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ABSTRACT

The thesis deals with the analysis and design of fixed
circular masonry arches with or without considering support
dlsplacement and the development of a numerical model for the abeve
based on the elastic centre method. Mathematical formulation for
elastic analysis of circular arches is presented due to dlfferent
loadings and support Yielding conditions. This was visualized as
the basic step in developing a numerical model for elastic analysis
of fixed circular arches.

The numerical model developed was utilised to analyse arches
in two successive stages. In the first stage, the variation of-
internal forces in arches due to various loadings ana support
dlsplacements varying with different arch parameters has been
studled The results presented in tabular and graphical form using
lnon dlmentlonal values illustrate the most critical section and
corresponding position of live load for dlfferent arches In the
second stage, the permissible 1ive 1ead capacity was computed for
several arches with and without considering support displacement.

The live load capacity was calculated based on the allowable
stresses of arch materials in compression, shear and tension. The
live load was positioned at eleven different section of an arch to
find out the combination of. dead and live load giving excessive
stresses.

The permissible live load eapacity of an arch was observed
to mainly depend on allowable stresses. It was further observed

that most of the critical stress was tensile stress developed'at

v




the support or at crown. However, for some arches wlth higher
radial thicknesror highér-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 stressrand 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 tﬁe archeé'
but the permissible live load capacityrfor some of the arches was

found to be improved due to sonme support displacements.

‘vl




Acknowledgements

Abstract
contents

CHAPTER -~ 1

CHAPTER -

CHAPTER -

2

3

CONTENTB

INTRODUCTION
Ihtroduction
Basic mechanism in masonry -arches

objective of the thesis

1.4 Scope of the thesis

REVIEW OF AVAILABLE DESIGN METHODS OF

MASONRY ARCHES

Introduction

Graphical method of analysis

Pippard's elastic method

Plastic method of analysis

The WR method

ANALYTICAL SOLUTION BY ELASTIC CENTRE

METHOD

3.1 Introduction

3.2 Assumptions

3.3 Basic Equations of Elastic Centre

method

vii

11
12

13



- CHAPTER - 4

3.4 Expression for radidus(R)-and subtend
angle(¢) at the centre in terms of
rise-to-span ratié(r)

1.5 Expression for moment of inertia about
X and Y axis and weighted area of
~analogous column section

3.6 Rédundant Equations at the Elastic

15

19

centre due to digfferent loading conditions

3.6.1 Equations for concentrated live

load

19

'3.6.2 Equations for uniformly distributed 23

fill load above the crown.
3.6.3 Equations for fill load below
the crown
3.6.4 Equations for self weight of the
arch-ring
3.6.5.Equations for partial uniformly
distributed load
3.7 Redundant Equations for support yielding
,conaitioné
COMPUTER PROGRAMME BASED ON ELASTId CENTRE
METROD
4.1 The programme
4.2 Computatibn of permissible live load

capacity

viii

26

32

37

44

47

50




4.3 Storage capacity and time . 52

CHAPTER - 5 INFLUENCE TABLES AND DIAGRAMS FOR ARCHES
5.1 General : 59
5.2 Introduction to Tables ' 62

" 5.3 Introduction to Graphical representation 63

5.4 Géneral discussion on the results 64

CHAPTER = 6 - PERMISSIBLE LOAD CAPACITY OF ARCHESB
§
6.1 Introduction _ , 95
6.2 Discussion | | 98
6.3 Conclusions ' 127
6.4 Scope for fﬁrther research . 128
REFERENCES | o 130
BIBLIOGRAPHY o . 132

APPENDIX - A COMPUTER PRINTED RESULTS
| A.1 Influence co-efficients due to moving
unit load ahd coﬂefficient of different
force components due to various loading
and support displacements
A.2 Detail analysis for particular live
load and permissible live load capacity
A.2.1 Analysis due to clockwise
rotation
A.2.2 Analysis due to counter
clockwise rotation
A.3 The permissible iive load capacity for

~different arches

ix




CHAPTER - 1

INTRODUCTION

1.1 General

Brick arches were built in Egypt more than 5,000 years ago.
They are one of the pldest and most attractive structural forms.
Since arches are basicaily required to resigt compressive forces,
they are well suited to masonry construction. In recent years,
tﬁere haé been a growing interest in constructing the masonry
arched bridges particularly over the canél 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. 6ther consideratién
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 construgtion shuttering.
Therefore, to find out the ﬁost economical shépe design, structural
engineers may have to try a few alternatives within the latitudes
of their choice. Finally, the selection would then be based on the
estimated total cost comprising. the costs of bricks and shuttering
for the dirrerent alternatives. However, as regards thé preliminary
choice of shape, an important observation is that different shapes
prove to be economical in different spans and loading patterns. For
span upto ten meters gemiwcircular masonry arches are economical

for any type of loading. For span of ten to twenty neters with




uniformly lcaded arches, most efficient shape is parabolic. )
Although a brick arch is not a new structural concept, the
various analytical and design approaches which have developed over
the years tend to be rather baffling to engiﬁéers. Among the
various methods, elastic analysis of arch structures has become
bopular.- The elastic analysis involves  much mathematical
computations which may easily be éolved_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 elastlc way to
conclude that an elastic analysis would furnish a proper picture
of thé'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 éngineer in discussions with
- architects and builders and in the production of working drawings.
The economy of .the circular arches results mainly f?om  their

efficienf.placement of the masonry units and easiest shuttering

form.
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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 downwérd load on the arch creates
1atera1 and compression thrusts in £he arch Span.(Figure 1.6) which
pushes the masonrylunits against each other and compresses them.

If the line of the tﬁrust 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 érch is ﬁot then in uniform compressive stress.
Provided that the line of thrust "does not pass outside the middle
third zone, no tensibnvstresses 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 riné 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 anaiysis 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.

-




Tables and curves are produced showing the load carrying
capacity of arches with the variationlof different arch parameters
and support ‘yielding. Finally the effect of support movements on

arches and the consequent behaviour under loading are studied.

1.4 ‘Bcope of the thesis ‘ '

Review of the different methods of analysis and design of
'ﬁaeoﬁry arches, outline of the graphical method, middle third rule,
plastic method of analysis and the WR method are presented in
chapter—z.' Chapter :3-§resents 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—??. outline of the programme is
presentee in chapter 4.

The results obtained by developed numerical model based
on elasitc centre method due to various leadihg 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.




CHAPTER 2

REVIEW OF AVAILABLE DESIGN METHODS OF MABONRY ARCHES

2.1 Introduction
This chapter deals‘with available methods éf analysis and
'design of masonry arches. It presents a brief discussion on the
following four methods

(1) craphical method of analysis.'

(2) Pippard's elastic me£hod.‘

(3) Plastic method of analysis;

(4)- The WR method. |

Except the Elastic Centre or éolumn analogy method, elaborateg
discussion on which is presented in chapter 3 as this work is based
on it.

Since the beginning of the 19th céntury, these methods were
developed with a view to solve the then controversial problems. It
may bé mentioned that these methods are completely differentrfrom
each other, so that the results of thése methods are not comparable
to each other also.

An engineer can easily guess primarily the shapes, dimensions

and above all the strength of arches using some of them. These

are, however, still very popular among'the practioners..




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'distributea over the arch. The diétributed live load, fill-lcad
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 ié calculated. Finally, thrust lines are drawn on the
aréh profiles. During desién 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 th?n allowable stresseé,
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 requ#re’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 consideréd, the analysis can become very tedious because of

the uncertainty about the worst possible position of the load (10).

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
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ended arch, applying Castiglianos strain energy fhéorem. In this
method, aﬁ éxpression was derivéd based on certain assumptioﬁs to
compute the permissible loading capacity fér parabolic arches. The
arch was replaced by two pinned centre line arc of parabolic shape.
Applying castiglianoé strain energy theorem, expressions for the
bendihg moment and abutment 'thrust due to dead 1load and
éoncentrated load at the crown'were developed. In developing above
expressions it was assumed that the fill has no structural strength
and that it imposes purely vertical loads on the arch and that the
£fill has the same density as the material of the arch fing. 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 concentratéd 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 contéins 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. Elasfic

methods tend to be lengthy and they rely heavily on a whole range
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of conventional assumtions. The lack of knowledge of the extent énd
properties of the mortar beds between voussoirs, for example, make

. the more conservative results of an elastic analysis.

2.4 Plastic analysis

Heyman (6) develobed a plastic method of analysis pf 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 ﬁlastic method. This method is the classic analytical method
for predicting the collapse 1oaa of a masonry arch. As the analysis
is not based on a limiting value of stresses,'the strength of an
arch is calculated con91der1ng the margin of safety against
collapse caused by the formatlon of hinges between voussoirs.

The. plpstic method was developed spec1f1cally . for
investigation' of Mediacual bridge(s). Detail derivation of
expre591on to calculate the collapse load of an arch has been given
in Ref. (6) Plastic method of analysis is su1ted to relatively 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.

The Plastic method is conservative in its assumptién that a
1ivé load‘is transmitted without dispersion throﬁgh the fill to
the extrédos of the ‘arch. The 'errqr here may not be llarge,
particularly for aréﬁes 6f the relatively small rise and small

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

-




an arch, although it can provide a check on any non-linear model
developed because of its abiliﬁy to determine ‘the upper bound

solution for the collapse load of a masonry arch.

2.5 The WR method

Oon the western region of British Railway, over a fairly short
period of timelin therlate 1960s, three widely different structures
presented the Bridge section with various problems . of
assessmenty (10). Those problems stimuiated the quest for a simble
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 diagraﬁ 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 drch has the same shape as the bending
moment diagram for those loaAS when plaéed on a simply supporﬁed
"beam of the same span. The free bending momenﬁ at any section is
equal to the product of the horizontal thrust in the arch and the
actuél height of the line of thrust above base line at that point.,!

If'an‘arbitrary line of thrust is constructed which can be

proﬁed to obey Eddy's theorem, it follows that this must be a valid

-




line of thrust ( altﬁbugh not necessary the real one ) for a
certainrset of real loads. And 1f that thrust line must be
confined to a certain thickness (e.g. mlddle thlrd or middle half
} of the arch ring, then the construction of such an arbitry line
of thrust, satisfying these conditions} would be a solution to the
problem.

" By using the simple WR method(10), the Engineer can'easily
predict the permissible loading cdpaciﬁy 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 adapted for 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 deallng directly with the
actual shape of the arch ring, the actual dead loads and any
configuration of 1line load in any position. Also the slqping of

road surface can be easily encountered by this approximate method.

10




CHAPTER 3

ANALYTrCAL SOLUTION BY ELASTIC CENTRE METHOD

3.1 Introduction

The elastic theory gives the satisfactory solution of all
arch probiems.and when the integrations involved are cdmpleted for
infinitely small gquantities the problem presents a complex and
difficult solution. This -mathematical complexity is .directly
related to the profile of thé arch. Since the arch considered in
this work is a symmetrical fiXed circular arch hence the final
expression of integration éontains three common variables which are
radius, span and subtend angle at the centre.

Iﬁ this method of analysis one support is removed and as ¢
result the sys£em becomes cantilever.and the free end is connecte«
to the elastic centre by a bar_cf ihfinite stiffness. In order thaf
the original stress distribution in the arch shall not alter, i
is nééessary 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 thé elastic centre

radiue and subtend angle are the main variables in all th
final expressidns and = hence their expfessions are presente

separately in Art. 3.4, in term of rise-to-span ratio. The momen

11




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 lestimating .effects of rib shortening, temperature

change and.support displacement.

3.2 Assumptions:

In this meﬁhod of analysis the following assumtions are

made:

(i) The span of the arch remains unchanged

(ii) There is no relative settlement of the abﬁtments,thét

| is the abutments are unyielding and

(iii) The slope of the téngents to the arch axis at £he

springing remains unchangéd, that is there are né

rotations of abutments.

12




‘3.3 Basic Equations of Elastic Centre method

Details derivation of the pasic equations are available in
Ref. 7 and any otﬁer standard text book on structrual analysis. The
method develops the following three equations (Fig.3.1) for

symmetrical fixed circular arches.

B ! -
ds
J Mp Y &1

_]a
Ho = = 3.3.1
B .
ds
[ Mp X E_f
_1a
Vo o 3.3.2
B
Mp ds
A EI
Mo =I B 3.3.3
Y ' !
3 [
%\\ —
27 \'\
) st
8
R ‘ »
Fig. 3.1 "

Where, Ho, Vo & Mo = Horizontal, vertical & moment redundant
forces respectively at the elastic centre.

Mp = Bending moment. due to applied loading.

—
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IXx & Iy = Moment of inertia ébout the X and Y axis
fespectively
" Sb = Weigﬁted area of the analogous column section
EI = Elastic rigidity of the section.

ds = Elementary length.

3.4 Expression for Radius(R) and subtend angle (@) at the centre
in terms of rise-to-span ratio(r)
Coﬁsiderihg a fixed circular arch with radius R and rise h,

(Fig.3.2), Rise-to-span ratio, r=h/L and hence h=rL,

Fig.3.2

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

(R-h) 2+ (1/2)%= R?
2
- h L
or, .R =35 * &n
rL 1,2
or, R=73 * &L
- ¢, 1
or,r R = (2 + Br)L

14




R = aL ' 3.4.1

Where, a

Il
(S]]
+
ol

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

considered to be 2@, then @ is given by (Fig. 3.2)

L
2
or, tang = —p—4
or, tang = % 8r >
1-4r-
or, P = tan™ 1 ( —55*5 ) 3.4.2
1-4r<

3.5 Expressioﬂ 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),
' Rsing
"is located at a distance

from the centre of the arch axis
2 ,

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

the arch axis can be written as

2+ (y + Rs;ng )2= B2

Where, R = radius of arch-axis

15




l L/2 \\l -
"
@ R B
‘ R.SING «
C‘OV—Tf')
Fig. 3.3

Simplifying the above equation, we get :
y =/ (R%- x°) - R_——‘Qsé,n o 3.5.1

differentiating with respecﬁ to x, we get :

dy _ _ X . - 3.5.2
-dx J (Rz_xz)

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

(ds)? = (ax) 2+ (ay)?

Fig. 3.4
Where, dx and dy are the projected length on x and y axis of the
above element ds, we can write the above expression as :
2 2 dy, 2
(ds)® = (@) [ 1+ (")

16




Utilising the equation (3.5.2), it can be written as :

ds = —R dx 3.5.3

/ (R%-x%)

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

EI

B
Sbhb = ds
' A

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

R dx

L /(R®- x%)
2

Sb EI

Integrating and putting the limits, we get :

_ 2R 4. -1 L
Sb = EI S1in >R

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

11 al,
7a I 7E1 ]

'Sb = [ 2 sin_

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

be expressed as :

_ aL
sb = K, (5T ! | 3.5.4

: R N |
where, Kl_ 2 Sin Y

17




Moment of inertia about X axis is given as :

-

B
Ix = y? 52
A

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

from the equation (3.5.3), we get :

+
. _ _R_ :
Ix = EI [

(/ (R%- Xz) _ Rséng 12 ; , dx
- J (R7-x7)

] [ Lo

Integrating and putting the limits, we get :-

I2
R ( i 4 ) + % -1 L | Sing —2'Sin2@ -1L.
- . 3 —_— - + . 3 =
EI[ 3 ‘ R 51n SR 2RL ) 2R 5 Sin 2&

Ix =

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

2 1
{a™ - T) _ . .2
Ix = [——————i— + az Sin 11 _ 2¢ _Sing + 2 02 §1__2__
2 2a : 7] g2
S ' 3
~ : -1 1 a L
_ Sin 53 1{ BT ]

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

aL3 '
Ix = [K,1[g7 ! 3.5.5
C2_ 1 .
Ja®= ) : _ .
Where, K_= [——-——4— + _02 Sin 11 _ 2a Sing + 29 2_§1_Q_9.
2 2 2a ? 02
Slnnlzé )

ig




Moment of inertia about Y axis is given as :

B
Iy = xz %s
A

i

Similarly as before, substituting the expression ds from equation

(3.5.3).

L
42 2
R { 2 x dx

L 2 2
-5 J(R"- x%)

" Integrating and putting the limits, we get :

2
R 204"
Iy = “FI [ R"S1in 1]

1

2
2 J (R~

L _
R

[ S]] ol
£ |

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

. , 3
2 e -1l 2_ 1 al
Iy - [ a S51in 2 2 -/ (C! 4)][ FI ]

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

a1 | |
Iy = [ K3][ BT ] 3.5.6
Where, K,= [ azsin“lzé - % J (az— %)]

3.6 Redundant Eguations at the Elastic centre due to different

loading conditions

3.6.1 Equations for Concentrated live load

' Considering a symmetrical fixed circular arch under the
action of-a concentraﬁed live load q, as shown in Fig.3.5, the
expression for the horizontal thrust -at the elastic centre is givenl

by equation (3.3.1) as

19




Ho = Ix

=
=
M
2
o
=
ol
]

q(x-a)

Fig.3.5

Substituting the expression of Mp, Yy from equation (3.5.1} and ds

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

L

Cwpy 8- B | aqeea - o) - REZDD )2 — ax
Ja a : J(R"= x7)
B 2 ' . |

ds _ _L _ 2 _2 ,.RSing -1 L

Mpy g7 = [~/G€ i) J(R= a“] 2 + (sin” g

JA .
. 2 2
.. =1 a aR5ing L"_ aL a qR
S51in R ) ¢ + 8 2 + 2 ][ FI ]

t

Substituting a=f L and R= alL, Where, B 1is the distance factor,
1 | 1
we get :

B , .
JAnp y g = 55 (s - D) - v@® - 4

20




Bl—géﬂg—(51n'1 ’ sin~t5o—) 1, gl_ 51.][_2%%3]
= [zllt—%%éi
Where, zl=°[—Si—Sﬁ-— { ‘/(c',l 2 513 - J(a 2 _41.)] + aﬁl;é_%r_lg;l
S MLt

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

written as

: Z1 .
Ho = [—Ez—][q] _ 3.6.1

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

B
J Mp x Q%T
A ,

Vo = - Iy

Similarly as before, substituting the expression of Mp and
siﬁplifying the numerator, we can write

r

B +2
Mp % %%— = _%f I 2q(x—a) § 21 .dx
or o x 92 By w2 Y a BN VRN S
A PN o EI 3 3" 2 2
(sin~?! %R— sin™! %)

Putting the value of a=f L and R =aL,rwe get 1
) 1
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B ' ,(3 2
an x E - (@ -hg - -5 A E - foeg(sint o7 -
A
| o ;
sin”?—1) 31 &)
= 12, 1[—@‘—1
8 2 . B
wWhere, ZZ=J(a2 - }il) (8 i 14) - -21J(q2— B i)+ g—z(sin 1 -1—20— Sin 1 -—i

'~ The required vertical redundant force at the elastic centre is

given as. :

: 2,
Vo = [-K;—][q] 3.6.2

i

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

is given in equation (3.2.3), as :
B
Mp ds
A ET
Mo =

Sb

Substituting the expression of Mp and ds in the numerator of the

above expression and simplifying, we can write :

: L
B +=
ds__ Rg 2 1
j Mplﬁfﬂ = E1 J (x—-a) > dx

A a J(R ~a® )
2 2 2 1? —1 1 ..=1 a_ . Rg
o [ J(R®=- a®) - J(R"- i) - asin”,p~ + asin R ][E%]
Putting a= oL and R= L, we get : .

B . ‘ 8
ds _ 2 _ L2 _ 2_ 1, _ aiml 1 =1 "1
JAMP ' - /(e B1) =/ (e | ) p-pin” =+  Sin )

[ agL2
EI
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= [241(qL)

-1 P

Where, Z,= / (a®= 8% -/ (a®- 1) -8 §iﬁl_%a+ sin™t -1

The required redundant force of bending moment at the elastic

. . : 2
centre is given as :

23

Mo =.[EI— 1 [gL] . — 3.6.3

' 3.6.2 Equations for uniformly distributed fill-load above the

crown

Considering a fixed circular arch under the action of

uniformly distributed fill-load above the crown of intensity dq

as shown in Fig.(3.6), the expression of the horizontal redundant
thrust(Ho) at the elastic centre is giben as 3

B ds
J MP Y kI
Ho = -

A
Ix

Where, Mp = 3 q, (% +x) 2




Substituting the expression Mp, y from equation {(3.5.1) and ds from
equation (3.5.3) in the numenator of the above equation and
simplifying, we can write

L

+_ B
B 2 ] )
ds R “1. L 2 2 RSin 1
wpy 2. BU Lq g0 T/RE 07 4 dx
JA EI EI -22 12 7] J(Rz- x2)
> ;
B 2 :
ds RIZ ., -1L . -1 L_ _RL £
or, JAMp Y g1 T [ {2 Sin 2R + i S1in SR~ "2 J(ﬁ i =)}
' , sing  _ g3][ R4,
: "2p 6 ET )
putting the value of R = alL, we get :
B ' :
ds _ a L. -11 3 =1 1 _a_ _1_ ing
JAMP ypr = [ (g 8inT5 @& Singpe™ 3 S SR
' 4
R
4 6 ] ETI )
aqlL
= [ Byl ET ]
- s SR A | 30.:."1 1 _ ¢ 2_1,.8ing _ 1
Where, B,= [5 Sin ",= + o”Sin ", 7 5 J{a 7)1 20 g

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

centre can be written as

By _ _
Ho =-[-%1[4,L ] 3.6.4
o 2

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

as

"
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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

+L
B Rg 2
Mp x %% = EIl % (% + x)%x 2 . 7, dx
JA _L J(R® - x7)
. 2
B . 2 2 q.R
ds 2. o:.-1 L _ L 2 _ L 1
or, Mp x pr— = [R°L sin ",g - 3 J(R" = 7 )1l—3gr )
AT .

Putting the value of R = aL, we get :

'B aq. L
ds _ 1 2., -11 1 ,:2_ 1 1
R S L T ACEREo B sy
. ' 4
B aqg. L
.ds . 1
or, | Mp x g7 = [By][—57—]
JAa
1 2011 1 2 1
Where, B,= 3 [ a"Sin ",> - 3 J(a“- 7]

Now the required expression of the vertical redundant force (Vo)
at the elastic centre due to fill locad below the crown is given

as 3

Vo = 0.50 [q,L] ' 3.6.5

The redundant force of bending moment (Mo) is given in equation
(3.3.3), as :
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Substituting the expression of Mp and ds from equation (3.5.3) in.

the numenator of the above expression and simplifying, we can

write :°
L
.l.-..
‘B 5 .
ds R 1 L 2 1
Mp o0— = o= = (5 +x)" q, —5——5 dx
|a " EX BT | [ 2 2 1 (/2 - x?)
o2
"B 2 2 g.L>
or, Mp E%— = [3 8in "7 - 3 J(R"- 3z )t RSin "2 Jl5g7)
A
Putting the -value of R= oL, we get :
- ' 3
B : 2 aq.,L™.
ds _ [ Lggntll o1 ;.2 -1y 4 @ -1,
AMP gy - [ 3 8in "5 - 7 J(e i) * 3 Sin S5 Mg 1
aqlL3
= [B3)ll—g7 !
. 2
Where, B,= [% sin'lzi - % J(a%- %) + -2 gin~t 1,

2 2a
Now, the required redundant force of bending moment (Mo) at the
elastic centre is given as

B

3 3 ‘ :
Mo = {—%—1{q,L"] 3.6.6
1 .

3.6.3 Equations for fill-load below the crown

To simplifying the mathematical complexity for this loading
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

following Fig.3.7. Many text books on  structural analysis are
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suggested this technique for analyzing the arch due the fill load
below the crown. Detail Qerivation for the redundant forces at the
elastic centre are available in Ref. (1), in which final expressions

for the redundant forces are given as :

"

A ds
C< My + Mp) Y g1
Ho = — , - 3.6.7
'\A "
ds
{ Mam Mp) ¥ Er.
V = — i 3.6-8

Fig.3.7

A ds'.
c( My = M3) ET - :
Mo = -« Sb : 3.6.9

¢

Where, M and M are the bending moments at the left and right
' A "B :

support respectively due to applied loading on the left and right

parts, considering both parts of the arch as in cantilevers.
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From Fig.(3.7), bending moment at any section P on the arch due to

fill-load below the crown is given as :

MB= Ax( X - X ) Fl

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

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

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

1
the fill materials.

: 2 -1 X 2 2
Here, AX = [ Rx - = Sin -3 J(R = x7)]

(8]}
el P

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

area, we can write :

-3
2 -
_ X4 (R xH)? - 3R
X = ‘
2 :
R .. -1 X X 2 2
[Rx 5 Sin R~ 3 J((R"- %7}

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

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

2 2 ’ 2 .
_ _Rx°_R . -1 x _x° .2 2, 1,2 2.3/2 173
MB = — 5~ X Sin R 5 JR x) 3(R x°) + §R

Similhrly, cantilever moment (M ) at the left support due to
' | A

fill load over the left portion is given as :

28




2 2 2 5

.- ' 32 3
R'x sin™1Z - g J(sz xz) - % (R~ x? ): / 3 R

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

centre is given by equation (3.6.7), as :
A
ds
( Mp+ Mz ) ¥ E7
Ho = -~ c
Ix
Substituting the expression of M , M , y from eguation (3.5.1)
: A B s )

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

expression and simplifying, we can write :

A RT L/2
ds _ 1l 2 -1 x_ 2 2
Jé My + Mp) ¥ g7 = &7 JO[Rx R % Sin R x J(R b f
f ) o3
3 3 2 .2 i
- 2(R%- x%)>/%4 2 g J[J(R-x)-RS;“‘”) 1 — ax
' J(R"- x%)
A 3 '
_ds RL .. -11L 2 7
°r'JC( Mat Mp) ¥ g7 =l{—33 - 5~ Sin 3p 16a LR =7+
2 4 3 3 2 2
L .2 L°3/2R' .. -1L, RL RL> . RL 2 L%,
o5 (R- )75 Sin W 5pt T3 + (T3 + 7 J(R'- 1)
2 . RI
7 4., -1 L, 5 _ 3 _ 3, 2 L ., -1 L , Sing 1
¢ R Sin ok 1 6,R L R /(R 7 ) Sin 2R'} 2 1 [—g1)
Putting the value of R = alL, we get :
A 2
_ds _ a _gamt 5, -1
Jc( Mp+ Mgl ¥y =gy = [ly3 = § Sin "5 ~ 16 ? J(a® a )t
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1 _1.,3/2_ @ 11 a a a 2_ 1 -
L VRS S R g Sin T,5 + 3 ) v L 547 Ja'= 7))
7  4_.. -1 1 5 3 _ 13 2 1 =1 1_ ,Sin@
¢ @8in "7 + z a a J(a 2} Sin” 5= ) g
r. oL’
(1
EI
5
. ' alL
_ Sing 1
- [ F1+ Fz Q ][ EI ]
@ @®.. -11 5 2 2 1 1,2 1 .3/2
Where, Fy< (347 g Sin "5 " 3e@ YT 3 ) * gl m 7))
4 3
| @
“gSn e t3 )
a @, 2 1 7 4.. -11 5 3
and F=1{3, + 3 J{a®- 2 ) — g @ Sin 5+t g -
3, 2 1 =11
a” /(a 4) Sin ",2 }

Now, the required horizontal redundant thrust at the elastic centre

is given as :

Fp o+ F, g 2
Ho = - [ % 1[r, L] 3.6.10
1 .
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).

Vo = 0.0 ' 3.6.11
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The bending moment redundant force

(3.6.9).
A
ds
J ( My + Mp) ~g7
Mo=c
Sb
Substituting the expression of M , M
A B

(3.5.3) and simplifying the numenator, we can write

(Mo) 1is given in

equation

and ds from equation

A r 2
ds _ 1 R.,_ _RL 2_ L 7 53a: -1 L
JC( Mp+ Mp) g1 = g7 1L a J(RT- ) + g RUSin "
5 2. .2, 2 L2 T
g‘R L + R°/(R"- Z) Sin 2R ~ 72]
A I'.R 2 ' 3
‘ ds _ 1 - RL 2_ L%, _ 5 gx2, _L
or. JC( My + Mp) gr = Ugp 100 Tg J(RT- 3 ) - g RIL =350
2 '
7 .3 2 2 L . - L
{g R+ R/ (R 7 ) }Sin 2R ]
Substituting the value of R = ¢L, we get :
A r,al 4 ' '
. ds _ 1 _a_ 2_ 1 _5 _1_
| Jc( My *M)pr = U pr 1 My J@ =) —¢ € 72 }
73 2 2 1 =11
+ { g a+ a “J( a i }) Sin 25 ]
a ds . . 1“1c:zL4
or, ( MA+ MB) T - [ F1 + F2 1{ EI ]
C
oo _@ 2.1, 5,2 1
Where, F1 = 3 (a 2 ) g 5
) 7 3 2 2 1 .. -1 1
and FZ?,(E a "+ a J(a—z)}51n o
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Hence the required redundant force of bending moment at the Elastic

centre is given as :

12 ][F1L3 ] | 3.6.12
1 _ :
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

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

Fig. 3.8
Now, substituting the value of ds from equation (3.5.1) in the

above expression.

Rt
dA = w5 dx
R - X
x v
or, Ax = J [ __EBEH_E ] dx
-L J(R" - x7)
2

Integrating and substituting the limits, we get the expression of

-
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cr055wseétional area from the left support to the corresponding

section P

Ax = [ sin”! ¥+ sin'lzg ] (Rt

ol 4

The equation of centroidal distance from Y axis is given as :

Again, simplifying the term x after substituting the expression

0of dA, as !
> 12, 2 2
JUR'= Z) - J(R"- x7)
-1 X 1l

. X . -
Sin R S1in 2

b
I
i

Bending momenﬁ at any section P (Fig. 3.8) due to self~load

of the arch ring is given as

Mp = [ Ax.1 }{ x = x 1([T,]}

Substituting the eipression of Ax and x into the above bending

moment expréssion and simplifying, we can write :.

2

L - s s re )

2

o

Mp = [ X sin”?! % + x Sin~

The redundant horizontal fbrée-(Ho)'at the elastic centre is given

by equation (3.3.1) as :
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A
ds .
[B MP Y gy :
Ix

Ho = -

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 :

A as _ |2 -1 x T 2 _ 12
5 Mp ¥ 51 =. —L}?t][x sin “,3 + x 8in "¢ - J(R® - 3 ).+
_ R 8ing R __dx

2 _ .2 2 .2
‘J(R x“)1[/(R"= x7) 7 ]J(Rz ~ 2y EI

A 2 2 2
gs _ L, -1 L, L ,p2 L° R -1 L _
or, JBMP Y g1 = [4 Sin Rt 1 J(R 3 ) 5 Sin 5R
L,_2 L2 2 -1 L. sing : 2 1% .. -11L
EJ(R -7 ) *R” Sin ", ="- 2RL o + 4R /(R -4 ) 8in o=
2
Sing Fz Rt

g 1 5T

Putting the value of R = alL, we get

-1/2 | 2
ds _ . 1 .. -11,1 ,. 2 1. _g° . -11_1 , .2 1
J+§32y gr = [ 3 8in g+ e Q) -3 8in e - -
" 2,4
_ ' ‘o ) _ : ',a™tL
o?sin"t,2 - 20 S;" + 4 a /(@®- §sin"t 2 55"9 27—
A ds ro’eL?
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2

s Ysintl 1 a2 1 0 e®g,-11 1, 2 2
Where, D,= [ 7 Sin 2a t 3 J(a 7 ) 5 Sin 0a 5 J(a 4) +

25571 1 ~ 8ing - 2_1 =1 1 sing
a“Sin 25 2a 2 + da J(a ‘ 4) Sin 25 2 ]
Now the required expression of horizontal redundant force at the

elastic centre is given as :

ab,. .
Ho = [ g—~1[ I,tL ] '3.6.13
2

The vertical redundant force (Vo) at the elastic centre is givén

from equation (3.3.2), as :

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

equation (3.5.3) and simplifying the humenator, we can write :

B C[+L/2 _ _ -2
Mp x ds__ [T,tR] [x Sin X ,x sin™! & - J(Rz— L )y +
EI 2 R 2R 4
A -L/2
' 2
J(R® = x%)jx —R__ dx
J(R® - x%)
5 . | - r_tR?
ds L 2 L "ex.~1 L. 2 .. =1 L .2 2
| Mp x ET = [- 3 ,/(R -2 ) S1in 2R + R™( 8in SR ) ][_——-EI' ]
JA
Putting the value of R = oL, we get ‘
n : 2 4
B . . ' . a"tL
w4s _ _ 1 2_1 in~1l 1 2igin~t 1,2, "2 .
AMp X g1 = [- 3 J(a 7) Sin 55 + a“(sin 2 ) I BT J




B ds Pzath4
Mp x == = [ D, ]I
A

_ 1 2 _ 1 . -1 1 2 0. -1 1,2
Whgre, D2— [ 5 J(a 7 ) Sin 55 t a“(sin 2Q) ]

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

elastic centre is given as :
Vo = [ g~ ) [ IyatL ] | 3.6.14

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

is given from equation (3.3.3), as

B

Mp 48
A 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 :

B +L/2 \ | 2
Mp == = [CRt J[ x Sin =+ xSin - Y(R= =) + /(R 2x ?
JA ET j_L/gR R 3R 4 ‘ ]

R dx
2 2 E
J(R®~ x?) EI
B as 2 12 | oy T,tR?
R Mp £ = [ 2L - 4/(R“- 3 ) Sin "2 )
Putting the value of R = al, we get :
' 2, .3
B . ', a”tL
: ds _ _ 2.1 _.'-11 2
.JAMPEI = [ 2 4/ (a 3 Sin a5 I 5 ]




B ds . r, aZtL3
ofe | P Er = L Dyl =]
A
—fo - 2_ 1 in”1 1
Where, D,=[2 4 J(a 4) Sin 95 |

. Finally, the required expression of redundant force of behding

moment is given as :

Mo = [ 1t ryatL?) | 3.6.15

3.6.5 Equations for partial uniformly distributed load

Considering a stmetrical 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

, Fig. 3.9
Now, the bending moment at - any section P due to applled loading

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

-




1 2
Mp - qz(xz- xl) (x - 2 )
1 2 2 2
or, Mp = (cz—cl) quz- 5 (02 - cl) L a,
or, Mp = Aoquz--.Boqu2
Wh Ao = ¢~ c, and Bo = 1 (c2— c2)
ere, Ao = cym G T2 67 G

Similarly, bending moment at any section P due to applied loading

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

| 1 : 2
or, Mp = 5 (x - x;)"q,

The horizontal redundant force at the elastic centre is given from

equation (3.3.1), as :
. B

Mp ¥y 7
A EIX

Ho = - Ix

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

(3.5.1), ds from equation (3.5.3) and simplifying the numerator of

the above expression, we can write :

B +L/2 . | .
ds 2 2 2 R Sing@ R dx
N Mpy =3 = (Aolxq,- BolL"q,) [ J(R“- x°) - ] Py
JA EI Jx R 2 2 1] J(Rz— x2)EI
~ X, . N :
1 2 2 2 ‘RSin@ R dx
5 (x - x)%q [ J(R®-x°) - ) "y h
x12 e S P J(R? - x2)EI
Rq +L/2
2 2 R Sing 1
= [ 1 (AoLx - BoL") (1 - } dx +
EI i} | | ’ 2 J(R? - x?)




X

Rq 2 .
2 2 R 51 1l
[ BT ] (xz- 2x1x + xl)(l - ? ng 5 5 ) dx
X, J(RY = x%)
B Rq : 2 . ' 2
ds _ 2 AoL , L .2 Sing 2_ L% _
or,JAMp Y g1 = [FT1I0 > (7 - %) + AoLR ) { J(R 7))
. X
2_ 2 _ 2, L _ 2, Sing N B PR
J(R x%)) BoL“ ( 5 xz) + BoL R 2 (Sin 2R Sin & )]
vy qu'.] 1 33 ) R sin@{_’f_z JRE %2 LR sigl 2,
2er 1l 53 (X=X ? p) % 2 R
X 2 b 4 .
71 2_ .2, _R°... -1 71 2 .2, Sing
> J(R xl) 5 Sin 5 ) xl(x2 xl) .2le g -
. X
, 2_ .2, _ 2 .2 2 _ _ L2, _sing .. -1 X2
t J(R X)) J(R X7)) + 3 (x2 xl) x]R 2 (Sin B
X
Sin_l ﬁl) ]
Putting the value of x,=¢,L, x,=c,L and R = aL
B ag L4 ‘
ds_ _ 2 21, _ 2_ 2., aSing 1
J Mp v g7~ = [ et 4 | Ao( [J/(a e, J(a Cz)]_ 2 t 5
2
€2 . -1 1 . -1 %2 aSing 1 1 3
5 } + go{( S51n Eaf - Sin o ) 2 + C,= 5}_+ g (cz— 1)
o C c

1l 1

+Csin™h Shosin™t 2B (v o) 4 (/0P 6P - J(@®- od))eyr

%{czj(az— cg) - clj(az— Ci) )] g§%ﬂg;]
B 1 " ag, L
or, LMP y 5% = [ Byt B} 1[ —o— |
L] i g cz
Where, E, = Ao [{ J(a?- %)7‘ J(a®- Cg)] asén * % - _Eg 1+




. - C . )
=1 1 - . =1 T2 aSing _ 1 1 _ 3
Bo [( Sin Sa Sin = ) 2 + - 5 ] + 6(c2 cl)
c c c2 2
" . -1 71 . -1 “2 1 a 2_ 2, _
and E, = [( sin p Sin =) 2 re {(/(a cl)

¥ T

2 2
J(a®- 2y o

{ey/(a- ¢y - clJaz-ICi)}) gﬁéﬂg—

The required horizontal redundant force (Ho) at the elastic centre

'is given as :

= - [ g,L ] . 3.6.16

The vertical redundant force (Vo) at the elastic centre is given

from equation (3.3.2), as :

-

Iy
Similarly, as before substituting Mp, ds from equation f3.5.3) and

Simplifying the numenator of the above expression, we can write :

X

B +L/2 _ 2
"Mp x %% = ( Aoquzw BoL2q2) X 2R 5 g§-+ ,%(x-xl)zqzx.

A X, J(R® - x%) X

: - 1

R dx

J(R%- x2) EI

g 10 AoL( - ¥ /(r%- L7 o

‘ B ' Rg
A . ET

-
NI




2

=

x .
2 2 2 R L., -1 "2 2 2_ L4, .2 .2
5 J(R Xz) ) S1in R ) + BoL{ J(R® 4-) J(R xz)}
2 3
Rq X - = 2
2 2 2 .2, 1,2 22 R%.2 _2
2 3
X = 2 X
1 2 2 1,2 2.2 R 2 2 2 2 2
3 J(R = x7) + g(R"- x7)° #+ 3 J(R xz) 2x (-3 J(R x°)+
2 X X, 2 X
R =172 1 2 2 R . =171 2 2 2
5 Sin E+s3 J(R®=- xl) -5 Sln B } % {(/(R x2)
2 2
J(R"- xl)} ]
Putting x =c1L, X =ch and R=al, we get :
B . aq L4 C
ds _ 2 _1 2_1 J2,. 2 2
a? -11 -1 2 2 1 2. 2
5 ——( sin "= --sin = =% )} + Bo( J(a®- ) - J(a®- cz)}+
2 2
C o C 2
2_ 2 2 2, 1 )
S - - F S g q )+ S(E - &) -5 )+
c a2 c : \c
1 L=l 1 -1 2
+ 5 ( Sin . o 51n p. Y ]
(B ds _ ) ! aq2L4
Where =E'= Ao { - 1 J(az— 1 ) + Ezj(az— cz) + c-mz(.sin_1 1.
A ) 4 4 7 7 3 2 2 2a
-1 S L2 2 L2 2
Sin © =%)) + Bo {J/(a"- c,) - J(a®- c,) )




2.

. .2 )
c C C 2
2 2 2 1 2 1 2 2 1l a
and E" = f(a —c ){-~-==-a+ - (c-c))+J(a~-c)(-+-)+
2 2 6 3 2 2 1 1 6 3
2
cC a C C
1. -1 1 -1 2
( Sin - = Sin - )
2 a

The required expression of vertical redundant force (Vo) at the
elastic centre is given as

R ][qu-] 3.6.17

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

ds
Mp £T

_ JA
Mo = Sb

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

simplifying the numenator of the above expre551on,'as :

B +L/2 '
ds _ _ ‘R
JAMp BT~ J(Aoqu2 BoL qz)

— 5 x - x 6
, J(Rz_ 2)EI i 1




R dx

J(R? - x2) ET

B Rq | 2 _
or, J Mp 85 - | =% (- AOL(/(K - ) -/(R —'# ))- Bof (Sinyl-

) 4 Rqg x 2 x X
.. =1 72 2 2 2 2 R'g: -1 72, 71 2_2
- Sin 8 )] +[2EI 1[0~ 3 J(R 32) +2 Sin g7t 3 J (R xl)
2 x b
R°,. -1 "1 . =1 T2
- 3 8in g ) +2x J(ﬁz i;)_ J(ﬁ il)} + 31(51n B
X
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Putting the value of x =ciL, X =c,L and R = al, we get :
B aq L 3
ds _ 2 2_ 2, _ 2_ 1
c : c c
-1 T2 .. ~1 71 2 3 2
Bo(Sin o Sin 5) + Jla c;5(c 13 % - 4.cl./(a clf
2
2 C C : C
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3
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: 2 2 2 3 2 2 a 1 @ -1 2
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The required expression of bending moment redundant force at the

elastic centre is given as

E, + E .
Mo = [—3 10 q.1?] 3.6.18
K 2 .
1
3.7 Redundant Equatioﬁs 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 01rcu1ar arch due to clock-wise rotation

(ao | out—ward horizonal displacement ( AHo) and dowan—ward

vertical displacement (AVo) at the left springing are taken from

Ref. (9),.wh1ch are given below :

The horizontal redundant force (Ho) :

ANAHo + y. «a
Ho = - Ao 3.7.1

Ix

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

@ = Clock-wise rotation at the 1éft support
0 :

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 :

C
O

Ho = [—1[F 310 AHe) - [ 115 510 ag) 3.7.2

Where, Co= - §l%@w - Cosg@ ]

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

NAVo + .«
- A ©
Vo = Ty 3.7.3

Where, AVo Dowan-ward vertical displacement at the left
sdpport.

