMPRISSIVE STRESS 176.84843 PSI 5 11

MINIMUM STRESS -84.65718 PSI
(+VE COMP.)

MAXIMUMSHEAR STRESS -12.22189 PSI

CONCENTRATELIVE LOADS 2500.000 #

5

6

11

11

POSITION OF LOAD SECTION NUMBER
MAXIMUMCOMPRISSIVE STRESS 102.00582 PSI 5 11

MINIMUM STRESS ,28.86301 PSI
(+VE COMP.)

MAXIMUMSHEAR STRESS -6.42010 PSI

5

6

11

11



CONCENTRATE LIVE LOAOS 1250.000'

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 64.58452 PSI 5 11
MINIMUM STRESS -4.36880 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -3.51921 PSI

CONCENTRATE LIVE LOADS • 625.000 •

6

6

6

11

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 45.87387 PSI 5 11
MINIMUM STRESS 6.79147 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -2.06876 PSI

CONCENTRATE LIVE LOADS' 937.500 •

6

6

6

11

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 55.22919 PSI 5 11
MINIMUM STRESS 1.21134 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -2.79398 PSI

CONCENTRATE LIVE LOADS 1093.750'

6

6

6

11

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 59.90686 PSI 5 11
MINIMUM STRESS -1.57873 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -3.15660 PSI

CONCENTRATE LIVE LOADS 1015.625'

6

6

6

11

.
MAXIMUM COMPRISSIVE STRESS 57.56803 PSI POSITION OF LOAD SECTION NUMBER

5 11

MINIMUM STRESS -.18370 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS .-2.97529PSI
6

6

6

".
CONCENTRATE LIVE LOADS 976.563 •

POSITION OF LOAO SECTioN NUMBERMAXIMUM COMPRISSIVE STRESS 56.39861 PSI 5 11
MINIMUM STRESS .51382 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -2.88464 PSI
6

6

6

11

CONCENTRATE LIVE LOAOS 996.094 •



POSIliON OF lOAD SECTION NUMBER •MAXIMUM COMPRISSIVE STRESS 56.98332 PSI 5 11

MINIMUM STRESS .16506 PSI 6 6(+VE COMP.)
MAXIMUM SHEAR STRESS .2.92996 PSI 6 11

CONCENTRATE lIVE lOADS 1005.859 •
POSITION OF lOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 57.27'.i67PSI 5 11
MINIMUM STRESS ..00932 PSI 6 6(+VE COMP.)
MAXIMUM SHEAR STRESS .2.95263 PSI 6 11

CONCENTRATE lIVE lOAOS 1000.977 #

POSITION OF lOAD SECTION NUMBERMAXIMUM COHPRISSIVE STRESS 57.12949 PSI , 5 11
MINIMUM STRESS .07787 PSI 6 6(+VE COMP.)
MAXIMUM SHEAR STRESS .2.94129 PSI 6 11

CONCENTRATE lIVE lOAOS 1003.418 #

POSITION OF lOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 57.20258 PSI 5 11
MINIMUM STRESS .03428 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS .2.94696 PSI

CONCENTRATE liVE lOAOS 1004.639'

6

6

6

11

POSITION OF lOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 57.23913 PSI 5 11
MINIMUM STRESS .01248 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS .2.94979 PSI

CONCENTRATE lIVE lOAOS 1005.249'

6

6

6

11

POSITION OF LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 57.25740 PSI 5 11
MINIMUM STRESS .00158 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS .2.95121 PSI

CONCENTRATE liVE lOAOS 1005.554 •

6

6

6

11

-



POSITION OF LOAD SECTION NUMBERMAXIMUM COHPRISSIVE STRESS 57.26197 PSI 5 11

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 57.26654 PSI 5 11
MINIMUM STRESS -.00387 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -2.95192 PSI

CONCENTRATE LIVE LOAOS 1005.402'

MINIMUM STRESS -.00114 PSI
(+VE COMP.)

MAXIMUM SHEAR STRESS -2.95156 PSI

CONCENTRATE LIVE LOADS 1005.325'

6

6

6

6

6

11

6

11

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 57.25968 PSI 5 11
MINIMUM STRESS .00022 PSI

(+VE COMP.)
MAXIMUM SHEAR STRESS -2.95139 PSI

CONCENTRATE LIVE LOAOS = 1005.325 ,

6

6

6.

11

POSITION OF LOAD
lOADING INTENSITY
ACTUAL LOAD ON THE ARCH

(1 )
15.819
71.134

(2)
34.303
156.204.

(3)
72.858

305.324
(4)

147.847
434.938

(5)
257.029
573.472

(6)

319.876
639.752

8ENDING MOMENTS AT THE DIFFERENT SECTIONS
('-FT)

POSITION OF LOAO SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 -74.33 -32.16 37.20 31.30 -7.34 '28.29 -18.67 8.65 20.95 ,6.42 28.992 -126.97 -30.00 67.07 56.72 ,2.54 -37.62 -35.85 ,9.86 8.53 ,3.31 62.123 -221.65 -39.12 131.41 136.98 23.77 -57.90 -83.30 -64.27 ,29.89 3.47 158.924 -169.29 -132.22 118.77 268.59 148.23 -46.24 '144.68 ,157.29 ,107.55 .96 323.385 57.55 ,170.90 .74.56 152.77 339.28 121.28 ,112.58 -210.63 ,189.57 -37.50 439.366 323.35 ,132.35 ,208.16 -117.09 121.28 360.36 127.63 -104.39 ,189.10 ,106.94 355.11

VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS
(t)

POSITION OF LOAO SECTION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 2620.47 1753.37 1129.91 659.68 305.89 ,3.77 -313.44 ,667.23 -1113.78 '1713.52 -2556.882 2698.21 1803.39 1152.20 654.19 298.56 -11.10 -320.77 ,674.56 -1121.11 -1720.85 -2564.213 2822.74 1936.00 1226.98 671.14 273.97 -35.69 -345.36 -699.15 ,1145.70 ,1745.43 ,2588.804 2890.41 2047.04 1447.31 783.29 212.03 -97.64 ,407.30 -761.09 ~1207.65 ,1807.38 ,2650.745 2922.64 2079.28 1479.55 1032.99 392.46 ,203.94 -513.60 -867.39 ,1313.94 -1913.68 -2757.046 2875.10 2031.74 1432.00 985.45 631.66 2.12 '627.42 -981.21 ,1427.77 '202T.50 ,2870.87



HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS
(N) ,

POSITION OF LOAD SECTION NUM8ER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.042 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.023 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 2133.424 2298.05 2298.05 2298.05 2298.05 2298.05 2298.05 2298.05 2298.05.2298.05 2298.05 2298.055 2496.90 2496.90 2496.90 2496.90 2496.90 2496.90 2496.90 2496.90 2496.90 2496.90 2496.906 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68

AXIAL THRUSTS AT THE DIFFERENT SECTIONS
(N )

POSITION OF LOAD SECT ION NUMBER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11f1 3312.60 2679.68 2320.61 2131.55 2049.87 2027.04 2051.07 2133.96 2312.87 2654.18 3261.732 3390.38 2731.66 2354.11 2154.41 2074.34 2053.02 20n.89 2160.93 2339.18 2678.83 3283.183 3538.24 2878.31 2460.53 2236.00 2149.n 2133.42 2161.19 2244.97 2421.52 2756.34 3351.094 3691.16 3075.87 2710.72 2427.87 2302.37 2298.05 2333.62 2420.n 2595.68 2922.49 3499.435 3836.26 3249.30 2900.64 2696.17 2527.53 2496.90 2546.91 2643.18 2821.15 3143.31 3703.786 3857.49 3294.n 2964.47 2n4.54 2663.31 2595.68 2662.63 2m.18 2962.44 3292.06 3854.10

SHEAR FORCES ALONG THE OIFFERENT RADIAL PLANES
(N)