Horizontal distance of the left support from the

»
i

elastic centre.

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

the above expression and simplifying, we get :

vo = - [—%;][Eig][szo] - [°‘§j][EIL2][aOJ 3.7.4

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

centre :




Substituting the expression of Sb from equation (3.5.4) and

simplifying, we can write :

1
{
K

Mo = ][%1[ o) : . 3.7.6




" CHAPTER 4

COMPUTER PROGRAM BASED ON ELASTIC CENTRE METHOD

4.1 The programme

General equations for different force components due to
different loading and support yielding conditions are presenfed in
chapter-3 in a form wﬁich is suitable for developing a computer
programmé.

This programme has been developed in FORTRAN-77 to analyze
and to find load cafrying capacity of symmetrical fixed-circular
arches. The programme contains a total of eighteen subroﬁtine
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 grcuped 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.

47




(ii) Influence tables for bending moments, radial shear

forces, axial thrusts and variation of these force components due:

to fill load and self locad of the arch-ring for arches of different-

rise-tofspan ratio.

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

(iv) Vvariation of bending moments, vertical shear  forces,
horizontal thrusts, radial shear forces and axial thrusts due to

different support displacements for arches of different rise-to-

span ratio.

(v) Detail computation of bending moments, vertical shear .

forceg, 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 obtainéd as the above first four forms are

presented in detail in Appendix A.l1. 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 tb 0.30 at an increment of 0.10,
rédial fhickness‘s" 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‘éet of
input data contains onlf'tﬁe alphanuméric 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 ali 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
lsegments of equal horizontal projection.

The programme prints out influence coefficienté which are

then printed in condensed form using microcomputer and HEWLETT-

PACKARD LaserJet series II printer.




The required storage capacity and time needed to execute the

different conditions are discussed in article 4.1,

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 dead 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 valﬁes obtained for different
types of dead weights.

A moving concentrated load is coﬁsidered to be the live 1load
applied over érch. The live load is positioned at eleven different
sections, The.concentrated live load is considered to be dispersed
through the arch 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
P

wdi

(Fig. 6.1) p;= 5 + 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.




Fig. 4.1 dispersion of concentrated live load
. Thus the concentrated live locad 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 elastic centre of an arch for
three:different support displacements are developed and presented
in Art. (3.7). For any particularrsupport 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 into all. possible combinations of three different




loads such as dead load, 1iye load at eleven different positions
and any one'of.£hree different support'displécements. 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 partlcular
arch is obtained. Thls capacity can be calculated with or W1thout
considering any one of three support displacements. The programme

prints "IMPOSSIBLE" when arch fail under dead load only.

?.3 8torage capacity and time

The programme was developéd using VM environment-of thé 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 wefe made using

this version. As a terminal user 2048 k storage area was allotted




to the author and no extra storage was necessary during execution
of the programme.

The execution time for getting any one  of the first five
forms of output, mentioned earlier, was almost the same. It is
obsefved that the execution time for an arch with nine rise-to-span
ratios was 10 seconds from micro—cbmputer ALR 386/220 model. The
execution time- for computation of permissible load capacity mainly
depends on thé allowable stresses in tension. It was 10 seconds
from the above micro-computer for an arch when alldwable 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 numbér of iterations
increases when the alléwable tensile stresses varies within a short
range.

The time requirement by the ALR 386/220 model micro—compﬁter
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,




[ INPUT] |

ELAST] |

DSECT | | bending moments, vertical shear forces, horiz-

[UNIFM] ]

Flow Diagram

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(I'),support deformations,concentrated live
load,uniform distributed load (partial or full)

I .
<M = 1Ito NRS >

-1 . - 2 _1_ r _
CALCULATE, a. = Br +,2_, a 2’ Sl& %2a
P = tan_l(——izi—), Cos@ ,Sing
1-4r

NPRINT .OR. No

-JPRINT =1

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

I

Calculate the influence coefficients for

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 distributed load
above the crown.




CROWN | |

[SELFL] |

DISPL] |

Calculate the coefficients for bending moments
, vertical shear 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 lcocad of the arch ring.

YYo=

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.

IPARTL =1

NO/\
\\\‘\\,//’//’

[ Yes

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. :

v
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<;:: NN=1,NS ;::>> )
<::; K=1:NT :::>- (2)
<::: N=1,NF ::::: G)

Calculates and Prints the bending moments,

vertical shear forces, horizontal thrusts,
DLOAD) | radial shear forces and axial thrusts due to

. dead load by using subroutine DLOAD

\\‘\\\‘-No

IDITAL =1
"‘--./

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

l subroutine STRESS

No

%D’J>
\[ -

Calculates the bending moments, vertical shear
forces, horizontal thrusts, radial shear forces

YELLD and axial thrusts due to support's yielding

by using subroutine YEILD

No

H\\‘EEiTAL

Yes
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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
STRESS shearing stresses due to support yeilding

by using subroutine STRESS

. Calculates the bending moments vertical shear
forces and horizontal thrusts at the different
LJI sections due to concentrated live load (consi-
[PLIVE[}——— dering dispersion of load) from subroutine
SUPER which is controlled by subroutine PLIVE.
I

‘<::::kJ = 1,11 i:::>

I

Sumup the bending moments, vertical shear

- forces, Horizontal thrusts of the different
sections for dead load and support yeilding
condition. (l .

J
'« NLIVE=1 or 2

Calculates and Prints the bending moments,
vertical shearforces,horizontal thrusts,radial
shear forces,axial thrusts and stresses at the
[ZEEEEI}—__—' differgnt sections for diffgrent positions of 7

a particular concentrated live load above the

fill (considering dispersion of load) or, any ?
particular partial uniform distributed load
from subroutine SUPER and LIVEP

l D ]
" Fig. ™72 (cont.) (g)
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’ | &
No
D=1

—)

POA

Calculates the permissible loads by using
subroutine PLOAD

Fig. 4.2 (cont.)
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CHAPTER-5S

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 1nf1uence co_eff;c1ents' and co-efficients of
different force components are ebtained 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 vielding conditions. The two sets of
generalized equations have been derived for fill load (chapter-3)
above and below #he crown. The results obteined 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 quérter-span (v) loads over left.threef
fourth and (vi) loads over middle half span of the arch. Finally,
the results obtained for bénding moments, vertical shear forces,
horizontal thrusts, radial shear forces and axial thrusts due to
unit clockwise rotation, unit downward vertical displacement 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 worsf type of 1loading for ﬁa
particular rise-to-épan ratio can be eésily obtained.

It is intended that figqures contained in this chapter,
considerably,.shorten and simplifies the work in selecting an
economical arch dimension and thus considerable saving in time is
gained. Detéil 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).




The sign conventions wused in analysis for support
displacements, support reactions and force components at the

different sections are illustrated in Fig. 5.2.1.°

el
AHo B
. X )

{a) Positive support displacenents {) Positive 'reaction conponents ot the supports

X
i

= .
>

5
4 G‘&%“‘L"
3%7‘ 7/ s
w,
S,
0 -3

g ght sUP‘POrt

Positive force corponsnts at the both faces of ony section

Fig. 5.2.1 Sign convention
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5.2 Introduction to Tables

The influence tables for different force components are
obtained based on elastic centre method. The co-efficients of
different force components due to different loading énd support
yielding ggnditions are aisq obtained in tabulation forms. These:
computer printed tables presented in Aépendix A.1 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.1 to A.50.
(b) Tables showing the values of different force components at
different seCtiéns of an arch due to self load of the arch of unit
radial thickness, fill load above and below the crown are given in
Tabkle A.51 to A.65.
(¢} The co-efficient of different force components at fhe different
sections due to six different forms of parﬁial uniformlyl
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.105.

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.




5.3 Introéuction to Graphical representations
Computer printed results obtained in tabular form are also
presented graphiCallysin this chapter and in following order :
(a) Influence lines for bending mcments, vertical shearforces and
horiiont&l 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.5.13. -
(c) The variation of bending moments, vertical shear forées and
horizontal thrusts with different rise-to-span ratios due to fill
é\and self load of.the arch ring as portrayed in Fig. 5.15_to 5.20.
d\J(cl) Variation of bending moments,vertical shear forces due to six
[y 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.horizoﬁtal thrusts due to above aiffefent
partial uniﬁorm distributed lgads with different rise-to-span ratio
as given in, Fig. 5,23,
(f) Fig. 5.24 to 5.30 indicates the effect of different support

movements on bending moments, vertical shear forces and horizontal

thrusts in arches of ‘different rise-to-span ratios.




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
ratios are available, some of the curves are not shown in the graph
fdr clarity. The results for intermediate value of rise-to-span

ratio may be interpolated, if necessary.

5.4 Generél discuséion 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 maximumlnegative and positive
bending moment at the left support of an arch occurs due to the
position of unit load at arround .1L and .38L away from the left
and right support respectively(Fig. 5.1). The,ﬁaximum nagative
bending moment decreases gardually with the increase of rise-to-
span ratio while the corrésponding 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 0.38L away from the right support. It is further observed




that the bending moment at the left support becomes zeforwheh the
live load is at 0.1L away from the left for arch with riseétofspén
ratio of 0.05. The live load position causing zero bending moment
shifts towards the left support with the increase of rise-tbFSpan
ratio.

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

’ i L .
rise-to-span ratios wﬁile it is gradual for higher rise-to-span
ratio. |

A parabolic variation of vertical shear force aﬁ the 1eft
supporf and at different setions is observed for different arches
as illusﬁrated 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 l;ft 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 maximﬁm axial thrust at the left support of an
arch for rise—to—span rafio 0.25 occufs 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




increases gradually with the increasé of rise—to-span ratio.‘It may
be coﬁcludéd 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 the supﬁort whilelthe
live load position is at crown section. Buﬁ the position of live
load causing maximum axial thrust gradualif shifté towards the
corresponding section (Téble h.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
éhear 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 fbrce influence decreases gradualiy with
the gradual movement of live load from left support to right
support. The live load pogitidn at 0.80L away from the left
support causes maximum negative shear force at the left support for
rise-to-span ratio ﬁpto 0.40.

Fig. 5.4 to 5.12 indicate that the maximum positive bending
moment due to éoncentrated live load at a section of.an arch occurs-
whilg the live load is at the correspbnding section. The poéitive
bendiné momenﬁ at any section increases gradually with the increase
of rise-to-span rétio 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-




' Span ratio upto 0.38 which shifts towards the crown for arches w1th
- higher rise- to —-span ratio. Elg. 5.15 and 5 18 display the similar
types of wvariation of bending moment due to the uniformly
distributed £ill load above the crownrand self load of the arch.
* The maximum positive bending moment occurs at supports and at crown
and maximum negative bending moment occurs at seqtion 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_increéses at a faster rate than that at othér
sections. "It is further observed that the location of maxihum
negatlve moment gradually shifts towards the supports w1th the
increase of rise-to~span ratio. The point of contrafluxares are
observed toroccur at sections around 0.30L away from the supports
which gradually shifts towards the supports with the increase of
riSe—to-spén ratio. The maximum negative bending moment (Fig. 5.16)
due to fill 1load 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 O 08. The positive
bending moment has been observed at the crown sectlon for flatter
arches. The arch of rise-to- span ratio 0.05 gives a very high
positive bendlng moment at the crown sectlon On the other hand,

the arch of rise- to -span ratio greater than 0.10 glves the maximum




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.JS.ZO) develops due to

-uniformlyldistributed £i11 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 alsc 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 1oad.below the crown increases gradually towards the
suppert 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 ccrresbonding rise-to-span ratio.
The vertlcal shear force in F1g 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—spanlratio.

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 frqh the 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




.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 rafio are presented in Table
A.66 to A.92. These values are plotted in'Fig; 5.21 to 5.23 but
only for the arch with rise-to-span ratio 0.25. Figure 5.21
illust}ates,the typical bending moment over an arch due to six
different types of partial uniformly distributed loads. From theé
Fig. 5.21 and Tables A.66, A.69, A.72, A.75, A.78, A.78, A.B1,
A.84, A.87 and A.90 , it can be observed that the greatest]poéiti;e
bending moment in an arch due to .the above six partial uniformly
distributed loads always'occurs at the right support. But it is
caused due to the uniform load spread ovef 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-épan ratio upto
0.20 it is caused due to the distributed load spread over left half
span and fpr arches having rise-to-span ratio within 0.20 to 0.30
it is caused by the load spread over left qﬁarter span. for arches
with'fise—to-span rati§ 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 1ocation and total amount
of load dver the span.

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

It-is observed from Fig. 5.24 that the maximum negatlve
moment of an arch due to clockwise rotation of the left support
occurs at section around 0.6L away from left support of the arch
and it increases gradually with the decrease of rise-to-span ratlo.
Due the induced rotation at the left support, the maximum p051t1ve_
bending moment develops at the left support which is almost three
times hlgher than the positive moment developed at the right
support. Both the positive and negatlve bending moment gradually
increase with the decrease of rise-to-span ratio. It is further
observed that the above support deformation deyelops the constant
negative bending moment in arches at a section ©0.38L and 0.18L away

from left and right support of the arch respectively. The point of




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 suppgrt 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
riée—to—span ratio but with a higher rate for flqtter 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 risé-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 vafiation
can be observed to be non-linear for flatter arches and almost
linear and at comparatively higher faté 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




thrust due to end rotation or horizontal support displacement but
decreases sharply w1th the increase of rise-to- -span ratio and the
rate of varlatlon becomes flatter for arches with higher rise-to-
span ratio.

It is illustrated from table A.96 that a very high axial
thrust develops due to clockwise rotation at the left support for
flatter arches and it decreases rapidly with the increase of rise-
to-span ratio. But a gradual variation of axial thrusts is observed
at higher rise-to-span ratio. It is also observed that a hegative
axial thrust at the left springing occurs for rise-to-span ratio
©.40 and 0.45. The outward horizontal support displacement causes
a constant axial .thrust over the span (Table A.104) and it
decreases very rapidly with the increase of rise-to-span ratio.
From the above tables, it may be concluded that the outward
horlzontal support displacement is much more critical than the
vertical support displacement.

The clockwise rotation of the left support (Table A.97)
develops maximum positive radial shear force at 0.6L away from the
left support. It is also observed from above table that the maximum
hegative radial shear force occurs at the left support end it
decreases gradually with the increase of rise-to-span ratio. The
high radial shear force at the supports for flatter arches under

horizontal support displacements decreases sharply with the

increase of rise-to-span ratio.




Q10 p~

003

x|t
: ¥
oosl ) - //—\

007F . ) ¥ -

0.06F

0.051

0.041

003

0.02¢

T

M/L

" 00!

-

05L o7L © - ool
Fozitlon of unit tood

T

-0

-0.02

L

i

—-0.03

- 0.04

T

T

- Q.05

-0-08F 50.05

T

-0.07

-0.08

Fig. 5 -1 Influgnce line diagrams for Baending moment ot
left springing for diffarent rlae to spon ratlo (r)-




008

007

0.06

0.05

004}

003}

002 F

Q.01

O 1 1 e L.

-
) M 1 -

.
CIL O30 o5L - O7L o-9L
Fosition of unit load.

Fig. 5-2 Influence Ilna diograms for vertical reaction at left
springing for ditferent rlse—tc-span ratiolr).

9.0

8.0 *

—
70 | ' //—_\_\\

ir,
C e KN

3.0 F : r=G.05

4.0 r

. i ]
: O-:SL' oL O-9L
Position ot unit laod.

Fig. 53 influence line diagrams for Horlzontal thrust at left
apringing for ditferent rise~to-span ratio{r).




. r 1
009 | < |
' __I_.ﬂ_f .

. 4 a _oE ?‘7;,
oo08 | 2 S,
- V4 RS
\\\ N

oorl u-,'r}_-

0.0q-

005

0:04

0.03

0.02

M/L
o

-Q.01

-0.02

Position of unit lood ™S

-0.03
Fig.5'4 Influence line diagrams for bending moment ot ditfarent
' section for rise-to-spon rotio lr¥=0. 0%

0.06 @

Q-05 |-

0.03 | @

4 002}

0.0\

o1

~+
-

M/

—-0.01 /,-'

-0.02

\_'r_
—-0.G3 [ Position of unit load

Fié. 55 |Infiuence linae diograms for banding moment at different
section for rige-to-span ratiolr}=0-10.




noe

Q.05

G.04

2103

M/L

~ 0.0\

— 002

- 0'03}- Position af unlt load.

Fig.56 tnfluence tine diagrams for banding moment at different socflon
for rise-to-span ratiolrl= 0-15

0.0%

.04

.03

02

[SNe X!

M/L

- (.01}

-0.02

- 0.0371 Position of unit load.

Flg.5-7 Influence line dicgrams for btending momeni at different
seciion for rise-to-span ratio lr)=0-20.

>




M/L

M/L

0.06
0.Q5

0.04
0.03
0.02

0.01

— 0.01

-0.02

—0.03

Position of unit load.

Fig-5-8 tnfluence lina diagrams for bending moment ot dif ferent
saction for rlsa-to-span ratiolr)=0-25.

0.07
0.06
0.08}
0.04

0.03 ¢

0.02

0014

- 0.01

~0.02 }

e

— A
~-003 ¢t . Pesition of unit logd T

Fig.5-9 Influence line diograms tor bending moment at different
ssction for risa—to-span ratio ir)= 0-30. ~




0.07

0.06

0.03

004

0.03

M/ L
o}

—- Q.04

-0.02

~-0.03

L

A
Position of unit lcad.

Flg. 5-10 Infivence line diagroms for bending moment af difterent
soction for rise-to-span ratiel r1=0-35 .

Q.06

0085

0.04

. 0.03

M/L
C

- 0.01

- Q.02

~-J.03

Position of uni! load

Fig. 511 Intluancs line diggroms for bending moment at difterent
section for rise-to-spen ratio {r)= 0-40




007 T

0061

0.05F}

‘ 0.03 -~

0.02 1

M/L

0.01 |

-0.01 F

-0.02 |

-0.03 T

"Position of unit toad

Fig. 512 Influence line diagrams {for bending moment at difterant
section for® rise-to-span ratio r1=0-45

o0-08

07 -
i
0-06 -

005 |

M/L

504

003 5 . n/"q-”/

0-02 -

001 F

. 0.00{ i | 1 - 1 \ ) l 1 i 1 1
' O'Q5 ol - o5 0-20 025 030 o35 . 040 0-45 0"50
Rise-to-span rotio {r)

" Fig.— 913 Voriotion of moximum + Ve bending moments ol different sacilons

with different rise-to-span ratios .




.10

0.90

0.80

0.70

0.60

0.50

0.30

0.20

& o 0L oBL 051 07L ) -
IR ‘ ' Position of unit load. oaL- L

1
"o
N
o

T

-0.40 - RN
: X . »

-0.50F ' \ ‘

Fig. 5-14 Influence line diogroms for verticol shear tarce ot different

sections for different rise-to-span rotio {r).




0.018
 r=0-40

O.M7
o016

Lolh
{ =035

0012

0011

030

juno-

Cc-009

ooo8

R
Q007 { 3025

q|L2 )

0006

0-005

Bending moments
{Ordintes X

v

0:004 5020

0003
=015

0-002

0001

1

' Span )

~0-001 F

-0002

-0:003 |

-0-004 ¢

. =0-00%

-0-006

T

Fig 5195 Bending moment diograms due to unitormly
distributed ‘loads cbova the crown for the diffareat
rise-to-span rotio (r)

-0-007

T

r=0-40

~0-008




Bending momants

a)ll})

{Ordinates X

~-o0o0n

0.0007

" 0.0006}

0.00Q0%

0.0004!

0.0003

00002

0.0001

-0.000\ |

~3.0002

—-0.0010

~0.0012

-0.0013

-0.004

~- Q005

- 0.0016

-0.0017]

. 0_0018

T

T

L

/o'-os

N
\\ e
AN

.

-

{
ey
/S

S

—
»
0.0 4

1
b

L

Fig 5-16 Bending momen diogroms due to fill :loed below

the crawn for different rise-fo-spen ratio Lr)

-0.0019




vertical shaar-forces

(Ordinates X2 )

006

505

004

003

ooz

o0t

000

hmw : ‘@E}ﬂl}ﬂ

1% 3T

O-5SL o-7L

+

0;9L

-0°0l i

-003

T

-004

1

-0 05

-

0-3L spaniL)

Fig. 517 Vertical sheur-force dlagrams due to fill-load below

the crown for different rise-to-span rotioflr).




‘ Bending moments

{Ordinates X¥pn2}

-0 0l2

00ol6

0 015

oola +

0013

T

ool

oolof

0009

T

0008}

o o0t

o008

0 005

0004

0003

0002

o'o0t

000

-0'0l

-002

-003

-004

- 05

- 06

Flg 5.18 Bending moment diagrams due to

arch-ring for

self load of the

ditferant risa-to-span ratio (r}




0’60
0" 50

@ 040 '
o

5~

+ 2 030
.58

gx

¢ 3 020

- O

g E

o35

:I— IO

5S O

>

000

ot

_ span (L)
-010

1

-020

T

-030}-

~040 |-

-0'50

1

i

-0€c0

-Q'TC

Fig.5-19 Va'rﬁccn shear-force diagroms due to self load of tha

arch-ring for ditferent rise-to-span ratio {r)




2-00-
90
1-80
70k ? T T T —— Fill-load bellow the crown
‘ / ‘\h\r (H=Ordinates :lO'sz{Lz)
T
160 : L
|
| \
|- 50 ) S —
' .
1 \\0
1!
40
!
I
1-30 - |
- i
X 1
> 1204 "
2 1
5 . I
E 110t |
5 '.
g t-00F f
o !
5 - !
T 090 |
| ]
' N\
080} ! \
! \
: N\ : Self load of the arch-ring
o701 : \ {H=Ordinotesx ajzu. )
[+] ‘ -
1 "o;\\
{ 3
060 1 NN T :
: I \\ Uniformly distributed load
: 1 g\-\ above the crown
0-50 i e o (H=Ordinates x qL )
i .
0- 40} ! —o
i -
0- 30} i I
|
1 - .
020 I 1 I i 1 1 | ! 1 \ 1
005 010 015 020 0-25 0-30 035 0-40 0-45 ) 0-50

Rise —fo-span ratio (¢ )

Fig.-5-20 Variation of Horizonta! thrusts with diffarent rise-to-span rotios due to
fill and _se'lf loads.




0.020

0.018

D.0I6

0.014

0.012

0.010

0.008

0.006

0.004

" Bending mcmants
(Ordingtes »-q .

0.002

0.0

-0.002¢

-0.004 Span (L)
-~ 0.008
. -0.008
-0.010

-0.012

0.014

0.016 -

Fig—%-2| Bending moment diggrams dueto differeni types of uniform
Partiatly distribuled loa rds for rise fo Span ratio fd=0-25.




vertical shear forces

(Ordinates x q )
@
N

Span (L)

Fig-5-22 Verticol snear torce dicgrams due fo differant fypes

of uniform particily dislribuled loads.




0
Q
T

1-80[

170

o
(=]
T

0-80

Horizontal thrusts
{Ordinates x go)

' . 0- 70k
0-60}

0-501-

0-30

020+

000 i -
. 005 010 015 020 Q25 030 035 0:-40 0-45 0-50
Rise-1o-Span ratioir) _
Fig-3-23 Varriation of Horizontal thrusts with diff erent rise;ioespon ratio due to different
types of uniform particily distributed toads. -




0.0
0.09
’ 0.08
0.07
l,ﬁ-"ﬂ‘ - 4
sy, e
006 '/(‘\-\;:J'i.
. oo08 |
- L
[ =
'-11 0.04
£gl o
E x
o o
c 5 003
v £
c 3
[ ]
o2 ooz
0.0l
Spon (L)
0 — | { i 4
o6L o8L L
-oort N————
-0.02 | '
~0.03

Flg-5-24. Bending moment diograms dud to unit rotation lclock -wise } at left support

for differant rise-to-span ratio {r).




/1,(:/’»;’— = “}E‘ b\’a
;.
—:'"ffén B .I =
k q
L
Rise-to-span ratio {r)
0 0.0% 0.10 Q.15 Q.20 0.2% 0.30 0.35% 0.40 Q.45
l T r T T T T T T
-1.00
w o -200r
£
5@ 500
@ x :
- v
- 2
S @ - 400r
Tt o
. [ =3
<
> =~ -85.00
- 8.00
Flg—5 25 Variation of vartical reactions due.-to unit clock-wise rotation af left
support with ditferent rise-to-span ratio {r) : '
100
gorp
bed 8o r
= .
2 o
zafs ol
- x
2 .
c 2
M 60}
’ : .6
° [ =)
- (&)
I = 80
40 }
0r
20
o r
0 2 ) PO | i )] 4 1 1 |

Q.08 0.10 0.13 0.20 0.2% - 030 0.3% 0.40 049
Rise-to-span rotiet r) -

Fig—5-26 Varlation of horizental thrusts due to unlt clock-wise rotation
at teft support wlith different rise-to—span ratlo, ’ . .




0.0.6 :
005 [~ s N
“ e et
5 iy
@ g e
£ o 0.04F s
o l.l..ll‘\—JJ E
E x
*
@ 003
i .
5 £
=
e &5 oozt
ol .
Qol
SpaniL)
o} } { t 1
-\__O'GL
—
—-0.01F
-0.02
-0.03r1
~004 F
=0.03
~-0.06
Fig— %527 Bending moment diograms due to unit down-ward vertical displacement
at left support for different rlse-to-span ratiof{r).
13
3 n
2 "_Tj_‘: 5 .5
12r @ 7ﬁ ﬁr/“-\\‘a
_J/ R
WA \B,J‘
nt ug:xl__ﬁ_ﬁ\J
L
. 10 ¢ . \
" — \_\
S 3 ~
= 9|
8of
]
- X
5 & er
LB
Te
2o Tr
6-
5»
4 ! 1 1 - 1 ! ] Y T i 1
(}Q 05 o-t0 1% 0-20 0-25 0-30 035 Q-40 0-45

' Rita-to-span ratiolr)
Fig-5-28 Vvarlation of vertical reactions dus to unit down-ward vertlical

displocement of Ieft support with diffarent rise-to-spon ratlo,




0.08

0.07

0.06

0.05

0.04r1

0.03}

{Ordingtes x%AH,)
c
Q
M
T

Bending moments

00l r
r=0.4%

Span (L) 4 °§L X

-0.01

-0.02

~-0.03

—0.04

=0.03

-Q.06

-0.07

-0.08

-009

—Q-10F

— o

-0.2F

-0.13

=013

- 014

¢

-0.13 .
Fig 5 -29 Bending moment diogrbms due 1o unit horlzontol displagement

(out-ward ) at left support with different rise-tc-span ratic(r). {




Herizontal trusts

{ Ordinates xE%- OHo)

Rise -to-epan ratio{r)

0-05 010 o5 0-20 0-2% 030 033 040 045 (oF: +]
1 T

T T T T T T
| ./fo—"""'“_ .
" ! -
1 0‘/
| -
-a00} : v
[
" |
1
I
-8-00} ‘I
1
| | ;
h -
|
-12:00} 1
|
1
i 1
[
-1600 |- II atosy | .
- .
|
-20-00}
2400 -

Fig— 530 Variation of Horizontal thrusts with different rise-to-span ratios due to
unit Horizonta! displacement lout- ward) at left support.




CHAPTER - 6
Permissible load capacity of arches
6.1 Introduction |
The permissiple load capaeities obtained using the numerical
model developed on the elastic centre method are discussed in this

chapter. The results were obtained considering different arch

parameters €.9., span(L), rise-foQSpan ratio(r), radial
thickness(t), depth of fill above the ¢rown and support
displacements.

The permissible load capacity has been computed considering
allowable stresses in compressio‘n,'tension and shear. For the
purpose of computation, an arch have been divided into ten segments
of equal horizontal projection. The material propertiee and the
allowable stresses .are Presented in. Table 6.1. The procedure
followed in determining the permissible load capac1ty is described
in Art. 4.2. At any stage of loadlng the maximum - compre591ve
stress, ten511e 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 bProgramme has been utilised to compute the permissible
loaq capac1ty without considering support Yielding for arches

having different Spans and with following variations :




(a) radial thickness of 5" to 50" with an incrementrof 5n,
(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 aﬁ increment of 0.05.

The results obtaiﬁed_for the above mentioned data have been
plotted in various combinations in Fig. 6.3 to 6.10, to show the
variation of permissible 1load cépacities with differeét arch
parameters. They are also useful in predicting the load carrying
capacity of a particular aréh 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 fotation,
downward vertical and outward horizontal displacements are applied
at the left support.of the arch separately and then the 1load
capacity of the arch is computed using the numerical model
developed; They are useful in assessing. the effect oflsupport
displacements on load carrying capacity of an arch. ﬁoreover, the
permissible locad capacity fof the arches of span 10' and .15°
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 stresses 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 1limiting stresses, ‘as
discussed earlier, it has been observed that for maxihum number of
arches tensile stress at the supports was critical. The permissible
live load position of aﬁ 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 suppdrt for arches
with lower rise—to—span ratio, which shifts towards the crown for
arches with higherrrise—to—span fatio or undef higher depth of
fill. The.arches having longer spah; higher riée;to—span ratio and
under higher deﬁth of £ill develop tensile stress at the crown when
the live load is sitgated at the crown.

It ban 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 quarter section. For an example, the arch of effective span 5°',
rise-to-span ratio 0.25, radial_fhiﬁkness 10" and depth of 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.




A significaﬁt effect of permissible live load capacity has
been observed by changihg the allowable stress in tension as
indicated in Fig. 6.1 and 6.2. The permiésible 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 ﬁoted 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 allowablé tensile stress is further increased to 125 psi, but
in fhis case shear stress becomes critical instead of tensile
stress.

The permissible live load capacity inpreases very rapidly
with the increase of radial thickness as illustrated in (Fig.76.3)
as expected. The increment of radial thickness increases the cross-
sectional area and moment of 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 crown(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 suppqrts higher amount
of live load. It is further observed that the rate of increase of
permissible live 1load capacity. for shorter span 1is very much
significant than those of longer span with the increase 6f 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 éradually.- 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 1load
disperses comparati&ely 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 répidly with
the decrease of rise-to-span ratio while it decreases for longer
span. The permissible load capacity of 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°' ﬁaving radial thickness
10" and' depth of 'fill 1.00' gives a comparatively higher
permissiblé load capacity at rise—to-spén ratio 0.25 and 0.30 than
the load capacity for arches of effective spans 7.50', 10' and 15°'.
The ﬁigh permissible load capacity (Fig. 6.9) of arches of shorter
span at lower rise-to-span ratio decreases sharply with the
increase of effecfive span upto 10'. Further increase of effective
span causing gradual decrease of the permissible load capac&ty 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 obserﬁed that
the effect of support deformation is very much significant for
shorter span than thosg 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 locad
carrying capacity of the arches of shorter spén decreases very
sharply with increasing'rotation in the clockwise direction at the
left support but it increases gradually upto somé 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 fotation 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 thelincrease
of rib thickness.

A spﬁrious resﬁlt has been observed due to vertical support
displacemeﬁts. 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 diéplacement the load carrying capacity is
observed to be rgduced sharply for shorter span and for higher span
it can be observed ﬁo be unaffected at least upto a displacement
of (1/104)inch. From the figures it éan further be observed that
under the same amount of.vertical support displaéement the load
capacity of arches increases with the increase of the fill depth
and also with the increase of rib thickness.

The 1load capacity of arches 1is found to be reduced
drastically,‘as illustrafed 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 Ef 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 thoﬁgh 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 0.000601 radian at the left support. But it does carry
no live load when the rotation is increased to 0.00001 radian. Fig.
6.20 dispiays a 1ittie variation with increasing depth'of fill of
the permissible live load capacity of the érch due to similar
clockwise rotation. The permissible live load cépacity (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 effeétive 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
vertiéal 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 li;e locad capacity of the arch (Fig. 6.25) at
lower rise-to-span ratio is found to be increased with the increase
bf downwérd 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 ho:izontal support displacement.
The effect on pefmissible livelloadrcapacity 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 redﬁced to zero
due to-a small outward horizontal support displécement of 1/1000"
for any radial thickness greater than 15". It may be mentioned that
a small horizontal vertical support displacement causes a very hiéh
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 ofrpermissible 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, obéerved that the live load capacity of an
arch is greatly reduced if it suffers any form of support

displacements.

104




9000

Risa- to-spon ratiolr) =0-25 ,’b‘
- Radial thickness {1}z 5" _ )~
Fiti-depth above the crown=1-00
7000 t+
- -
a
"
B 5000+
°
2
‘n =
-
§ L:\o
L=1%
1000
p-
0 1 i 1 } 1 1 [y
0 25 50 75 100 125 150 175 200
Tensile stresses (psi}
Flg—6-1 Variatlon of permissible load with varlous isnsile siresses.
26000 r
! ' -9
. ! ¢ faitur L
L Rise-to-span ratiolr)=0-25 o | gneat = .-
Radial thickness (t}=10" o~ t o
Fill-depth abave the crown=1-00 L ——————— e —_————— n
22000
18000
“a
2
o
T 14000
o
&
=
s
E
% 10000
o
6000
2000
ol I t ! 1 i I 1
0 25 50 75 100 125 150 175 200
Tensile stresses (psi)

Fig— 6-2 Varlation ¢f parmissible

loads with various tenile stresses,




Rise-to-spon ratio (r} =0-25 |
Fil{- depth above.the crown= I-Q0

5

105000 |

95000

85000 [

75000

65000 [

55000

T

Permissible loods {1bs!}

45000

A

35000

T

T

25000

15000

5000 r

Q-0

Rodial thickness ().

Fig:- 63 Variotion of permissible ‘loads with different radial thickness




17000 |-

15000 |-

Rise-to-span ratlo {r) = 0-25

13000 |- Fill- depth abave the crown =1-00'

1Hooo

loads (ibs)

9000 -

Parmissibie

~
Q
Q
8]
1

5000 |-

3000 |-

1000 =

35

Span (L)

Flg.-— 6 -4 Variation of permissible loods with ditferent spans. -

’




50000

Rise to span ratio {r) =025
Radial lthickness (t) =10"

45000

T

40000

T

35000

T

30000

25000 r

Permissible .loads { I1bs)

20000

T

15000

LI

10000

5000

0-0

Fill- depth above the crown

Fig- 6.5 Vorigtion of permissible loads with different Fill-depth obove the crown.




32000

Rise-to-span ratic {r)=0-250
- “Radial thickness ()= 10"

28000

0% 2

s

22000

T

18000

14000 |-

permissitle loods ( Ibs)

1000

L

6000 |

2000 |

Span (L-)

Fig.— 6-6 Variatlon of permissible loods with different spons.




loads {1bs)

Permissible

Permissible loads {1bs)

8000

:

3

:

9000

6000

3000

Radial thickness (1) =10"
U
Fil' depth above the crown=!-00

050
Rise ~to-spon ratio(r)
Fig:- € «T Variation of permissible loads with different rise—to-span ratio
Rodiagl thickness =15"
Fill depth aobove the crown =1-00'
A 1 1 1 1 ] 1 1 1
0-50 010 0I5 020 025 0-30 0-35 - 040 0-45 050

Rise-to-span rotioc (r)

Fig. 6B Variation of permissible loods with different rise-fo-spon ratio




Parmissible ioods (ibs)

8

100C0

3000

8000

TO0O

3
8

icco

M
— 4
o
o
: |
.Radial thickness (t} = 10"
" Fill-depth obove the crown = 1-00"
o .
- o
11
Q
B o
-
- 4 h
i \e] : .
‘:’O ‘\
- Q \‘O_ 0 O |-.\ .
\ T\
o I \
1 1 ] i 1 P i

10 15’ 20' 25’ 30' 35’
SpaniL)

Fig.— &9 varlatlon of pirmluible loads with ditferent spaons.




1600 |— . ) ) Rise-to-span ratiolr ) =0-25 Clockwise rotation _—

- Radial thicknesz{t) = 10" Counter clockwise rotation —---—
Fill depth abova the crown =I[-0C

1400

1200

- 1000

800

600

———+ Permissible loads{lbs}

400

200

&

Ol t b a1 1 | 1 1 L 1 1 l 1 1 1
0 2xIC-s ay Q¢ &xlp-8 Bxi0-s 10x10-8 . 12xi0-8 19x10-# 16xI0-8
' - —————a- Rototion ot teft support

Fig—6-10 Varigtion of permissible loods with differant clockwlise retation ot the léft support




4000

3600

Rise-fo-span ratiolr) =0-25
Radial thickness{t) = 10
Fill depth above the crown = 1-50'

2200

2600 |-
2400 }-
i : B §=22' o
- i ’ D —- 0 o o 5=20'
b4 o
£ 2000 5:::::j——_'
- .
2 .
° M\\.‘,\ o e
o N ~o ——— —— g=17-8'
© Q-
3 ——— - g
w " o
. E 1600 |- ) =15
«
a =
‘szoo s
- 0 6\‘ 3
S /o
w <
A
800 L
o.
‘s‘\‘
» or
400 |- - b
0 L 1 ‘l L _‘I 1 1 : .l i _.I i _'L L ".l' 1 —
3 2x10 ax10 ex10* 8xIq 10x10 12x10 KMx1G6° - 16x10

g~ ClOckwise rctation ot the left support

Fig-611 variation of permissible toads with difterent clockwise rotation at the feft support .




)
h-ﬁ)
!
280C - Rise-to-span ratiolr) =0-25
Radial thickness{1) =15"'
L _ Fill depth gbove the crown =1.00'
2600 |-
, S, ' ‘
L 75’ M
2200 ; A = s=22
X T - 2% , ,
- o ’\\. R ___..—-—-___.'—_.-'—'_-'-—--"- = ;:ﬁ‘:"-_'—ﬂ:;_io
29, N
1800 17 2 i ' °
- - ‘
A .
=
o 1600 |~
o
o
2 i >
2 )
=
3 - :
5 1200 p
1 -
L o)
’ &
. : °
800 <&
1}
400 |~ o.
I} ) 1 i I \ ! s 1 1 | 1 1 . 1 i 1 1 .
0 2x10°%  4x10°° 6x107® Bxi0* . toxi0"* 12x10 14xi0* 16x10

—»—Clockwise rotalion at the left support

Fig ~6-12 Varigtion of permissbla lpads with different clockwise rotation at the left support.




1

/ 1600 Rise-to-spon ratio {r)=0-25 Downward displacement

, Radial thicknass (1) =10" Upward displocement - -~
o Fill depth cbovs the crown =1-00 '

-

1400

1200

1000
3
S 800
[#]
be]
L
5
[l
E s00
o
L -
' 400
:'af\q
Y
200 °
b 7 L Og ey trks 5" (1"
0 | lfexy ), FTLIT’ 1 27’y |'#oe’, - | ] | L ] ] I
0 o107 20210~ 30x10° 4 aox10°" 50x10*  60x1074 702104 8ox10°*

—  —a Vertical displacements ol left supportlF!.)

Fig-6:13 Variation ot permissible loads with different downward wvertical dl:pluca'ments' at the left support




EICTE

Permissible loads {Ibs)

-

Rise 1o spanratio{r)=0-25
. Radial thicknass (t} = Q"
2800 . )
Fill-depth above the crown=1-50
24900
B . e—e o- . - Se o
20007 o T 0 - zec .
. “’_W S=20'
q
) s
r "
1600 a .
(8 : g
Q. 50
1200} J
U
\L
L o,
800
-
N\
N
400} N
O L 1 1 | 1 1 1 1 1 1 1 1 1 1 1. 1
e - - _ - - .
0 oxts™ 20007 30u0* 40w somd*  eows*  7omG*  sOwg?

—— Downward vertical displacements at the left support (Ft.}

Fig-6'14 Variation of permissible foods with differert downward vertical displacements at the left support.




— +~Permissible loads (ibs)

4000

2600 [y

2200

2800

2400

2000 |

1600

800

Rise-to-spanratio =0'25
Radial thickness (t )=15"
Fill .depth cbove the crown= 100

= W
[13
. o.
400|_ - \
0 | : | 1 i 1 | L | 1 | 1 1 1 | 1
0 toxiu™* “oxi6™* zoxi0™* 40xGg*  soxio’t  eoxio*  TOXIOT* < eOxi0”*

—— —+ Down ward vertical displacemeants of the left supparl‘.( Ft)

Fiq-s-lb Varialion of permissibfe lood with different downward vertical displacement
al the teft ¢ jior! :




Hise -to~ span ratio{r} =025 Outword displacement
1l

V |400 o -~ T - Radial thickness{t)} = 10 Inward di.p'acemen' - -
A Ny Tt~ Fill - depth obove th crown=1.00"
o o ~ o -0\ .
o~ - - .

loads (Lbs)

800

600

———— Permissible

400

200

0o l I(‘E!!l‘) 1 l(_“TY'I’I f—Z!.T!"}l l"zl'“'lf l(TlBT" 1 l('r-'!"'.’n

- - -
o - oxig*  20XI07% zox107* - 4ox100% soxig?  eoxIG*
- ==~ Horizontal displacenents at the laft supporllFi.]

FiIQ-6-16 Vorigtion of permissibie loads with diffarent .outward herizontal

displacemants at the left support .




280

Rise=to=span ratiolr )=0-25

2400 |- o ‘ Radial thickness(t) = O

Fill depth above the crown=!50'

[bs )
v
o
o
Q

(

1600 .