POSITION OF LOAD SECTION NUM8ER(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 -49.35 49.94 18.26 -23.66 -22.38 -3.n -14.93 -16.51 4.11 19.32 ,87.502 -23.49 71.74 25.34 -37.17 -33.n -11.10 -11.85 -17.88 -1.93 8.32 -103.893 -13.09 122.18 52.35 ,46.85 -70.91 -35.69 •.44 ,20.31 ,18.95 ,24.24 ,153.464 -.104.20 102.14 166.61 6.72 -158.39 -97.64 34.36 ,14.31 ,43.64 ,82.01 ,248.005 -243.94 -.35 99.44 179.66 -12.10 -203.94 107.48 22.n -45.83 '127.60 -343.306 -351.48 -100.10 10.32 103.01 208.21 2.12 204.03 99.00 6.61 ,103.35 '354.02

MAXIMUM STRESSES(+VE COMPRESSION)
(PSI)

SECTION NUMBER

1 (N) 2 3 4 5 6 I . 7 8 9 10 12
+------ •• +-----._-+--------+--------+--------+--------+--------+--------+- ... _---+-._-----+--------+ .. _-----+--------+
1 132.0795124.2708121.58011 19.64951 17.52991 18.59741 18.22001 18.3098120.5397122.5126128.93271
+ +--------+--------+--------+--------+--------+_._-----+._------+ .. _-----+. __._---+ ••.• _---+ •• _----.+._- ..... +
I 1 2 1 35.88871 24.57411 23.65271 21.36651 17.44561 19.37431 19.47561 18.60691 20.01331 22.53141 31.10081+POSITION+------._+--------+--------+--- + + +_ •• _. +.__• +~_ •• +••••• +•••• •+. __•... _+

1 1 3 142.8071126.3444128.4035126.86601 19.3495121.26231 23.01941 22.57481 21.98211 23.18681 37.48001+ OF +-._-----+--------+--------+ + + + + ••• _+ ••• _+ •••• _+ __ •••• __ +•••• __•• +

1 1 4 1 40.93761 33.58181 29.73041 36.36881 28.09491 21.93501 28.14251 29.62601 28.09761 24.42121 48.59161
+ LOAD +----.---+--------+- + + + + + + + + + +
I I 5 1 35.43771 37.35081 28.65911 31.65081 41.44451 28.09881 27.99321 34.68321 34.90211 28.45681 57.25971+ +--------+--------+--------+--------+--------+--------+--------+--------+--------+_._-----+--------+--------+
1 1 6 I 51.57501 35.41441 37.21331 30.16171 29.48551 43.27841 29.86121 29.38761 36.05221 33.~21 53.45381+----._--+--------+--------+--------+--------+--------+-------~+--------+------_.+-------.+--------+--------+--------+



~\
"

MINIMUM STRESSES(+VE COMPRESSION)
(PSI)

SECTION NUMBER'+--------+--------+--------+--------+-_._--._+--------+-----._-+--------+---- -+-----._-+-- +- ••••• _-+~••_-_••+
1 (N) I 1 2 3 4 5 6 7 8 '9 10 12
+----- •• _+----._--+--------+-------~+-._-----+--------+--------+--------+--------+--------+------ ..+--------+-- .._---+
1 1 123.1526120.4085117.1123115.8905116.64821 15.20001 15.9783117.27051 18.0236121.7414125.45121
+ +-._-----+~-------+--------+--------+--------+--------+--------+--------+--_._---+--------+_ .. _----+--- .._--+
1 1 2 I 20.64021 20.97181 15.59811 14.55471 17.14061 14.85641 15.16981 17.42301 18.98871 22.13371 23.64071+POSITION+ ••------+--------+--------+---- + + + +_. +_ ••• +•• + ••• +__.__~__+
1 I 3 1 16.18721 21.64661 12.62171 10.41561 16.49441 14.30891 13.01481 14.85631 18.39271 22.n06I 18.39381+ OF +------._+--------+--------+---- + + +_. + + •• + ••+ •• __+ •••• .+

1 1 4 120.6063117.7033115.46631 4.1118110.2933116.3812110.7667110.7362115.18101 24.30641 9,.75551+ LOAD +--------+--------+--------+ + + + + + +. + ••• _+_ ••• __ ••+
1 1 5 128.52561 16.82591 19.70421 13.30331 .69791 13.53301 14.47231 9.38741 12.13591 23.95271 4.49461
+ +-- •• _---+_._-----+--------+--------+--------+--------+ •• _-----+._-----.+-----_._+---- •• _-+- •• _----+ •• _- •• _-~.
1 1 6 1 12.74221 19.52031 12.21431 16.09911 14.92071 .00021 14.53371 16.85061 13.3415/ 21.0233110.80701~
+- -_••• --+- _. -----+- --.----.+- ---•• --+- -_. ----+ •• -----.-+-----•.••+- ---••• -+-- _•••• -+- _••• ---+ •• - - - - •.•+. - - - ... -+ ••• - - .-1+ ':.:

POSITION OF LOAD SECTION NUMBERMAXIMUM COMPRISSIVE STRESS 57.25968 PSI 5 11

Ml~IMUM STRESS .00022 PSI
(+VE COMP.)
MAXIMUM SHEAR STRESS -2.95139 PSI

6

6

6

11

PERMISSIBLE LOADS 1005.33 #

r--.:- .
\ \



" '

A.3 The permissible live load capacity for different 'arches



SUPPORT CONDITIONS

ROTATION .000000 RADIAN
VERTICAL DISPLACEMENT- .000000 FT
NORIZONTAL DISPLACEMENT .0000000 FT

MATERIAL PROPERTIES

DENSITY OF MASONRY UNITS 110.00 #/FT/FT/FT
DENSITY OF FILL OVER THE ARCH 110.00 #/FT/FT/FT
DENSITY OF ~EARING COAT MATERIAL 110.00 #/FT/FT/FT
MOOULOUS OF ELASTICITY 432000000.00 PSF
STRESS CONalnONS

ALL~ABLE LIMIT OF MAXIMUM COMPERSSIVE STRESS 1000 . 1125 PSI
AL~ABLE LIMIT OF MINIMUM COMPRESSIVE STRESS 0.0 .0.0005 PSI
ALL~ABLE LIMIT OF SHEAR STRESS 50 • 55 PSI

SPAN(l) (H/L) (1) FILL- MAX.COMP. POSITION SECTION MAX.SHEAR POSITION SECTION MIN.COMP. POSITION SECTION P.LOAIlS(FT) (FT) DEPTH STRESS OF LOAD NUMBER STRESS OF LOAD NUMBER STRESS OF LOAD NUMBER (#)(FT) PSI PSI PSI
10.000 .20 .416 1.000 65.782 5 11 -2.328 5 11 .00030 -5 II 522.894
10.000 .20 .416 1.500 81.803 5 11 -3.243 5 11 .00034 5 11 874.269
10.000 .20 .416 2.000 98.335 5 1-1 .4.213 5 11 .00007 5 II 1361.418
10.000 .20 .833 1.000 48.269 5 11 -3.430 5 11 .00045 5 11 1399.422
10.000 .20 .833 1.500 58.749 5 11 -4.381 5 11 .00025 5 II 2561.426
10.000 .20 .833 2.000 70.438 5 11 -5.489 5 11 .00043 5 II 4352.283
10.000 .20 1.250 1.000 47.844 5 11 -5.047 5 11 ;00028 5 II 3077.698.-10.000 .20 1.250 1.500 56.694 5 II ,6.125 5 11 .00010 4 II 5606.270
10.000 .20 1.250 2.000 66.476 5 11 -7.356 5 11 .00003 4 11 9382.629
10.000 .30 .416 1.000 53.584 5 11 -3.132 6 11 .00049 5 11 111.556
10.000 .30 .416 1.500 64.050 5 11 -4.000 6 11 .00043 5 11 1.740
10.000 .30 .416 2.000 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE _
10.000 .30 .833 1.000 35.750 5 11 -3.187 6 11 .00033 5 11 606.441
10.000 .30 .833 1.500 - 41.776 5 11 -3.830 6 11 .00014 5 11 919.819
10.000 .30 .833 2.000 47.919 5 11 -4.513 5 11 .00003 5 11 1296.711