- Joads

1200

—+— Parmissible

80O

400

1 I
n toxfo'  2o0xi0!  3ox0*  40x1I0*  soxid*  eoxi8'  7OX1G'  moxiG*
e Outward Horizontol displacement at the left suppart{ F}}
FIg-6-17 variation of permissible loads with different out-.

ward horizental displocement ot the left support

[




2400
Rise to span rotio r}= 029 B f‘l
- Radial thickness {t) =15" '
Depth of fill above the crown= |7 i,
. i’
20004 )
4
a
5 1600
‘:’_’ .
h)
]
2
=
2 1200
-
E
L
a
Posoo
400
0. 1 i 1 1 | ) ] L 1 : 1 Vl r l‘
0 loxio"*  20x0™* zoxt0*  4omo0™® 50x10 eoxg ! 70x10"

b= Crgtsear d hinrizontol displocement at the ieft suppor1(Ft.)

Flg-6-18 Variation of permissible loads with differont outward horizontal
disptacement at the laft support -




Permissible loads (ibs)

loads (1bs}

Permissible

Rise-1o-span ratio(r)=0-25
40000 F Fill depth above the crown =t 00’
30000
20000
10000
QC, = 000008
0o - t 1 |7 ! U 1 " "
5" 10" 15" 20" 25" 30" 35" - 40 45 50
Radial thicknees (1) .
Fig. 619 Variation of permissible Iouds‘ with different radiol thickness {t) due to various
rotation in radian (Clock—wise ) ot left support for spaniL}=10'
25000
Rise-to-span ratio [r)=0-25 ©
Rodial thickness (1) =10" S o
, (3369
o
20000[ SLe
e O
£ P
15000}
10000
'5000 |-
00 1 O 1 1 )] 1 1 (]
050’ 00" 150 200' 250 300 350 400" 45" s00

Fill depth above the crown

—

Fig. 6 -20 Variation of permissible loods with differant Fill depth abov.o the crown
due to various rolations in radion (Clock- wise } at lett support for
sponl L) =10'




30000
Rodial thicknesslt}=10'
Fill dapth above the crown=l-00'
! | P :
25000 >
B o)
2
o
2
-. 20000
°
o
L2
'u -
D
n
2 15000 -
E
o
o
11 COOF
5000
00 1 g 1 1 1 1 1 1 1
0-05 - Q-0 015 020 0-25 0-30 Q35 040 043 050.
. Rise~-to-span rotio
Fig - 6+21 VYoriation of permissible loads with vorious rise to span ratio (r) '
due o different rotations in radian(Clock wise) of left support-
for spani(L}=10' ‘
50 000 —
Ftlsra-io-spon ratio (r)=0-25

FIll depth abova the crownz1-00'

40 000

30000

Permissible toods (lbs)

20000

10000

5000

O'O 1 L 1 [l 1
] " ] I

25 30 38 40

Rodial thicknss {1t )
Fig.- 6-22 Variation of permissible loads with different rodiol thickness (t).due to vorious

verlical displacements { Down-ward ) of feft support for spon (L) =50




25000 _
. Rise-to-spcn ratiolr)=0-25 -
Fill- depth above the crown=1-00'
20000 1
Ta
o
-
]
3 15000 |-
N
o
‘n
R
E
& 10000 |
5000 | Ve =1/150
- i 1 1 § 1 ] 1 1 1
5ll lon l5" 20“ 25|| 30" 35" 40" 4551 50"
Radial thickness (1)
Fig~ & 23 Vorlation of permissiﬁla loads with diferent Radial thickness (1) due to varlous
vortical displocemants {down-ward } ot the left support for spon (L) =15
BLGUL [~
Rise-to-span ratiol{r)z0-25
7000 L _ Rodial thickness (1) =10"
’: '
8 000}
1%
h-l
Q
e 5000
@0
+ o
. % 4000 |
a 3000 |
! 2000 -
1000
o0

5.00"

Fill-deplh obove the crown

Fig - 6- 24 varlgtion of permissible loads with ditterent FIll depth above the crown due to varlous vertical
displocements ( down -ward }at the 18ft support for spon (LY=18 ~




4400

4000

2600 | 'Rodial  thickness {1} =10

Fil depth above the crown =1-00
3200 |

- 2800 |-

2400

2000

T

T

1600

icads (1bs)

1200 -

Permissible

800 -

400 -

o0 1 -1 | : . I ) 1 1 1-
005 040 o5 020 025 030 035 0-40 04% 050

Rise to span ratio {r)

Fit- €-2% Variation of permissible ioads with different rise—to-span rotio{r) due to
vorious vertical displocements[Down ward) of left support for spon (L) =10




Rise-ta-span tatio{r) 20-25 .
FIll depth above the crown =1-00'
20000 |
)
2
S 15000 S
o
o
" L")
o
€ 10000 }
1]
a
aHo =1/1000" g
5000 | /.
' oHo=1/8
S .
O Fﬂ't L 1 1 2 L ] 3
- 10° s 20" 25" 30" 35" . 40" 45" 50
: Rodial thickness (t)
Fig. 6-26 Varation of permissible loads with ditferent rodial 'lhickpess due to vorious oul-word
horizontal displacemants of left support for spaon LL¥=15
woooo T o -
Rise-to-spen ratiolr)=0-25
Radio! thickneasit)=10"
& -
a
5 BOOOL
o
°
2 -
2
»
E 6000
v
. a
4000
2 0004+
Q0 - 1 1 1 ' 1 | 1 ]
- 050 100 150" 2:00' 250 300 . 3250 400' 4-50" 500"
- . Fill depth obove the crown ) -

Fig.— g-27 Vaoriation aof permissible loods with different Fill depth above the crown
due lo varipus horizontol displacements (Out-ward}of left support for
spon (L) :ts'




Permissible lodes ( | ps )

1800
1700
IVGOO
1500
1400
1300
1200
1100
1000
900
800

700

600

300

400

300 .

200

100

Rodial thickness{t)=10" ‘
Fili-depth abave the crown=1-00

I 1 1 | 1

L 4 |
¥

"0.03 0.10 0.13 0.20 0.2% 0.30 0.33 0.40 0.43 0.30

Rise-to - span ratlo (¢ ) -

Fig.—6-268 Variation of permissible lodes with different risa-fo-span rofiol r }

due to varlous horizontgl dispiacaments {out-ward) of jeft support

for span tt}=15"'




6.3 Conclusions

The conclusions stemming from the results of elastic analy51s

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
~pPermissible 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 dlsplay of the variation

of loading capacity W1th 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 1load carrylng capacity of an arch is very much dependent
on the position of 1jive load, the most vulnerable position is
either the crown or the guarter sectlons Considering stresses the

most crltlcal sectlon of masonry arches 11e at the springing .and

at the crown.

(4) The 1load carrying capacity of arches considering tensile,

compressive or shear stress mainly depends on the allowable limitse




o
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 futrther observed that the
dlrectlon of support displacements has also a very much 51gn1f1cant

effect on load carrying capac1ty of arches.

6.4 Scope for furthet study

(1) The permissible load capacity has been cemputed in the thesis
by dividing .on arch into ten segments’ of equal horizontal
projection but 1t 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.




(4) The computer programme deQeloped 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 ésSumptions used to derive the
generallzed equations due .to various loading and support yielding
condltlons 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 streéses 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




Influence co-efficient due to moving unit load anag

co-efficient of diffe;ent force components due to

varibus.loading and support displacements
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$omemema e Formmunaa Frmmanean tomacoaan Bescmeana Fommeanan Hommmmena Hommmrmaa L EEE TP L EE R TP Fovmmmena Frmmennn. +
XL | 050 | -0.401 -0.30) -0.20| -0.10 | ©0.00] 0.40| 0.20] 030 0.40 | o0.50 |
L AP Hommmmman $ommmmane Formmmneea L - dmmeemaa. LT Femmamann Homceena L doomamaan 4-remanna R +
l 0.050 , 0.0000]| -0.0605] -0.0634 | -0.0361) 0.0005 | 0.0315] 0.0482| 0.0474| 0.0322| 0.0114| 0.0000}
#ocmemann Hmmmmmaan $ecmmaana Fovmemien Fomemmana dommmeas L dembmmens L Fommmnman 4-cemanman bremmacna +*
| 0.100 [ D.UOOO|--0.0597| -0.0617] -0.0343) 0.0018| 0.0323| 0.0487| 0.0480] 0.0328[ 0.0117] 0.0000[
RISE- #--w--a-o dommmaaoa Frmmnoama L bommccean tocmmneaa LA $--memnae Focmmmmas $rrmmmao Frmmonona $oeacnana +
| 0.150 | 0.0000| -0.0582] -0.0589| -0.0313| 0.0040| 0.033s] 0.0496] 0.0489] 0.0338| 0.0123[ 0.0000]
~TQ- e L $ecmmnaaa $--mrmeao L L dommmvoa s LT $oescnena R LR +
' 0.200 I 0.0000[ ~0.0562| -0.0549| -0.0273| 0.0070] 0.0355] 0.0508| 0.0501] 0.0351| 0.0131] 0.0000|
SPAN LA L L R Fommmmeaa Fmmmmean R L Fomemrmas Fomr o Focwmmao Fommmnean e Frecmmeaa R +
I 0.250 ' 0.0000] -0.0533| =0.0497| -0.0222] 0.0107) 0.0377| 0.0523 | 0.0516| 0.0367] 0.0142' 0.0000[
RATIO #-=------- AR tomem s Fommmeann L Fommmmeaa e Rl Fovecernn #-mmrmaa $-mrmmana tommaoaa. +
I 0.300 I 0.0000| -0.0496| -0.0435] -0.0162| 0.0151| 0.0405 | 0.0541) 0.0532[ 0.0385| 0.0156| 0.0000{
L Hemmmmaen dmamemann $emmmmnne #ememrena Fommmmaan L Fommmmeen R L L Fommmmena +
I 0.350 I 0.0000| =0.0449| -0.0363] -0.0095] 0.0200]| 0.0436| 0.0562[ 0.0551] 0.0408] 0.0173] 0.0000]
heommnean $ocmrmman L TR T . #rmmaeaa. L L R Fommmraan L L] L L Femacaana Fommmmaan +
' .0.400 l 0.0000| -0.03%0| -0.0282| -0.0022) 0.0255| 0.0472| 0.0585] 0.05?2[ 0.0430[ 0.0193[ 0.0000]
L EE R Fmemmaaa Fommmmaas LR Fommmeana L Feeemmaa L drmmmnean 4o 4mvamnaaa L ] +
| 0.450° ' 0.0000| -0.0320) -0.0193| 0.0057¢ 0.0313| 0.0511} 0.0611] 0.0594 | 0.0454| 0.0216[ 0.0000]
dmemmaaan Fomneaenn L Femmmmaas Fomemmao L Fomeemas L TR L L] Fommemman Freemeuna AR T dracrann. +
Y
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N TABLE AfZ 0.0
VERTICAL REACTIONS AT LEFT SPRINGING A B
Vol 0
, POSITION OF UNIT LOAD FROM THE CROW L
L . L LT T R L ST $mmemmean L L O Y LT — Hemennaa L TR L e L #eoramann +
f x/L | -0.50 | -0.40 | -0.30 f -0.20 | -0.10 | 0.00 ] 0.10 | 0.20 | 0.30 j 0.40 [ 0.50 |
Fmmremaas $occcven. $ommemann demmmeaas Freaaeeana Feamemnana $ommcmas $ommmmaen dommaraan R doeccneaa Fomemmaas #emmaeas +
| | 0.050 [ 1.0000| 0.9?18] 0.8956[ 0.7836[ 0.64?7] 0.5000| 0.3523[ 70.2164| U.1044| 0.0282' 0.0000]
+ demmnmans $oremanas Frmeaooon T $eemenaas e Formenaon Femaiooos $ommeao s L $omrraaon Frmmecona +
[ | 0.100 | 1.0000[ 0.9714| 0.8945{ 0.7823] 0.6469| 0.5000[ 0.3531' 0.2177] 0.1055[ 0.0286| 0.0000[
+ RISE- 4-----a.. Fommmaaa LR A EEEE TR $rmmmaman #mmmmmana R Frmmceenn #oemmmraa $omme LR #mmaemann +
] ] 0.150 | 1.0000] 0.9?05[ 0.8926| U.TBUZI 0.6456] 0.5000] 0.3544] 0.2198] 0.1074] 0.0295] 0.0000[
+ -T10- $oaamaaana $ommreaas Hommmnaaa #rmmaaas L $ommemaan #mmcrmao. L treencean Fomnmaann L L R TR + '
| 0.200 | 1.0000] 0.9693] 0.8900[ 0.7?74[ 0.6438] 0.5000| 0.3562] 0.2226] 0.1100' 0.0307] 0.0000'
+ SPAN $ommmemas Fommmmana #oemmoaaa Frmaaean, EEEEE TR $emmmmaan L #ormeoean Frmaeman. $mcommeaa #oemmaas $rmmmaaaa +
[ 0.250 | 1.0000[ 0.9675| 0.8855] O.TT3B| 0.6416' D.SDDO! 0.3584| 70.2262| 0.1135| 0.0325] 0.0000]
+ RATIO #-------. o LR LR ek L e Fremeeoaa L IR Fommmmaun R AL R Fovmmenaa L EEE T +
| | 0.300 | 1.0000] 0.9652| 0.8822| 0.7695] 0.6390] 0.5000] 0.3610[ 0.2305 D.11?B| 0.0348] 0.0000]
+ Fermmmmm e L R ET TR, *o-maaac. LR LR R LA R EEE R Frmmeaes Fremaneaa A AR R ha R T +
| | 0.350 [ 1.0000| 0.9622] 0.8771| U.?647' 0.6361| 0.5000] 0.3639[ 0.2353| 0.1229] 0.037B| 0.0000[
+ dommmnean #renmann L Fommmman LR Formmaana L Framoaaa $ommmemaa L L dmrmmanan L LT T +
| | 0.400 I 1.0000[ 0.9583| 0.8712] 0.7593| 0.6330( 0.5000]| 0.3670] 0.2407] 0.1288] 0.0417] 0.0000]
+ #ommm— oo Frmemcman L #-memmma e mmaan LR - mmaana LR #mmaceaas LR R Rl T TP Fommaeaa. +
| | 0.450 | 1.0000| 0.9536{ 0.8647| 0.?536] 0.6298 0.5000] D.3?02| 0.2464) 0.1353] 0.0464 | 0.0000|
fumcmeman Fmmmmwean #mmmeaan T T evmanaa dremmaa LT LR Forammnan 4amcmnaa Hocremaan 4ovmmacan Fremeana +
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TABLE A.3 Ho 0.0
HORIZONTAL REACTIONS AT LEFT SPRINGING a B
. - &
POSITION OF UNIT LOAD FROM THE CROWN ' L ¢
Frmmmeaaa Formmmmana #ormmmann L te-mmmneaa #e--meren L L tremancan LR T #ommvm—na F-remmaa LEEE LTy s + 4
| X/L | -0.50 | -0.40 | -0.30 | -0.20) -0.10| 0.00 | o0.10 | 0.20| 0.30| 0.40 | 0.50 |
Hommmmmaa $ommmnman Freccmmnna L Femaaoaan L #memanaon drrmmmans domemmaa L EEE T Frmmmeean Foeccrunna doemceiy
| | 0.050 | 0.0000f 0.6120] 1.9277] 3.3129| 4. 3zna| 4.6862| 4.3208] 3.3129| 1.9277| o. 6120|' o.onod‘l
+ L L L Frommmma L L et e L Fommmean Foemmmmaoo Frrmmm e e -‘r [
| | 0.100 | 0.0000] 0.3128) 0.9754] 1.6643| 2. 1616[ 2.3411] 2.1616] 1.6643| 0.9754] © 3,255, 0.0000] -
+ RISE- #-e---e-- LR L E TR Forwmm—an LR LTS #ommvemaa AR EEEEES TEE TS Frecmmmen LCEE R #mmacem. LEEE TR RS L +
| | 0.150 | 0.0000] 0.2164] 0.6628) 1.1179] 1. 4422| 1.5586] 1.4422] 1.1179] 0.6628] 0.2164] 0.,0000]
+ -TQ~ Fremmrnaa LR LR L Fmmmneenn Fmmmavoon LA R T LR T LR Frrremaas $o-renmn. LR TR +
| | 0.200 | 0.0000] 0.1707| 0.5099| 0.8466) 1.0827| 1.1669] 1.0827| 0.8466{ 0.5099| 0.1707| 0.0000|
+ SPAN Forwmmaeo #mmmmmaan e i mmaan AR EEEE RN LAEEE TR Fommmren Focemmnea ) e Fore e R ) +
! 0.250 | 0.0000] 0.1457| O. 4znr| 0.6850| 0.8671] O0. 9314| 0.8671] 0.6850| 0. 4zur| 0. 1457| 0.0000}
+ RATIO 4-c----n- L R LR L R ST R LR Hmmma o mmaao oo L ASAEEE LR LA EEEEE D T TP +
| | 0.300 | 0.0000] O0.1311] 0.3628| 0.5778| 0.7233| 0.?743| 0.7233| 0.5778] oO. 3628[ 0. 1311| 0. oouo|
+ Formmmnaaa L drmmmaeaa Fommemaaa Formemncan dovmmaaaa L $ommvmaman $omecmman $oremmaas Home o 4ommmman
[ | ©0.350 | 0.0000] 0.1226] 0.3226f 0.5015| o. 6205| 0.6618] 0.6205] 0.5015) 0.3226] 0.1226] o. 0000|
+ $eccmmnan L $ommmneaa LR Frmmenrna L toemmeann L $reemcan LR LATERE LTS #e-remmae +
i | ©0.400 | 0.0000] 0.1179] 0.2931] 0.4443] o. >432] 0.5774| 0.5432] 0.4443| 0.2931] 0.1179| o. 0000]
+ L LR T L L L EEE T #oememaaa L L L LA e Fommmrmaa $rmrrmaa. $omremaasn +
| | 0.450 | 0.0000] 0.1157] 0.2705| 0.3997| o. 4331; 0. 5117| 0.4831] 0.3997] 0.2705| 0.1157| 0.0000)
oo Fommeomos oo LR L EEE T L R R LT T T R Foermmnan $recmnena $ocmmnaa #-mvenmne +
TABLE A.4 X '
THRUSTS AT THE LEFT SPRINGING B
POSITION OF UNIT LOAD FROM THE CROWN -
HE TR TR L Frmmmaaao L TP P oo L TR R L ] L R doccmrann $ocmmeman L LR Froemmeo-a +
| X/L | -0.50 | -0.40 | -0.30| -0.20| -0.10| 0.00 | 0.10| 0.20] 0.30| 0.40 | 0.50 |
Fommmeaan Fmmmcanan #mmem o L LR LEEEE TR LEEE R #ocmrmnn. L LR L SRR TP #-memanna e R LT +
! | 0.050 | 0.1980] 0.7582] 2.0205) 3.3645| 4 3431) 4.6862| 4. 3314| 3. 3196| 1.9265| 0. 6OBT| 0.0000|
+ Frmreemea L LR demmmmmea L AR #mmremaan L #ormmnann e L LT R P T . Fome e racnana +
| |- 0.100 | 0.3846] 0.5966] 1.1555| 1.7649| 2. 2050 2.3411| 2. 1524| 1. 6780[ 0.9734] o, 3065] 0.0000|
+ RISE- 4--=-- R TETT TR L LR TP Fucccanan Foceimaan $-mmvmann Hommemeaa Fomwmmman Fomrmaeo o Frmm——- L R L +
b | 0.150 | 0.5505) 0.6216] o0. 9204| 1. 2622] 1. 5045| 1. 5586| 1. 4725[ 1.1388] 0.6611] 0. 2072| 0. 0000|
+ =-TD- LEEE TR Fommeeeas $ommm e R e et T Tt e S Fommeooas R LT
| 0.200 | 0.6897| 0.6772] n.a325| 1. ozaz| 1. 1612[ 1. 1669| 1. 1215| 0.8752| 0.5098] 0. 1593| 0. 0000[
+ SPAN o #-mmmmaan $mmmmmaas ommenan. Fow o Fovmmaaao Frmmmanoa Frrmaeaan Frmmeeman tmmecmrea LR EEEEE LR Ry +
[ { 0.250 | o. 3000| 0.7312] 0.7945] o. B965| 0.9586] 0, 9314| 0. 9133| 0.7213] 0.4235] o0. 1327| 0.0000|
+ RATIO 4--~-cao-- AR R TEY S T Hmmmmeean A R R LR LR R LT R +
| | 0.300 | u.saz4| 0.7742| 0.7749| o, a1zz| 0.8247] 0.7743[ 0.7756| 0.6220{ 0. 3702| 0. 1174] 0.0000|
+ $emmemmas L #ommmmaes $ommmman. devmeaaan L LT LR Frmmaoaaa L ] R Y R T Ty, +
| | 0.350 | 0.9396| o0.8041] 0. ?609[ 0.7521] 0. rza9f 0. 661B| 0.6778] 0. 5532| 0. 3358| 0. 1093| 0.0000|
+ Fremcaaa $emeemmaa R R o e R e R, AR T LEEEEEETET TR R +
[ | 0.400 | 0.9736] o. az17| 0. 74771 0.7054| 0. 6563] 0. 5774| 0.6044] o0, 5030| 0.3130| 0. 1062|, 0.0000|
+ Aremaeann $oaan e e R e Lt T e - LR L LTy LR TP R T L Ty +
| | 0.450 | 0.9945] 0.5235| 0. 733n| 0.6665) 0.5987| 0. 511r| 0.5471] 0. 4647| 0.2978| 0. 1oro| 0.0000|
#emceemea $rmmmrmaa +

..... i e L LT LY TE T T Ry i e L D LT T oy
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TABLE A.5
X
SHEAR FORCES ALONG THE RADIAL SECTION AT THE LEFT SPRINGING . 0,0 5
POSITICN OF UNIT LOAD FROM THE CROWN L
P $ommmmma- Fommmeen Feemanan e 4o Fommmmmn L Focmree #mmmmmnan dommnmaa. $ommmmma +
X/L | -0.50 | -0.40 | -0.30 | -0.20 | -0.10 | 0.00 [ 0.10 | 0.20 | 0.30 | 0.40 | 0.50 |
T —- demmamaan Fonmamen e Fommmmmen D T L Rt LR TP PR T PP Facmmmman mmmemeen dmmmmaman +
] 0.050 { 0.9802] 0.8626] 0.6602] O. 5187| - 0.4761] 0. 5000[ 0. 1809] -0. 0467] -0. 1254] -0. 0692] 0.0000|
L $omemmme Fmmmmmman ommmnon deemenaan $oemnaana Fmammmamn D B et TR LT +
| 0.t00 | 0.9231] 0.8280]) 0.6453| 0.5170| 0.4787] 0.5000| O. 1858| -0. 0410[ -0. 1224] -0, 0690| 0.0000|
dmmmmmao 4--m-m-- +-------- L e Hommmmmaa N D $----m- - $ommmmann L e +
| 0.150 | 0.8349) 0.7761] oO. 6236| 0. 5149| 0.482%9| 0.5000] 0.1935) -0. 0318] -0. 1176] -0.0688' 0. 0000]
4remmman dommmmaan L 4ommmmme T T T D fommaennn L it St AL demmmmnean +
| 0.200 | o0.7241} oO. 7142| 0.5992| 0. 513?‘ 0.4883| 0.5000] 0.2035| -0. 0195| -0. 1108| -0.0685| 0. 0000]
P $mmmmmman D $memmanan deramna o $omemmnas Fomrmaenn docmmanan mmmemaan D $omreeana
| 0.250 | 0.6000] O. 6502 0.5738] 0.513¢| O. 4946] 0.5000| 0.2151] -0. 0048| -0. 1023| -0.0683| O. 0000|
$ommmmaan 4o domammaan Fomeemnen o L R Ty Su ommeno $ommmmma R ket LR doemenaan +
| 0.300 | 0.4708] oO. 59121 0. 5563] 0.5160| 0. 5013| 0.5000] 0. 2277] 0. 0117| -0. 0921| -0.0679| 0. 0000]
demmmamnan $maemeee $ommmmaan D $ommeme $ommmmmman L R R Rt SR T TP PP P B devmamaan
| 0.350 | 0.3423| 0.5424) 0.5425| 0.5201} 0.5082| 0.5000] 0.2408] 0.0296] -0.0804| -0.0672| 0.0000[
$mmemaan B L Fommmrmnn doammemaan Fecemaonn $ommmmna dorrremen 4memanna dommanenn Fmmmmmmam demremann domamenen +
| 0.400 ] 0.2195] 0. 5071| 0.5348] 0. 52571 0.5149| 0. 5000| 0. 2539' 0.0482| -0.0672| -0. 0660| 0. 0000]
dommmnas 4ommmmn Fomrmman L $ommmmae o L R R LT B T domcneenn +
| 0.450 | 0.1050] oO. 4857| 0. 5325] 0.5324] 0. 5211| 0. 5000| 0. 266?| 0. 06?01 -0, 0528| -0.08640| oO. 0000|
S B D D ek LT T T D it ST L e R LT $ommmcen dmammmaaa +
TABLE A.6
BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.050)
=INFLUENCE VALUE*(L)
POSITION OF UNIT LOAD FROM THE CROWN

$ommmmman Fommmamnan D o $memmmaaa R 4o Frerrmnnn dommmanan L rmmreann dmmmmaean +
X/t ] -0.50 | -0.40 | -0.30 [ -0.20 | -0.10 | 0.00 | 0.10 | 0.20 | 0.30 [ 0.40 | 0.50 |
Fmmcmmmmn R L kT B L E L LT Tor e R e e EEEE LT T T R - Foeemmnnn +
| 1 i 0 0000| -0. 0605] -0. 0634[ -0. 0361] 0.0005| 0.0315] 0. 0482] 0. 04?4| 0. 0322[ 0. 0114] 0. 0000]
L $mmmmaan L $mmmmme D bl CE TR D T T T Fememeaan L e LD LT T T pappspap +
| 2 | o0.0000] O. 0255| -0.0088| -0. 01?8] 0.0130] - 0034[ 0.0051| oO. 0091| 0. 0077[ 0. 0031| 0.0000|
Fmmmmmmm- Frememaan Frmmamann D LTS dommmmaa dommemnan L $ommemman D R LR EEET TP PP +
] 3 | 0. 0000| 0. 0142[ 0.0538| 0 0142] - 0088f 0.01%0| -0, 0201| -0. 0157[ -0. 0088] -0, 0027] 0.0000|
D s Fommccreedmaneanan L Frmmmmoan Fremmmnan 4mmmeaaan D dommers L $ramannan rmeecnnn +
| 4 | o. 0000] 0.0053} 0. 0242| 0. 05961 0.0130} - 0156] -0, 0279] -0. 0270[ -0, 0176| -0.0059| O. 0000]
Frmmmmman drmemaaan L L i TRy pepep R R Rl L LT $ommmmea s Femmannas +
| 5 | o©.0000| - 0.0011] 0.0023[ U.U1BZ| 0.0521] 0.0065' -0.0184] 0.0251] -0.0185] -0.0068| 0.0000]
R T dmemmmnan L $ommmmea dormeman mmemaaan 4ommmmnan $ommemnn Fomemam- dommmannn L L bl +
| & | 0.0000f - 0.0052| -0.0120] -0.0100| 0.0083) 0.0472] 0.0083| -0. 0100| -0.0120] -0. 00s52| o. 0000|
$rmmmmma- R R Fommenanaa Fomemmmes $ommemaa #oreeeas dommcama e LT TR Fomamanas $ommmrea
| 7 { 0. UOOU[ 0.0063| -0.0186] -0.0251| - 0.0184| 0.0065' 0.0521] 0.0182] 0.0023| -0.0011} 0.0000|
dmmmooen Fommmmme PO ——— - P e $remeoma $ummeaann A ommmmenn drmmmaana P +
| 8 | 0.0000f -0.0059| -0.0176) -0.0270| -0.0279| -0.0156] 0.0130| 0.0598] 0.0242| 0.0053] 0.0000]
L $o-memmen L foemmmaan 4evommaan o L fommamann ommemma Foommmea dommmana L +
| k4 | 0.0000f -0.0027| -0. 0088{ -0.0157| -0.0201| -0.0190] -0.0088| 0.0142| O. 0538| o. U142| 0.0000|
L b $ommmaaen 4ommmna- D TR T $ammennon 4o Fommmemn L docmmaa- D it T +
I 10 | 0.0000f 0.003%] oO. 00?7] 0.0091| 0.0051| -0.0034| -0.0130] -0. 0178| -0.0088| o. 0256| 0.0000]
D L R Foanoeen e L L Lt LR T R R . TR Fommmnaan L +
| 1 ] 0.0000] 0.0114] 0.0322] 0.0474] 0.0682| 0. 0315' 0.0005] -0. 0361| -0.0634] -0.0605] O. 0000
$ommee - #--m-mm-- S L R L et ST TP o= mmmm

frmmmmnna frrmemama forrrmama +




TABLE A.7

VERTICAL SHEAR ‘FORCES AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.050)

POSITION OF UNIT LOAD FROM THE CROWN

Fremacaaoa L EEE T PP Frmemmmaa Fommmaan t-mmmaaa. Fovmeaan tremcaann LR R R $rcemrman R Foemaaaaa +
] X/L | -0.50 | -0.40 | -0.30 | -0.20 1 -0.10 [ 0.00 | 0.10 | 0.20 | 0.30 | 0.40 | 0.50 |
B ] remeemma M A AL L AL L L L TR PEEP SO S-SR SR ST Femmiannn
| | 1 | o. 0000[ 0. 9718] 0, 8956] 0. 7836[ 0. 64?7| 0. 5000[ 0. 3523] 0. 2164] 0. 1044| 0. 0282| 0. UOUO[
+ temmeeaa. L R o T LS dormeanan R L R R Ll Ly e R LT e *
| I 2 ] o 0000| -0. ozaz] 0. 8956[ 0. 7836[ 0.6477] 0.5000{ 0.3523] 0.2164| 0. 1044| 0. nzsz] 0.0000]
+ R At e AR $eecemana $eomnnman R L R E e +
| | 3 | o ooon[ -0. ozaz| -0. 1044[ 0. 73361 0.6477] '0.5000| 0.3523| 0.2164) 0. 1044| 0. ozaz| 0.0000|
+DIFFER- #---nuu-- Fom e e #emmmcean $oomeman drcweman. oremaes LR e Sa #omremans +
i | & ) o.ouoo| -0. ozaz] -0. 1044| -0. 2164] 0.6477] O. 5000| 0.3523| 0.2164] 0.1044{ 0. ozazl 0.0000}
+ -ENT e R R ReIu Ay UpR e T Fommmnaa Fomremann R T +
] 5 | o. unon] -0. 0282| -0. 10441 -0. 2164| -0.3523] o. sooo| 0.3523] 0.2164) 0. 1044| 0. ozaz| *0.0000]
+SECTIONS+---==uu- i e LT T TR -cmemmaa $ommrmann L #owmmao oo e L TR +
| | 6 | o. noou| -0. nzaz| -0, 1044] -0. 2164| -0. 3523| 0.5000] 0.3523] 0.2164] o, 1044[ 0. ozaz| 0.0000|
+ $ormmaoaa R R Ry T TPy, i L N E T h T T T A L R e L T r T +
! b7 ] o. uooo| -0. ozaz| -0.1044| -0, 21e4| -0, 3523| -0. 5000] 0. 3523| 0.2164| 0. 1044| 0. 0282[ 0.0000|
+ mmvmmana AR LR T E T R, e M Rt L DSy L R L +
| | 8 | o. onuu| -0. uzaz| -0.1044) -0, 2164| -0. 3523| -0. 5000| -0. 64?7| 0.2164) 0, 1044| 0.0282| 0.0000]
+ 4imwmmena Rl LT R, R R (R e, L LR LT TR R e +
| { ¢ | o. 0000| -0. uzaz| -0.1044] -0. 2164| -0. 3523| -0. 5000[ -0, 64?7] 0. 7836 0. 1044[ 0. ozaz| 0.0000|
+ LR e R T P P Y TR, e e h L T R R b by T P +
| I 10 | 0.0000| -0. ozaz] -0. 1naa| -0. 21e4| -0. 3523| -0. sounj -0. 6477|
+ L L M AR AEEEEEEET TEPTEEIIS S-S SUR Ot SRS S0 SO I
| I 11 | o. ouon] -0. nzazl -0. 1044[ -0, 2164! -0. 3523[ -0. 5000| -0. 6477| -0. 7836[
$eocccmmaa tmmwmmnaa R L LR R Y iy, L e il LF T -
~ TABLE A.8
HORIZONTAL THRUSTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.050)
POSITION OF UNIT LOAD FROM THE CROWN
+-------7+ -------- LSRR T T R LR LAREE R #ormmanon R Femecoana L $ommrmmaeo Frmmsucna +*
.| X/L | -0.50 | -0.40 |- -0.30 [ -0.20 | -0.10 | 0.00 | 0.10 | |
Fovmmaoaa $mmemmaan $omermaas L R LR L R et T T PP Sy +
| | 1 [ o0.0000] 0.6120] f1.9277| 3. 3129) 4. 3zoa| 4.6862[ 4. 3208| 3. 3129| 1. 9277] 0. 6120[ 0.0000|
+ LT dmmmeaaa LT L L Heommmmman #ormmanon R R e R R T LT, +
| | 2 | o0.0000] o0.6120) 1.9277] 3. 3129] 4.3208| 4.6862| 4. 3zna| 3. 3129| 1 9277] 0. 6120] 0.0000|
+ R Frmieean $emmeraa #mmmaaaa Forraemoan L L R $mmrmaaao R D et T S-S +*
| 3 | 0.0000] 0.6120| 1.9277| 3.3129) 4. 3208] 4.6862] 4. 3208] 3. 31291 1. 9277[ 0. 6120[ 0.0000|
+DIFFER- +-==e---. Fosecana oo R #maneme . $ecmmrman R i L LT TP +
| | 4 | 0.0000| 0.6120f 1.9277] 3. 3129] 4.3208| 4.6862| 4.3208] 3. 3129] 1. 92?7| 0. 6120| 0.0000]
+ <~ENT dommmen oo Hemao e a L $ommenoo. R R $ocmmnaan #ommmano R et LT T T +
3 | 0.0000] 0.6120] 1.9277] 3.3129| 4.3208] 4.6862| 4.3208] 3.3129] 1. 9277| 0. 6120| 0.0000|
+SECTIONS+-=-=-=---- L Fommmamo. Formmaoas Fmmncenna temmmmmas LR R R T #ommmaaa R LA L LR LR R Y T R +
| | & | o. oooo| 0.6120[ 1.9277) 3.3129| 4.3208) 4.8862| 4. 3208] 3. 3129] 1. 9277| 0. 6120] 0.0000]
+ #ommmaaaa L LT #mmmaa. oo L L e et L LT T SRy +
| [ 7 o.oooo] 0.6120} 1.9277] 3.3129| 4.3208] 4.6862| 4. 3208| 3. 3129] 1. 9277] 0. 6120] 0.0000|
+ R L L R $ormmna temnoaa. L $--mrmman LR e R el rt LT R, +*
[ | 8 | o0.0000] o.6120f 1.9277] 3. 3129] 4.3208] 4.6862| 4. 3208| 3. 3129| 1. 9277| 0. 6120] 0.0000|
+' Fmmnecana P LR R tFommnooo e LR L LR L R R T R e Y kL R Ry +
| | 9 | o0.0000] 0.6120} 1.9277| 3. 3129| 4.3208) 4.6862] 4. 3208[ 3. 3129]- 1.92?7[ 0. 61201' 0. 0000|
+ R L $ommmmao o #emmeaaa R L #-mcemnmn LR LR R R EY LR ey LR LT
I | 10 | o.0000] o0.6120] 1.9277| 3. 3129| 4.3208| 4.6862| 4. 3208| 3. 3129| 1 927?1 0. 6TZD| 0. onou]
+ L R L Hommaeaan ] #e-emmaa LR L Rt Sl T TP
| | "M | o0.0000] 0.6120] 1.9277] 3. 3129| 4. 3208[ 4.6882| 4. 3208] 3. 3129| 1 92?7| 0. 6120i 0. 0000|
Fovmmaan e mea s L R A E e L R e EEE L LT L $mmaomman R e R +
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!
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+DIFFER-
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+ -ENT
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TABLE A.9

THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.050)

SHEAR FORCES ALONG

e
X/
$ommmm e
i 1
[ S ——
| 2
[ R ——
I 3
[ ——
4
b ————
| 5
L
i 6
[FEp R
i 7
fusemmnmn
| 8
Fmmm o —
! g
e
| 10
- —
| n
[ R ——"
f-cmvaman
X/L
e —_——
| 1
[ -
| 2
$ommmm—m.
| 3
-
| 4
[ R ——
| 5
e ———
| 6
-
| 7
[ —
| 8
formmm
| 9
frmmmmmm.
| 10
Fommmmmm =
| 1"
$ememmman

o s o o — b —

b — o b — o —

+

b omm o - -

o —

+ —

A R L et

-------- T T R L R e e e s AR EE ]
-0.50 | -0.40 | -0.30 | -0.20| -0.10 | 0.00 | 0.10 | 0.20 | 0.30 | 0.40 | 0.50 |
-------- e T L e Ry LT R E TRt e L RS )
0.0000 0.7923] 2.0669] 3.4024| 4. 3635| 4.6924| 4.3050] 3. 2901| 1 9102] 0.6055} 0.0000]
-------- L R T R et S e e g
0.0000| 0.5998] 2.0453] 3.3952] 4.3689] 4.7062] 4.3221] 3.3053| 1.9199] 0.6087| 0.0000]
-------- N L T T e T el SEEE LT
0.0000| 0.6043] 1.9017| 3.3825| 4.3672| 4.7124] 4.3321] 3.3151| 1.9265| 0.6110] 0.0000|
------ R T T R e R EET LR EEE S T SELE LT &
0. 0000] 0.6079] 1.9134] 3. 2553] 4.3586] 4.7110] 4.3352] 3. 3196| 1.9299[ 0. 6123] 0. 0000]
-------- T T T R D it bt R e e LR S R
0.0000| O. 6104| 1. 9221] 3.3017] 4.3035| 4.7023] 4. 3314| 3.3188] 1.9304] 0.6128] 0. 0000]
-------- T b L T LRt LS TR EET
0.0000| 0.6120} 1.9277] 3. 3129| 4.320B] 4.6862| 4.3208] 3. 3129] 1.9277| 0.6120| 0.0000|
-------- T LT T et e e R L et S
0.0000] 0.6126| 1 9304! 3.3188] 4.3314] 4.7023| 4.3035] 3. 3017] 1. 9221| 0.6104| 0. 0000[
-------- T T T LR L R e S i e L L] 4
0.0000| 0.6123] 1.9299| 3.3196] 4. 3352] 4£.7110] 4.35856] 3.2853| 1.9134] 0.6079[ 0. 0000]
-------- . L B s LU LR P e SR LT SRR R S TR |
0. 0000] 0.6110| 1.9265] 3.3151| 4. 3321[ 4. 7124|7 4.3672] 3.3825| 1.9017] 0.6043] 0.0000])
-------- T T L e L S et 4
0.0000] 0.6087] 1.9199| 3.3053} 4.3221| 4.7062| 4.3689| 3.3952] 2.0453| 0.5998] 0.0000]
-------- D T T L L Lt e S e Rkt LR LR
0.0000| 0.6055| 1.9102| 3.2901] 43050' 4.6924) 4.3635] 3.4024] 2.0669| 0.7923| 0.0000}
-------- L L E T L e e L L e L

0. oooo|

o.oooo|

THE DIF?ERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.050)

0. 8314|

-0.1248|

0. 4962;

0.5789}

POSITION OF UNIT LOAD FROM THE CROWN

TABLE A.10

» POSITION OF UNMIT LOAD FROM THE CROWN

0.1120|

0.2489|

-0.2207|

-0.0449|

-0.4379|

-0.2487|

-0.5103

-0.3367| -

-0. 4439|

0.3111] -

-0.2794 |

---------------- T T R et e L 2

0.2023}

-0,0936|

-0. 0692|

0.0000 |

0. onoo|

........ R e e L D R R R REh

0.0000|

-0.1007|

-0.3327|

0.3844

0.1298|

-0,0603}

-0.1636]

-0.1787|

-0.1254]

-0.0448|

0.0000]

-------- T T L LT T R e it e R S T
-0.0765] -0.2567|

........ N e T T S Ll Ll it L R E TR PP

0.0000 |

0.0000|

-0.0524

-0.1806|

-0.4781

-0.3475|

0.3034 )

-0.5231|

0. 12?2]

o.3140|

0. 0039|

0.13091

-0,0467|

0.0851}

-0.0487|

0.0279]

-0.0204

0.0039|

0.0000}

0.0000|

........ e e S e L L AT LR TR PR P ERTE PR PP P 5

0.0000|

0.0282|

0.1044

0.2164

0.3523|

-0.5000)

-0.3523

-0.2164 |

-0.1044 |

-0.0282|

0.0000|

........ e L L R Y it Al i

u.3475| -0.1806|

........ T T T S T R 3

0.0000 |

0.0000]

0.0039}

-0.0204]

0.0279|

-0.0487|

0.0851]

-0.0467|

0.1809|

0.0089}

0.3140|

0.1272|

-0.5231|

0.3034]

-0.4781|

-0.2567|

-0.0524 |

-0.0765]

0.0000|

0.0000|

-------- N T L T T T s L e Rt 4

0.0000|

-0.0448|

-0.12541

-0.1787}

-0.1636]

-0.0603]

0.1298|

0.3844|

0.3327)

-0.1007

0.0000f

........ S N N L L L R e S Y

0.0000|

-0.0692 |

-0.2023)

-0.3111]

-0.3367|

-0. 2437;

-0.0449|

0.2489|

0.5789)

-0.1248|

0.0000]

........ P Y L L LT TR IR

0.0000|

-0.0936|

-0.2794 |

-0.4439|

-0.5103|

-0.4379|

-0.2207)

0.1120|

0.4962]

0.8314|

0.0000]

........ e T N L O e Y PR ET SEEEEEEY




TABLE A. 19

BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.100)
=INFLUENCE VALUE*(L)

POSITION OF UNIT LOAD FROM THE CROWN
-------- D e Y ey IS

+
H
'
[
L]
L]
L]
'
'

+
i
L}
1
L]
L]
'
]
'

Y

#omeceann *
| X/L | -0.50 l -0.40 | -0.30 | -0.20 | -0.10 | 0.00 | 0.10 | 0.20 f .30 | 0.40 | 0.50 |
$onooooes L dmmmnaaan LT Focrenaan F-----nen L L L e Fecrmmaaa LR L LR +
| | 1 ] 0. 0000| -0, 0597[ -0. 061?| -0, 0343| . 001B] 0. 0323] 0. MBTI 0. 0480| 0. 0328] 0.0117| 0. 0000]
+ dmmeooeos L Frmmanao bmmmmma R Lt LI L X Ty #oewmmaan LR LT TR P L +
| | 2 | o.o000] o, 0259[ -0. ooas| -0. 0176| -0. n133| -0. 0041! 0.0042] 0. 0083| c. 0073| 0.0030| _ 0. nouo]
* LR Fommmaeaa #emrmmmma e T P R Lt Ll L. LT T
| "3 | 0.0000] 0.0143| o. 0539| 0. 0141| -0. 0091| -0. 0196] -0.0210] -0. 0165] -0. 0094| -0.0029| o0, 0000|
+DIFFER- +------=-- L R L #mmmnoaon oo L R e e Fremauooo Formemaas Focr L +
| | 4 | 0.0000] 0.0053] 0.0242| O. 0597| 0. 013z| -0. 0156| -0.0281] -0.0274| -0.0180} -0.0061{ 0.0000|
+ -ENT L LR L ks Frmmmae-o R R it Ay Fommmmano Focrmmmas LR T $emmmwraa +

’ 5 | 0.0000] -0. 0012| 0.0023| 0. 0186| 0. 0527| 0. nnrz| -0. u179| -0.0250| -0.0188| -0. 0069| 0. 0000|-
+SECTIONS+-~=-==uu- $omrmaan e R et ST L LR TR LEERRRE R e Rl Y AR R
[ | 6 | o.o000) -0. 0053| -0.0120] -0.0096 O. 0091| c. naaz| 0. 0091| -0.0096| -0.0120| -0. 0053| 0. oonn|
+ $emmmmmma L LT L L Ly AR L T LI I #ommmmaas $-mmmema LR EEE R L *
! I 7 | 0.0000] -0.0069| -0. 01331 -0. nzsu[ -0. 01?9| 0. 0072] 0.0527] 0.0186f 0.0023| -0. uo12| 0.0000)

- + $mm—mm oo Fommmma o L R et LTI A L EE T $ommmmmnm L L et T *
| |8 | 0.0000[ -0.0061] -0. o1au| -0. 02741 -0, nza1| -0. 0156[ 0. 0132| 0. 059?] 0.0242] 0. 0053| 0.0000}
+ #rcemmna deemomoa R LR TR #ommmaean L R L TR P Suyay i S LR R Fomemaan +
| | ¢ | o.c000| -0. ouzoi -0.0094| -0.0165] -0.0210] -0. 0196| -0. 00911 0.0141] 0.0539| 0.0143| 0.0000]
+ drmmmeeaa Forwmmao LR L T #--cc-en L L LR T R 4om-mmeaa LT LR e +
| | 10 } o.0000] oO. 0030| 0. uur3| 0.0083| 0.0042) -0.0041| -0.0133] -0.0176] -0.0083] 0.025%| 0.0000|
+ L ST PR #mmmmmman AR R AL TR LT T P L LR L $omrevean L L LR LR +
l | " | 0. 0000[ 0.011?[ 0.0328[ 0.0430] 0. 0437[ 0. 0323| 0. 0018| -0. 0343| -0. 0617[ -0, 059?| 0. 0000]
$u--oomas hmmmomo oo AR TR AARELEEELE SEEETEPY Hocmmmaa R R e Frmmmaaa Fovmmmeas LR LT Fommwmnaa +

TABLE A.12
VERTICAL SHEAR FORCES AT O!FFERENT SECTIONS (RISE-TQ-SPAN RATIO 0.100)
POSITION OF UNIT LOAD FROM THE CROWN

#ommmmeoo $ommmaana Fmmmmmann 4emmmmman $rmmmeeaa heeooos L L Feomwmaasn LT LR 4ommeeman Fecommanan +
| X/L -] -0.50 | -0.40 | -0.30 | -0.20 | -0.10| ©0.00 | 0.10 | 0.20 g 0.30 | 0.40 | 0.50 |
4ommmmaaa Hommmvman L TR S LT LR TR L L LR EREEEY TR T TP L LT TR *
| | 1 | o. uouu| 0. 9?141 0.8945] 0.7823} 0.6469| 0.5000] O. 3531| 0. 217?| 0. 1055| 0.0286| ©.0000|

., Ameooo e hmm— oo R LR L #omemmean L AR R L e T Ty, LR TR +
| | 2 | o. oono| -0.0286| 0.8945| 0.7823| 0.6469| 0.5000| O. 3531| 0.2177| 0.1055| 0.0286| 0.0000|
+ L R LT Feomrmmaa #eememama Boomee s L R R Fomemmmen oo LEEE R TP +
| I 3 ] n.ouon] -0.0285] -0.1055] 0.7823| 0.6469| 0.5000 0.3531] 0.2177| 0.1055| 0.0286] 0.0000|
+DIFFER- 4+----~-- L L $mmmmeeen e Fomrrmans #mmrmmana $ommmm. LCEE R A GEEE LR AR LR T LR +
| | 4 | 0.0000] -0. nza&] -0. 1055| -0.2177] 0.6469| 0.5000] 0.3531] o0, 21?7[ 0. 1055| 0.0286] 0.0000|
+ -ENT  #-cmmmcmipoccraaas R R T TR Fommwenan L $oramamas R e E L L +
f 5 | o. 0000| -0, 0286| -0, 1055| -0.2177| -0.3531] 0.5000| 0.3531| o. 21?7| 0. 1055| 0.0286| 0.0000f
+SECTIONS#-«----- L L EEE T R LR T L LAEEEE TR A L L T TR T L +
| | 6 | o. nouo] -0.0286} -0. 1055| -0. z1rr| -0.3531| 0.5000| 0.3531| o, 2177| 0. 1055| 0.0286| 0.0000|
+ #omemmmano Focmwmano dommrmaas LR R R Rt L L g L L LR Foremmmes $ommmmnas Formmmns +
| | 7 | o.0000| -0.0286| -0. 1055| -0. z177| -0. 3531] -0.5000] O, 3531| 0.2177] 0.1055| 0.0286] 0.0000|
+ $ormmacaa #mcmmman Hommrmaan i R T E P S, #remmaoon Hormmmaen Homeman $mmrrmaa LR T +
| | 8 | 0.0000| -0.0286] n.1055| 0.2177| -0. 3531| -0.5000| -0. 6469| 0. 21?7| o. 1055] 0.0285) 0. ouoo|
+ L hmme e #rmmaeann LR T #emmmmaoo L L e e LR E TR TP
I | 9 | 0.0000] -0.0286] -0.1055] -0.2177| -o0. 3531| -0. 5000| -0. 6469| -0. 7323| 0. 1055| 0.0284] o, onou|
+ Femmuomaan Femeaamas R L Femmmmaas R D R LT T LT Ty R L tr=mmeen- +
| | 1 | o0.0000| -0.0286| -0.1055| -0.2177) -o. 3531| -0. 5000| -0. 6469[ -0. 7823] -0. 89!.5| 0.0285] 0. 0000|
+ L R Fommanea Fommmman LR R L LT i e et L P Fomemmmes
| | 11 | 0.0000| -0.0285] -0.1055| -0.2177| -0.3531] -0. soou| -0. 6469| -0. 7323| -0, 3945| -0. 9?161 0. 0000|
L L $ommemana tmmmenaa LR TR L R #-cmman LR hmmeom oo AR EE TR ST T TP R L +




TABLE A.13
HORIZONTAL THRUSTS AT DIFFERENT SECTEONS (RISE~T0;SPAN RATIO 0.100)

POSITION OF UNIT LOAD FROM THE CROWN

$ecmmmaaa L $ocmcnana LEEEER P 4ommmmaaa L e L LR 4-mmmvema L tocemmrnna Foemmcema +; ------- $ecmemman +
| X/L | -0.50 | -0.40 | -0.30| -0.20 | -0.10| 0.00| o0.10 | 0.20] 030 | 0.40 | o0.50 |
LI TP #ommmaeaa #ommanaan #omaanaan $rommmann L LT L L $rmaacoaa treamaean Femmanoan $rmmicann +
| | 1 | 0.0000] 0.3128] 0.9754f 1.6643] 2.1614 2.3411] 2.1616] 1.6643] 0.9754| 0.3128] 0.0000]
+ L L EEE TR #eemmenna #eemamnan #eamemeena L EE T #eeemmann L L RS L LR RS L $ocmmeama +
| | 2 | 0.0000] 0.3128) 0.9754) 1.6643] 2.1616] 2.3411| 2.1616| 1.6643| 0.9754{ 0.3128] 0.0000]|
+ Frmmanana $rmmm—ena L LT TP LI $omaeeann LT $oreammnan Fremaman L e L L L LR R +
| | 3 | 0.0000 0.3128] 0.975¢] 1.6643| 2.1616] 2.3411] 2.1616] 1.6643| 0.9754| 0.3128] 0.0000]
*DIFFER- #-=-=a--- AL R TP Frmmmaaaa LA Frmamaaoo #rmmanann LR LR AR T L AR R T T Frmmmm—aa L LR R Fomecmnea +
[ | 4 | 0.0000f 0.3128] 0.9754] 1.6643] 2.1616] 2.3411] 2.1616] 1.6643] 0.9754] 0.3128] 0.0000|
+ -ENT - 4-veeme-- LT TP L Frmemaaal LA T LT TP L L Hrmmmmann Hromemann drmmmaaan L LT +
I > | 0.0000] 0.3128] 0.9754| 1.6643] 2.1616] 2.3411] 2.1616] 1.6643| 0.9754] 0.3128] 0.0000]
+SECTIONS#=~----- AR AR EEEEE S $rmcmraa L AEEET T LR $-mmvana Ho-mmanen AR TR LAREEEETTS LAREEEE TS LR L EEEE TR +
| | 6 | 0.0000] 0.3128) 0.9754)- 1.6643| 2.1616| 2.3411]  2.1616| 1.6643| 0.9754| 0.3128) 0.0000]
+ #mmmmma Fommmeo #ommaeoas L T ET ST T Freaaooao $rmeaenn $rmmaeons $rmmmeeas L L #eemmmaa +
| | 7 | 0.0000] 0.3128 0.9754] 1.6643] 2.1816] 2.3411] 2.1616] 1.6643] 0.9754| 0.3128] 0.0000|
+ L LT TR L L L Feammmena LEEE R LR TN L $ecmmmaan LEEEE RS LEEEE T L Foemmioa. +
[ | 8 | 0.0000] 0.3128| 0.9754] 1.6643] 2.1616] 2.3411] 2.1616] 1.6643| 0.9754] 0.3128] 0.0000}
+ R LR P L L LI LEEE TR LI TR e L L SRR T L EEE TR Hmmremaun LA TR +
I | 9 |7 0.0000] 0.3128] 0.9754] 1.6643] 2.1616] 2.3411f 2.1616] 1.6643| 0.9754f 0.3128] 0.0000
+ L L Frmmmaaa Frmmaaan LI L L Hremmaans L Foasmcmana L L L SRR Hmrmamann +
i I 10 | 0.0000 0.3128] 0.9754| 1.6643] 2.1616] 2.3611] 2.1616] 1.6643| 0.9754| 0.3128] 0.0000|
+ Hrmmamean L Fmaaeans L EE TR L LT RN R R L L L Hommemaas Frmemaana +
| | 11 | 0.0000] 0.3128| 0.9754) 1.6643] 2.1616] 2.3411] 2.1616| 1.6643] 0.9754| 0.3128| 0.0000]
$omrmmann Formamaaa Fommmaaan LT TP Frmaeaoaa LA T L LEEEEE TR Freemmens Hmmeemmae L L $omremaan +
TABLE A.14
THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.100)
POSITION OF UNIT LOAD FROM THE CROWN

L +rmmeaoo $emmccaan hereemann LAEEEEPRE LEEEE T L Foccemmna L Fomwemnea L T #oemmmean $emmecmna +
| X/L | -0.50 | -0.40f -0.30| -0.20| -0.10]| 0.00] 0.10 | 0.20] 0.30| 0.40 | o0.50 |
O E TR LEEE T TN domamm s Hmmmmaan #mrmmeaa- Feaaaan L $emaaoann L L R L $eaememana Fomcenan. +
i | 1 | 0.0000] o0.6626] 1.2444 1.8372] 2.2441| 2.3533| 2.1311] 1.6200] 0.9409) 0.2998] 0.0000]
+* Fomwamaan LR TR #omeeaana trmmean LT $eemeen, Fomaeeaas R hmmeomae #remcnena L 4ommemaan +
| 2 ~| 0.0000{ 0.2889| 1.2033| 1.8243| 2.2558| 2.3814] 2.1654] 1.6505| 0.9605] 0.3065] 0.0000]
+DIFFER- +-===---- Frmmmmeao LR EEE R L L $eceme-na 4o meen #--mmrea LR o mmas Feorrmmma Froemmoooo +
| [ 3 | 0.0000]. 0.2978) 0.9247] 1.7999) 2.2525| 2.3933| 2.1847] 1.6696| 0.9734] 0.3110] 0.0000|
+ -ENT LSEEEET T dommmmman dommrman LR LT v #rmmonoan Foemmnean trmaaaaan R L L Formmmean +

| & ] 0.0000| 0.3047] 0.9475] 1.6110] 2.2354| 2.3902] 2.1902) 1.6780] 0.9800] 0.3135| 0.0000)
+SECTIONS+-------- LR R TR Fovmamaon LEE LR Fommaaon $mmano oo R $omaeana $mmeeoan e $etcmman R +
[ [ 5 | 0.0000] 0.3097] 0.9644)  1.6426] 2.1280] 2.3726|' 2.1824] 1.6761| 0.9806| 0.3141] 0.0000|
+ L EEE T $omremaan $ommeanan $emeanaan #ommaoaan LR $rmmaaan Hemmamean R R Fmmecmana 4rmcmeana +
| | 6 | 0.0000] 0.3128] 0.9754] 1.6643] 2.1616] 2.3411| 2.1816] 1.6643] 0.9754] 0.3128] 0.0000]
+ L EE T trmaaaaan Frmameean Femaeenas L L L #oremaena Foacomeana L L EEEE TR 4mmmeaman LR L +
| | 7 | 0.0000] 0.3141 0.9806] 1.6761| 2.1824] 2.3726] 2.1280] 1.6426] - 0.9644] 0.3097| 0.0000
+ $ovmmnaan #rmmaaas S AR TR LEEEET R LR LEEE TP $oammmmna L R #occmcena oo eman dmmeoas $oremmaan +
| | 8 | 0.0000] 0.3135{ 0.9800] 1.6780f 2.1902| 2.3902| 2.2354| 1.6110| 0.9475| 0.3047] 0.0000]
+ $ommmmmn L ST TP . $ommeman L R Fomeemaan LT Rt AL Hemaeeean R temecaaen toeccmnna LR TR +
[ [ 9 | 0.0000] 0.3110] 0.9734] 1.6696] 2.1847| 2.3933| 2.2525| 1.7999| 0.9247| 0.2978| 0.0000|
+ dmmmemaan $omreman. L SRR TR AGEREETEE L $ormanean #ommmaoo $omeeean L LTS Frmmaeeaa $mmmoooas Frecmaana +
| [ 10 | 0.0000] 0.3065| 0.9605| 1.6505| 2.1654] 2.3814| 2.2558| 1.82¢3| 1.2033| 0.2889} 0.0000|
+ $mmmmmaan LR L SR LEREELETET TR $mem e Hemmraas LT R R LT EY T LR LT, T +
| | 1 | 0.0000] 0.2998] 0.9409] 1.6200] 2.1311) 2.3533| 2.2441| 1.8372| 1.2444] 0.6624] 0.0000]
4ommmanoo B T U Frmmaeoon D Frwmaaoan #rmmaooon drmmaeooo Formmmeo Frmmmaao Frmmmao oo #rmmneoon Fmmmecoaa +




TABLE A.15

SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.100)

$-enmnann #mmmmmme-
| X/L
R 4ecasmnan
| I
+ LEEEE R
i 2
+DIFFER- 4--------
| 3
+ -ENT  4--------
' 4
+SECTIONS+~---~---
| |5
+ $ommmmmm-
I b6
+ L
I 7
+ L
I I8
+ o=
I | 9
+ $omacmana
| ] 10
+ LA R
| ] M
- drmmm———-

+

- — o —

— -

- —_

o m— e — o —— e — —

POSITION OF UNIT LOAD FROM THE CROWN

-------- g Lt T R s T ]
-0.50 | -0.40 | -0.30 ) -0.20 | -0.10 | 0.00] ©0.10] 0.20]| 0.30| 0.40 |} 0.50 |
-------- P kT R S O L LR R L SRS J
0.0000| 0.7763] 0.4506| 0.0820| -0.2342] -0.4389| -0.5054| -0.4392{ -0.2778] -0.0939| 0.0000)
-------- Y T R ey ey R RS b Ll LR LR RE ]
0.0000| -0.1235] 0.5510] 0.2323| -0.0496| -0.2446| -0.3291] -0.3050| -0.1997] -0.0690| 0.0000]
-------- D LR T D T e Ll Rt LAt ibn s
0.0000{ -0.100%} -0.3277) 0.3771] 0.1306| -0.0538| -0.1553| -0.1723| -0.1224] -0.0443] 0.0000|
-------- e LT L D R e L LR LT ]
0.0000| -0.0764] -0.2543| -0.4711] 0.3067] 0.1339] 0.0163| -0.0410} -0.0458| -0.0198| 0.0000]
-------- e T R e e R e L el R et 4
0. onon| -0.0526| -0.1802| -0.345%| -0.5183] 0.3184| 0.1858| 0.0890| 0.0301] 0.0045| 0.0000]
---------------- T Ty e Rt LR T T e TEE TR 3
0. 00001 0.0286| 0.1055} 0.2177| 0.3531] -0. soon| -0, 3531| -0.2177| -0.1055] -0.0285] 0.0000|
-------- O T L T T e At oL LY CE LT LR, TR T es
0.0000] 0.0045| 0.0301] 0.0890] 0.1858| 0.31B4| -0.5183] -0.3451] -0.1802| -0.0526] 0.0000|
-------- L LL L LT e e R e L L e Rt ]
0.0000| -0.0198| -0.0458] -0.0410| 0.0163| 0.1339| 0.3067] -0.4711| -0.2543| -0.0764]| 0.0000]
-------- T T L LT et T et ]
0.0000| -0.0443| -0.1224| -0.1723| -0.1553] -0.0538] 0.1306] 0.3771] -0.3277| -0.1001| 0.0000]
-------- T T T b e e e et )
0.0000] -0.0690} -0.1997| -0.3050| -0.3291] -0.2446| -0.0496] 0.2323] 0.5510] -0.1235] 0.0000]
-------- T T T Lt SRR e T T T T Y )
0.0000] -0.0939| -0.2778| -0.4392] -0.5054| -0.4389| -0.2342| 0.0820| 0.4506] 0.7763| 0.0000]
-------- et S e e RCELEL TS )
TABLE A.16

BENDING MOMENTS AT DIFFERENT SECTIONS (RI!SE-TO-SPAR RATIO O. 150)
=INFLUENCE VALUE™(L)
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+D1FFER- +--------
| 4
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5
+SECTIONS#--------
| | 6
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| 7
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- $ammmmaan
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+ 4ommmaann
| f 10
+ dommemman
| | N
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— e - — F

+o—

P b b o o o — b —
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-0.0097]

-------- T Lttt TR S S ittt Sl ht T
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-0.30 |
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-0.20 |
-0.0313]
-0.0172|
0.0140}

0.0600]

-0.10. |

0.0040}

0.0135]

0.00 |
0.0336]
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-0.0207]

-0.0154|

0.10 |
0.0496]
0.0025|
-0.0224]

-0,0283|

0.20 [
0.0489]
0.0069|
-0.0179|

-0.0279|

0.30 |
0.0338]
0.0066 |
-0.0104|

-0.0187|

0.40 |
0.0123|
0.0029|
-0.0032|

-0.0065|

0.0000|
........ g
0.0000|
-------- +
0.0000}
-------- +
0.0000|

-------- Rt T R D b e e R L e R

0.0000|

-0.0013|
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0.0192|

0.0539]

0.0084 |

-0.0170]
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-0.0190|

-0.0072|
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........ B R T LRt B R e A et TR Ry e e TR T T 2

0.0000|

........ L S L LT T N et |

0.0000}

-------- B T T T R R e R R e <
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-------- R T LR D it et R Rt
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-0.0054|
-0.0072|
-0.0065]

-0.0032}

-0.0120|
-0.0190)
-0.0187}

-0.0104]

-0.0089]
-0.0247|
-0.0279|

-0.0179|
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-0,0170]
-0.0283|

-0.0224]

0.0498|
0. ouaa|
-0. 0154I

-0.0207]
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0.0135}
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0.0192}
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0.0024
0.0243|

0.0540]
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0.0053|
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-------- +

0. oooo}
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........ e N L L O A el S T
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TABLE A.17
VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.150)

POSITION OF UMIT LOAD FROM THE CROWN

temme e EEEEE TP LEE TR, mmmmm e m 4mmmeooo LR T $rmmeaaan #remmenann 4-crmmane LSRR R TP #-mmrmema $ommmemaa 4mmmeemae +
| X/L | -0.50 } -0.40 | -0.30 | -0.20 | -0.10 | 0.00 | 0.0 | 0.20 | 0.30 | 0.40 | 0.50 |
L ) Focmcmran R L e ACEE TR R e rE LT LT s R e S AT +
| ] 1 | o. 0000| 0.9705f 0.8926] 0.78302]| 0. 6456| 0. sooo| 0. 3544| 0. 2198| 0. 10741 0.0295! .0.0000|
+ #ormmaano L R TR #ommeman. LR L R L LR toemmeama e R R e R LE Sk T $omemmana +
| 2 | 0.0000f -0.0295| 0.8926] 0.7802] 0.6456|. O0. suon| 0. 3544| 0. 2198[ 0. 1u7t| 0. uzos] 0.0000|
+ -mmneman L LEEE R P Fommm s L LR TR e e by S +
| I 3 | 0.0000} -0. 0295| -0. 1u7a| 0.7802| 0.6456] o0. 5000| 0. 3544| 0. z1oa| 0. 1074| 0. 0295| 0. oono|
+DIFFER- 4-==---.- L L R R R P S AR LR Foemmmmena Frrmmaao o $revenet e dremmaooa
| | 4 | o. 0000| -0. 0295[ -0. 1074] -0.2198f 0.6456] 0. 5000] 0.3544) o0, 2198) 0. 10?4| 0.029%| o. 0000!
+ =ENT Ammmacna A #mmmmoan R Hrmmneoon Frmmmaoo Fowmmmaao Fomrmmann oo rmmae Focmmmaan Frammaooo +
| 5 | o. oooo| -0. 0295| -0. 1074| -0. 219a| -0.3544] 0, sono| 0.3544) 0. 2193; 0. 1074| 0. 0295| 0. 0000|
+SECTIONS4-<------ #reccncna Al R LR LT Ty AR L A R R R DT T T
| | /] | 0.0000| -0.0295| D.1074| 0.2198| -0.3544] 0. 5000] 0.3544] oO. 2198[ 0. 1074] 0. 0295] 0. 0000|
+ $rmmecaan Frmmmaeaa $ommancan $ovmmaaan #remeaaaa #ovamasan #ommenaen $omremaan $omrmaman Fomvaaan Foremmaan dreemanan +
| | 7 | o0.o0000] -0. 0295| -0. 1074[ -0. 219a| -0. 3544| -0. souu| 0.3544] 0. 2198| 0. 10?4| 0.0295| 0.0000|
+ RATE TR L TR e i I A et Lk L dambcnnen +
| | 8 | o0.0000f -0. 0295[ -0. 1074] -0. 2198[ -0. 3544| -0. 5000| -0.6456] 0. 2198] 0. 1074| 0.0295| o. 0000|
+ o mmmn. Fomrmmaan LR L Foremaoon o mmaaan LR #ommmmaan Fommmmaaa Formm—ean #remmmcan L +
| | ® | 0.0000f -0.0295] -0.1074] -0.2198} -0. 3544] -0.5000| -0.6456] -0.7802] 0.1074] 0.0295| o, 0000}
+ L #omeraan Fommmmaan #ecmrmaan L LR L e R L R $ewmmnana +
| | %0 | 0.0000] -0.0295) -0.1074] -0. z19a| -0.3544| -0.5000| -0.6456] -0.7802] -0. 8926] 0. 0295[ 0. 00001
+ R R dmmreman. o mans $omrmaan. R L LT P #ormenana R L A N LT
| | 1 | o0.0000| -0. oz95| -0. 1074[ -0. 21934 -0.3544| -0.5000| -0.6456} -0.7802] -0. 8926] -0. 9705| 0. 0000|
Fomemmnan L L L L R Ao #-mme—an Fommmeana $--mrmmaa $-cmneena Fomrvmmee e +

TABLE A.18
HORIZONTAL THRUSTS AT DIFFERENT SéCTIONS (RISE-TO-SPAN RATIO 0.150) '
POSITION OF UNIT LOAD FROM THE CROWK
AR LSRR L $orrmmaean Frmmanaoa #rwmeioan Fremecoan Freemeana Femmmeann Frmmmeo - trmmmaea LEEEE TS $memcnaa +
| X/L | -0.50 | -0.40 | -0.30§ -0.20 | -0.t0 | 0.00 | 0.10 | 0.20 | 0.30 | 0.40 | o0.50 |

L L R L demnaao. e e el LT Lt L $ormceaa +
[ |1 ) o.oouui 0.2164) 0.6628] 1.1179| 1. 4422| 1.5586] 1. 4422| 1.11?9[ 0. 6628[ 0.2164| 0.0000]

K Fowmmaaaa L T #-mmanenn #mmaeaaan Frmaaeean R Fomaeaaan R L T L e L e T L L +
| | 2 | o,0000] o, 2164| 0.6628| 1.1179]  1.4422) 1.5586] 1 4422| 1.1179] 0.6628] 0.2164] o. 0000|
+ L EEEE TS L SRR T Fomwmaoaa LR, $ormmaaan LR R Fommmanaa Fommmmano Fovranan Formmaena Frmmaean Fommemana +
| | 3 | 0.0000] o. 2164] 0.6628| 1, 1179  1.4422) 1.5586| 1.4422| 1. 1179 o0.5628] 0.2164] oO. 0000
*HDIFFER~ #-~==naa- Fowwmaaan Fommmuoaa #rmmacaao Frmmaeana rmmmenaa #rmmaeaaa e Hrmmmnoan #mmmeeman mmmeeea, e ena +
i ] 4 | 0.0000] 0.2164] 0.6628) 1L.N79] 1.4422] 1.5586] 1.4422] 1. 11?9| 0.6628| 0.2164] 0.0000|
+ -ENT Fowmmneoa #rmmm—eao Fowmaneaa Frmmaeaaa Hwemanan LR R LA Hrmmaaoaa R L $memmeana +
| s | o. 0000| 0.2164| 0.6628| 1.1179] 1.4422| 1.5586] 1.4422| 1. 1179] 0.6628] 0.2164] 0.0000§
+SECTIONS#==~-uunn LR R L LR #oomen-n Fesennran LR TR R R LEEE TP domm e +
| | 6 | o. 0000[ 0.2164] 0.6628| 11179 1.4422) 1.5588] 1. 4422] 1.11?9| 0.6628| 0.2164] 0. 0000|
+ R R oo R LEEEERTRR R Fremmmana L Fomemeen L L R R %
| | 7 | 0.0000| 0.2164) o0.6628] 1.1179] 1. 4422| 1.5586] . 4422] 1.1179] o. 6628[ 0.2164] 0. 0000]
+ $rmmmeaao L ER L L LR L L R R R Lt LR $remcrmaa +
i {8 | 0.0000] 0.2164] 0.6628] 1.1179) 1.4422| 1.5586] 1. 4422| 1.1179] 0. 6628| 0.2164] 0. 0000|
+ $rmmemama $ommmmmen #-cemmma L B R L LT $oeeemeas LEEEE T L o mmmemaa L EEEE T TR LR TP
| | 9 | o0.0000} o.2164| 0.6628] 1.1179| 1. 4422] 1.5586] 1.4422] 1.1179] 0.6628| 0.2164) 0. ooou|
+ Frcmmnraa R LR LR TP tommaomma LR L LR L LR LEEEE T $-mmvmeue +
| [ 10 | 0.0000| 0.2164] 0.6628] 1.1179] 1. 4422| 1.5586] 1. 4azz| 1.1179| 0.6628] 0.2164] 0.0000]
+ Femmmema $emmmm s R $emmmmnna L 4o mmeo s L L R T R L LR Hemnmes LR EEE R +*
| | 11 | o oouu[ 0. 2164| 0.6628} 1.1179]. 1.4422| 1.5586| 1 4azz| 1.1179] 0.6628| o©. 2164| 0. ooooi
mmeemaan $ommmaa. R R T LA S, somee- LSRR LRI R Frmmmeoaa v ae Fommmanen L e R L

s




TABLE A.19

THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TO-SPAM RATIO 0.150)
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TABLE A.20

ALONG THE DIFFERENT RADTAL PLANES (RISE-TO-SPAN RATIO 0.150)

POSITION OF UNIT LOAD FROM THE CROWN
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........ e D LR SRR Y P Y E L DR )

0. uoouI

-0.0688]

-0.1955]

-0.2950|

-0.3169|

-0.2375|

-0.0555|

0.2082]

0.5095|

0.0055 |
-------- +
-0.0295|

-------- +

-0.0531]

-0.1217|

0. 00001

0. 0000]
e +

0.0000]
-------- +

0.0000|
-------- +

0.0000|
-------- +

0. oooo]

---------------- P L LR L R L

0. 69f2|

0.0000|

-0.0945|

-0.2752

-0.4319)

-0.4980|

-0.4405]

-0.2549|

0.0360|

0.3804]

-------- B L TR e T e L LR ]

-------- +

0.0000|
-------- +




BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.200)

=]NFLUENCE VALUE*(L)

fmmmmm—— R +
j X/t |
L ke feammmmm +
I I
+ R +
I 2 |
+ Fmmmwmemn +
| |3 |
+DIFFER- #-------- +
I I 4 1
+ -ENT  4-------- *
| 50|
+SECTIONS+-------~ +
I |6 |
+ F--—enaaa +
I I 7
+ Hmmmmm— +
I | 8 |
+ - +
I 9 |
+ N +
I I 10 ]
+ R +
I L.
- $ormmmaan +

VERTICAL
$ommmmmmmm L +
| x/L |
Frmmmana fammmman~ +
! IR
+ LR +
| 2 |
+ fmmmmme - +
! I3 |
+DIFFER- #=--====-- +
| |4 1
+ -ENT  #-=--oe-- +
I b5 |
+SECTIONS#------~~ +
I .6 |
+ S +
| 7 1
+ L +
| |8
+ L +
I b2l
+ L +
I I |
+ hammmm- +
| 1o
Frmmmn - #emmmmn- +

-0.50 |

-0.40 |

-0.30 |

TABLE A.21

POSITION OF UNIT LOAD FROM THE CROWN

-0.20 |

-0.10 |

0.00 |

0.10 |

0.20 |

0.30 |

+
0.40 |
+

........ T T L LR Y ,,-----_+_~-----. U A e

0.0000|

-0.0562}

-0.0549)

-0.0273)

0.0070]

0.0355]

0.0508|

0.0501]

0.0351|

0.0131]

0.0000|

________ P LT B e e R T EE R Rl Al bl e Y T Y

0.0000}

0.0272|

-0.0065}

-0.0170}

-0.0149]

-0.0075|

0.0001|

0.0049|

0.0055 |

0.0000]

........ T R T e th Ll A

0. 0000]

0.0146]

0.0543|

0.0139|

-0.0104|

-0.0221]

-0.0242|

-0.0197|

-0.0117|

-0.0038]

0.0000|

................ P L e TR PR R TRy P P T T EEEE R D SEE LS Sl ittt J

0.00001

0.0053 |

0.0245]

0.0604 |

0.0140]

-0.0151]

-0.0284|

-0.0286}

-0.0195|

........ +----f---+---_----+------._+-------.+--------+------_-+.-------+.-------+

0.0000]

-0.0014]

0.0027|

0.0202|

0.0555|

0.0102|

-0.0158|

-0.0243|

-0.0193]

-0.0070|

........ 4=

<0.0076|

0.0000]

------- +

0.0000|

-------- P T e R Rt LRl SRR LR LR S ]

0.0000]

-0.0057

-0.0119)

-0.0079|

0.0123|

0.0521]

0.0123|

-0.0079|

-0.0119]

-0.0057|

0.0000|

-------- L e e e kbl e el lieieh 4

0.0000|

-0.0076|

-0.0193|

-0.0243]

-0.0158}

0.0102|

0.0555]

0.0202]

0.0027|

-0.0014|

0.0000|

........ frvaammani ..------+--.---..+.--..-.-+-----_--+-.--.-..+-------_+.-...--- e )

0.0000]

-0.0070}

-0.0195|

-0.0286|

-0.0284

-0.0151]

0.0140|

0.0604 |

0.0245|

0.0053 ]

0.0000]

........ +--.-----+-.------+--------+---.---.+-------_+----.---+-—._----+--------+--------+--.-----+

0.0000|

-0.0038|

-0.0117|

-0.0197

-0.0242]

-0.0221|

-0.0104|

0.0139|

0.0543|

0.0146]

-------- L T A et EEEE R el L/

0.0000|

0.0026]

0.0055|

0.0049}

0.0001

-0.0075)

-0.0149]

-0.0170]

-0.0065|

0.0272]

0.0000|

-------- P T L R R SRR EEEL L h it J

0.0000|

0.0131}

0.0351|

0.0501|

0.0508|

0.0355|

0.0070}

-0.0273|

-0.0549|

-0.0562|

0.0000}

........ T LT R A e s AR EEL EEE Rt Al Seleh dnbh i itk 4

-0.50 I

-0.40 |

-0.30 |

TABLE A.22
SHEAR FORCES AT OIFFERENT SECTIONS (RISE-TO-SPAR RATIO 0.200)

POSITION OF UNIT LOAD FROM THE CROWR

-0.10 |

0.00 |

0.10 |

0.20 |

................ T L L S A L R L PR R R TR RS SRRl ]

0. uuou|

0.9693]

0.8900|

0.6438]

0.5000{

0.3562|

0.2226|

0.1100]

0.0307]

0.0000|

........ e L R L el LR R L RS SR ]

0.0000]

-0.0307|

0.8500]

0.6438|

0.5000}

0.3562]

0.2226)

0.1100]

0.0307|

0.0000]

-------- P T LT i L e SRR R R E Rt EE LR L 2

0.0000|

-0.0307]

-0.1100]

0.6438|

0.5000|

0.3562|

0.2226|

0.1100|

0.0307|

0.0000|

-------- L L e e Ll e i

0.0000]

-0.0307|

-0,1100]

-0.2226|

0.6438]

0.50001

0.3562|

0.2226 |

0.1100}

0.0307|

0.0000]

-------- P T T R Rt ek L L LS DL R

0.0000

-0.0307|

-0.1100§

-0.2226|

-0.3562|

0.5000|

0.3562|

0.2226]

0.1100|

0.0307|

0.0000|

........ e L T Y L LEEE LR LR it Dbt &

0.0000|

-0.0307|

-0.1100|

-0. 2226|

-0.3562|

0.5000|

0.3562|

0.2226|

0.1100]

0.0307]

0.0000}

........ P L. L e e e e it J

0.0000|

-0.0307|

-0.1100]

-0. 2226|

-0.3562]

-0.5000]

0.3562|

0.2226]

0.1100}

0.0307]

0.0000|

........ P . L T L S Ry L R R e E L )

0.0000|

-0.0307|

-0.11004

-0.2226|

-0.3562|

-0.5000)

-0.6438]

0.2226|

0.1100]

0.0307|

0.0000]

........ I T R Lt L R R L R e R Sk ALl ]

0.0000|

-0.0307|

-0.1100|

-0.2226}

-0.3562|

-0.5000|

-0.6438}

-0.7774 |

0.1100]

0.0307|

0.0000|

-------- P N R R Y it CEELEEEEE EEL LA ]
-0.3562] -0.5000]

________ foceecca-fpammmeamedrro-areefrmcccnsapaanmner-foncnacrccforrsatnadammr ey ----_-..4

0.0000]

0.0000]

-0.0307}

-0.0307}

-0.1100]

-0.1100}

-0.2226|

-0.2226|

-0.3562|

-0.5000|

-0.6438|

-0.6438]

-0.7774]

-0.7774|

-0. aoou[

-0.8900|

0.0307|

-0.9693|

0.0000]

0.0000|

........ +--------+--------+--.---.-4------—-+--------+--------+--———---+------—-4-------- EEEE R 3




TABLE A.23
HORIZONTAL THRUSTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.200)

POSITION OF UNIT LOAD FROM THE CROWN

R EEE LR Ammmmmmae Ammmmmmm- e $oeweenna Hmmmmmmes L Hommmmm e hmmmmmmae Ammmmmm—— Frmmm - Frrmmmmm *
| X/L | -0.50 ) -0.40 | -0.30} -0.20 ] -0.70] ©0.00| O0.10) 0.20] 0.30| 0.40 | 0,50 |
Hmmmmmmaa hmmmmmme- $mmmmmm-- - Fremrenes #rmmmmman AR e L $omamnana $mmmmmmn- Ammmmman- $rmmmman +
I | -1 | 0.0000] 0.1707| 0.5099| 0.8466] 1.0827} 1. 1669| 1. oaz7r 0.8466| 0.5099] O. 1?07] 0.0000 |
+ #o--ommm L focmmanan hmmmmmmaa LEE R #rmwrre- L e R R e R e R e A R R e T +
| | 2 | 0.0000] 0.1707| 0.5099| 0.B466| 1.0827| 1.1669] 1.082?| 0.8466| 0.509%| 0.1707; 0.0000)
* hmmmmaan- dmmmmma e e o ann #mmmemme- L L hommennmnn $ommmma- Fmmdmmamn $mmmmmaa *
| { 3 | 0.0000] 0.1707] 0.5099| O.B466| 1.0827| 1. 1669| 1. cazr] 0.8486] 0.5099] 0. 1?ur| oonnl
+DIFFER- +-------- oo Hemmnanan Hommmen omemm-- #oomeom- L Err e SR +oomomome R R EEE SR TR
| | & | 0.0000| 0.1707) 0.5099| 0.B466] 1.0827] 1.1669| 1.0&27| "0.8466] 0.5099] o.1707| o.onuu|
+ -ENT $mmmm—a- $mmrmmnn AR TR 4-mmm—--- #ommmmmma Fo-mmmme- $o-mmmom - LR T 4eoanmann 4mmmmmana $mmamnman fommmnan +
\ 5 | 0.0000] 0.1707| 0.5099} 0.8466] 1.0827| 1. 1669] 1. oaz7| 0.8466] 0.5099) 0. 1707| 0.0000|
+SECTIONS#~-=~~«~-~-~ R $udansaan Hommmmaan Fommenaan L] R R L R Fovrorren #rrmmr e aa +
| | & | o0.0000] 0.1707| 0.5099| 0.8466] 1.0827| 1.16691 1.oszr| 0.8466] 0.5099] 0.170?| 0.0000]
+ L L L L Hommmmmn #ommemme- L #-m-mmm-- oo H-mmeemen L #-mmmmmem +
| i 7 | o. 00001 0.1707] 0.5099] 0.8466] 1.0827| 1.1669| 1.0827| 0.8466] 0.5099] -0.1707] O. uouu[
+ 4--mmm-an L et LEE L] #eommmmmn LR Homemmee L #ommrean LR LR 4resermo- L ]
I | 8 | o. oooo| 0.1707| 0.5099] 0.8466] 1. cazr| 1. 1669] 1.0827] 0.8464| 0.5099] 0.1707] O. oooo|
+ o osemmao $rassawan SO R Rk S bbb bbbl T e LR E LR Amommmmen Fmmmmmmm- LR *
| | ¢ | o. onnn| 0. 1707] 0.5099} 0.8466) 1. oazr] 1. 1669] 1. uaz?| 0.8466] 0.5099] 0. 1707| 0. onoo|
+ dommmmman L Y Honmmanns L Ry e 4--mmmmm- L LY T R
| i 10 | o.nucu| u.1707| 0.5099] 0.8486| 1.0327| 1.1669] 1.oazr| 0.8466] 0.5099] 0.1?ur| o.uouul
* Fremerees L L R TR Hrmmrann s L L H-crannnn L trrareee. R fmmmm +
! I 11 | o. nooo| 0. 170?| 0.5099| 0.8466) 1. 082?| 1. 1669] 1.0827| 0.8466] 0,5099] 0. 170?| 0.0000|
e L L T Lt TR T T L $rramanae L e S Hmmmmmmno d-rrmenn. L AL LT +
TABLE A.24

THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.200)