~

'} j



SPAN(L) (NIL) (T) FILL- MAX.COMP.
(FT) (FT) OEPTN STRESS

(FT) PSI
POSITION SECTION MAX.SNEAR POSITION SECTION MIN.COMP. POSITION SECTION
OF LOAD NUMBER STRESS OF LOAD NUMBER STRESS OF LOAD NUMBER

PSI PSI

PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE

P.LOADS
(N)

1436.043

2417.183
3791.046

11

II

II

5

5

5.00028
.00028
.00012

"

11

11

6

6

5

-3.718
-4.339
-5.058

11

11

"

5

5

5

31.255
36.042
41.190

.30 1.250 1.000

.30 1.250 1.500

.30 1.250 2.000

.40 .416 1.000

10.000

10.000

10.000
10.000

10.000 .40 .416 1.500 PERMISSIBLE LOAD CAPACITY .--- IMPOSSIBLE

10.000 .40 .416 2.000 PERMISSIBLE LOAD CAPACITY --•• IMPOSSIBLE

10.000 .40 .833 1.000 PERMISSIBLE LOAD CAPACITY -.-- IMPOSSIBLE

10.000 .40 .833 1.500 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

10.000 .40 .833 2.000 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE
10.000

10.000
10.000

.40 1.250 1.000

.40 1.250 1.500

.40 1.250 2.000

25.788

28.893
31.961

5

5

5

11

11

11

-3.652
-4.142

-4.634

6

6

6

"
11

11

.00019

.00020

.00004

5

5

5

I'
11

11

282.240

257.587
110.817

20.000 .20 .416 1.000 PERMISSIBLE LOAD CAPACITY IMPOSSI8LE

.20 .416 2.000 204.902

.20 .416 1.500 168.349

.20 .833 2.000 131.468

.20 .833 1.500 109,034

35~.342
214.344

437.057
1611.483
1466.036

2786.398

4189.062

2641.153

7122.135

4999.161

5

5

4

1

11

5

"
11

11

5

3

3

5

5

5

5

5

4

5

.00025

.00014

.00037

.00022

.00023

.00014

.00013

.00002

.00027

.00031

11

11

l'

11

11

"

5

3

5

3

3

6

5

6

5

6

2.638

3..233
2.785

-3.379
-4.659

-3.291
-4.837

-5.680
-4.689

-6.442

"
"
11

11

11

, 1

11

3

3

3

5

5

5

5

5

5

5

85.949

72.997

94.553

.20 .833 1.000

.20 1.250 1.000

.20 1.250 2.000 106.230

.20 1.250 1.500

.30 .416 1.000 128.390

.30 .416 1.500 163.393

20.000
20.000

20.000

20.000

20.000

20.000
20.000

20.000

20.000
20.000

20.000 .30 .416 2.000 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

.30 .833 2.000 107.078

20.000

20.000
20.000

20.000

.30 .833 1.000

.30 .833 1.500

.30 1.250 1.000

82.058

96.542

62.315

5

5

5

5

11

11

11

11

-4.407

-5.420

-6.262

-4.350

6

6

6

6

11

11

11

.00020

.00023

.00047

.00035

6

5

5

6

6

11

11

6

816.536

1005.054

895.929
1302.958



SPANCl) CH/L) (1) fILL- MAX.COMP. POSITION SECTION MAX.SHEAR POSITION SECTION MIN.COMP. -POSITION SECTION P.LOADSCfT) CfT) DEPTH STRESS Of LOAD NUI4BER STRESS Of LOAD NUI4BER STRESS Of LOAD NUI4BER C'lCfT) PSI PSI PSI
20.000 .30 1.250 1.500 75.288 5 11 -5.448 6 11 .00017 5 11 2151.108
20.000 .30 1.250 2.000 82.733 5 11 -6.120 6 11 .00046 5 11 2592.468