POSITION OF UNIT LOAD FROM THE CROWN

fmmmmmman fammanen- $osescun-n R L t-------- $-------- L $ommomeen #oeemmmm- 4mmemem- 4e--mmena- $omrra +
| X/L | -0.50 ] -0.40} -0.30| -0.20 | -0.10 ] 0.00 | 0.10 } 0.20 1 0.30 | 0.40 -| 0.50 |
fommamann D $-------- Ho-eee- L Focmemme - mmmm- R R L R L e L 4-------- Fommmmrna $rvmmm——a +
! | 1 | 0.0000] 0.7921] 0.9830] 1.1492| 1.2280] 1.1898| 1.029?| 0.7666] 0.4452| -0.1448| 0.0000}
.t Frmmmmman L R L LR L $osiaaan Frsasunann L L $eercasan Hmemememm L +
| 2 | 0.0000] 0,1254] 0.9163] 1.1350| 1.2582{ 1.2491] 1.0996| 0.8289| 0.4850| 0.1593] 0.0000]

+DIFFER~ #=======-= Hmmmn e mafmmmamana L L LR L R frrssnane $remsocan L o= L +
| I3 | 0.0000] 0.1427] 0.4187] 1. 0924| 1.252%] 1.2692] 1.1331| 0.8628| 0.5098] 0.1681] 0.0000|
4+ -ENT LEEEE TR LIRS hmmmanann $rammsnan L el EEE TR $rceennas AR E AR R L #ommmm—-- LR +
4 | 0.0000] 0.1556] 0.4598| 0.75231 1.2183) 1.2595| 1.1390| 0.8752| 0.5205| 0.1726| O. uooo|
+SECTIONS+~=~====~ $rmmmmm- LI LR ER L LR $ommcmaan $ommacmnn AR R R $ommamman EEEL R kR L R LR R R L o=
| | 5 | 0.0000f 0.1649] 0.4899| 0.8078| 1.0233| 1.2247] 1.7215| 0.8692| 0.5202| 0.1733] 0.0000|
+ Frmmmmaan LEE TR fommmnaan frmmamaan D $-----o-- $oco-nn R R ) H-memm-- Fomeeomen #mmmmmana LR *
| | 6 | 0.0000] 0.1707] 0.5099] 0.B466} 1.0827| 1.166%9| 1.0827| 0.8466| 0.5099]| 0.1707] 0.0000]
+ L Fowmmm—- LR $rrmeanan Frmmmee- frmmemnan fommmmman $ommemmna LEEE TR LR L L $mmmmmmem *
| | 7 | 0.0000] 0.1733| 0.5202| 0.8692] 1.1215] 1.2247| 1.0233] 0.8078{ 0.4899] 0.1649| 0,0000]
+ R LR T $ommmmmma fmmmmaana L D L $oev s R s - R *
| f 8 | 0.0000] 0.1726| 0.5205] 0.8752] 1.1390] 1.2595] 1. 2183] 0.7523] o0. 459a| 0.1556] 0.0000]
* Fomnannon 4---m- - $ocmemnn L #mmmemme L L LR TR SEEE LT Forerr e —a LR TR *
i | ¢ | 0.0000] 0.1681] 0.5098] 0.8628] 1.1331| 1.2692| 1.2521[ 1.0924} o.41ar| 0.1427] 0.0000]
+ Hmmmmmaa $emamnaan frmmamaan L L i L i R R L L hommmmam- o +
| { 10 | 0.0000] 0.1593] 0.4860] O, azao[ 1.0996| 1.2491] 1.2582) 1.1350| 0.9163] o. 1254[ 0.0000|
+ #mm e L $remmmena Frmmmmann L L T TR Hmmmmman $oemmmnan $ommmmmaa $memmmmas L LR +
| | 11 | 0.0000] 0.1448] 0.4452] 0.7666] 1. 0297[ 1.1898] 1. zzau| 1.1492] 0.9830f 0. 7921] 0.0000]
e e $rmmmmee frmmmmman EE e Frmmmm- L L LR R R L o $rmmmmeae LEEEE TR +




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

POSITION OF UNIT LOAD FROM THE CROWN ,
-------- L L e e el

* frmamveme +
[ /L | -0.50 | -0.40 | -0.30 | -0.20 | -0,10 | 0.00 | 0.10 | 0.20 | 0.30 1 0.40 | 0.50 |
fammmm— $rrranaca L Y R L T L o LI s R ] L R L E LR R R Hmmmmmmm - +
| { 1 | o.0000| O. 5841| 0.2928] -0. 0209| -0. 2805| -0.4427| -0. 48881 -0.4225| -0. 2720| -0. 0955| 0.0000|
+ e L P L EEE T P L L P Rt TE T $eooamman- D *

| 2 | ©.0000| -0. 1193| 0. 4609] 0. 1313| -0. 0605| -0. 2268| -0. 3003| -0. 2314| -0.18956] -0.0686| 0.0000|
+DIFFER- +-------- g Frrmmmm-— LR R EEEE R R L LR RS SRRl SRR DR RS S il #rmmmm by oo oo ruca. #rmmmmm- +
| | 3 | D0.00c0| -0.0986f -O. 3112| 0.3574] 0. 1330| -0. 0277] -0.1237] -0. 1476| -0.1108] -0.0427| 0.0000]
+ -ENT L fommmmnme P L $ommmeenn L P et CE TR 4rommmnan 4o H--usemss P *
4 | 0.0000] -0.0766| -0.2464] -0.4475| 0.320%] O. 1537| 0. 0437| -0.0195| -0.0349] -0.0176] 0.0000|
+SECTIONS4---=---~~ e docoamana ) L L L ] L bt AR TR $acenannn L Ammmmme +
] | S | 0.0000f -0.0540{ -0.1793| -0.3373} -0.5022| 0.3343]| 0. 2035| 0.1037] 0. 0386[ 0.0069] 0.0000|
+ D o hmmmmmm L R dromemmns $oceemnan 4o R el L L Hmcrenaen +
| | 6 | 0.0000] 0.0307] O. 1100| 0. 2226[ 0.3562| -0. 5000| -0.3562| -0.2226| -0. 1100[ -0.0307| 0.0000]
+ fommmeen— L ] 4ummmmmaa R ekt AR EEE R LR LR LR e et e e L L L] e Hememmmn +
| | 7 | 0.0000f 0.0089] O. 03861 0. 1037| 0.2035] 0. 3343| -0,5022| -0.3373| -0.1793| -0.0540] 0.0000]
+ Farmmmm - - L L D L L el LEE LT Hmmmmmame $ooemnmna dovamaa drreaooan +
| | 8 | 0.0000] -0.0%76| -0.0349] -0. n195| 0.0437] 0. 15375 0.3201| -0.4475| -0.2464| -0.0766] 0.0000]
+ ] R b L L L et LR LT dremanann 4ommmmana L ekl Hmmmmmmmn foncenana dmammmeaa +
| ] ¢ | 0.0000| -0.0427| -0.1108] -0. 14761 -0.1237] -0.0277] 0. 1330| 0.3574] -0.3112| -0.09856| 0.0000|
+ D fommamnna P L fmmmmman L L L AL TR L L Focmcocun 4ommmana- fmmmmem—a +
| | 10 | 0.0000] -0.0686| -0. 1396| -0. za14| -0.3003] -0. 2268| -0, 0605| 0.1813| 0.4609| -0, 1198[ 0.0000]
+ fammmmnnn Bmmmmmmmn Ho--moo - R el S Y P T T T F R AR L #mmmmmmmn D +
| i 1 | 0.0000} -0. o955| -0. 2720| -0. 4226| -0.4888] -0. 4427[ -0. 2305| -0.0209| 0.2928] O. 5841| 0. 0000|

L e Hommmmmen Fommmumna L Lt TEE T Y EE D L T $--mmmm-- $esmmmaan e

TABLE A.26
BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.250)
=TABLE COEFF.*(L)
POSITION OF UNIT LOAD FROM THE CROWM

4------- ARt Shab R Focmamamn 4rvsenann e Hemmmmema foemmrann #ommmmman $ommmmm- o 4rrmemenn fomaman AL LA EEL R +
| X/L | -0.50 | -0.40 | -0.30 | -0.20 | -0.10 | " 0.00 | 0.10 | 0.20 1 0.30| 0.40 | 0.50 |
L L R et TEEL R P L AT TEEE T L e R R L 4mmmmmmam 4-------- +
| 1 0‘0000| -0.0533] -0.0497] -0. 0222| 0.0107] o. o377| 0. 0523| 0.0516] 0.0367] 0.0142] 0.0000|

. + $-enemmnn E Y L ] L Rl EEE R D $ommmemae- EEE ] - Fommmmmm 4-ecsonnn fommamnaa +
| | 2 | o 0000| 0.0281| -0.0054] -0. 0169] -0.0164| -0.0103]- -0.0031] 0.0021| 0.0038| 0.0021] 0.0000|
+ 4o L R L Fommmumna L oo ommmmoe L H-emmmmm dommmmnue 4oecanana L +
| | 3 | 0.0000) 0.0149| 0.0547| 0. 0139| -0.0112| -0.0237| -0. 0263] -0.0219] -0.0135| -0.0045| 0.0000]
+DIFFER- #-=----~~=« dommmmman L ] L L L TR L do-mmunaa L $emmmmonn - L +
| | & | 0:0000] '0.0053] O. 02491 0. 0612] 0.0149| -0.0145| -0.0285) -0.0293| -0.0205| -0.0077| 0.0000]
+ -ENT L L R L L R LR Fommmmn frmmemenn Frmrmee-- e Fomemeoue fommanana +
| | 5 | 0.0000] -0.0015| O. oo31| 0. 0216! 0. 0576| 0.0124] -0.0141] -0.0237| -0.0196| -0.0080] 0.0000|
+SECTIONS+-----<~= $ommmmmas .- L T EY TR R R Rl $romeneaa 4rmmmm- - Fomemmana #eomemme- +
| | 6 | 0.0000] -0.0060} -0.0117] -0, 0066| 0. 01471 0. 0549| 0.0147] -0.0066] -0.0117| -0.0060| 0.0000|
+ dmmmmmman drmmmmen Ho-m-oo - R doacmemmnn Frormemmna L TR L L e feeenanan Fommmmmaa +
| | 7 | 0.0000] -0.0080| -0.0196] -0.0237{ -0.0141} 0. u124| 0.0576] 0.0216| 0.0031| -0.0015| 0.0000|
+ R s R e R L e R R $ommmemme N $rrameere #mmmmmmmm Fo-memmmm +
| ] 8 | 0.0000| -0.0077] -0.0205| -0. oz93| -0.0285| -0.0145] 0. 0149| 0.0612] 0.0249] 0.0053| 0.0000|
+ prammanan L Hommemaee L D L - L dmmmmwman D fonnneans dmememnan +
i | 9 | 0.0000] -0.0045} -0.0135] -0. cz19| -0.0263| -0.0237| -0.0112| O. 0139| 0.0547| 0.0149| 0.0000f
+ e e Hommmmme- 4o - L R L e ] L AL EE TR e L L +
l | 10 | o.0000} O. ooz1| 0. 0038| 0. 0021| -0.0031] -0. 01o3| -0.0184] -0. 0169| -0.0054] o. nzs1| 0. ouon|
+ P H--mmmmm - T T LR L Lr LEE R T R feemnenan frmmmamredreareean

B | 11 | 0.0000| oO. 01421 0. 036T| 0. 0516| 0. 0523| 0. 0377| 0.0107| -0,0222| -0.0497{ -0. 0533| 0. 0000|
Hmmmmm D L L ALt SET T Foemmmmme P Ll LE LT L e fommmmmas R R deammeann +




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

POSITION OF UNIT LOAD FROM THE CROWN

+ Hmemmm -4
| X/L | -0.50 | -0.40 | -0.30 | -0.20 ) -0.10 | 0.00 ] 0.10 | 0.20 | 0.30 | 0.40 | 0.50 |
$ommmna Fmmememan Fommmmmam R et LR $mmmmnaan R T D it Lt R S $mmenennn
| | 1 | 0.0000] O. 9675[ 0. 8865' 0.7738| 0.6416| 0. 5000| 0.3584] 0. 2262] 0. 1135| 0.0325| 0. 0000[
+ oo Fommmmman LR T L E L E T T TSP 4meemeees T mmmmm mmmmmmes L rT LT .
| | 2 | 0.0000| 0.0325[ 0.8865| 0.7738| 0.6416] 0.5000] 0.3584| 0.2262] 0.1135| 0.03251 0.0000|
+ B Fommmmmen e oo $rmmamman $oacmannn femnanan 4ommmm e L Foreeeen- Fommmmaan $oammmaa +
] | 3 | 0.0000] -0. 0325| -0.1135] 0.7738| 0.6416|) 5000[ 0.3584| 0.2262] 0.1135] O, 0325! 0.0000|
+01FFER- #-------- Fommemaan R Rl oo rmmemea D it TR Fommnmnn demmmmanan e L T +
] | 4 | 0.0000] 0.0325] -0.1135| -0.2262| 0.6416] 0.5000[ 0.3584| 0.2262| 0.1135] 0.0325| 0.0000]
+ =ENT  4=cee-ee- R D Fommmaan mmmnmnan 4omranann Fommmmman D L 4mmmmmman dommenaan 4omcrneen +
| 5 | 0.0000f -0.0325| -O. 1135| -0. 2262| -0. 3584] 0.5000| 0.3584] O. 2262] 0.1135| 0. 0325] O. 0000|
+SECTIONG#-~ ===~ 4emmmaan #mmmaae T S LR E T T 4eacmarean Hemmmmmnm $ommmreas Ll e +
i ] 6 [ 0.0000] -0, D325| -0. 1135| -0. 2262] -0. 3584[ 0.5000| 0.3584] oO. 2262[ 0.1135| 0.0325| oO. 0000|
+ Fmmmmmman R dorermmemkemannaan B T ET TP PP PR P Frmemmnan 4ommemnan D 4o dmmmmmaas +
| | 7 | o. 0o00| -0. 0325] -0. 1135| -0. 2262| -0. 3584[ -0.5000| 0.3584] 0. 2262) 0. 1135| 0.0325| 0. 0000|
+ $mmmmmaan T D e CE T E fommmaaas L $o-memmoe L L LT ET TP P L +
| I 8 | o. 0oooj| -0. 0325| -0. 1135| -0.2262| -0. 3584] -0.5000| -0.6416] O. 2262| 0. 1135] 0.0325| o. 0000|
+ dmmmmamaa Foenmnn Fommemamm PR TR O R R e L L drmmmeean L Foremmman +
| | 9 | 0.0000| -O. 0325| -0.1135] -0. 2262[ -0. 3584| -0.5000] -0.6416] -0.7738| o0. 1135| 0.0325] 0. 0000
+ $mmmmmm- Fommmmnen dmmmmmman Hmmamaae D T i LA $ommamaan L R e et dmmmamean +
| ] 10 | ~0.0000] -0.0325| -0.1135] 0.2262[ 0.3584| -0.5000) -0.6416] -0.7738] -0.8865[ 0.0325| 0.0000]
+ $mmmmmaaa Fommmmmen D e fommamaan Hmwemeeen 4mmmmmen e $remmmnan dommmeans D $remmenna +
| | 1 | 0.0000| -0.0325] -0. 1135] -0.2262| -0. 3584] -0.5000| -0.6418] -0. ?T38| -0.8865| -0.9675| O. 0000|
Femmmmma- $omrenean dremmanan $eemmee L ks ERET T D L DT D Rt ST D $oommrean +

TABLE A.28
HORIZOMTAL THRUSTS AT QIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.250)
POSITION OF UNIT LOAD FROM THE CROWN

S 4o Fremmanna donmeenas bommmmaa Fomrmrmen hmmmmaaan $oeomee D 4omremmns 4mmmmmana 4--mmma- $reemmann +
| X/L | -0.50 | -0.40 | -0.30 ] -0.20 | -0.10 | 0.00 | 0.10 [ 0.20 | 0.30 | 0.40 | 0.50 ]
dmmmmmaan R L L Y LR T T $ommemea Homemean R mmeaaans D et ST R ey $mmweoaen 4o reens +
| | 1 | 0.0000] 0.1457] 0.4207] 0.6850] 0.867%| 0.9314] 0 8671| 0.6850| 0.4207| 0.1457] 0.0000{
+ ommmmea 4o Fmammaaan P L o e N LT D L drememana dommenann 4ommrnens +
| ! 2 | 0.0000| 0.1457§ 0.4207| 0.6850] 0.867%| 0.9314] 0.8671| 0.6850| 0.4207| 0.1457] 0.0000]
+ Fommaaa $ommmmma- o L 4ommmmee R #ormeeeas fmmmmmnan L dommceees R +
| | 3 ] 0.0000|_ 0.1457] 0.4207] 0.6850] 0.8671f 0.9314| 0.8671) 0.6850[ 0.4207| 0.1457] 0.0000|
+DIFFER- +«------- dmmmmeen s $remmaaan T mmmmmea e L ecromnan e dremamaan D 4o +
| | 4 | 0.0000| 0.1457] oO. 4207| 0.6850] 0.8671] 0. 9314] 0.8671] 0. 6850| 0. 4207| 0.1457| oO. 0000}
+ -ENT L AR o rm e dmmmmmmas - m- LEEEEEEEES AR R hmmmmman AR LR B dmmmm—an R +
| | 5 | 0.0000| 0.1457] 0.4207] 0.6850] 0.8671| 0.9314] 0.8671] 0.6850] 0.6207| 0.1457| 0.0000|
+SECTIONS+-----~-~ Fommamenn L DT drrnenan dommaaann 4ommmmma mmmmma e mmeaan B dmmmmee s $romeaan +
| | 6 | 0.0000] 0.1457] O. 4207| 0.6850| 0.8671|‘ 0.9314] 0.8671] o. &850{ 0. 4207[ 0.1457| oO. 0000|
+ $ommmmman e Fomeanaan $ommemen dommmenan rmmeaann R D $ommrmvan L LT Foemmanan +
| | 7 | o0.0000] oO. 1457] 0.4207] 0.6850| 0.B671] 0.9314] 0.8671] oO. 6850 0. 4207| 0.1457] 0 0000|
+ e $orrernan e Fommmmmma o D $ennmmns $ommmmman domernas LTS TP R drremmaan +
| I B | o0.0000] oO. 145?] 0.4207] 0.6850| 0.8671] 0.9314] 0.8671| 0. 6850[ 0. 4207| 0.1457] 0, 0000[
+ Hemmmao ommmmaa D LT T #mmmmmeas dommee o 4o-mreeen fommemaen D bt DLt TR Sy #oemmmman

| 1 9 | 0.0000| 0.1657] 0.4207| 0.6850] 0.8671] 0.9314| 0.8671) 0.6850| 0.4207| 0.1457] 0.0000]
+ R R T LR roemnae PO — #omc el g, O O T Fovreman- PP +
| | 10 | o©0.0000f oO. 1457 0. 420?[ 0.6850] 0.8671] 0. 9316' 0.8671] 0. 6850] 0. 420?| 0, 145?] 0.0000|
+ L L - m--- L S L O Lt TR R R Ll +
| | " ] 0.0000] 0.1457| O. 420?[ 0.6850] 0.8671] 0. 93161 0.8671] 0. 6850] 0. 420?] 0. 145? 0.0000]
$rmmmaan 4o drmmmmuan Hommemee D PR LR T e daanommns Fommmmea P R ks RO LT D LT CEE T +




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

POSITION OF UNIT LOAD FROM THE CROMWN

4mmmmmm- Hrrmmmmmn L Fmrmmmme o masmw Hmmmmean e Frmmmm—-- 4rmmm - +-mmmm--e e o= e +
| X/L | -0.50] -0.40| -0.30| -0.20] -0.10| 0.00| 0.10] 0.20} 0.30] 0.40 | 0.50 |
L e fommmm- O fus L i L Famm e ommmme L s - $ro-mmem-- foromnnen +
| 1 1 | 0.0000] O0.8614] 0.9616] 1.0300] 1.0335| 0.9589| 0.8070] O. s920| 0.3432] 0.1134] 0.0000]
+ = rman 4o mmmna g L fommmmmn L frmmm - o frmmmrmm oo #ommmm—m- Fmmmm e +
j ] 2 | o.oo00| 0.0912] 0.8906) 1. 0215] 1.0768) 1. 035?[ 0.8957] 0. 6?11[ 0.3959| 0.1327| 0.0000|
+DIFFER- #====~--- L e L LR SRR R L R L $oemmmann frmmme— +
| { 3 | o0.0000| O. 1122[ 0.3145] 0. 9723| 1.0686| 1. 0571] 0.9327| O. 7095| 0.4235] 0.1434| 0.0000(
+ -ENT ~ 4=======- H-mmmmmm- D s LT LR LR fosmmmmm o mmmoo R e Rl Fmmmmmme frommmmma +
| 4 | 0.0000f O. 1276| 0.3622] 0. 576S| 1.0268| 1.0425| 0.9362] 0.7213} 0.4349| 0.1484] 0. oounl
+SECTIONS+--~---~-~ 4mmmmmana dmmmmnn L dommmmn L D $mmmmme— +mmmmemae 4ocoamane L
| | 5 | 0.0000] 0.1386] 0.3971] 0.6399| 0.7986] 0.9994] 0. 9133 0.7123] 0.4334] 0.1490] O. ooou|
+ fovrmmm=- LR e e L L fmmmm e +------ sekmmmm - $er-m-o-- domme-cas +
| | & | 0.0000] 0.1457| 0.4207| 0.6850| 0.8671] 0.9314] 0.8671] 0.6850] 0.4207| 0.1457| 0.0000]
+ 4ommmmee- L ] promamann Hrmmmeamn domesmana fremmnmmn focceemnn L dommerana L s $resnnana +
| | 7 | 0.0000f 0.1490] 0.4334] 0.7123| 0.9133| 0.9994| 0.7986| 0.6399| 0.3971] 0.1386| 0.0000|
+ Hoommmmes frammmnn froe-mmmo= focesmnna $ommmn Focmmmmns fammmmman L k] D Feeemmmnn 4om-menna 4mmmmm——a +
| | & | 0.0000] 0.1484] 0.4349| 0.7213] 0.9362] 1.0425| 1.0268| 0.5765| 0.3622| 0.1276] 0.0000|
+ fommmmeee dammmme froacmmena 4revanana e Foaommmmms O P foomanana $rowernnn $-mmmmmes 4ooommann +
| { 9 | 0,0000] 0.1434] 0.4235} 0.7095| 0.9327] 1.0571] 1.0686] 0.9723] 0.3145] 0.1122| 0.0000|
+ Fommmmmen $mmmemn- Hemmmmean 4o-emmmnn dommmama L L R e $eemmmann L el fommmvan N +
| | 10 | o0.oo000f O0.1327] 0.3959| 0.6711] 0.8957| 1,0357] 1.0768| 1.0215| 0.8906] 0©.0912| 0.0000]
+ Fommeocen $ommmm $ocemmeo hummmmmn e domm e doacmmmnnn oo L #remmemana $ossennma demmmmaan +
| |- 11 | o0.0000] O. 1134| 0.3432| 0. 59zo| 0.8070| 0.9589| 1.0335| 1.0300] O. 9616] 0.85614| 0.0000]
$ocmmmmnn dmmmm L e At EEEE LT T R T $----cen- R L ks E e LT D +
TABLE A.30
SHEAR FORCES ALONG THE DIFFERENT RAD!AL PLANES (RISE-TO-SPAH RATIO 0.250)
POSITION OF UNIT LOAD FROM THE CROWN

fowanmnn fommm~ $ommemmna bkt AL A dommmmmme $rammanna L $o-eemean hemme - $mmmmmmnu $oemmman- LT TR +
1 X/L | -0.50 | -0.40 | -0.30 | -0.20 1 -0.10 | ©0.00 | 0.10 | 0.20 | 0.30] 0.40 | 0.50 |
e fommmnm. 4rumermmnn fommmmenn L R R dmmaewnna L L LR R L Lt docmmwnan L T +
| | 1 | 0.0000] 0.4640| 0.1954} 0.083?] -0.3087] -0.4451] o.aras] -0.4122| -0.2684] -0.0971] 0.0000]
+ $rwrmma- Ho e LIEEEE T LREEEE TR L ] doammmrman 4o-mememn fammemmn temmemee- freenvana L D +
| | 2 | 0.0000] -0.1182] 0.4119] 0.1562f -0.0620{ -0. 2119| -0.2795] -0.2645| -0.1820| -0.0683| 0.0000]
+DIFFER- 4-------- Hrrmm---- L A LR Hosmmmms L et LR fmmmr - $-------- 4o mmmaan LR +
| 3 | 0.0000] -0.0984| -0.3015] 0.3500| O. 1466| -0. 0085[ -0, 1017| -0. 1303| -0.1023{ -0.0414| 0.0000]
+ -ENT e #ommamm- Focvmmmna Howmmran #mmemme - L ST PR EEE LSRR EEL S h e i fommmmm- e +

4 | 0.0000] -0. 0?74] -0. 2422| -0.4335] 0. 3303] 0. 1?56| 0. 0621| -0. 0048] -0.0271] -0. 0159] 0.0000|
+SECTIONS#-------~- LR L L R R hrmm et CEEEEEERL DA LT 4-csesean R L R +
| i .5 | 0.0000| -0. 0553| -0. 1794| -0. 3329| -0.4926] 3445| 0. 2151| 0. 1137| 0.0447| 0. 008?] 0.0000|
+ fammm——- Hommeanas L k] L R Rt EEE LR R bt SRR L #ommmemes focmannnn R +
| | 6 | 0.0000] 0.0325] 0. 1135| 0. 2262] 0.3584| -0. 5000[ -0.3584| -0.2262] -0.1135] -0. 0325| 0.0000|
+ Hrmmmmaae Fommmmmaa fmammmn T LT EEE TS P P R D $omnmmmnn R +
| |\ 7 | 0.0000| 0.0087] O. 0447| 0. 1137| 0.2151] 0. 3445| -0.4926| -0. 3329| -0. 1794| -0. 05531 0.0000|
+ $ommmwama fmmmre o ] L T L L L bt DEEE LA LR P R R R R EEY LR L dmmmmmaen +
| | & | 0.0000] -0.0159] -0. 0271| -0.0048| 0.0621] 0. 1?56| 0.3303] -0. 43351 -0, 2422| -0.0774] 0.0000|
+ $o-eeuan dmmmmmmo D $ocnmmcnmprrro #-----mn L $ammemen L Fomommenn dommmmma~ +
] { 9 | 0.0000| -0.0414] -O. 1023] -0.1303| -0. 1017| -0. 0085| 0.1466| 0.3500) -0.3015| -0.0984| 0.0000]
+ Hommmmeme R Hrmmmmaen L et TEE R R R R At ST trenaeen- L dmmmmmm— L foomanann +
| [ 10 | 0. 0000| -0.0683f -0. 1azo| -0,2645] -0. 2795| -0. z119| -0.0620| 0.1562| O. 4119| -0. 11821 0.0000]
+ #r-—mmea R LR $emmmmm - - rammms R L EEEREEE LS LR Rl e E Rt S E R R S +
[ | 11 | o oouo[ -0.0971] -0.2684| -0.4122] -0. 4?86| -0. 4451| -0.3087| - 0837| 0. 1954| 0. 4640] 0.0000|
fommmmma Hommmmman I R TE TR T 4--=--- e LR Hommmm-e I R LR TR R L e AL L LEEE R AR +




L foammmmna= +
| X/L |
fommmm— L +
I 1
+ Fommmmm- +
I |2 |
+ $ommmrm-- +
I I3 |
+DIFFER- #-~-=--=--~ +
I .
+ -ENT  #-------- +
I s |
+SECTIONS#-------- +
| 6 |
+ 4erem---- +
I 7 1
+ Hmmmmera- +
| 8 |
+ 4o-mmamas +
| 9 |
+ o +
I bo10 |
+ LEEERE TR +
[ I 1|
- fo-mammm- +
VERTICAL

Frmmmmm-- o mmm—a +
I %/L I
4mmemme - +
| b
+ L SEEE L EE +
| I 2
+ dmmmenmn- +
| I3
+DIFFER- #-------- +
A I 4 |
+ -EH[ Fomwm - +
5 |
+SECTIONS#-------- +
I [ & |
+ #ummmmmm- +
I 7
+ ommmmae +
I 1 8 |
+ $eommmmmn +
| 9 |
+ $---emme- +
I | 1 |
+ oo +
I L
ommmmmn  SEEE LR +

-0.50 |

........ P AR R TR L EE E R e E T L

0.0000]

0. oooo|

-0.40 |
-0.0496|

0.0293|

~0.30 |
-0. 0435|

-0. 00421

i TABLE A.31
BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIQ 0.300)
=INFLUENCE VALUE*(L)

POSITION OF UNIT LOAD FROM THE CROWN

-0.20 |
-0.0162]

-0.0171)

-0.10 |
0.0151)

-0.0184]

0.00 |
0. 0405|

-0. 013a|

0.10 |
0. 0541|

-0. 00731

0.0532|

-0.0015]

0. 0386]

0. ou15|

---------------- T T e SETEEEEEY SRR R S ) e ik

0. ouuo|

0.0000]

0.0154 ]

0. 0054|

0. ossz|

0. 0255[

0. 0140|

0. 06231

-0.0119]

0.0162]

-0. 02531

-0. 0136]

-0. 0286|

-0. ozazl

-0.0243|

-0.0299|

-0. 0155|

-0, 0216|

0.0156|

0. 0014|

0. 0000|

$osmmme== feemccsamaproame e J T ST [

0. 00001

................ +

-0. 0055|

-0.0085|

0. nooo|

N T LR 7 PP

0. uooo|

........................................ e R kbl e S intainiedeh 4

0. ous7|*o oz33|

0. 00001

-------- L e e il linte Sl ==

0.0000]

-0. 00171

-0.0113}

-0.0048|

0.0601|

0.0176|

0.0151|

0.0582|

-0.0121]

0.0176}

-0.0228|

-0. 0048|

-0.0199]

-0.0113|

-0.0063 |

0.0000|

0.0000|

........ +-----.--+a.-.-_--+--.----.+------_-+-.--_---+-..----.+-------.+--------+----..--+--------+

0.0000|

........ R TR LRy L

0.0000|

-0.0086

-0.0085|

-0.01%9]

-0.0216|

-0.0228|

-0.0299]

-0.0121]

-0.0282|

0. 01511

-0. 0136|

0.0601|

0.0162|

0.0233|

0.0623

0.0037]

0.0255|

________ Y Rt DEEEE S ERL 4 P T ST R R 2P EE R DT

0.0000]

0.0000|

-0.0055}

0.0014|

-0.0155)

0.0015|

-0.0243]

-0.0015]

-0.0286|

-0.0073}

-0. 02531

-0. n13a|

-0.0119|

-0.0184)

0.0140|

-0.0171)

0.0552|

-0.0042|

-0.0017|

0.0054 |

0.0293|

........ 4--_-----+.-------+_..--_.-+.-.-----+-.-----.§--.---.-+--.-----+.-.---.- T

0.0000]

........ +------—-+.---..--*--------4_-----.-+--------+----.---+-.------ drmmmmmaa

-0.50 |

0.0000|

0.0156]

-0.40 |

0.9652|

0.0386] -

0.30 |

0. 8822|

0.0532|

0.0541]

0.0405]

TABLE A.32
SHEAR FORCES AT DIFFERENT SECTIONS (RISE-TO-SPAR RATIO 0.300)

0.0151]

-0.0162|

POSITION OF UNIT LOAD FROM THE CROWN
-------- S it SR ELEE RS TEPELEREL SRR E bbbt bttt

-0.20 |

0. 7695|

-0.10 |

0.6390|

0.00 |

0.5000|

0.10 |

0. 3610[

0.20 |

0. 2305[

-0.04354

0.30 |

0. 11?8|

-0. 0496|

0.0000}

L T L e T oo mmm—— frommaman frmmmm . Y —— ¥

0.0000|

0.0000]

P LT TP e [ L oo $rocemman +

0. onoo|

0. ouoo]

S +

0.00001

........ o LT S Bevreccmcfenmmamerpomcrcomnpammmaro-fposannmnmfmmanennn}

0.0000{

-0.0348]

0.8822|

0.7695]

0.6390|

0.5000]

0.3610]

0.2305|

0.1178}

........ N LT T PP TEEE R L & P L Er T R Sy e e R SRR E 2

0.0000|

-0.0348|

-0.1178|

0.7695]

0.6390|

0.5000}

0.3610|

0.2305|

0.1178}

0.0348}

0.0000|

0.0000|

........ R L L R el P L L R et CEE LRy 3

0.0000|

-0.0348|

-0,1178]

-0.2305

0.6390|

0.5000]

0.3610|

0.2305|

0.1178|

0.0348|

0.0000|

........ O LTS P e L Lk LEEEEE DR PEREEE T LD EEE bbbl Sl id 4

0.0000]

-0.0348|

-0.1178|

-0.2305] -

-0.3610]

0.5000]

0.3610|

0.2305]

0.1178]

0.0348|

0.0000|

........ +------.-+-----,-_+---.....+.-.--..-+-..--.-.+----_-.-+-----.--+----.--- N N L. &

0. 00001

-0. 0343|

-0. 11731

-0. 2305|

-0.3610]

0.5000]

0.3610)

0.2305|

0. 117a|

........................................ oommmmr-¥ F T TR P T SRR ERS &

0. 0000|

-0. 0343|

-0. 11ra|

-0. 2305|

-0.3610]

-0.5000]

0.3610]

0.2305]

0.1178]

0.0348]

0. 03431

0.0000]
-------- +

0.0000]

........ fommmmv e -..---_-+-..--.--+--_--.--+--------+--.-----+-.------ forommmmmmfrr e

0.0000|

-0.0348|

-0.1178]

-0.2305|

-0.3610|

-0.5000|

-0.6390]

0.2305]

0.1178]

........ S T R Ry L L LRl L bl it 4 e L &

0.0000}

-0.0348|

-0.1178] .

-0.23051

-0.3610}

-0.5000]

-0.6390|

-0.7695|

'0.1178|

0.0348|

........ +

0.0348|

0. 0000|

0. 0000|

........ O ey TR Ty TR EEEEEE bt ] R T TR T R R PP PP R PR SRR LR R L 4

0.0000|

-0.0348|

-0.1178]

-0.2305]

-0.3610]

-0.5000|

-0.6390}

-0.7695|

-0.8822|

0.0348|

0.0000|

________ L E T LR R EE it g B LR R R TR Y Ll e

-0.3610]

0.0000|

-0.0348|

-0.,1178|

-0.2305|

-0.5000|

-0. 6390|

-0. 7695|

-0. aazz|

-0. 9652]

0. ooont




TABLE A.33
HORIZONTAL THRUSTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0,300)

POSITION OF UNIT LOAD FROM THE CROWN

+
)
)
)
]
[]
]
]
]

+*
'
]
»
[l
[
[
[
]

L L Homemeemn L 4---m-m - L Hmmmmmann $-------- dreecanan L e L *
| X/t | -0.50 | -0.40) -0.30| -0.20| -0.10 | o0.00 | O0.10| o0.20| 0.30 1 0.40 | o0.50 |
L L L L L R #mmmaa L drmmmmman L L 4emmmmman R LT TR Fmeeoan -4
| | 1 | o.0000] 0.1311] o. 3sza| 0.5778| 0.7233] 0,7743} O. 7233] 0.5778]| 0. 3623; 0.1311]| 0.0000|
+ 4remannaa L LR L et BT L $o-memm- - R T d-mreea- L $ommreaea +
| | 2 | o.0000| o. 1311| 0.35231 0.5778| 0.7233] 0.7743} O, 7233] 0.5778] 0.3628| 0.1311| 0.0000|
+ 4o mmann L L L T dremmmaan $--memm - - $remmmaan L d-mmmeaaa $mmmmmee o #--reea-- +
| { 3 | o0.o000{ oO. 1311[ 0.3628] 0.5778| 0.7233| 0.7743] O, 7233| 0.5778| 0.3628] o. 1311] 0.0000|
+DIFFER- #===----- $orremman R et e R it oo drmmmaeas R it SEEE T Hea-anann Froemomcademooeas +
[ | & | o.0000f o.1311| 0.3628| 0.5778| 0.7233| 0.7743| 0.7233| 0.5778] 0.3628] o.1311| _0.0000|
+ -ENT et $ommmmeen Frmmmmaeo L Fmmmmnno LR drmmamaan R $mmmmmman EEEEEEEET drmmmanas $ommreema +
| l. s | o.o000] o. 1311| 0.3628] 0.5778| 0.7233] 0.7743] 0.7233| 0.5778] 0.3628) 0.1311] oO. uooo|
+SECTIONS#-------- $mmmmmaan LR T SR T P L Femeaian R fmmamnnae R R temmmmmaan H---mowm- Fomeemman
| | [ | 0. 0000] 0.1311[ 0.35628) 0.577B| 0.7233| 0.7?43[ 0.7233| U.5776| 0.3628[ 0.1311] 0.0000[
+ 4ommmmam Freammeaa R L L L dmvmmmm—a L dremmmann $remmanaa Fremmaman R +
} | 7 | 0.0000{ 0.1317} 0.3628| 0.5778| 0.7233| 0.7743| 0.7233| 0.5778] 0.3628| O. 1311| 0. ouou;
+ L 4--mmm - R L L #ommmmnan o mmmeens L $ommmaooo L LR
| [ 8 | 0.0000] 0.1311] 0.3628] 0.5778] 0.7233] 0.7743] 0.7233} 0.5778| 0.3628| o.1311| o.ooool
+ $ocmmmana dommmmaaa L L L L LEEEE R $ommmmns L #omeamena $emmmeeon Hemmmenn L L +
} [ 9 | o. 0000| 0. 1311} 0.3628] 0.5778] 0.7233| 0.7743] 0.7233| 0.5778| 0.3628{ O. 1311| 0. 0000|
* $oemmnnn LR e LT T R U P $ommaanan L demmmeen LR L s L L TR P
| | 10 ] o. oouu| 0. 1311] 0.3628| 0.5778] 0. 7233] 0.7743| 0.7233| 0.5778] 0.3628| oO. 1311[ 0. ouou]
+ L Rk #mmemaan LR R $rmemanan L AL L L L L $remmmmas Fommmmnas L
| | 11~ | o0.0000] o. 1311| 0.3628| 0.5778] 0. ?233| 0. 7743| 0.7233] 0.5778| o. 3628] 0. 1311[ 0. oooo]
L L L L tremceaaa $ocemanan L LR s LR TS T LR R R el EEEEEE TR LT T T P Gy -+

TABLE A.34
THRUSTS AT THE DIFFERENT RADIAL PLAHES (RISE=TO-SPAKR RATIO 0.300)
POS!ITION OF UNIT LOAD FROM THE CROWN

L L LTS L L et L $ommraa #mmmomaan 4rmmmmmas Hocmemen dmmmmeooa $remvanaa LR +
| X/L | -0.50 | -0.40 | -0.30] -0.20 | -0.10 | 0.00 [ 0.10 ! 0.20 | 0.30 | #**s+ | 0 g0 |
oo a L Hommmman L L L dmmmmmas R Rl L R L L T LYY SU Iy fmmemaano froemmaaa 4-mrreana +
| I 1 | o.o0000] o, 9133| 0.9491] 0©.9509| o. 9oaz| 0. aoss| 0. 5sa9| 0.4753] 0.2747| 0.0924] 0.0000|
+ L $mmwrmmaa LR Rt LE T I #ormmmaan L L Frmrammaa L $remmmnas fommmmaaa $remomean +
. I 2 | 0.0000] 0.0683| 0.8797| 0.9525] 0.9634| 0.9014] 0.7672| 0.5720] 0.3402| 0.1174{ 0.0000]
+DIFFER_- Formmmman +".- ----- $ommmeeean e L $omcemenn $ormeemaa t-mmmmen $mmmmeea- Foremmm—a $eommmmen LA R R +
| | 3 | 0.0000] 0.0928] 0.2454] 0.8976] 0.9519} 0.9216] 0.8047| 0.6122| 0.3702] 0.1296| 0.0000]
+ -ENT temenaoan Fommmmman L R e L SRR $ommemaaa #mmmamon o emna $rememman LA EE TR LR L] Fosmcmnn +
| 4 | 0.0000] 0.1104] 0.2979] 0.4593| o. 9022] 0.9009| 0.8041] 0. 6220| 0.3811] 0.1349| 0.0000|
+SECTIONS#-~-----~ R Homaaos $rommaaan #ommmeea T EEEEET TN P 4-mmmmaes s P P uppa, T $omammees +
i | 5 | 0.0000] 0.1229| 0.3353] 0.5281| u.s&azl 0.8503| 0.7756| 0.6094[ 0.3779| 0.1352|- 0.0000)
+ L L L devmmmmas drmmenaos $ocermana #eeooaoan R L L #rmmmaenn LR +
| | 6 | o0.0000] 0.131%] o. 3628| 0.5778| 0.7233| 0.7743) 0.7233] 0.5778] 0.3628] 0.1311] 0.0000]
+ L L #ommmrma LR LT #ommeman L #rmmmmaan demmmmnms Fmmeem - $remmm—as #mrmmmaas +
| | 7 | o0.0000] 0.1352] o.3779| 0.6094] 0.7756] 0.8503| 0.6482| 0.5281| 0.3363] 0.1229] 0.0000|
+ L #reamaaan L e #mmmmaeoo $ocneammn $rommmans #-mmmmnan L LT $occo-cna dummmmano domemmman +
| | 8 | o.0000] o. 1349| 0.3811] 0.6220] 0.8041] 0.9009] O. 9022| 0.4593| 0.2979] 0.1104] 0.0000|
+ L R $mmmome - LR Fumemmaa L Fommmrman L et AL LT e ] L #rmmmmann +
|. | 9 | 0.0000] 0.1296[ 0.3702| 0.6122| 0.8047] 0.9216| u.9519| 0.8976] 0.2454] 0.0928] ©.0000]
+ L L L #---ras #emeooaan #rmmmmaas L L L ) toreemnan L ] #mmmmeoo L +
| | 10 | o0.0000] 0.1174] o. 3402[ 0.5720] 0.7672| 0.9014| 0.9634] 0.9525| 0.8797] 0.0683| 0.0000]
+ L dommmueaa $osrmmana LR R R T L TR Fomwemmma #reemeean Frmmaann LEEE T L T TEE T TP Frranaaas +
| ] 1 | o. 0000| 0.0924] o. 2747| 0.4753] 0.6589| 0.8055| 0.9042| 0.9509| 0.9491] 0.9133], 0.0000)
$ommmaan L +

........ R e it T S A PR Y e e




b= b Sttt

| x/L

fmmmmmm O ——

I I

+ LEER LR

I |2

ADIFFER- #--------
| 3

+ -ENT  4--------

4

+SECTIONS+------~~

I | 5

+ $ruvemmm=r

I I &

+ ¢ fommmmem-

I |7

+ o=

| | 8

+* fommmmman

I 9

+ e

| | 10

+ fommmmmmn

| | N

fommmmmr $mmmmaan

+
|
+
I
+

L L +
| X/L }
Fmwmmmmn e L +
| b1
R 4w +
| 2 |
+ Fo-smmmm +
| - 3 1
+DIFFER- 4--+=-==-- +
| | 4 |
+ -ENT e +
I I 5 |
+SECTIONS#+-------~ +
| | & |
+ L +
| 7 |
+ 4--samna- +
| o8 |
+ $rmmmm--- +
I b9 |
* N +
1 | 10 |
4 L +
I oo
N e $---wmmm- +

-0.50 |

................................ LA R LR E L

0. oooo|

-0.40 |

0. 3386|

-0.30 |

0. oqsut

TABLE A.35
SHEAR FORCES ALONG THE DIFFEREMT RADIAL PLANES (RISE-TO-SPAN RATIO 0.300)

POSITION OF UNIT LOAD FROM THE CROWN

-0.20 |

-0.1477|

-0.10 |

-0.33751

0.00 |

-0.4479|

0.10 |

-0. 46331

........................ famwmmccoframmmm oo s mmafom sk

0. 00001
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0.0000]

0. onno|
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0. ooon]
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0.0000}

0.0000|

-0. 1172|

-0. 0939|

-0.0574 |
0.0348|
0. 01111

-0. n137|

0. 3esa|

29zo|
-0.2383|
-0.1800|
0.1178)
0. us19|

-0. 01731

0. 1372|
0. 3469]
-0.4196|
-0.3289]
0.2305|
0.1249]

0.0117|

-0,0579]
0.1592}
0.3426|

-0.4830|
0. 3610|
0. 22?7|

0.0825]

-0.19241
0.0143|
0.1946|
0.3555|
-0. 5000|
0. 3555|

0. 1946|

........ N L Er SEE R P PPN TEEEEEEEE LR ]
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-0.0768]

0.0143]

-0. 2saa|
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0.0825|
0.2277|
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-0. 483o|
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-0. 4014|

-02&71

+
-0. 0993|

0.0000]

................................ +

-0. 2446]
-0. 1103|
0. o117|
0. 1249|
-0. 2305}
-0. 3289]

-0.4196]

-o1n7|
-0.0921|
-0.0178|

0.0519]
-0.1178|
-0.1800|

-0.2383}
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-0.0137]
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-0.0348|

-0.0574|
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........ P L r s ST R EEEEY PER TR RS St el

0.0000|

........ +_.--..--+------..+-------.+-.--..-.+-----..-+-..-----4------.-+-_..---.+--------

-0.50 |

-0.0679}

-0. o993|

-0.40 |

-0.1727]

-0. 26471

-0.30 §

-0.2446|

-0.4014]

-0.2548]

-0.4683]

-0.1924|
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TABLE A.36
BENDIKG MOMEWTS AT OIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0. 350)
=INFLUENCE VALUE*(L)

-0.0579

-0.3375|

0.1372|

-0. 1477|

POSITION OF UNIT LOAD FROM THE CROWN

-0.20 |

-0.10 |

0.00 |

0.10 |

0.20 |

0. 3sss|

0. 09501

0.30 |

........ e et TEL LR T EEE R St 4 T TR

0.0000|

-0.0449|

-0.0363 .

-0.0095|

0.0200]

0.0436]

0.0562|

-------- P e AL EEEERY SEEELEEEE

0.0000]

-------- P LA LTS TR TR LS SR liel it

0.0000|

0.0307|

0.0160]

-0.0031

0.0560|

-0.0177]

0.0143|

-0.0211}

-0.0124)

-0.0181|

-0.0267|

-0.0122|

-0.0308|

0. 0551|

0. oaos[

-0.1172|

0.3386}

0.40

0.0173|

0.0000}

0. oono|

T T T frmmmwm—.

0. oooo|

0.0000|

................ F R Y LT P EY )

-0. 00601

-0.0269|

-0. oo14|

-0. o177|

0..0004 |

-0.0067}

0.0000|

0.0000|

........ +--------+----..-- e ALY TR RERY 2 P T TEEET P PEPELEEEE DEELEEEES 4

0.0000|

0.0057|

0.0265|

0.0639]

0.0179|

-0.0122]

-0.0276|

-0.0302|

-0.0227|

........ e LS A e R e ik J P T T T R Y PR Y |

0.0000}

-0.0017|

0.0046}

0.0256]

0.0632}

0.0183|

-0.0096|

-0.0215]

-0.0094|

-0.0093|

0.0000|

0.0000|

........ e T L AL E Y TR T ) T TR TR RRT TR PR EEEEE Sl d Rt

0.0000}

-0.0067|
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-0.0027]
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0.0209|

-0.0027|
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-0.0067|
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........ S L E Y L E: TR TP TR R RS SRS R LR TRE PR EERY
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........ e LR T L ST PR T LR R R Rt fommmmmmegamem
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-0.0093|
-0. 0094[

-0. 0067|

-0.0199|
-0.0227|

-0.0177]

-0.0215]
-0.0302|

-0.02691

-0.0096|
-0. 0276]

-0. osoa|

0.0183|
-0.0122]

-0.0267]

0.0632}
0.0179]

-0.0124}

0.0256]
0.0639|

0.0143]

0.0046|
0.0265}

0.0560|

-0.0017|
0.0057|

0.0160|

0.0000
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TABLE A.37

VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS (RISE- TO-SPAN RATIO 0,350)
POSITION OF UHIT LOAD FROM THE CROWH
-------- +--------+--------+--------+---~----+--------+--n-----+------—-+-----—--+-a------+--------+--------+
t | -0.50 | -0.40 | -0.30] -0.20 | -0.10| ©0.00] ©0.10) o0.20| 0.30] 0.40 | 0.50 |
-------- T LT L SRR RS S E ek el R L R T ]
1 | 0.0000] 0.9622| 0.8771] 0.7647| 0.6361] 0.5000] 0.3639| 0.2353| 0.1229] O. 0378| 0.0000|
-------- R LT T el bbbl 4 R et LEEEE LS EEE RS, 4
2 | 0.0000| -0.0378| 0.8771} 0.7647| 0.6361] 0.5000f 0.3639| 0.2353| o0.1229{ 0. 0378 0.0000|
-------- P et TEFEEELEE TEEEEEEEL LE it Sl 4 P R L Ry E L R LD St
3 | 0.0000| -0.0378] -0.1229| 0.7647| 0.6361| 0.5000| 0.3639|  0.2353] 0.1229] o. 0378] 0.0000|
-------- P e SRR TR EE TR LR Rt bkl 4 4meweram-feennnannfearn-o--donsnannnd
4 | 0.0000] -0.0378] -0.1229] -0.2353| 0.6361] 0.5000] 0.363¢| 0.2353] 0.1229| 0. 0378| 0.0000|
-------- ORI S R R R L SRR R R L bl iaieh dedeiiebhh i R et EEE TR
S | 0.0000] -0.0378 -0.1229| -0.2353| -0.3639| 0.5000] 0.3639] 0.2353] 0.1229] o. 0378] 0.0000|
-------- LR T TER TP TPY PETEEREEL SRR R RS d O e T R RYY EEE TR SEA LD St et 4
& | 0.0000] -0.0378] -0.1229] -0.2353| -0.3639| 0.5000| 0.3639] 0.2353] 0.1229] 0.0378] 0. 0000|
-------- e e D il At 4 T R L LR R LT ]
7 | 0.0000] -0.0378] -0.1229| -0.2353| -0.3639] -0.5000| 0.3639] 0.2353] oO. 1229| 0.0378] 0.0000|
-------- R et CEEEEELEL TEEEEEE LS 4 $roccccc-fiimmmmerdocc-cccafmmmmroccfossmamnfuarccccfsssnmnmnfronro---F
8 | 0.0000) -0.0378] -0.1229] -0.2353| -0.3639| -0.5000| -0.6361| 0.2353] 0.1229| 0.0378] 0. 0000
-------- R R S it SRR L LR AL EEEEED L bbbt Sk Ao d $ommmmae}
9 | 0.0000] -0.0378] -0.1229] -0.2353| -0.3639| -0.5000| -0.6361] -0.7647| 0.1229| O. 0378] 0.0000|
-------- P S S S et R R R L DRE LR RS Sl itk St iteiieint el
10 | 0.0000| -0.0378] -0.1229| -0.2353| -0.3639] -0.5000| -0.6361| -0.7647] -0.8771] 0.0378] 0.0000]
-------- O S R AR EL TEL SR EEE L E b it S b bietel Al dints Gttt
11 ] 0.0000| -0.0378| -0.1229] -0.2353| -0.3639| -0.5000| -0.6361] -0.7647| -0.8771] -0.9622| 0.0000]
-------- Bevtmmcmademeocccabosuammnmadrrocccofe-assmmmheocc-occfiammmveedoccocsrebommmome oo nna g
TABLE A.38
HORIZONTAL THRUSTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.350)
POSITiON'OF UKIT LOAD FROM THE CROWN
-------- P e T e R Rtk AL LR EELL bbbl St ek el
L | -0.50| -0.40 | -0.30| -0.20 | -0.10| ©0.00| 0.10)] 0.20| 0.30} 0.40 | 0.50]
-------- - L et R e R LRk Sl kel Sl Gl
1 | 0.0000] 0.1226] 0.3226] 0.5015| 0.6205| 0.6618] 0.6205| 0.5015| 0.3226] 0.1226] 0.0000]
-------- P Lt AT LT L P L Ll S bbbk Dbl S ik St 4
2 | 0.0000] 0.1226] 0.3226] 0.5015] 0.6205| 0.6618| 0.6205 0.5015] 0.3226] 0.1226] 0.0000]
-------- P et E EEE LR EL PR TR R ] P LT T Rl LR e b id
3 | 0.0000] 0.1226] 0.3226] 0.5015] 0.6205| 0.6618] 0.6205| 0.5015] 0.3226] 0.1226] 0.0000]
-------- g e it ALY SEE R R EL P R bl St ket Sininteiedihinh et d
4 | 0.0000] 0.1226| 0.3226] 0.5015| 0.6205] 0.6618] 0.6205| 0.5015] 0.3226] 0.1226] 0.0000|
-------- P it SR P EY LEES TR RS SR EEEEE SR bbbt Stk S 4
5 | 0.0000] 0.1226] 0.3226] 0.5015| 0.6205] 0.6618] 0.6205] 0.5015| 0.3226] 0.1226] 0.0000]
-------- T T R T R R DEE LA R St bbbt S b S
6 | 0.0000] 0.1226] 0.3226] 0.5015| 0.6205] 0.6618| 0.6205] 0.5015] 0.3226] 0.1226] 0.0000}
-------- L S et ALkt Sl Sfeleieiababeid
7 | 0.0000] 0.1226] 0.3226| 0.5015] 0.6205| 0.6618| 0.6205| 0.5015| 0.3226] 0.1226| 0.0000]
-------- T e S T e R Tl SR LR LAl Sl bt Subhiieieiait et
8 | 0.0000] 0.1226] 0.3226] 0.5015{ 0.6205] 0.6618] 0.6205| 0.5015{ 0.3226] 0.1226] 0.0000]
-------- T T e e s R LRt Rl i ik bt
9 | 0.0000] 0.1226] 0.3226| 0.5015) 0.6205| 0.6618] 0.6205| 0.5015| 0.3226] 0.1226] 0.0000]
-------- e L R R Rt SR L RS LRl S bbbl Sl Siniinbeieied £
10 | 0.0000] 0.1226] 0.3226| 0.5015| 0.6205| 0.6618} 0.6205] 0.5015| 0.3226] 0.1226| 0.0000]
-------- T L TR RE R B R R R LR R R g bl S i St
11 | 0.0000] 0.1226] 0.3226] 0.5015| 0.6205| 0.6618| 0.6205] 0.5015| 0.3226| 0.1226T" 0.0000|
-------- +

-------- N PP ST S e btt SR EE T LR TE L LR Rt SR b bl bk 4




TABLE A.3%
THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RAT!O 0.350)

POSITION OF UNIT LOAD FROM THE CROWN

femanmaan drecennnn $ommmaea $ommemman 4o D $mmmmmmn S Rt $mmmemmmn 4omemaans 4ocmncaan focsanann 4mmmmmmmn +
| X/L ! -0.50 | -0.40 | -0.30 | -0.20 ] -0.10 | 0.00 | 0.10 | 0.20 | 0.30 | 0.40 | 0,50 |
Fommemam L $ommmemae R D $omemmn oo Femmmmman L $omreaan- ommmrma $orrooeoa L +
} ] 1 [ 0.0000] 0.9460] 0.9345] 0.8901| 0.8101| 0.6963| 0. 5543[ 0.3928| 0.225%] 0.0775| 0. 0000{
+ Fommmmmea L $ommanas dmemmmeen L L $eommmans $ocmocnnn R R SR $mememan- $omemmman #mmmemnan +
| | 2 | ©0.0000] 0.0524] 0.8721] 0.9055| 0.8874| 0.8123) 0.6827] 0.5077| 0.3052| 0.1093} 0.0000]|
+DIFFER- +-rrmwwm~- LR EERR - Ferm . LLE AR L ] . LI e e $rmmmma- e $orescnae +
| | 3 | 0.0000] O0.0799| 0.1972] 0.8453| 0.8711] 0.8285] 0.7176| 0.5469] 0.3358] 0.1226] 0.0000
+ ~ENT" 4-ececean L R R $ommmmma- L $ommmmm - P R $mmmmmens L R $omrmmren +
| | 4 | 0.0000] 0.0994] 0.2528| 0.3763] 0.8140| 0.8012] 0.7117| 0.5532| 0.3452| 0.1278| 0.0000]
+SECTIONS#-+-=---- ommmmeo- $ommmmmmmm 4o $emmmmm L s e $mmmmmmm - $ommemm- $ommemm- L $roemmman +
| | 5 | o. 0000| 0. 1133[ 0. 293B| 0.4484] 0.5410] O. 7660| 0.6778| 0.5368| 0.3400] 0.1275| 0.0000|
+ D L TR ST TR T ey A T T $omemman D L LR TP $ommmeana Focmeonan docmmnnan eoommnan +
| | 6 i 0.0000} 0.1226] 0.3226] 0.5015] 0.6205| 0.66j8| 0.6205] 0.5015] 0.3226] 0.1226} 0.0000}
+ D e L $mmeemnan CEEETEERE $ommanaas mmmeaman 4omemnaan L P $oemennnn Fommmmm- +
| | 7 | 0.0000| 0.1275| 0.3400f 0.536B] 0.6778] 0.7440] 0.5410{ 0.4484] 0.2938] O, 1133] 0.0000|
+ Fmmmmamm- B B $omeeuaan $mmmemem D R R R e e meo $ommmmm e R il ST TP +
| | 8 | 0.0000] 0.1278] 0.3452] 0.5532{ 0.7117| 0.8012] 0.8140] 0.3763} 0.2528} U.D994| 0.0000]
+ L e L e ommmeaas ocesnnnn $ommmmm- R s R e $o-mm e $ommmmm e $ocmmmeas Fommmmama +
| I ¢ | 0.0000] 0.1226)] 0.3358] O. 5669| 0. 7176| 0.8285| 0.8711) 0.8453} 0.1972| o0.0799] O. 0000}
+ L e e dommeman e L R TR TR omenaan $onmamaan 4mcmmonan $ocmmnann P Fomrmmean +
| | i0 | 0.0000] 0.1093] 0.3052] O. 5077[ 0.6827| 0. B123| 0.8874] 0.9055| O. arz21| o0.0524) o. 0000|
+ $omeeenan L i R TP R dommmmee D D EE T TP $mmmmman $omcenman $omeacna- $mmmmm e +
| | 1 | 0.0000] 0.0775| O. 2259) 0.3928] 0.5543| 0. 6963| 0.8101} O. 8901[ 0.9345] 0.9460| o0, 0000]
$ommmmman $ommmeman $mcmmmnaa e e L e et L Frreremcedummmanan $omcmmman $remacaan +
TABLE A.40

SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.350)

POSITION OF UNIT LOAD FROM THE CROMWN

R LR ET LT $mmmmmman L L L e #rrmmeean L e demmmmmaa dmmmmmeas L #rmmmmamn +
| X/L | -0.50] -0.40 | -0.30| -0.20} -0.10] 0.00 | 0.10 | 0.20 | 0.30 | 0.40 | 0.50 |
L #emmmmman L Freremnna hommamaan L L L R e e AL - LR +
| | 1 | o0.0000f 0.2142| -0. 0029| -0.2095) -0. 3ssz| -0. asor| -0. 4554| -0. 3907| -0, zs11| -0.1022| 0.0000|
* L trmmmmaan L L L N L ST L R R L Y LR +
| | 2 | o.o0000f -0. 1171[ 0. 3359| 0. 1273| -0. naea| -0.1677{ -0. 2264| -0. 2z1a| -0. 1615| -0.0672| 0. onoo|
+DIFFER- +---~--=--~ $mmmmmaa LR et AR R e LT LR LR R LR LR AT e R L
| | 3 | o.0000] -0. 1003| -0. 2534| 0. 3488] 0.1756] 0. 0399| -0. 0492| -0. nea4| -0. oaoa| -0.0379| 0. onoo|
+ =ENT R LEEE LT L $or e L $oammmmaa R Rt L bl LR T LR +
& | 0.0000f -0.0811| -0.2352| -0.4066] O. 3563[ 0. 2146[ 0. 1040] 0. 0296| -0. oora| -0.0110{ 0.0000]
+SECTIONS#-------- L Hrmmmmmas mmmmmaan - D R ET TP, L b L T P +
] ] 5 | o0.0000] -0. 0602| -0.1814] -0.3254] -0. 4740| 0.3667] O, 24081 0. 1369] 0. 0601] 0.0141]  0.0000]
+ hmmeeoo oo $ommmeea- L T T ] Hrmmaeean L drnmaeesn #eceoman- L R hmmmmmna +
| | 6 | 0.0000] oO. osra[ 0.1229] 0.2353] 0. 3639] -0. 5ooo| -0. 3639] -0, 2353| -0.1229| -0.0378] 0.0000|
+ o Femmmmana L e TR TP L R EE T EE R e L ] drmmmanna Froscacan Fommmmnnn +
| | 7 | 0.0000f O. o1a1| 0. 0601| 0.1369] 0. z&oa] 0. 3667| -0. 47401 -0. 3254| -0, 1a14| -0.0602| 0.0000|
+ Fommmmmm Femmm - #roweemaa L e e oo #ocemmoan #ommmnman R ALY EE e L +
| | 8 | o. 0000| -0.0110] -0. 0074[ 0.0296| 0.1040| O. 2146| 0. 3563| -0. 4066] -0. 2352| -0.0811| 0.0000|
+ #mmmmmmao LR e L $-------- $ememmmm- L el e e e e e #oememean +
| 1 9 | o. 0000| -0. 0379| -0. oaoa[ -0, oaaa] -0.0492| 0. 0399| 0. 1756| 0. 3485| -0. 2834[ -0,1003| 0.0000|
+ I #mmmmman LR R R N R P L L CE TR Fomrrm—e fmmmmmaa L +
| | 10 | o0.0000| -0. 0672] -0. 1615| -0, zz1a| -0.2264] -0. 1677| -0. 0468| 0. 1273| 0.3359| -0. 1171| 0.0000|
+ LT R #----mmnn AR R L L L LR R LR R L e Et LE TP +
| | 11 | o.0000| -0.1022| -O. 2611| -0.3907| -0. 4534[ -0. 4507| -0. 3652[ -0. 2095| -0.0029] oO. 21!.2|"n 0000
o L L Fommemmoe #ommmmaes Hmmmmma oo LR e dmmmmmman prmmmesn #o--mmo - +




TABLE A.41
BENDING MOMENTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.400)
=INFLUENCE VALUE*(L)

POS!HON OF UHIT I.OA.D FRCM THE I:ROU'H
#mmemma #omemoans #ormeenao g T b e TSRO #rmemeao. AL R T #omraman. *
! x/L | -0.50 | -0.40 | -0.30 | -0.20 | -0.10 | 0.00 ] 0.10 | 0.20 | 0.30 | 0.40 f 0.50 |
tommmaaas Frmecmaas 1 0.0000] ~0.0390] “a-oama “oromssl o orte et 0] 030 ] 040 | 050 +
| ' 1 ) o. nnon| -0. 03901 -0, 0282[ -0. onzz| 0. 0255| 0. 04?2| 0. 0585[ 0. 0572| 0. oasol 0. 0193] 0.0000|
+ Foemmaa 1 0.0000] .05 ey i Loty D02 0:0572] 0.0430] 00193 Frocenea. +
| I 2 | o. 0000| 0. 0323| -0, onzn| -0, o1aa| -0, nzaz| -0. 0229| -0, o177| -0, n111| -0. noso| -0.0010] o. onoo[
+ #omeemas MR AR L LS SRR S SR LR R MR G T TP S L LT TP
| 3 1 o. onno| 0. 0169] 0. 0572| 0. o1s1| -0.0125| -0.0278] -0. 03271 -0. 0293| -0. ozoo| -0.0081| 0.0000|
+DIFFER- 4-cu-oo .. Rt T AT T R Foemmno. $ommeoma Lt E D - LR . $rmeena. +
| s ) o.noon| 0.0061] o. ozrs| 0.0660| 0.0202] -0.0103| -0. 0266] -0, 0303; -0.0237| -0.0105] 0.0000}
+ ~-ENT $ommene R T TR P, AR R LY O oo MR D TR L, #rmemnan. +
| I s | o. nnon| -0. on1r| 0. 0059| 0. nzsz] 0.0667] 0. nz19| -0. 0066] -0. 0199] -0.0198] -0.0t00] o, ooon;
+SECTIONS+--v--o.. MR ARLEL T LT SNSRI SO MRS SRR O S Formreaas Fooemeoa.
| I 6 | o. nouo| -0. onrol -0. 0098| -0. noozj 0.0247| 0.0662[ 0. 024?] -0, oooz] -0.0098| -0.0070] 0.00001
+ #ommeeal MRS RS L P S SRR Fommeeaal MR REL T LR T #oeeeao. +
| I 7 1 o ooon| -0. o1oo| -0. u1oa| -0, 0199; -0.0066[ 0.0219] o. 0667] 0. ozaz] 0.0059| -0.0017] 0.0000)
+ e SRSt SULTECPRe S SNROd Sl DT Tt P #rmemeo. LR TR +
| I 8 | o. ooool -0. o105| -0. 023?| -0. 03031 -0. 0266] -0.0103] o. 0202] 0. 0660] 0.0278| 0.0061) 0.0000|
+ #omecma . R T UT T SRS SRS I AL ST tocmmnas LR LR T P +
| I 9 | o. 0000] -0. ooa1| -0. 0200| -0. 02931 -0, 03271 -0.0278] -0. 0125] 0. 0151[ 0. 05721 0.0169] 0.0000{
+ Fommnoaal LT LT, NS R AR LT SRS Fo e e T trmenman, +
| I 10 | o. ooon| -0. on1o| -0. ooso| -0. 01111 -0. 01?71 -0. 0229[ -0. 02421 -0. 0186; -0.0020| 0.0323] o. uoonj
+ e | 0:0000] ouarent Ty ori et 2] 79 0262] -0-0186] -0.0020 Frmemea LR T P
| I 11 ) o nooo] 0. o193| 0. 0430| 0. 05721 0. usas] 0. 0472] 0. 0255| -0, 0022| -0.0282) -0. 0390| 0. oonnj
LS LT Frmcmman, Tt gL TR 0.0 0,002 trmcmman A T +
TABLE A.472
VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS (RISE- TO-SPAN RATIO 0.400)
POSIT!OH OF UHIT LOAD FRU‘! THE CROWN
o #mmmeo LSRR T #omacnas P AL L L L LT T RSy L LT T Hrmeeae L +
i X/L | -0.50 ] -0.40 | -0.30 | -0.20 | -0.10 | 0.00 I 0.10 | o0.20 | 0.30 | 0.40 | 0.50 |
#omm e Ll TP L E T SR L S LA T bbbl SR TP e T S +
| 1 | o. oooo] 0. 9533| 0. 8?12[ 0. ?593| 0.6330] 0. 5000| 0. 36?0| 0. 2407| 0. 1288[ 0. 0417| 0.0000)
+ Fmmmeeeal MRS LRt SO S It LT R AR R T A SR TP S +
. I 2 o.ouoo| -0. 041?; 0. 5712] 0. 7593| 0. 6330| 0.5000] o. 3670| 0.2407| - 0. 1288| 0. 0417| 0. oooo;
+ LT T R s SUETPTOP SIS SO St R bl e e e L
| 3 ] o ooool -0. 041?| -0. 1288] 0. 7593] 0. 6330[ 0.5000] 0. 3670| 0.2407] o. 1288| 0. 0417| 0. oooo|
DIFFER- #--auo... PGSR IT ST S R $omieea o e SRR EEETY SR -
| I 4 o.oono] -0. 0417| -0. 1zaa| -0. 240?| 0. 6330[ 0. 5000[ 0. 3670| 0.2407] o. 1288] 0. 041?] 0. ouoo]
+ ~ENT #ummmaol 1 000000) s aritt e g LU0 0 2000] 0-3670) 02407 SR T T TS
| 5 o.oooo[ -0. 0417| -0, 1zaa| -0. zaor| -0. 36?0[ 0, 5ooo| 0.36701 0.2407] o. 1288] 0. 04171 0.0000|
+SECTIONS#---«-... 1 o000 o earzt e LD 2 T00] 0-36701 02607 MR LTI SRS +
| | 6 n.ouooi -0. 041?] -0. 1zaa| -0. 240?| -0. 36?0] 0. sooo] 0. 3670| 0. zaorl 0. 1288| 0. 04171 0. oooo|
+ -l 1 0.0000] "0 0u17] “ovtam Soraart Toosoa ek D207] 0-1288] 0.0417) o 000
| I 7 ] 0. nooo; -0. 04171 -0. 1zaa| -0. 2407] -0, 36?0| -0. soonl 0. 3670[ 0. 2407| 0. 1288| 0. 0417| 0.0000|
+ Fommeoaal 1 000000) oennsa e 1D T2000] 0-3670] 02407 SRR T S +
| I 8 | o ouooj -0. 0417| -0. rzaa| -0. 24or| -0. 36?0] -0, suoo; -0. 6330] 0. 2407| 0. 1288] 0. o417| 0. oooo|
+ L EE T, 1 0.0000] 0.7 “or1a) Socaior Toosonct T oo eieood 2] 012881 0.0417] o.onn
| I 9 | o. nooo] -0. 0417| -0. 1288| -0. 2407| -0, 36?0[ -0. suon] -0. 6330] -0. 7593| 0. 1288] 0. 0417| 0. oooop
+ L SR P 1 0.8000] 00017 “o-rseat oo st oot o] (073 0.1288] 0.0617]  0.000 +
| I 10 | o. n000| -0. 041?] -0, 1288| -0. 2407| -0. 3670] -0. 5000] -0. 6330] -0. ?593| -0. 8712| 0. 0417| 0.0000]
+ L AET T P, 1 0:0000] “0.0a7) o131 Socauont osonc oA [O:T3] 0.9712] 0.0617] "o.can +
| b1 | o 0000| -0. 0417] -0. 1288| -0. 240?, -0. 36?0] -0, 5000| -0, 6330] -0. 7593| -0. a?1z| -0, 9553| 0.0000|
L R TR L EE T e LR D 0T00) 082y 0.5 oo +




TABLE A.43
HORIZONTAL THRUSTS AT DIFFERENT SECTIDNS (RISE-TO-SPAN RATIO 0.400)

POSITION OF UNIT LOAD FROM THE CROWN

+
'
'
1
1
'
'
]
)

+
H
]
[
1
1
'
"
b

+ Foramn—aa +
| AL | -0.50 | -0.40| -0.30| -0.20 | -0.10 | 0.00| 0.10 | 0.20 | 0.30 { 0.40 | 0.50 |
LEEEET TR Hemmeemen Hommmmmas Hmomemean $omemmana L L Ammmnann R R el Y R T #esacanas +
| | 1 | 0. 0000| 0.1179[ 0. 2931| 0. 4443] 0. 5432| 0. 5??4] 0. 5432| 0. 4443| 0. 2931] 0.1179[ 0. 0000|
+ L Hemmmmmen L Focmeana L EE EE R Ammmeme SRRy LT T L R L
| { 2 [ 0.0000] ©.1179| 0.2931] oO. 4443| 0.5432| 0.5774| 0.5432| 0. 4443| 0. 2931| 0.1179| 0.0000|
+ L $mmaooo - LEEEE TR oo LR Heseoooo- dommmrens LEEEE T AR AR LEEEE TR Foammmenan +
i |3 | 0.0000] 0.1179| 0.2931| 0.4443| 0.5432| 0.5774| 0.5432] O. 4443] 0. 2931[ 0.1179] 0.0000|
+DIFFER- #====+--- LR L LEEET TR L Fommmmema LR R T $ocmmmeee Frwmmmaas LR EEEL TR TP - +
| ] & | 0.0000] 0.1179| 0.2931] 0.4443] 0.5432| 0.5774| 0.5432] 0,4443] 0.2931[ 0.1179] 0.0000|
+ -ENT Femmmmaen Fmmmmmems hmmmanan L LR #-mmmenas L L Frmmmmane #omcmrees hmmmmeann $--memeas +
| 5 | o 0000| 0.1179] 0.2931] 0.4443] oO. 5432| 0.5774] 0.5432] 0.4443| 0.2931] 0.1179] 0.0000|
+SECTIONS#+-----~-- LR EEEE T SRR Fommnoe- LSRR LEEEE T LA LR EET T Fommmmeen $ommcmeon LR L Rl L Foenmcene +
| i 6 | o. 0000| 0.1179] 0.2931| 0.4443] 0.5432| 0.5774] 0.5432]| 0.4443] 0.29311 0.1179| 0.0000]
+ o LAEEEEEE T L L L L Ll L L L Aerrmeanan L EEE LT Frmmmmaan +
| | 7 | 0.0000] 0.1179) 0.2931] 0.4443] oO. 5432| 0.5774] 0.5432] 0.4443] oO. 2931] 0.1179} o. 0000|
+ R Frmmmmaan LT #mmmmeana e demmmeaan $omemmnan L $o-mmceen LR Lt ST P L
| | 8 | 0.0000] 0.1179} 0.2931] 0.4443] 0.5432] 0.5774] 0.5432] 0.4443| O. 29311 0.1179| o. uouu|
+ L dovmmmmaa L $mmmmeaan $mmmmenen L L $ememmaan $ocmmmera L LEEEE R L
| | 9 | 0.0000| 0.1179f 0.2931| 0.4443| 0.5432| 0.5774| 0.5432] 0.4443| O. 29311 0.1179] o. oono[
+ L Bmmeooooo LEEEEE TN L Fremeaoan L Hrmmmmaan 4o mmemn Prvemaaan 4ommmmmredmeaeaan #--meaoaa *
| | 10 ] 0.0000] 0.1179} 0.2931] 0.4443) 0.5432] 0.5774] 0.5432] 0.4443] 0.29311 0.1179| 0.0000|
+ Fmmrm - #osoooom- Fremeneaa #emmmoa- L L dreenana LR LR TP L LR R $oveemaaa +
J i1 | 0.0000] 0.1179} 0.2931] 0.4443] 0.5432| 0.5774] 0.5432| 0. 4443| 0.2931] 0.1179] 0. uonn|
L LIPS L L LEEEEE TR L Fremmecan L drrmemman LR R R drmmeaana

TABLE A.44
THRUSTS AT THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATIO 0.400)
POSITION OF UNIT LOAD FROM THE CROWN
$ocmamman AT T L fommeoenn Horemmmaa L #rmmmmaan L ] $rrmmmaas $ommmmmee LEELER TR LEEEEEEEE L +
! x/L | -0.50 | -0.40 | -0.30| -0.20{ -0.10 | 0.00 | 0.10 | 0.20 | 0.30 | 0.40 | 0.50 |
Fmmmmeaas LEEEEE T LR R EETYY Hocmmmaan AT L R R R LR et LT $oecmcnna dommmmaan $-cmeaman +
] |1 | 0.0000] 0.9609| 0.9143} 0.8384| 0.7358] 0. 6166| 0. 47731 0.3323| 0.1900f 0.0665| 0.0000|
+ L $ommmaann L Hemmananan LR $amm-oooo $omeemman R N el LT dmmmmmna Foreemnna +
| 2 | 0.0000] o. 041z| 0.8632| 0.8704| 0.8337] O, 751z| 0. 6260| 0.4656| 0. 2838| 0.1062] 0.0000|
+HOIFFER- +=-=------- Frmmmmman R D LR L L e e LR R Fommraan +
| | 3 | 0.0000] 0.0712| 0.1623] 0.8047| 0.8110| 0.?608| 0.6552] 0.5011| 0. 3130; 0.1200f 0.0000|
+ -ENT LEEEE TR LR LEEEET T oo $ommman LEEE T LAREEE T LEEE TP Fommemenn Foravececfrennaan $ocmmnann +
| 4 | 0.0000] oO. 0923] 0.2196] 0. 3152| 0.7472| 0.7268| 0.6434] 0.5030| 0. 3zo1| 0.1248] 0.0000|
+SECTIONS#--=-===-- $mmmmmnn L T LGER R P $ovronana AR LR Y] LAEEEEEE Y LA LR e +
| | S | o0.0000] 0.10?51 0.2624| 0.3583; 0.4612| 0.663%] 0.6044] 0.4828] 0. 3126| 0.1238] 0.0000|
+ LR R TP LR L L $ocremena L Fomemmana R R Frommmane LEEE T TP $mmmeeo- Frmmamaan +
| | 6 | 0.0000] 0.1179] 0.2931] 0.4443| 0.5432] 0.5774) 0.5432| 0.4443] 0. 2931[ 0. 1179| 0.0000|
+ LT ET LI 4ummmmea L AR AAREEEERE L LR R R i Forrrmman R Y T +
| | 7 | 0.0000] 0.1238] 0.3126] 0.4828| 0.6044] 0.6639| 0.4612] 0.3888| 0. 2624| 0.10?5| 0.0000]
+ Fummmmann $ommmras ammemana Focrmenan L Hrmmmaa $ocmmnna #eemmmeas L Bmmeeao o LA LEE T TP +
| | 8 | 0.0000] 0.1248] 0.3201] -0.5030| 0.6434] 0.7268| 0.7472| 0.3152| 0.2196| 0.0923| 0.0000|
+ $ommmmeo - Fmmaao - #ommmr $ovomooan Forrraas LR AR LT #ommeoen $rmmmnooo L LR Fmmmmnoo +
| I 9 | 0.0000] 0.1200f 0.3130] 0.5011) 0.6552| 0.7608] 0.8110] 0.8047| 0.1623] O. 0712| 0.0000|
+ LR pmmasmaa Fmeeeeaaa $roeomoas Fomemaaaa L #rmeeaan L A L LR T #oemmma LEEE R +
| | 10 | 0.0000] 0.1062| 0.2838] 0.4656] 0.6260| 0.7512] 0.8337| 0.8704] 0.8632| 0.0412| 0.0000]
+ L EEE R TR L L Fommemaan - #memmaenn L R LT LEEEE T Fammeoo-- #rrmm e 4-mmmmmea +
| | 1 | 0.0000] 0.0665| 0.1900| 0.3323| 0.4773| 0.6146| 0.7368| 0.8384] 0.9143] 0. 9609| 0. 0000|
Hoeenonans Frmmmm—n L Hmmmmman LR LA Hocmnamas LIRS L dommaeoo- $ommemmna LSRR EEEET ST




’ PDSITION OF UHIT LOAD FROM THE CROWN
Fommeoans Frmvacaa Frrmmaeaa L T SR MRt S ET DR #rmmmeaa Fommmmno . e Focranaal +
| X/t | -0.50 | -0.40 | ~0.30 | -0.20 | -0.10 | 0.00 ] 0.10 | - 0.20 | .30 I 0.40 | o.50 |
Fremmana. Fomemm. MR E LT T M ST LT PSR SR At TP R Foecmaaa. Frmceana. +
| I 1 | o. uooo; 0. 0953| -0. 0947| -0.2668] -0. 3910| -0. 4536] -0.4494] -0.3807| -0.2577| -0.1059| o. .0000|
+ LT MR AR R T TIPS S DR S #ommaa, temmanaal Foemman. temceana. +
) | 2 | o. 0000[ -0, 1TB1| 0. 3159| 0. 12?9] -0. 0282[ -0. 1381[ -0. 1946| -0.1963] -p0, 1483 -0.0660| 0. 0000|
HDIFFER- +--wuoo._ Mt T T PORRRA SRR EEET ST SR SR tomcmman Foremean. #ommcann. +
I 3 | o. uoou] -0. 1uza| -0.2760) 0. 3556| 0. 1953| o. 06?4| -0. 0205| *0.0650) -0.0672) -0, 0353] ©.0000|
+ -ENT LR TP L MRl TP S tecemeaa e, Frmmeaoaa L P +
| I 4 | o oooo] -0. 0344] -0.2330] -0, 3950] 0. 3709| 0. z350| 0.1259) o. 0482; 0.0042{ -0,0077) 0.0000|
+SECTIONS+~-cuno.. MRt T E P N SR T SRS S MR Lt D Focemeaas Fremmnaa +
| I s ] o. 0000| -0. 0639] -0, 1335] -0, 322?[ -0. 4659] 0. 3777[ 0.2539] o, 1493[ 0.0691| 0. o173[ 0. oooo|
+ L TR . 1 omaneer o T D] 923777) 0,253 #reaceaas LAETET P At T T P
i I 6 | o. ouoo| 0. 04171 0. 1zaa| 0. 240?] 0. 36?0[ -0. 5000| -0.3670] -0. 24071 -0.1288| -0, 0417[ o. 0000|
+ toemma. 1 o0o0er Terr ezt n e L ] 7023000) -0.3670 Al b D TP AR Frmceaoa. tormeaa.l +
| I 7 | o. ouoo| 0. u1ra[ 0. 0691| 0. 1493| 0. 2539{ 0. 3777| -0.4659| -o0. 322?] -0.1835| -0.0639) o, 0000 |
+ trmcmaal | oot o e LT T 903777 20,465 Femmea. #remanna #omecman tomecmaal +
| I 8 | o. ouoo| -0. oo?7| 0. ou42| 0. u4az| 0. 1259| 0. 2350| 0.3709 -0.3950] ~0.2330| -0.0844| 0.0000|
+ $omemea 1 000001 ma mrsrdree e 1T 9223301 0.3709 LR T T trecmaan. L LT #ommmeaol +
| 92 ) o 0000| -0. 0353] -0, 06?2[ -0, 0650| -0, 0205| 0. 06?4] 0.1953] 0.3556] -0, 2?60| -0.1028] 0.0000]
+ Foemmun. 1 onooper ozl LT 0] 006741 01953 LR LR AL LT SR L +
| I 10 | o. 0000| -0. oeao] -0. 14331 -0, 1963| -0. 1946] -0, 1381| "0.0282] 0.1279| 0.3159| -0.1181] 0.0000)
+ Fomema, 1 onooer ozl LI T TR) 701381 0. 028 Frmmaenal #oeeeao. Femmmaol temcean.l +
- | 1 ] o, 0000| -0, 1059| -0. 2577| -0. 3307; -0. 4494| -0. 4536| ~0.3910] -0.2668) -0. 0947) 0.0953) o, 0000/ -
L AL TR #ommamanl T LT R PD. 536 L L ST T temcann.. $romenan. LT P +
, TABLE A.46
BERDING MOMENTS AT DIFFERENT SECTIONS (RISE- TO-SPAN RATIO 0.450>
-INFLUEHCE VALUE*(L)
PDSITION‘ OF UNII’ LOAD FROM THE CROWN
AR E TSP $rmeean.. Fomeamol Fomacman MR SR EEREETY SISttt A C LT TP, AL LT TP LEEEET PP +
i X/t | -0.50 1 -0.40 | -0.30 | -0.20 | -0.10 | 0.00 | .10 | 0.20 ] 0.30 | 0.40 | .50 |
LR LT LT LECEE TP | 0:0000] “o.osaa] ormat oz e ] 010 ] 020 | 030 L EE T AEE LT P +
| I o.uooo] -0. 0320| -0. 0193] 0. 0057: 0. 0313| 0. 0511| 0. 0611] 0. 0594| 0.0454] 0.0216] o, 0000|
+ LEEE T PN | 0.0000] o.a%ia] gpeast o s e, ] 08T 0.0594) o054 L EEL TP L AR LT P +
" I 2 ] o. oooo| 0. 03421 -0. oooo| -0, 0196| -0. 0273| -0. 0278[ -0. 0235| -0. 0167[ ~0.0092] -0.0029) 0.0000}
+ LT TP 1 0.0000] 0uota) oot oz be s e ol 1] 100235 -0.0%67] -0.0092 Fremeanao $ocmannal +
] I3 | o oooo| 0. o1sz| 0. osaa| 0. 0163] -0, o1z1| -0. 0254{ -0. 0342| -0. 0315| -0.0224] -0.0097| 0.0000]
*DIFFER- 4-nome._. | 01000] ouavea] aiment irmzsee st ol (00342 -0.0315] -0.0224 LR T LR +
| I 4 | o oouo; 0. 0068| 0. 0296| 0. 0685] 0. 0229| -0. 0080| -0. ozsz| -0. 0300| ~0.0245] -9.0117) 0.0000|
+ -ENT AT TR FRSAREETEETT SO SERSRSEAS St IR ST PSRN IR Fremenan. Lk R +
| 5 | o. 0000| -0. 0015; 0. 00?6] 0. 03131 0. ororf 0. 0259| -0, 0033| -0. 01801 -0.0195) -0.0107) 0.0000]
+SECTIONS+~----u.. 1 010000] “0.0075] 3 seant o ot e ene e, o 2033] -0-0180] -0.0195 Frocaaon. #rmcenoal +
i | 6 | o. oooo| -0, 00?3| -0. 0086] 0. oozrj 0. ozss[ 0. orua| 0. ozaa; 0. oozrl -0.0086| -0.0073| o, .0000|
+ fommeea L | 0.0000] 0 o107 amrant o e e L] 9:0288] 0.0027] -0.0086 #memeaoa. Hmemaaol, +
i I 7 | o ouoof -0, 0107| -0. o195| -0. 0130| -0. 0033| 0. 02591 0. oror] 0. 0313| 0.0076] -0.0015] 0.0000]
+ Hemmaoaal | 000000] “o0mmat arament e s ] 00707 0.0313) 0,007 trmeeao.. #emceana. +
| I 8 | o. 0000| -0. o117| -0. ozas] -0. 0300| -0, 0252| -0. ooao; 0. 0229| 0. 0685] 0.0296) 0.0068) 0.0000|
+ e | 0.0000] “0u097) o omet o e s e o] O-0229] 0.0685) 0.0296 $ommeaaas $ocmana +
i I 9 | o. oooo| -0. 0097| -0. ozza; -0, 0315| -0. 0342] -0. 0284| -0. 0121] 0. 0163; 0.0588] o0.0182) 0.0000|
+ LR DT | 0:0000] 0 onm) ot oot e oo (001211 0.0163] 0.0588 AL LT A T +
| I 10 | o. oooo; -0, 0029| -0. 0092| -0. 016?[ -0, 0235; -0. 02?8| -0. 02731 -0, 0196| ~0.0009| 0.0342) 0.0000|
+ #ovmea | 0100001 0romne) aannt oo leena o] 10:0273] -0.0196] -0.0009 $omemaaas Hemmaaa.l +
] 1 | o, ooooi 0. 0216] 0. 04541 0. 0594] 0. 0611[ 0. 0511| 0. 0313| 0. 0057| ~0.0193| -0.0320) o, 0000|
#omemeanl LR P +

............................................................ .---.-.|.--..--.--+----.--.4----..--4.