20.000 .40 .416 1.000 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

20.000 .40 .416 1.500 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

20.000 _ .40 .416 2.000 PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE

20.000 .40 .833 1.000 PERMISSIBLE LOAD CAPACITY --.- IMPOSSIBLE

20.000 .40 .833 1.500 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

20.000 .40 .833 2.000 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

20.000 .40 1.250 1.000 PERMISSIBLE LOAD CAPACITY .--- IMPOSSIBLE

20.000 .40 1.250 1.500 PERMISSIBLE LOAD CAPACITY ••-- IMPOSSIBLE

20.000 .40 1.250 2.000 PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE

30.000 .20 .416 1.000 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

30.000 .20 .416 1.500 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

30.000 .20 .416 2.000 PERMISSIBLE LOAD CAPACITY ---. IMPOSSIBLE

30.000 .20 .833 1.000 PERMISSIBLE LOAD CAPACITY ---. IMPOSSIBLE
3q.000 .20 .833 1.500 164.730 3 4.766 3 .00001 3 865.746
30.000 .20 .833 2.000 192.210 3 4.458 3 .00016 3 2982.616
30.000 .20 1.250 1.000 112.779 3 4.131 3 .00024 3 2664.995
30.000 .20 1.250 1.500 128.8n 3 3.955 - 3 .00034 5 5 4950.428
30.000 .20 1.250 2.000 147.863 5 11 -4.419 5 6 .00033 4 4 n06.261

30.000 .30 .416 1.000 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE

30.000 .30 .416 1.500 PERMISSIBLE LOAD CAPACITY IMPOSSIBLE
30.000 .30 .416 2.000 331.758 5 " -10.766 6 11 .00031 5 11 553.536
30.000 .30 .833 1.000 93.957 3 -3.478 6 .00006 3 6 ~6.619



POSITION SECTION MAX.SHEAR POSITION SECTION MIN.COMP. POSITION SECTION
OF LOAD NUMBER STRESS OF LOAD NUMBER STRESS OF LOAD NUMBER

PSI PSI

PERMISSIBLE LOAD CAPACITy .... IMPOSSIBLE

PERMISSIBLE LOAD CAPACiTy ••.. IMPOSSIBLE

P.LOADS
(.)

1958.275
1746.893
1742.053

2756.882
3369.951

6

4

6

11

11

5

6

6

4

5

.00005

.00030

.00015

.00020

.00032

•

11

11

11

11

IMPOSSIBLE

IMPOSSIBLE

IMPOSSIBLE

IMPOSSIBLE

IMPOSSIBLE

IMPOSSIBLE

PERMISSIBLE lOAD CAPACITY ---- IMPOSSIBLE

PERMISSIBLE LOAD ,CAPACITY

PERMISSIBLE LOAD CAPACITY

PERMISSIBLE LOAD CAPACITY

PERMISSIBLE LOAD CAPACITY

5 11 ,7.204 6
5 11 ,8.235 6
5 11 ,5.099 6
5 11 ,6.611 6
5 11 .7.n7 6

PERMISSIBLE LOAD CAPACITY

PERMISSIBLE LOAD CAPACITY

I SPAN(L) (NIL)' (T) FILL' MAX.COMP.
! (FT) (FT) OEPTN STRESS
I (FT) PSI

I 30.000 .30 .833 1.500 170.6n

I
30.000 .30 .833 2.000 186.839
30.000 .30 1.250 1.000 98.848

I

I
30.000 .30 1.250 1.500 123.049
30.000 .30 1.250 2.000 139.499

I
I

I 30.000 .40 .416 1.000
I

I 30.000 .40 .416 1.500

I 30.000 .40 .416 2.000,
"
I

! 30.000 .40 .833 1.000

I
"

30.000 .40 .833 1.500

:\ 30.000 .40 .833,2.000
I
I 30.000 .40 1.250 1.000'I,
\.-. ....-.

" 30.000 .40 1.250 1.250i
i
i 30.000 .40 1.250 2.000I
!
I
i
I

!
!
i
I
I
I,
\
I
I,

I
I

'I
I
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