+DIFFER-

+ -ENT

+SECTIONS

P o o eme o s P o e —

+*

g

o— —

SECTIONS

P b o e o o e o o —— o oa—

. TABLE A.47
VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.450)

POSITION OF UNIT LOAD FROM THE CR

L Frmmmmaas D L Fomerraan L Foremmnun R +--
X/L | -0.50 [ -0.40 | 0304 -0.20] -0.10| 0.00] o0.10 |
#ommmmeen #mmmataas LR Ll LE L r L $ommmee Frmmmaaan L R RRLE Th
| 1 | o.0000| o, 9536| 0.8647{ 0.7536] 0.6298] 0.5000] O. 3702|
L L L R L R L L L L LR L
| 2 | 0.0000} -0.0464] 0.8647] 0.7536] 0.6298) 0.5000| O. 3702|
L L R R Frmemmans $ommmmnas R I L +--
| 3 | 0.0000) -0.0464] -0.1353| 0.7536] 0.6298| 0.5000] 0.3702|
Femmmmens dmmmmeeos L Ll L Frwmmmaan $ommmeens $ommanens $ocmrennn *--
| 4 | o0.0000 -0. 0464] -0. 1353| 0.2464] 0.6298] 0.5000] O. 37oz|
L Fmmamean LR e B r T T SuppupRp #-mommrma L L et b
| 5 -| 0.0000] -0. 0464| -0. 1353| 0.2464) -0.3702| 0.5000] 0. 3702|
bommman 4o R e D #emeeoann 4o L T
| 6 | o.0000] -0. 04641 -0.1353| -0.2464) -0.3702| 0.5000| O©. 3702|
LT daacaman $rwmmact e —a Fomeoaona Hevmmmmnn $ommmmann b +--
| 7 | o.0000] -o. 0464] -0.1353| -0.2464) -0. 3roz| -0.5000] 0.3702|
bemaemena devmmnana $ommmmnn LT - dovemmana L e TLE T T T $ommmaen $--
| 8 | 0.0000] -0.0464| -0.1353| -0.2464) -0. 3rnz| -0.5000| -0.6298]
tremaanan #mmmmman L L L homeoacna $remmmmas L T +-=
| 9 | o.o000} -o0. 0464] -0. 1353| 0.2464] -0, 3702| -0. 5000| -0.6298|
L dmmmmeaaa LR S R r I Sepep Rt DR PP Py +--
| 10 | o0.0000] -0. 0464| -0. 1353| -0,2464| -O0. 3702[ -0. 5000| -0. 629B|
Femmeeman Fommemaan $ocmorana Frmmeooan Formmmaas L L L Rt o
| 11 | 0.0000| -0.0464] -0.1353] -0. 2464| -0. 3702[ -0.5000] -0. 629B|
Fommmanan L Frmmm——a o LR T - R R *--
TABLE A.48

HORIZONTAL THRUSTS AT DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.450)

POSITION OF UNIT LOAD FROM THE CR
$omcmeman L Frmmmmaas $ocmcanan Feceomeann $rmmmaaas e L +--
X/L | -0.50 | -0.40 ) -0.30| -0.20 | -0.10| 0.00] 0.10 |
L L bl T P A LA R #orememaa $-memmr e LR T ]
| 1 | 0.0000] 0.1157] 0.2705| 0.3997| 0.4831] 0. 5117| 0. 4831|
#o--omana L $ommmmans L dmmmeeoan oreraans L Rt LTy +--
[ 2 | 0.0000f 0.1157| 0.2705| 0.3997| 0.4831] o. 5117| 0.4831|
$oromrran L e maaa $eremmen s L LEEE R R E R frvreemma #rmmmanue +i-
| 3 | 0.0000] 0.1157| 0.2705| 0.3997| 0.4831] 0.5117| 0.4831]
L temaanaan Fommmmaan L $mmeaaaae Fommeamnn L $ermmanan +--
[ 4 | 0.0000] 0.1157} 0.2705{ 0.3997| 0.4831] 0.5117| 0.4831
L L L L Fovmmemas $omm e mmmmaan- L ==
| . S | 0.0000[ 0.1157| o, 2705| 0.3997] 0.4831] 0.5117] 0,4831]

L fmmaamaan R L Lt LL LT Fomremman $ooccmann hmmmm——— +--
| & | 0.0000] 0.1157] 0.2705| 0.3997] 0.4831] 0.5117] 0.4831|
doanacaman Frmmamans dommmmnma L domvmaens 4ommmmnea S e L $an
| 7 | o. 0000[ 0.1157| 0.2705| 0.3997] 0.4831] 0.5117| 0.4831]
R o boomoonas e 4mcmeanes o Fomwmmnan +--
| 8 | o. uuoo| 0.1157) 0.2705| 0.3997| 0.4831) 0.5117| 0.4831]
4ommeans Fovmmnns 4ommmmaa dommaennn Fomvmemna P . rmmmenne $ommmmeen +--
| ¢ | o. 0000| 0.1157| 0.2705) 0.3997] 0.4831] 0.5117| 0.4831)
$ommoaaan R et L R T mmmmmeas mmmeen $ommemmaa memmmea $omemmand 4e-
| w0 | 0.0000[ 0. 1157| 0.2705| 0.3997] 0. 4831| 0. 5117| 0.4831]
P L L it LR R e LR R R LT T *--
b1t | o oooo| 0. 1157[ 0. 2?05] 0.3%97| O, 4531| 0. 5117| 0.4831|
$mmmmaen Frmmmaeas L L il EE T #rmemmaas $ommmmae s frmmmaaas +--

OWN’ .

...... A S
0.20 | 0.30 | 0.40
...... L LT L .
0. 2464| 0.1353| 0.0464]
.............. H

0. 2464| 0. 1353| 0.0464] 0,0000]
---------------------- LT 3
0. 2464] 0. 1353| 0.0000|
---------------------- +----¢.-_-
0. 2464| 0. 1353| 0.0464|
...................... +
0. 2464] 0. 1353| 0.0464]
.............. +
0. 2464| 0.1353] 0.0464]
------ $ememaooy
0.2464] 0.1353] 0.0464| 0.0000]
------ L T R R R Sy
0.2464| 0.1353] 0.0464| 0.0000]
------ L R R T X R Y
-0. ?536| 0. 1353| 0.0464] 0.0000|
---------------------- bommemaaay
-0. ?536| 0.0000|
-------------- Hocremmn ey
-0. 7536| -0.9536] 0.0000]
-------------- L ity L L L L e

........ +

0.50 |
-------- +
0.0000|

OWN

------ LIEEE TS
0.20 |
.............. +
0. 3997|' 0. 2705[ 0.1157| 0.0000|
---------------------- L s
0. 3997| 0. 2705| 0.1157| 0.0000)
------ L L LY |
0.3997| 0.2705] 0.1157] 0.0000|
------ LR L T TRy
0.3997| 0.2705| 0.1157| 0.0000|
------ R e T T Ty
0.3997} 0.2705| 0.1157| 0.0000|
------ LEEE L R EE LR ET TR ey
0.3997] 0.2705] 0.1157} 0.0000|
------ R e Ly
0. 3997| 0. 2705[ 0.1157| 0.0000|
---------------------- Foacccnany
0. 3997| 0. 2?05| 0.1157| 0.0000|
...... L L R Ll Ll LTy
0.3997] 0.2705| 0.1157| 0.0000]
------ LR Y R LR T TR TPy
0. 39971 0. 2705| 0. 1157[ 0. 0000|
0. 399?| 0. 2705] 0.17571 0. 0000|

.............. R L) L r gy

0. 0000|




TABLE A.49
THRUSTS AT THE DIFFERENT RADIAL SECTIONS (RISE-TD-SPAN RATIO 0.450)

POSITION OF UNIT LOAD FROM THE CROWN .
-------- +--------+--------+--------+--—-----+--------+--------+--------+--------+--------+—-------+

fammemm—n fmmmmmema +
| XL I -0.50 | -0.40 | -0.30 ] -0.20 | -0.10 | 0 0o ] 0.10 | 0.20 | 0.30 | 0.40 | 0,50 |
femmmem-- pammemm=a FEET TR femmm PR R P e T SRR EEES LEEEt b Al A #mmmmmm.
| | 1 | -0.0000f 0.9605| 0.8883| O. 7914| 0. 6770[ 0. 55101 0. 4139| 0.2669| 0. 1629[ 0.0583| O. 0000|
+ Fommm——— P fmmmmmam fmmmam- LR TEE R Pt CEE L LRk Fammmmmen fmmomsen~ Fo-wmmmm- L +
| 2 | 0.0000] 0.0332f 0.8518] o.sA1a| 0.7937] 0. 70?81 0.5872| 0.4382| 0. 2715| 10?0| 0. 0000|
+DIFFER- 4-------- Fommwm-- frwmmmann g L rmwmmmm- gomrmmemen e R R dommmmm- et T TR L LR Skl
| | 3 | o0.0000] 0.0652] 0.1363] 0.7705) 0.7635| 0.7090| 0.6086| 0.4678) O. 29TB| 0.1206| 0. 00001
+ -ENT EE R Hommmmmm- B fommmmmm fmrm--am femmmm-- R P gr-mcemmr 4--=mmv-- fommmem-- fmmmerm-- +
4 | 0.0000] 0.0877] 0.1943] 0.2687] O. 6937] 0.6684] 0. 5905] 0.4647] 0.3020| 0.1246| 0.0000]
+SECTIONS#=--~-~-~-"~ fmemmm-- L fomr-m-am grmm-emn- dmmmmm- pommromm fermmvem e fommmmm=- fomwmmen fmmrmmsan *

0.0000f 0.1062| 0.2382] 0.3427| 0.3998] 0.6009] 0. 5&711 0.4407| 0.2920| 0.1227] 0.0000}

........ g mmmr = -----_--+---__-_.Q.-._-----q-_------_ -.--.---+--------4..------.4--------- P ek 2

|
+
| 6 | 0.0000] 0.1157] 0.2705] 0.3%97] O. 4831] 0.5117| 0.4831| 0.3997| 0.2705| 0.1157| 0.0000|
+
!
+

........ +_-._---.+..----.-+--...-..+-_.-..--q...-----_..g.-----.--4.------.-+-.--..--+-------.+--------+

0.0000] 0.1227] 0.2920) 0.4407] 0.5471] 0.4009] 0.3998] 0.3427| 0.2382| 0.1042] 0.0000|

........ +.--..---+--------+.—------+--------+--.-----+.---_---4--.--.-- femcbomamprismmmwnbovemnwrrd

!

+

|

+

I

+

l | 0.0000] 0.1246| 0.3020] 0.4647| 0.5905| 0.6684] O. 6937| 0.2687| 0.1943] 0.0877] 0.0000]
+ P gema-o-e- P fomemmma- focmme- famew-coce R P P P e FEETEEETY +
|

+

I

+

|

+

0.0000| 0.1206] 0.2978] 0.4678] O. 6086i 0.7090] 0.7635] 0.7705} 0.1363| 0.0652| 0.0000]

1 -------- P fommmmma foammrmo-- O ST L s $omemmn- P P Fmmmm--em P +
| 10 | o. ooon| 0.1070| 0.2715] O. asaz1 o.sarz] 0.7078] 0.7937] 0.B418] 0.8518] O. 0332| 0.0000|
P R P e P ST L P $ommeme- fommmmme- $ammoc-e- P T AL EEE T *
| o.uooo| 0.0583| 0.1629| 0. 2869[ 0.4189| 0.5510] 0.6770| 0.7914] 0.8883| O, 96051 0.0000|
+

-------- +--------+-—------+--------+--------+--------+--------+--------+--------+--------+------—-+
TABLE A.S0
SHEAR FORCES ALOMG THE DIFFERENT RADIAL PLANES (RISE-TO-SPAN RATID 0.450)

POSITION OF UNIT LOAD FROM THE CROWN )
-------- +--------+--------+--------+—-------+--------+--------+-------—+--------+--------

+ #ommmeeo- +
| X/L | -0.50 | -0.40 | -0.30 } -0.20 | -0.10 | 0.00 | 0,10 | 0.20 | 0.30 ] 0.40 | 0.50 |
4--mmmenn 4rrmmmme- PEELEERL o #rmmmmna B e R EEE L bbbt ikt 4ormm-m-- D R EEE LA 4-vemmnen +
| ! 1 | 0.0000 -0. 0150| -0.1782] -O. 3181.] -0. 4143[ -0. 4566[ -0.4416] -0. 3717] -0. 2548] -0.1102| 0.0000|

., * - 4ommrmmn- 4o uammvn- oo L E s SETELL RS kb R L LT YL EEET S btabeiels = +

2 | o0.o0000f -0. 1202] O. 3087 0. 1386] -0. 0028| -0. 1M2| -0.1600| -0. 1688| -0. 1332] -0.0640] 0. 0000
+DIFFER- #-----==~ LT EEE 4ommemme- 4o D Rt r TEEEEE LS bl P L EE TEELEEEES Sl i LEELEEEEE +
| | 3 | o 0000[ -0.1063] -0. 2700[ 0.3663] 0. 2172| 0. 0959[ 0. 0088| -0. 0408] -0. 0528| -0.0318| 0.0000|
+ <ENT  4-=----=-- O [EEEEEEES e R e R ER L L B e AR ELEET L LRt itk bbbt er--en-- +

4 | 0.0000| -0. 0886| -0. 2317| -0.3850| 0.3857| 0.2552| O. 1475| 0. 0670| 0. 01651 -0.0035] 0.0000]
+SECTIONS#=-==-----~ #mmmm- R EL DEEEEE Db delehiails Fo-oemm- #-wmmmmo- Pt TEEEEL RS El b dufeiataieieiied or--een- +
| | s | o. 0000| -0. 0685| -0. 186lo| -0.3209] -0.458%} O. 3882| O. 2667| 0. 1619| 0. UTB-S'[ 0.0224| 0.0000§
+ 4emmmnm-- D et AR D kit SRR LR 4ommm- R B et L LEEEL LS Sl roemnn- +
| | 6 | oO. 00001 0.0464| 0. 1353] 0. 246~'o| 0. 3702| -0. 5000| -0. 37021 2666| -0. 1353] -0.0464| 0.0000]
+ $rmmmemm- Fo--emmm- oo 4ommmmmo- I et SEETEEEEL LEbh ittt oemmeon- e - +
| i 7 | o0.0000| 0 0224| O. 0788| 0. 1619] 0. 2667| 0. 38-52] -0. 4589| -0. 3209] -0. 1866| -0.0685| 0. 0000|
+ D b 4--mmmm- o= P AR Y EEE R et el 4o-emmme- R bt ELEEE RS Lkl LEEE LT +
| | 8 | o0.0000f -O. 0035| 0. 0165] 0. 0670| 0. MTSI 0. 2552| 0. 3857| -0. 3850| -0. 2317| -0.0885| 0.0000]
+ mm—emm—- fomrmmm- Y O T AR R TR LR L bk e P Lt LEE LR P Y +
| | ¢ | 0.0000] -0. 0318| -0. 0528[ -0. 04081 0. 0038] 0. 0959| 0. 2172] 0. 3663] -0. 2700] -0.1063} 0. 0000}
+ 4o --wmmo- 4ommmm-o- B A TR SRR LS iy O et SRR LT L ET RS bbbt Sfiaiaieidi 4ommm-ean +
| | 10 | o. 0000| -0. 0640| -0, 1332] -0. 1688] -0. 1600| -0. 10&2| -0. 0028| 0. 1386] 0. 3087| -0.1202| o. 0000|
+ 4--mmmen- $eommoan- #mommm- LR P et AEEETLEL LR iek debeiaiinh ormmvem-- ommmmm-e #--memm- +
i | #W | o. 00oo| -0.1102| -0. 2548| -0. 3717{ -0. 4416| -0. 4566| -0. l-143| -0.3184]| - 1782| -0. U15U'| 0.0000|
4emwro--n 4--mmmmn- R bt O b LR B I GEEEE AEEEEEhAd S 4onmmem-- R Db g




JUIIIHI =,

TABLE A.5%

BEKDING. MOMENTS AT DIFFERENT SECTIONS FOR FILL LOAD ABOVE THE CROMWN
=TABLE COEFF.*(Q*L*L)

SECTION NUMBER

+
L]
)
1
)
]
'
'
1

+
'
L}
L]
L]
'
'
'
'

-
L
+
4
L}
L}
1
1
)

+

1
'
»
»
'
'
L}
L}

+
.
1
L}
L}
'
)
L}

1

N P L Foermmann R
| (N) | 1 i 2 3| 4 5 | 6 | 7
FEET T R P $ommmmman Hmrmmmmen L LA fommmemma frmmmr e R
1 | 0.050 | 0.00029|-0.00007|-0.00012|-0.00003| 0.00007 O. ooo11| 0.00007|-0. 00003| -0. 00012| -0. ouonr| 0.00029]
* === R Fmemmmm- D D P P L SRR promammmmprrmmomccfa oo 4
| | 0.100 | 0. 00114[ 0.00029|-0. 00046] -0.00011] O. 0002?] 0. 00043[ 0.00027|-0. 00011| -0. 00046| -0. 00029] 0.00114]
+ RISE- #-------- LR EL EEE L R R T LR R P LR TEE R R EE LR it Ll EEEEEEEET SR EREE RS Sl el +
| j 0.150 ] o. 00255| 0. 000?0] 0. 00101] -0.00021} 0. 00063| 0. 00097| 0.00063|-0. 00021| -0. 00101| -0. 000?0] 0.00255|
+ =T0D- demmmmm $ommmm L e EEE TR L R R L L R fmmmmmmn- L - $-sssanaa +
| | 0.200 1 O. 00451]|-0. 00139| -0.00174]-0.00028| 0. 00117] 0.00175| 0 00117]-0.00028|-0. 001?4| 0. 00139[ 0.00451]
+ SPAN to-rmmm- grommm—-- P R LR gammmmm— e L Fosmmmme farmmm--- e CEEE R R R Ll ] +
| | 0.250 | 0.00699|-0. 00241] -0.00259|-0.00026| 0.00192] 0.00275| 0.00192]-0. 00026| 0. 00259| 0. 00241| 0.00699|
+ RATIO +4--=-=--=-- L #mmmmm— P ks R L L #o-samann P L Frmmmmm— $omsmmmmn +
[ | 0.300 | 0.00998}-0.00384]-0. 00348| -0. 00007| 0. 00239] 0.00400| O. nozao] -0. 00007] -0.00348|-0.00384| 0. 00998|
+ O $ommmmr- Hemmmmme P L L CEE TP PR RS TEE L e P L ST TR e R Fo-eenemn g
| | 0.350 | 0.01346|-0.005671-0. 004311 0. 00033| 0. 00411| 0. 00551| 0. 00411| 0. 00033| 0.00431]-0. 00567] 0. 01346|
+ L L Fo--mmman L R ] doemwmmne L LT TR L L D LR L R +
| | 0.400 | 0.01741}-0.00783|-0.00496] 0.00100]| 0.00560] 0. 0072?[ 0. 00560] 0. 00100| -0.00496]-0. 00783| 0.01741]
+ L L] L L Fo--rrmmn frememm-- R $rmmvmmnn doc-smmmmper oo femmmmmn- fremrmm-- Y +
[ | 0.450 | 0.02181|-0.01014-0.00535| 0.00199| O. 007335 0.00931] 0. 00733| 0.00199]-0.00535]-0.01014| 0.02181|
F---ammmn Fmmmemm—— L ] Frmevmma- $--enmnn L R Ll TR L Fosemmmmmbre o $oemmmm— o fomemmmnn +
Y
(I T @
TABLE A.52

VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS FOR FILL LOAD ABOVE THE CROWN ,

=TABLE COEFF.*(Q*L) Wb
. } }
: SECTION HUMBER L

$mmmmm—m- $ovmmmmn- frmrmmmm- #o-vwmnm- dmmmnem— L R L] frmermman #-ccenmnn L LR R hewmenm—- F--eurann Fmmmm - +
| ) 1 ] 2 I 4 s | 6 | 7 8 | 9 1 1w | 1 |
$ommmmmme 4rmmmmaan D $o-mmmmna fmmmvmmmn Hom--mam XL 4----mmmm Femreemmn- Fo-ermaan L fo--eaman Fmmmmmmae +
| | 0.050 | 0.50000] 0.40000] 0.30000| 0.20000} 0.10000| 0.00000|-0.10000|-0,20000]-0.30000]-0.40000]-0.50000|
+ -eraman L R R frmmmmmen L 4aaammne= O fmmmmmmen L ke $emmmae $ommmmm $rmeemmnn +
| 0.100 | 0. 500001 0.40000| 0.30000] 0.20000| 0.10000] 0.00000]-0.10000}-0.20000|-0.30000|-0.40000]-0.50000}
4+ RISE-  #---+---- P s ST Fomvmman frmweraan I L fo-venann e do-rasann L R L +
| | 0.150 | 0.50000| 0.40000| 0.30000| 0.20000| 0.10000| 0.00000|-0.10000]-0. 20000] -0.30000)-0.40000|-0.50000|
+ «TO- fmrrmmmmo L L fo-mcrenn LIEEEE R Ho-mmmeem drmmme= H-----een Fommeween Foommeaan $mmmmman oo +
| { 0,200 | O. 50000| 0.40000| 0.30000| 0.20000| 0.10000f 0. 00000| 0. 100001 0.20000{-0.30000|-0. 40000| -0.50000]
+ SPAN pmmmmm e $uesmmmm L #-sanmman #-emmmeen $remmasrefrroan s e R N Rt TR L TR +
| | 0.250 | 0.50000| 0.40000] 0.30000| O. 200001 0.10000| 0. 00000| 0. 10000i 0.20000}-0,30000]| -0. 40000| -0.50000
+ RATIO +------+= e L fommmamn - P LA EEE TR L fommmmm 4mmmmmma #mmmmmar e P Lt *
| | 0.300 | 0.50000| 0.40000| 0.30000| O. 200001 0.10000| O. 00000| -0.10000]-0.20000]-0.30000} -0.40000]-0.50000|

- fmccsrenn Frmmer—-- L focmmren Femmmeen P R et EEEE L L Fmmmmena- LEEEEE RS 4emmmmme +
| | 0.350 | 0.50000| O. 40000| 0.30000] 0.20000] 0. 10000| 0. 00000[ -0.10000{-0. 20000| 0. 30000] 0. 40000[ 0. 50000|
+ frocummnn 4rvammemn R et AR R LA L et L R R $ommmmmn e LR L R T R R R R At bl
| | 0.400 | 0.50000] 0.400001 0.30000] 0.20000| O. 10000| 0.00000] -0.10000]-0. 20000| -0. 300001 -0. 40063| -0. 50000]
+ L Fem—mmem e #remmaee- prmmmenn P 4= 4o-ceman demmmmmn L L Focossaan +
| | 0.450 | 0.50000| 0.40000| 0.30000] 0.20000] 0.10000| 0.00000]-0,10000]-0.20000-0.30000|-0.40000{-0.50000]
H------es $ommmmm Rt Fommmvana 4----enn- EXEEEE RS f--emm= medrommm—— 4ommmmmn 4-mcmmeen dmmmmaean L Femmmmean +




Y
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TABLE A.53 s [
5 o X
HORIZONTAL FORCES AT DIFFERENT SECTIONS FOR FILL LOAD ABOVE THE CROMN ., 2 ’ 1
=TABLE COEFF.*(Q*L) ) * ! ‘J ]
I L ! _
SECTION HUMBER
L L e, 4= $o--rmmm- P $ommmemm- e P LT oo R dromcemm- FEEE R -
| o) | LI 2 3] 4 5 | 6 |- 7 | 8 | ¢ | 1w | 1 |
$o-emmm— $mmmemmm- 4ommmmm=- Frmmmewa frrmmmen L LA - LR AR - g - - fommmmr- +
| | 0.050 | 2.50368j 2. 50368] 2. 50368| 2. 50368| 2. 50368[ 2. 50368] 2. 50368] 2. 503681 2. 50368] 2. 50368| 2.50368|
+ #omeemann 4rnmmmcan i SRRt SEEE LSkt Sl A +
| | 0.100 | 1.25709] 1. 25709| 1. 257o9| 1. 257o9| 1. 257o9| 1. 257091 1. 25709| 1. 25709| 1. 25709| 1. 257091 1. zs7o9|
+ RISE- #-------- $ommm-mo- fommmma Fovmmmmrs EEE R L P s CEER R TR L EEEE Dbl Adhdiebiiih S
| | 0.150 | 0.84384| O. 81.351.1 0.84384] 0.84384| 0,84384] 0. 34381.| 0. 31.351.| 0. 31.351.| 0. 8!.38!.1 0. 84381.| 0. 8438!.|
+ -TO- e et - m—e P bt LR $ammmmmm- S L L R $eemmmrrofeammmw g 4o-mmmmae R et +
| ] ©0.200 | 0. 63880] 0. 63880] 0. 63880] 0. 63880| 0. 63880] 0. 63&80| 0. 63880] 0. 638801 0. 63880| 0. 63&80| 0. sssao[
+ SPAN goemmm—— - S bR EL EE b bbbt At A A
| | 0.250 | 0. 51695| 0. 51595| 0. 51695] 0. 51695| 0. 51695] 0. 51695[ 0. 51695] 0. 51695| 0. 51695] 0. 51695] 0. 51695|
+ RATIO 4-------- P S L L TED EE LR Lttt s S A +
| | o.300 | 0. L3659| 0. 43659] 0. 43659[ 0. 43659| 0. 43659| 0. 436591 0. L3659| 0. L3659| 0. L3659| 0. 436591 0. 43659|
+ frmmm———— P T TR PEEEEEEEL Lh bl pammwo-o e = femmmmr-- formgmemcfosemnn=. L LT TR
| | 0.350 | 0. 37986] 0. 3798-6| 0. 37986] 0. 3798-61 0. 37986] 0. 3T986| 0.37986| 0.37986} 0.37986] 0. 37936] 0. 37936|
+ fmmrmm—-- S fo-mmm PO Y T EE TR T IEEEEEEEE Al pommm - L LR R R SRR
| | 0.400 | O. 33784[ 0. 33784| 0. 33784] 0. 33784] 0. 33784| 0. 33784[ 0.33784| 0.33784| 0. 33784| 0. 33784| 0. 33734]
+ 4o s DL TR g o= R it EEEEE LR Fomcemmm- fmmmemm- P e S R LR RT Ll +
| | 0.450 | 0. 30556| 0. 30556| 0. 30556] 0.30556| 0. 30556| 0.30556| 0. 30556] 0. 30556] 0. 30556[ 0. 30556| 0. 30556|
e $mmmemm- $ommm———— grsammmmvdoccsam e $mvrmmmcafemreoo- $omm - $ammacerafrommanrrdomsscnnmforrmcan
TABLE A.54
THRUSTS AT THE DIFFERENT RADIAL SECTIONS FOR FILL LOAD ABOVE THE CROWN
=TABLE .COEFF.*(Q*L) :
. SECTION WUMBER
drmmmmm— o groemm---a $omwrmmm- L A 4ocsamm—n #occcuman 4ommmmm- fmmrmmme fmmmmm— rmmmnm— $omnmm—-- #-cmmseen +
] (N)|1|z|3|4|516|7ia|9|10|111
P ] m g mem- - $om-mmmm L foemmm L D #emmmmnn L fommmm——— fommmmme L +
} | 0.050 | 2.5531] 2.5354| 2.5216] 2.5117] 2.5057| 2. 5037 2.5057| 2.5117] 2.5216| 2.5354] 2.5531|
+ 4o—smmm- O fmrmmmma LEEE R R 4o Hemcmeenn fommmmman dmmemmm- e L frm=—ene +
| | o0.t00 | 1.3527| 1.3192] 1.2924] 1.2729] 1.2641| 1 2571| 1.2611] 1.2729| 1.2924| 1.3192] 1. 3527|
+ RISE- +-==--=---- P L L 4o L 4oaamennn L e L L L fommmm-ua 4memero-
| | 0.150 | 0.9797] 0.9338] 0.8956] 0.8672| 0.8497| 0.8438] 0.8497| 0.8672| 0.8956] 0.9338} 0.9797|
+ -TO- fuemmmern fommmmam #-----mmn dommmmoes L R R P LR Hooenmmm #r-—-msan g P +
i | ©0.200 | 0.8074| 0.7535] 0.7057] 0.6692| 0.6465] 0. 6388[ 0.6465| 0.6692| 0.7057| 0.7535] 0.8074|
+ SPAN 4w Aemmmmmm- poremmm- L fuammmea- 4ocummmn Fmccemmm- #roc-een- gemmmmena R L pomemmmnn +
] | 0.250 | 0.7102| 0.6532| 0.5975| 0.5538| 0.5263] 0.5169| 0. 5263] 0.5538] 0.5975| 0.6532| 0.7102|
+ RATIO 4-=------ $ammmem- R Foc-umams L Fmemmmmm fmmmmmmm L R fommm—an- 4ovmmms 4---ramm= e +
| | 0.300 | 0.6466] 0.5916| O. 5292| 0.4791] 0.4474] 0.4366| 0. 4474 0.4791] 0.5292f O. 5916] 0.6466|
+ fmmrmm--- L fommmm- docasmmnn L L g fomermme LR R R fommmemn- $-smammmprommca +
| | 0.350 | 0.5998] 0.5512| O. 4829| 0.4272] 0. 3919] 0.3799| 0.3919| 0.4272] 0. 4829] o. 5512| 0.5998)
+ - mmmm- R e P L L $mmmmmmm- P $ommmmmm- R Ll R s LT L +
| | 0.400 | 0.5620] O. 5234] 0.4495f 0.3891] 0. 3509| 0. 33731 0. 3509| 0.3891] 0.4495| 0.52i1| 0.5620]
+ Hrmera-- $rmmmrm—- R Fowmm Focoummas B it EEEEE RS dd s prommmm e $mrrmmm- $mmmero-- $ommmmenr +
| | 0.450 | 0.5293| 0. 5034| 0.4242] 0.3599] O. 3193[ 0. 3056] 0.3193] 0.3599| 0.4242| 0.5034] 0. 5293 |
frmmmmea- $ermmmm-n R L $ommvmme- $ammmrm- D Rl $ommmmea- e mmm— docemmm—- $ocsemmm= $ocvommma drrmcnenn +




TABLE A.55

SHEAR FORCES ALONG THE DIFFERENT RAD!AL PLAKES FOR FILL LOAD ABOVE THE CROWN
=TABLE.COEFF,*(Q*L}

SECTION NUMBER

4o fommmmens b P Lt frmmrmmm i P O L L Fr-——emm= damrocsen dmmmmme- +
| (N ] 1 | 2 | 30 & | 5 & | 7 ] 8 | ¢ 1 10 | 1 |
hr---=em- P fmmmmmem L dommmmea- doememenn FEEPEEEEE 4o--mmmr L H--m-em=- deroo-=e= pmmmmmm L +
| | 0.050 | 0.0057| O. 001?| -0. 00041 -0.0011] -0.0008| 0.0000] -0. ooos] -0.0011} -0.0004| 0.0017| 0.0057]
+ Foemmm——— 4o-cvmmm- P LT Lt g fmmmemm-- $ommer--- R S LR LR $o--smm=a L R +
- | ©0.100 | o0.0220| oO. 0062| -0. 001a| -0.0042| -0.0030| 0.0000f -O. no30| -0. 0042| -0.0018] 0.0062] 0.0220]
4+ RISE- #4=-===---- R L et EE R LR R $ammaran- femmmmen- R D et L L L] PR L +
| | 0.150 | 0.0471] 0.0125| -O. 00451 -0. 00931 -0. 0065| 0.0000| -0. 0065] -0. 0093| -0.0045} 0. o1zs| 0.0471|
+ =10~ focvmmmmn fo---mm- [TEEEE T L P TR SRR TES PR T R R LR R e L e AR R +
[ | 0.200 | 0.0785] 0.0183] -0. uoaa| -0. 0160| -0. 01091 0.0000| -0. 0109| -0. 0160] -0.0088| o.u1sa| 0.0785}
+ SPAN fommmans fmmwmmm $mmmmemmm T e e Rt LRl N P e LR L femmmmmn- $rmmmmmen +
| | 0.250 | 0.1136] 0.0235] -0. o150| -0. 0241[ -0, 0160| 0.0000] -0. 0160| -0. 0241] -0.0150] 0.0235] 0.1138]
+ RATIO +-----=-- P Hmmmmmmm- O T S LR T T e LR D P et S EE R Hmmmmmmm- fmeermm—- pommmm— +

| | 0.300 | 0.1499| 0.0248] -0. 0234| -0. 033o| -0.0214] 0.0000| -0. 0214[ -0.0330] -0.0234| 0.0248] 0.1499|
+ 4= —mm #-wemmmmr - o fimmmmmr oo #------=- e pmmemn——— fommmmme~ $-----e=- oo +
| | 0.350 | 0.1858] 0.0217| -0.0336| - 0426| -0,0268| 0.0000] -0. 0268| -0.0426| -0.0336] 0.0217| 0.1858|
+ R femmmm #ommmwama e fammmmmnn 4o R L] T TR L pommmmus L] 4w +
| | 0.400 | 0.2198] 0.0136| -0.0455] -O. 05231 -0. 0322| 0.0000| -0. 0322| -0.0523| -0.0455} 0.0136] 0.2198|
+ L Hom-eaan L LIEEEE T F Ll LE LR R L e L L dmmmmmm- L +
| | 0.450 | 0.25%4} 0.0008| -0. usa&| -0. 0619| -0. 0372| 0.0000| -O. 03721 -0.0619] -0.0584| 0.0008| 0.25%]
R L #o---wm== dmmmmmm - frmmevercfmmcsammmdroccccsafo = P SR L L] fommmmcaa doammee- f-cmenmn- +
Y
TABLE A.56
BENDING MOMENTS AT DIFFERENT SECTIONS FOR FILL LOAD BELOW THE CROWN o
=TABLE COEFF.*(L*L*L)*(UNIT WT. OF FILL)
SECTION NUMBER

' U U U $ommmmen- R Hremconan PR PR PO
i (}! 1 ], 2 1 3 | & 5 | 6 | 7
$mmmmmmea 4mmmmr-m- 4= oo - L R R #ommmmaaa Fmrmmmme- 4ammemn
| | 0.050 |-0. 00191| 0. 00071| 0.00003| 0.00046] 0. 00068[ 0. 00074| 0. 00068| 0. 00046| 0.00003{-0. 000?1| 0. 00191]
+ dmrm-m-- P L L LR R L L P R P LT L e R E et Sl fommemcmcprsenmann
| | 0.100 |-0. 00050] 0. 00008| 0.00018| 0. 00006|-0. 00008| -0. 00015|| 0. 00008| 0. 00006] 0. 00018] 0. 00008] -0. 00050|
+ RISEs #===we--- foawmmm- L ] 4mmmmvm L el - e L L L P L #ommmneen $mmmenan $o-memmen +
| | 0.150 |-0. 000611 0. 00016| 0. nooze] 0.00006{-0. 00016] -0. unuzs| -0.00016} 0.00006] 0. 00026| 0. 00016| -0. 000611
+ -T0- L e O s TR R L SRR Sl P et EEE RS TR L il fmmmemm=- P Lt EEEEE LR L E R
| | 0.200 |-0. uoo70| 0. 00021] 0. 00031| 0. 00007| -0, onnz1| -0. 000321 -0.00021] 0.00007} O. 00031| 0. 000211 -0. 00070|
+ SPAN L o === w-- R At LR L ERT PR R D fmwmmmmm e $--vsemam L +
| 0.250 |-0. 000?1| 0. 00025| 0. 00035| 0. 00006| 0. 00025| -0.00037]-0. ooozst 0. nooosg 0.00035| 0. 00025| 0. 000?1;
+ RATIO #e===----- e L R T R Rt Eh il T S D Rttt SEEEET
| | 0.300 I -0. 00063| 0. 0002?] 0. 00036| 0. 00006| -0. 00028| -0. 00041] -0. 00028| 0. 00006] 0. 00036| 0. 0002?1 -0. 00063|
* #mmmmm - Hmmmmmmn +-occ--nn famrammme e R R Y 4rmmmmeen L P et TE TS +
| | 0.350 |-0. 00045[ 0. onnzs| 0.00036| 0. nuoosl 0. 00029| -0, 00043| 0. 00029| 0. nooost 0.00036| 0. 00026| -0. 00045;
+ 4ommmeme P L R fo-mmmmv-docc-tammhperecc-csfecmrrooofasancm oo PR TRy PR T T
1 1 0.400 }-0. 00017| 0. 00023] 0.00035| 0. 00005| 0. 00029| -0. 000431 0. onnz9| 0. 00005| 0. 00035| 0. 00@331 -0. ono17|
+ L R P Lt LR e 4---cem=- e tt TEE R LR drmmmmn- R L LT LR LR
| | 0.450 | O. 00019| 0. nno19| 0.00034| 0.00006]-0. uoozr[ -0. 00041| 0. 0002?| 0.00006| O. 000341 0. 00019| 0. 00019|
4oermmm- 4ommmmen- L S Hmmmmmnm R ET LT SRR T St bt T ST TR PYS TR e




TABLE A.57

VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS FOR FILL ‘LOAD BELOMW THE CROMN
=TABLE COEFF.*(L*L)*(UNIT WT.OF FILL)

SECTION HUMBER

g 4o L e $owmmmean grmmmmme 4o-mmmro- L L 4mmmmmm- foommemo-
| (L) | 1| 2 | 3| 4 5 | 6 | 7 |
fommcmam- Hmmemmm R pmmemmnn- P domwmma- N R e froremman 4oemmmr-- fommemnen Py
. | 0.050 | 0.00830| O. ocu.z:.| 0. uomq 0. 000531 0. 00007| 0. ooooo| 0. 00007| -0.00053|-0. 00179| -0. oo:.zt.| 0. 00830]
+ P et St R e SRR AL EEL Lkt bk Ak e et CETE R L LA h il
| | 0.100 | 0.01640| 0. 00833| 0. 00349| 0. 00103| 0. 00013| 0. oooou| -0. ooo13| -0. 00103| -0. 003491 -0, 00833| -0. 01640]
+ RISE- #===v---« 4mmrmm—nn foemcsmmmpomcme e S S btk EL LD heb b el A A
] | 0.150 | 0.02411| 0. 012111 0. 00504| 0. 00148| 0. 000131 0. 00000| -0. ooo1s| -0. 00148| -0. 00504| 0. 01211| -0. 024111
+ -T0- L 4o L P L CEE R LEEE R bt S P et EE LD L L bl il i
| 0.200 | 0.03125| O. 015471 0. 00638| 0. 00186] 0. oooz3| 0.00000|-0. 00023| -0. 00186| 0. 00638| 0. o1547| 0. 031251
+ SPAN foammma-- 4ommmmm-e P it e R TR R EE Ebidei i e T L Lt TEL L L LS bl itk St
| | 0.250 | 0. 03764| 0. 01831| 0. 00747| 0. 00217| 0. 00027| 0. uouoo] -0. uonzr| -0. 00217] -0. 00747| -0, 018311 -0, 03764|
+ RATIO 4=-=------ L as EEEEE AL EE b fommmr-- P e P LT SR EEEE S Sl e b EELE R L LR L i
] ] 0.300 | 0. 04313| 0. DZIJSTI 0. 008311 0. 00240| 0. 00030| 0. 00000| -0. 00030| -0. 00240] -0. 00831] -0. 02057| -0. 04313]
+ 4ammenm-- fommemmmn - R SRS OSSPSR
| | 0.350 | 0.04759| O. 02223| 0. 00891| 0. nozso| 0. 00031[ 0. ouuoo] -0. 00031| 0. 00256| -0. 003911 -0. 02223| -0. 04759|
+ L g P Rl EEL R $omamen LR R fammro—ccfmmnc— e —ssmmfo s fommmmmae s e +
| | 0.400 | O. 05090| 0. 02332| 0.00930| 0.00266] 0. 000331 0. ouooo| -0. 000331 0. 002661 -0.00930]-0. 02332| -0.05090]
+ P L] T AR Al il fammemmen frecmmmeakremmcsamfromcemmepoemanenhoenmoens P bl TE LR Ll +
| | 0.450 | 0. 05295| 0. 02391| 0.00950| 0.00272| 0. 00033| 0. 000001 -0. 00033| 0. 00272| -0.00950] -0. 02391] -0.05295|
$rmmmsam. grmmmmma- dmmmemmm P Bocemmmepemmae $ommmrr-—fmmmer-srhmmeocsssfer s frosmmm—- LR L RS R +
TABLE A.58

HORIZOMTAL FORCES AT DIFFERENT SECTIONS FOR FILL LOAD BELOW THE CROWN
=TABLE COEFF.*(L*L)*UNIT WT.OF FILL) '

) SECTION NUMBER
fammmmm- fammmrmno fammmom- L $mmmmmoo R Rl P P P
l {N) | 1 | 2 ] 3 | 4 | 5 | 6 | 7
R P fommmm-o- P dmalama-s farmmoua 4emmmmens P P fosmmmer= fommmmeno
| | 0.050 ] -0. 03227| -0. 03227| -0. 03227| 0. 03227| 0. 0322?| -0.03227}-0. 03227]-9. 032271-0. 03227| 0. 03227| 0.03227|
+ fmmemm--- pmmramm Lttt DRt el P L P gomamen-= P Lt IEEE T L L +
| | 0.100 | 0. 01679] 0. 01679] 0. 01679] 0. 01679] 0. 016T9| 0. 01679] 0. 01679] 0.01679] 0.01679| 0.016?9] 0.01679]
+ RISE- #--=--=-- P e LE LT R R [ T LT EEE LY LR R h b Selie e s P P +
i | 0.150 | 0. 01}'31] 0. 01':'31| 0. 01731] 0. U1731| 0. 017311 0. 0‘|T.51| 0. 01731[ 0. 01731] 0. 01731| 0. 01':'31] 0. 01731]
+ -TOQ- s mma e do-mmmm-- e P S el bl bl bt A A
| | 0.200 | 0. 01704| 0. 01?04] 0.01704| 0. 01704| 0 01704| 0. 01704[ 0. 01704] 0. 0170&] 0. 01704] 0. 01?04] 0. 01704|
+ SPAM P fromccamefecc e N S et LR R L LD Sl e P et LR R R +
| | 0.250 | 0. 016-64] 0. 01664| 0. 01666] 0 01661-] 0. 01664| 0. U166-’o| 0. 01664| 0. 016-64] 0. 01664] 0. 0166!.| 0. 016-64[
+ RATIO +--we====- Hoammmw-- S S e L LT AL LR b il ek Al AR
[ [ 0.300 | 0. 01616] 0. 01616| 0. 01616] 0. 01616[ 0. 01616] 0. 01616| 0. 01616[ 0. 01616[ 0. 01616| 0. 01616| 0. 01616‘
+ PR ] S ARSI SR SRS
] | 0.350 I 0. 01565| 0. 01565] 0. 01565[ 0. 01565| 0. 0\565] 0. 01565] 0. 01565[ 0. 0156S| 0. 015651 0. 01565] 0. 0156S|
* P fomeammr oo $osmmr--o P P e AR LR L EE Lh bbb O T LA T TR LR R +
| | 0.490 | 0. 01510] 0.01510} 0. 01510| 0. 01S1U| 0. 01510| 0. 015‘IIJ| 0. 0151U| 0.01510] 0. 01510[ 0. D1510| 0. 01510|
+ iy Ho-mmmr-- t-==---- O Lt LR LR Rt il A $ommmmm— EEEER R e IR R R TR R L
| | 0.450 ] 0. 01454] 0. 01456| 0. 01456| 0. 01654] 0. 01654} 0. 01454] 0. 01454] 0. 01454[ 0. 01454| 0. 01654] 0. 01455]
4mm--- EEES T e R ikt Bemmmrmn- B s L L LR bbbl el e




TABLE A.59

THRUSTS AT THE DIFFERENT RADIAL PLANES FOR FILL LDAD BELCW THE CROWN
=TABLE.COEFF.*{L*L)

SECTION HUMBER
P dommmmm- fommmma ommmnm- R P heemmmmme $mmmsmame $ocommmn= fommmmm— L fmmmmmnan 4 +
| (N) | 1 | 2 | 3 | 4 | 5 1 & | 7 1 8 | 9 10 | 1" i
foemmmmna $emmmmmn= P e #ommmmmne $emmeaan- O doemmrmon P e prrmme - N L $ommanana +
| | 0.050 | o. 0333] 0. 0325 0.0323] O. 0322| 0. 0322| 0 0323[ 0.0322| 0.0322| 0.0323| 0.0325] 0 0333|
+ P fommmmmm- R fammmaoun Hmmemaan P T SR T TR, ELEL L R b $mmmemo=e fmwmmmonm e fowmmmmn- +
| | 0.100 | 0.0218| 0.0185| 0.01?1| 0.0167| 0. U16?| 0.0168[ 0.0167| 0 0167] 0.0171| 0.01BS| 0.0218[
+ RISE- #==------ P e P #ommmemmn 4o P fmemmwn= bommemnce PR #mmemmeen fmmwrmmde +
| | 0.150 | © 0277| 0. 0209| 0. 0180| 0.0172] 0.0172| O.UTT3| 0. 0172] 0.0172| 0. 0180| 0. 0209] 0. 0277]
4+ =T0-  H-esmm=e- foemmmmnn fommmmano $ommmmmen L fmmmmmmm feenmmann P L r L TR L fo-memme-foamammerfocacnnna
| | 0,200 |- 0.0339| 0. 0227] 0. 0181] 0. 0169| 0. 0169[ 0.0170| O. U169| 0.0169| 0.0181| U.OZZ?[ 0. 0339]
4+ SPAN  #emm=v--- $mmmmm fammemm P Lt EE LT fmramoenn frmmmma. Frmcvemnn $ommame- R P L 4oemmmne +
| | 0.250 | o. 04011 0. 0265| 0. 0182| 0. 0165| 0. 0165| 0.0166| O. 0165] 0. 0165] 0.0132| 0.0245[ 0.0&01]
+ 4o foecmmman P L focnmmar= #o-mmmmnn Feemmmn $ommmmam- P fmmmrmme fmemmmmen P P +
| | 0.300 | O. 0457| 0. 0260[ 0.0181} © o160| 0. 0160| 0. 0162] 0.0160] © 0160] 0.0181| 0. 0260{ 0. 0457[
4+ RATIO 4-+------ fovmmmmaa P et LR #eemmmoaa $emmmsmna gormcsmmnpoccsonn. P P fommmm—n= Y ke
| ] 0.350 | 0.0501| 0. 02?0| 0.01791 0.0155| 0. 0154 0156[ 0. 0154| 0. 0155| 0.01?9| 0.0270| 0.0501|
+ $emmmmm-- P R fommmm--- Foemamman P o fommem——— e === fmmermmmua L ] +
| | 0,400 ] 0.0530] 0. 0276| 0.0177] O. 0149 U 0149[ 0.0151] O. 0149] 0. 0149] 0.0177| 0.02?6] 0.0530]
+ T fammmonne $ammrmnan Hmmmmmmen Hmmmrmae P dammmnea R pormmcem- pommmeemm fommcren= foremmamen +
l | 0.450 | 0.0542{ 0. o0278| 0. 0173] 0. 0144 0. 0143| 0. 01&5[ 0. U143| 0. 0144] 0.0173| 0.02?8] 0.05&21
b $mmmmmam $mmmmmme- #mmmmman P L] $mmmmmam P T RO TR #ommemmm. $--memm-- P et fommmmane $msmmmmma *
TABLE A.60
SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES FILL LOAD BELOW THE CROWN
=TABLE.COEFF.*(L*L)
SECTION WUMBER

e R L] Fmmemmmen fomeommen L FEEERT T famwe--c- P fmmmmmme fmmemmmne L L) P dommmmans +
I Ny | 1+ | 2 1 3 [ &« s 1 &1 71 8 | ¢ | w0 | 1 |
pewmmm-a- fmevmm--- - fummmem-- e bommmmo- Formmmem- L $rmmm—-- fommmmm-- $ommmm——— $ocmmmer= funmmm. +
| | 0.050 | -0.0017] 0. 0009| U.OUZI] 0. 0020| 0. 0012| 0. 0000| 0. 0012] 0.0020| 0.0021| 0.0009] -0.001?]
+ P frammmmmn Feemmmmne Foemmmmn- fomemmmn- focemmmmn P e $o-smmmee $oemmmen $omsmmm fommemean demmmmeea +
.| |- 0.100 | -0. 0087] -0. 0023] 0.0005] 0. 0016[ 0. 0012] 0. 0000] 0. 0012| 0.0016] 0.0005| -0.0023] -0.008?|7
+ RISE- #--+----- P L fmmmrmm-- $mmmmeo- $ommmmmmo #memmmrm- F O O o L L ek $-mmmmm- L +
| | 0.150 | -0. 0106| -0. 0033[ 0. 0010] 0. 0024| 0. 001T| 0. 0000| 0. 0017] 0. 0024] 020010| -0.0033] -0.0106|
+ -T0- fammmmmn fmmmmmm—- pommmmman Femmmean- $ommmmmn FEETPT T docvammna Homwmmm- $o-rmmm- $omsmm—an #mmwmmamn fommemnnn +
| ] 0.200 | -0.0109} -0. 0035| O. 0012j 0. 0029| o. 0021| 0. 0000] 0. 0021] 0. 0029| 0. 0012| -0. 0035[ -0. 0109[
+ SPAM fowmmmm- pmermmm— #mmwmmm-- fmmmwrao $ammmm P D $omm - Fmmmmrm-- $ammmenn= fommme-- $-cammmn
| | 0.250 | -0. 0093] -0.0034| 0. 0014] 0. 0033| 0. 0024| 0. 0000| 0. 0024| 0. 0033] 0. 0014[ -0. 0034| -0. 0093]
+ RATIO #-------- pmmm———- R [TEERT T fmmm——m- $amamrao- fammmenne Hmmmmmm- $ammmmmme $ammmmm pommmaen= promamnma
| | 0.300 | -0. 0060| -0. 0032| 0. 0015| 0. 0035| 0. 0026| 0. 0000| 0. 0026] 0. 0035| 0.0015]7-0.0032| -0.0060[
+ frmmmmemm L [IETEEEEEE P T R [ZETEEEEE R ] P ] fum-mwenn grrmmeen- P L Hmmam———- +
] | 0.350 | -0.0016| -0.0029] 0. oo15| 0.0035| 0.0026] 0.0000] 0.0026| 0.0035| 0.0015] -0.0029| -0.0016|
+ R Hmmmmma FEEEEE T [TERET T IZEE R R P #mmrmmmea #mrmmmmen R Fmmemmmne P +
| | 0.400 | 0. 0036| -0. 0028| 0. 0013| 0. 0034] 0.0026}f 0. ooo0| O. 0026| O. 003A| 0. 0013! -0. 0028| 0. 0036]
+ D PO TR SEEEEEERL EEE Rt Sl S O fomme == fommmmmm L CEE T L]
| [ 0.450 | 0. 0089] -0. 0029| 0. 0011| 0. 0033| 0.0026| O. oooo| O. 0026] 0. 0033] O. 0011] -0. Oﬂéai 0. 0089|
$mcmmmmr = bemsmmma demwmmmn. $ocemmmo Foemmmma- Feemmmrn- e R pammmrmmn pammemmme P Feammmmce P D



TABLE A.61

BENDIHG MOMENTS AT DIFFERENT SECTIONS FOR SELF LOAD OF THE ARCH
=TABLE COEFF.*(T*L*L)*(UNIT WT.OF ARCH MATERIAL}*WIDTH

SECTION NUMBER

P == P $ommmwm- L f-emammn e P L Her-csean e e L
| (N} | 1 | 2 | 3] 4 | 5 | -] | 7
e~ $rmmmmmea- P bt f---emmm $ommeena= deoom-en fmmromm o #mmmamm- 4ommmmn—— $ommmmann
| | 0.050 | 0.00019|-0.00005]-0.00008}-0.00002} 0.00004| O. oooor| 0.00004|-0. ooooz| 0. 000081 -0. 00005| 0.00019]
+ B frwmmmom s fmmmrom- - $ommmmmn- Fmvmmm R R L L frr-c-ssafmenc-ccebmmmvroo s +
| | 0.100 | 0.00078|-0. ooozol 0. 00031| -0. 000051 0.00019] 0. 00029| 0. 00019| -0. ooooa| 0. 00031| -0. ouozo| 0.00078}
+ RISE- #---=----- fo-mmmmr- fo—vsmmmmhomo—cimmdrer oo fammemwmccpommmvr-mfosmmmmr g g as g +
| l 0.150 | 0. 00180] -0. 00050| -0. UOUTO] -0. 00014] 0. 000“] 0. 00067[ 0. 00044| -0. 00014| -0. 00070[ -0. 00050] 0. 00180|
+ ~TO- Homme - drmmcmea- fmmwmmmm o oo f-smmm—- fo-emmmns P Tr TR L LRl Ll g L= 4-nmemm—a +
i { 0.200 | O. on331| -0. 00102| -0. 001241 -0.00019| 0.00084| O. oo124| 0. 00034| -0. 00019| -0. 001241 -0, oo1oz| 0.00331|
+ SPAN fmmmrro-- L o Lk g fommmmm- fommmmar- Rt ST L LR R TR Eh it il +
| | 0.250 | 0.00539| -0. 00185] -0. oo191| -0. 00016| 0. 001421 0.00202] O. 00142; -0. 00016] 0. 00191] -0. 00155| 0.00539|
+ RATIO 4-------- D feammmmn- O Rt EEEE R R L LR E ik e P L LE R L b ol +
| | 0.300 | 0.00812]-0. 00307[ -0. 00263[ 0. onnoo| 0. 00222| 0. 003041 0.00222| 0. oonool -0. 00253| -0. 00307| 0. 00812|
+ RATIO 4--==-=~-- L N e LD e TR TR L LRl il ol mmm—e—-- fromammurfoc s m e
| | 0.350 | 0.01160]-0. 00473| -0. 00335| 0. 000371 0. 00328[ 0. 00434| 0. 00328| 0.00037]-0. 00335| -0. 00473| 0. 01160|
+ L N L L] T L R R s EEEE L Rl $onmmm—n Ho——semm- #meeermon
| | 0.400 { 0.01590|-0.00676]-0. 00394| 0. oo1oo| 0.00464] 0.00595| 0. 00464| 0. 00100| a. 00394| -0. 00676| 0. 015901
+ e Fer----un L P L L L R P L] #owmmmmr O LR E TR LR Rt Rl bt *
| | 0.450 | 0.02114]-0. 00903] a. 004311 0. 00195] 0.00635| 0. 00790| 0.00635| 0. ou195| 0. 00431; -0. 009031 0.02114]
e R P P et S LT L L L B P T R dommmeer- P L e P P L *
TABLE A.62
VERTICAL SHEAR FORCES AT DIFFERENT SECTIONS FOR SELF LOAD OF THE ARCH
. =TABLE COEFF.*(T*L)*(UNIT WT. OF ARCH MATERIAL}*WIDTH
"SECTION NUMBER
e L b L P L R R #mmmemmm P s
| (N} | 1 | 2 | 301 4 |} 5 | 6 | 7
L L P L #mmemmmm #roo--en- L L o H--emmmm- frommmen- fmmwemamn foemmmm
| | 0.050 | 0.50333] 0.40169| 0.30071] 0. znoz1| 0.10003] 0.00000]-0.10003{-0.20021]-0.30071]-0.40169|-0.50333|
* $ommmmman ] hmrmmom P T P #mmmemmm- N L L fomnmn-en L e ] +
| | 0.100 | O. 51323| 0. 40660| 0.30273] 0. 20080| 0. 1001u| 0. 00000| -0. 10010| 0. 20080| -0. 302731 -0, 40660| -0. 51323|
+ RISE- #=-=-==r~-=-~- focsammmmfomm e O e et TEEEEEEEL LEEEE S Eih Sl il it Sty
| | 0.150 | 0. 52948] 0. 41421| 0. 30574| 0. 20165| 0. 10020] 0. noooot -0. 10020| 0. 20165] -0. 30574| -0. 41421[ -0. 52948|
+ -To- $mmmmmmm - frmmmm——- L R et EE LR L R Rk LR R L R it EEEEEEE S Rty L L LA R +
| 0.200 | 0. 551?3| 0.42371] 0. 309301 0. 20263| 0. 10032] 0.00000|-0. 10032] -0. 20263| 0. 30930] -0. 42371] -0. 55173[
+ SPAN fommmmm D Y L Pt EE RS Y EEEE R R bt i ot A TR TR EL LR kil it
| | 0.250 | O. 5?956| 0.43406] 0. 31291| 0. 20358| 0. 10043] 0.00000}-0. 10043| -0. 20358] 0. 31291| -0. 434061 -0. 57956]
+ RATIO 4--===--- L dmmrmmmo- P PR R ARt LEE R L LR P Lt EEE LR 4----nenn e fummmmaan +
| ] 0.300 | 0.61248] 0. 444081 0. 31615] 0. 20440| 0. 10053| 0. nnouol -0. 10053| -0. 20440| 0. 315151 0. 44408| -0. 61245|
* P dmeraoo-- T S e R R T EEE EEEE LS LT Seblhieiieieh St iiah et A
I | 0.350 | 0.64999| 0. 45264| 0. 31a7z| 0. 20504| 0. 10060] 0. uuooul -0. 1uoau| -0. 20504] -0. 31372| 0. 452@51 -0. 64999|
+ fommwmm. R F e AR T L Y SRR P AL CEE R LR LS SRR Ltk Stk ddheiiaialitt
| | 0.400 | 0.69161] 0. 45892] 0. 3zoaa| 0. 20546[ 0. 10055| 0. uuouo| 0. 10065| -0. 20546| -0. 32048| 0. 45892| -0. 69161|
+ #---mmme- P LR Y LEEE R P S et LEEEE LR DR ek dedebioteiiai fuii i
| | 0.450 | 0.73689| O. 46254| 0. 32146| 0. 205695 0. 1006?1 0. ooouu| 0. 100671 0. 20559] -0. 32146| -0. 46254| -0. 73689]
dommmmm- dmmmmmm- - P P T LT PR TR D P Hremomomn L P L L. LR e Y FE R e *




TABLE A.63

HORIZONTAL FORCES AT DIFFERENT SECTIONS FOR SELF LOAD OF THE ARCH
=TABLE COEFF.*(TXL)*(UNIT WT, OF ARCH MATERIAL)*WIDTH

SECTION NUMBER

Cmeom---- 4emmmmmaa L #omrmmman L L L L L L
| ()] ] 2 | 3 & 1 5 |1 6 |
L Ammmeooo - #ommemm L R L #mmmmaman 4----omm- 4rrrecaan LI P
| | 0.050 | 2.51066} 2.51066] 2.51066] 2. 51066[ 2.51066| 2.51066| 2.51066] '2.51066] 2.51066| 2.51066| 2. 51066|
+ $ocmerann dommeaao- 4--mrens L L e LR T e derreeoan dmmmmmean eyt dmmmmmmns LT TR
| | ©.100 | 1.27101] 1.27101] 1.27107] 1. 2?101[ 1.27101] 1, 27101| 1.27701| 1. 2?101| 1. 271o1| 1. 271o1| 1. 271u1|
+ RISE- #4-------- L L #omrmaas Ammeooo-- #ommnmmas drmsaeoo- L e AT T TR R e R L T +
! | 0.150 | 0.86410| 0.86410{ 0.86410] 0.86410} 0.85410| 0.364101 0.86410] 0.86410| 0.86410| 0.86410] 0.86410]
+ =-T0- L LR R R R #---mmmw s L L L R L L LR L +
| | 0.200 | 0.66469] 0. 66469| 0. 66469| 0. 66469[ 0.66469] 0.66469] 0.66469| 0.66469] 0, 66469] 0. 66469] 0.66469|
+ SPAN i LAR LT L R A R L) 4o Fomrmemma $mmmmecn Ll R R RS T +
| 0.250 | 0.54760| 0.54760] 0.54760| o.saraup 0.54760| 0.54760| 0.54760] 0.54760| 0.54?60| 0.54?60] 0.54760|
+ RATIO 4-------- R L LRSS LA R R T LAREEE T LR R $ommreenn L AL R LR L dmmmmmeen- tommmmm +
I | 0.300 | 0. 47106| 0.47106] 0.47106| 0.47106] 0. 4?106] 0.47106] 0. 6?106] 0.47106] 0. a?1oa| 0. 471061 0. 47106|
* #mrrmmman LR L R #rmmmmman L e AL LT $oresr e rmnan- LR R R R T TP
| | 0.350 | 0. 41714| 0.41714] 0.41714] 0.41714] 0. 41714| 0.41714] 0. a1714| 0.41714] 0. a171a| 0. 41714{ 0. 4171a|
+ #mmmmme oo LR e L #mmmmaaas L #ommmemas dmmmmanoe R R e +
| | mmﬂ|03MN|03%ﬂ|03MN|03MN[03MN|03%ﬂ|OSMN|03%N|OSMN|O3%N]O3MN|
+ e L L e #mmmmea oo LR LT L et AL L LT TN R el L R L
| | 0.450 | 0.34542] 0.34562| 0. 34542| 0.34542| 0.34542] 0.34542| 0.34542| 0. 34542| o.34542| 0.345421 0.34542|
L L drmmmmmaa #-mmmmres R L LR L Ll drmmmmeee L LR R P oo LEEEE PP +
TABLE A.64

THRUSTS AT THE DIFFERENT RADIAL PLANES FOR SELF LOAD OF THE ARCH
=TABLE.COEFF.*(TXL)*(UNIT WT, OF ARCH MATERIAL)*WIDTH

" SECTION NUMBER

' ; -------- $o--mrens L L L L $omemmmm- L 4remmmmmn L #meeaoaa L #omemmama L +
) ) | vtz ) 3 6 | s ) 6 | 7T | 8 | 9 | 10 |11
LI TR L L L Hemmmmmaa e L $mmmmee bmmmmmaa #o-momm - s fmmmmmman e #emmmmaes L +
| | 0.050 | 2. seuel 2. 5426| 2. 5286| 2.5186| 2.5127| 2.5107| 2. 512?] 2.5186] 2.5286| 2.5426| 2.5606|
+ L ) LR S I PP $oemmmaan dremmaman L R L $eseoon $emmmanan 4-crraean +
| | o.100 | 1. 3706] 1.3345| 1.306-6| 1.2868| 1.2749] 1.2710] 1. 2?1.9| 1.2868] 1.3066] 1.3345| 1.3706|
+ RISE- #------+- $rmmmmee o $ommrreaa Fomrecnea $or e $ocmemm-- Frwrmmmaa LR R, AT T Fenmmmar. Frmmmanas $mmmereaa +
| | ©.150 | 1 o129| 0. 9582| 0.9166| 0.8873| 0.8699] 0.8641| 0.8699| 0.8873| 0.9168] O©. 9582[ 1. 0129|
+ -T0- #ommmmaaa R R R #ommeeen 4ommmraa L L #mmmeeaoa L L Y AL TR
| | o0.200 § 0.8618[ o.7as1| 0.7331] 0.6948] 0.6722] 0.6647| o. 6722] 0.6948] 0.7331| 0.?581] 0.8618]
+ SPAN H--mmeman $mmmeeea- $-rrmamaa oo AR TR $ommmmmes Frmenmaas LR R AT Y $-mmmmran L F-remenas +
| | 0.250 | 0. 7922| 0.6986] 0.6306] 0.5840[ 0.5566] 0.5476) 0.5566| 0.5840] o. 6306[ 0.6988] O, 7922|
+ RATIQO +-------- L R EE R L L R LR R et R R LR R R
| | ©.300 | o. 7621| 0.6471] 0.5670] 0.5129| 0.4814) 0.4711] 0.4814| 0.5129] O. 5670| 0.6471] o0, 7621|
+ $emmmmmns F---mmme- dmmmmmen o L R R L L L #eeeaoooo L L R LR +
| | 0.350 | 0.7535] 0.6154] 0.5242] O. 4636| 0.4286) 0. 4171| 0.4286] 0.4636] 0.5242] 0.6154] 0.7535|
+ L $eremmman #aaomm oo Fmmmmmmaa L AL L LT L Y L L L $ommmeean L Foweaooa. +
| | 0.400 | 0.7575| 0.5938| 0.4932] 0. 42?21 0.3893| 0. 3769| 0. 3393; 0.4272) 0.4932| o. 59sa| 0.7575|
* L $omeomo-- #mmmmmmaa domeo-oo- #ommmanaa L L L L LEEE T L LT +
| I 0.450 | 0.7691| 0.5773] 0.4690| o. 395?; 0.3585| 0.3454] 0.3585| 0.3987| 0. 4690| 0.5773| 0. 769||
$rmmmmaan L L L #rmmmmaooo R R $ommmmrea $ommmman o= mrn e $rmmmmaea




TABLE A.65

SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES FOR SELF LOAD OF THE ARCH
=TABLE. COEFF.*(T*L)*(UNIT WT. OF ARCH MATERIAL Y*WIDTH

SECTION NUMBER

fmmemmm=n Fomnemomn L et #emcmcem- Femeo--n R prememamn P L L et L B bt L il +
(H)|1|2|3|4|5|6|7|B|9|1D|11|
-------- +------—-+--a-----+--------+----—---+--------+-—~-----4--------+--------+---—----+----—---+-------—4
0.050 | 0.0038] 0. oo11| -0. 0003} -0. ooo7| -0. 0005| O. 0000| -0. 000s| -0. 0007| -0 0003] 0.0011| 0. 0038[
-------- P R L R RET R R LR Dbt il T Rt LETEEEEET AT L bl Stk 4
0.100 | O. 0151| 0. 0042| -0, 0012| -0, 0029] -0. oo20| O. oooo) -0. 0020| -0. 0o29| -0. 0012 0.0042| 0.0151|
-------- et LR ALEEEE SEb b b ikl --------+--------+---—----+--------+--------+--------+-------—+-------—+
0.150 | 0. 0336] 0.0085] -0. 0o32| -0. 0064 -0. 0045| 0. 0000| -0. 00451 -0.00641 -0. 0032 0.0085] 0.0336]
-------- B LT --------+----—---+--------+--------+--------+---e---- O AR Y R et
0.200 | 0.0589] 0.0133] -0. 0065[ -0.0114| -0. oor?| O. 0000} -O0. oo77| -O. 0114| -0.0065| 0. 0133 0.05891
-------- O T oL PR L T EE R Rt el ik P et TEEELEEEE EEEE R tebeel deleletiele
0.250 | 0. 0903] 0. 0169] -0. 0117] -0. 0176| -0. 0115| 0. oooo) -0. ot1s| -0. 0176| -0. 0117| oO. 01569| 0.0903]
-------- B LR TER L EEEE SRR L b Sl [P it LR EEL SR LR LR it 4
0.300 | 0.1274] O. 0180{ -0. 0188] -0.0250] -0. 0158f 0. 0000| -O0. 0158} -0. 0250] -0. 0188| 0. 0180| 0. 12?4]
-------- O Sy P AR R L EEE T EE deliieieid P T LT L L et
0.350 { 0. 1695 0. 0150{ -0. 0281| -0. 0332| -0. 0204| O. 0000| -0. 0204 -0. 0332| -0. 0281 0.0150] 0.1695]
-------- e S it LAt TLEEL R Sh bbb il feroccammpmacm-cesdummncnennt
0.400 | O. 2159| 0. 0073| -0. 0392| -0. 0421| -0. 02s2| O. 0000 -0. 0252] -0. o421| -0. 0392 . 0.0073| 0. 2159|
-------- e LR EEE LT EEE Db bl { P ot SRR LR EL DR LRl il
0.450 | O. 2662| -0. 0054| -0. 0519I -0. 0513| -0.0300| O. 0000| -O. 0300| -0. 0513} -0. 0519| -0. 0054 | 0.2662|
D #uoemoone Fommemaan fre-cssembamancceshomacenas dommmann- foemmmer- P Rt $-mseen=- fremamen- Fmmmeer-- +




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

SECTION WUMBER

-------- +--------+--------+--------+--------+--------+--------+--------
| 1| 21 31 &« | S5 | ¢ 7

-------- +-—------—+--------+—---—---+--—-—---+—-------+--------+--------+—-------+--------+--------

1 |-0.01310] 0.00082| 0.00581| 0.00310] 0.00018}-0.00171]-0. 00257]-0.00239}-0.00118] 0.00109| 0.00443
-------- P e SRR R L Lkl 4 B AR LA L h bt framro—snfmm—csemmfro—semmnk

2 |-0.01562]-0.00248] 0.00560| 0.00876] 0.00692| 0.00005]-0. 006851 -0. 008791 0. 00572| 0. oozaz} 0. o1571|
........ B e LR LR R AL Sl d [P LRt R

3 [-0.00413]-0.00115] 0.00106] 0.00236| 0.00263| 0.00182]-0. noo11| -0. 00313| -0. 00592| 0. 00088| 0. o1339|
-------- $ommimmeade-mmmscocgamac-oc-gmmmo-osofrocm-oond R L AR E R et Sk leb b i e

4 | 0.00030|-0.00006]-0.00012]-0.00004] 0.00006] 0.00010} 0.000
-------- +--—----- -_-_-_-., ------.- -----.-- -------- --—----- from-smm-

5 |-0.00232|-0.00330|-0,00020) 0.00566] 0.00675] 0.00177}-0. ooazsl -0. 00640| -0. 004541 0. 00133| 0. o11zs|
-------- I b AR Rl Seleieihd B it AEE LR Lkt frmmsmmamd

6 | 0.00896]-0.00197|-0.00474|-0.00073| 0.00246] 0.00353] 0. 00246 -0.00073|-0.00474|-0.00197] 0. 00896[
........ O oA E R TR L TR St 4 P LY L P e oL, frmmer—sspaer——ne=f PR LS 3

TABLE A.67
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.050).

=TABLE COEFF.*{Q*L)

SECTION NUMBER

+—*
—
Jpa—
[L¥]
—
w
f
+— +
¥, ]
o
+—
~
@

0.23628| 0.13628| 0.03628{-0. 013721'6-6;;;i]-6-6;;;5| 0.01372|-0.01372|-0.01372|-0.01372|-0.01372{
‘6’263%5]’&‘;62&?{6'i&é&i]’&’%&éii]’&’&é&]é{6'6;&&5.'6'&5&5&1'6'6;5&]'6'6(};&&]'é’&éiéé?&’6555&]
'aﬁiééié'i'é';é;éé]'6}&;5.;]'6']é&éé.'6'&;5;]'6'6];}&{6'3};}5|'6'é]i}5|'6'52,;}5.]'6'5;5.}5]'6';;;}5]
'6';6655|'6'2.6566|'6'56666|'6'£666é{5'36666{6'66656]"6']6666]'6' éé&é&|'é‘iéééé{67&666{&';66661
'6'Ré.éééfé'];;é;|'6'§;;é;|'6'}];é;{63]55%{&’6&6};{6’6&6]&]’6’6&635'é'ééé%;{é'éé&];;'6'6é6};|
'6'5.;666]'6'éééé&?é'é;{a&&{6366&&{6']66&6|'6'65666]'6'iéé&(ﬂ’&’é&é&hG’éééé&{?ééé&é|'6'é;666|

........ PP LA LR R L LEEE R d ¢ $occammraponmmwamefammraccnd B e L=t CEEEE LR RS J
-

o o— o —=

=~
o —

——




TABLE A.68
HOR1ZONTAL FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.050)
=TABLE COEFF.*(Q*L)

SECTION NUMBER

e bt Hoememmea fommmmem FEEE LT foemmn-on P #mermnmen pommemann Hmmmmm—-
N R R T I T I | 6 7|
$mmmm———— P L foammocan #mmm - Y SRR P e O L pmvmmnm- P gmm e
| 1 | ©9.26001) 0. 2&001| 0. zsuu1| 0. zsuo1| 0. zsou1| 0. 26001[ 0. 26001| 0. zenu1| 0. 26001| 0.260
P i fomwro-an USSR SRR S S A
| 2 ] 1.25184) 1. 251aA| 1. 25184| 1. 2518&] 1. 25184] 1. 251341 1. 25184[ 1. 25184| 1. 25184| 1. 251541 1. 25184]
foemmmmmn femmemmn bbb b 2 23T
| 3 | 2.24375] 2. 24375| 2. 24375| 2. 24375| 2. 24375| 2. 243751 2. 24375| 2. 24375| 2. 24375| 2. 243751 2. 24375|
B P O it bk A S it St et
|4 ] 2.50401| 2. 50401| 2. 50401| 2. 5nao1| 2. 50401| 2. 504011 2. snao1| 2. 50401| 2. 50401| 2. 504011 2. 50401|
$recemmn= | SAennet Itaeais Sssettts Musant SIS SUR RS e AU
| 5 |o. 99173[ 0. 991?8] 0. 991ra| 0. 991?8] 0. 99173| 0. 99178] 0. 991?8| 0. 99178] 0. 99178| 0. 991731 0. 99173|
fmmmmem=n foammm-c | et ehs Toolante TN U S S e S AS AN
| 6 | 1.98361] 1. 98361] 1, 933a1| 1. 98361] 1 98361| 1. 98361[ 1. 98361| 1. 98361] 1. 98361| 1. 98361] 1. 98361]
........ $ocmmmrm—pmmmmm == ===} fremmemmrbommamm koo cem-ek T bttt Dbt fammer-safur-mcmeofoocam-ok

TABLE A.69
BENDING MOMENTS AT THE DIFFERENT SECTIONS (RISE-T0-SPAN RATIO 0.100)
=TABLE COEFF.*(Q*L*L}

'SECTION NUMBER

+ frm—emmo $omermen- e L ke 4emmmera- fuvnmn=e~ $oememren 4ummmmmn- +
N | 1 | 2 | 3 4 5 | 6 | 7 ] 8 | ¢ | 1w | "N i
-------- +--—-----+--------+-----—--+--------+-----—--+--------+--------+--------+--------+-------~+----~---+------—-+
| 1 ]-0. 01284 0. 00090| 0. 00582| 0. 00310] 0. 0001B| -0. 00172] 0. 00260| 0. 00266] 0 00126| 0 DU1D&| 0.00452}

R bamromamn | Ebensts TRettstits SRR WSRO TSI LIS S U AN

| 2 |-0. p1481|-0. 0024k| 0. 00555[ 0. 00879| 0. 00706| 0. 00022] -0. 00679| -0. 00891| 0. 00600] 0. 00216| 0. 01596[

TYPES #-=-----° o - L ERORR) TOaSUEN FR e RO SO S S S AP
| 3 |-0.00338]-0. uo133| 0. ounau| 0. 00234| 0. 00257] 0. ooz15| 0. oou10| -0. 00321| 0. 00628| 0. ou11a| 0. 01398]

R R fosmmm | bttt SDehonere-TShaml SRR SR S e AR S
| & (0.0 1141 -0. 00029| -0. 00046] -0. ooo11| 0. 000271 0. 00043| 0. 00027[ 0. 00011} -0. 00046| 0. 00029| 0. ou114|

LOAD- 4=---=-"" | ARt SOOI TS0 IR SR b b AP PRI R
| 5 |-o. 00196] 0. 00334| -0. oooza| 0. 00570| 0. 00689| 0. ou194| -0. 004191 -0. 006451 -0. 00474] 0. oo112| 0. 011421

-1NG Fommro—=- #ommmmm-- IReSounts Tibonss SRaReuser SNOVNRES SYPPRE I SR S AR A
| 6 | 0. 00946 |-0. 00223| 0. 00502| -0. 00075| 0. 00270| 0: 00357[ 0. 00270| -0. ODOTSl -0. 00502| -0. 00223| 0. 00966|
-------- foemcamcebmecmmmrponan-—ooroo-co=ct e ettt Sl feeemmerbocmerosnpommmnmmrfosonoomsd




_ TABLE A.70 .
VERTICAL SHEAR FORCES AT THE DIFFEREHT SECTIONS (RISE-TO- SPAN RAT10 = 0.100)
=TABLE COEFf.*(Q"L)

SECTION WUMBER

+ + + + pmr - gommsmme= fmemmemepmme fanmmm-o= +
N [1|2|3|4|5|6|?|8|9|10|11|
-------- P L SRR L 4 --------4--------+-—------+---—----+-------~+-----—-—+-------—+«-------+--------+--------+
[ 0.23611[ 0. 13611[ 0. 03611| -0. 01389| -0. 01389| -0. 01389| -0. 01339| 0. 013391 0. 01389[ 0 013391 0 01389]
Fmmmmmmn 03 O e b 61009625
| 2 1o 40575| 0. 30575| 0. 205751 0. 10575| 0. 00575| -0. 094251 -0. 09425| 0. 09425] -0. 09425] 0. 09425| -0. 09425|
TYPES #---==-"~ 4= F et b 910, 26389
1 3 |o. 48611] 0. 38611| 0. 255111 0. 1a¢11| 0. 08611| -0. 013891 -0. 11389] -0. 21339| 0. 26389| 0. 26339| -0. 26389[
OF gmmmnm— § OB O e Tt 0000] -0. 50001
| & |oO. suooo| 0. aooun| 0. 30000| 0. 2ouuu| 0. 1onuo| 0. 000001 -0. 1onou| -0. 20000| -0. 3uono| -0. aoooo| -0. 50000]
LOAD- #4-=----"-" P oo s uopairs SUPPNMC SERD TS S i VNN S i S
| 5 ]0.16963] 0. 16963] 0. 16963| 0. 11963| 0. 019631 -0. 03037| -0. 0303?| -0. uans?| -0. 03037| 0. oan3r| -0. 03037|
-ING f-mmm—m R el I SOntseIsOntaeesu s SNt B S e O AONA SN
| 6 | 0.25000] O. 250001 0. 25000| 0. 200001 0. 100001 0. 00000| -0. 100001 -0. 20000] 0. 250001 -0, 250001 -0. 25000|
-------- $mrmcmmmmgemammm et R bt Ah e e fommemem gt oo came-homwosmmegemnnoact O et 4
TABLE A.71
HOR1ZOMTAL® FORCES AT THE D1FFERENT SECTIONS (RISE-TO-SPAN RATIO 0,100}
=TABLE COEFF.*(Q*L} . i
- SECTION WUMBER
Fammmmnm- R ke O R Lk gmmmm e Lk L prmmmm—- R b $mmmmmm- P L foomwmsan fmmemm—— +
N | v 2t 3 1 &1 5 16 17 g | v | 1w | n |
-------- +-------—+-----—--+----—---+—-—-----+-—~—----+--~-----+~-------+-----~--+--------+--------+—----—--+-------—+
| j 1 |o. 13183] 0. 131331 0. 131a3| 0. 13183] 0. 131s3| b. 131a3| 0. 131331 0 131&3] 0.13183| 0.13183] 0.13183]
+ fommmmmm | itidans Motutest Madathes uadosne MOSsERts SEESE S L AL AR R NG PR
| | 2 to. 62855| 0. 62855[ 0. 62&55| 0. 62855| 0. 62855| 0. 62855[ 0. 62855] 0. 62855[ 0. 6zass| 0. 62855| 0. 62855|
+ TYPES #4-----==" LEE RSt L oo b Tl 112627
\ 1 3 11uﬁn11ﬁnttuﬁn11an|1ﬁnn11ﬁn|1mnn115311nnn115u|1nﬂn
+ OF = [t TRttt Shotesnt Sodosnt Hasueet SR O ol A NSy R
i | 4 |1 25714[ 1. 25714| 1. 25714| 1. 2571a| 1. 2571A| 1. 25714| 1. 25714| 1. 25?14[ 1. 257141 1. 25?14| 1. 25714|
+ LOAD- #4-=--+--- 4mmmmmmm- SRt S0 SRearo s FReRO RS SR L S S SO S AP
| i s 1 0.49671| 0. 49671| 0. 49671| 0. 49671| 0. 49671| 0. 496711 0. 49671| 0.4967 | 0. 49671| 0. 49671| 0. 496?1|
+ -~ING g | EROnietis oamiasis Iuniatlt Mspubets Sat s SueE s S A P
| | 6 0. 99343| 0. 99343| 0. 99343| 0. 99343| 0. 99343| 0. 993431 0. 99343| 0. 993&3| 0. 99343[ 0. 99343| 0. 99343[
fammmmmm pommmw - g | stitttd Sheidates SoaionieRostetue TRNSIEE St ertit
) TABLE A.T2
BENDING MOMENTS AT THE DIFFERENT SECTIONS (R1SE-TO- -SPAN RATID 0.150)
=TABLE COEFE.*(Q*L*L)
" SECTION NUMBER
Ha--mm=m- frmemmm P fomammm g fmmmomm=n 4ommemom- P $omemmmm fearmmmmr- famemnmme 4mmmemm- For--emm-- +
| N T 2 - } s 6 | 7 1| 8 | 9 1 w | 1|
fmemmnm—- frmmmm——— P L P R Fmmammm- P P $eammmm foemmam- P R femmem—— $mmrmm—- R R R +
| | 1 [-0.01242f 0. 00103| 0. nnsasl 0. 00310| 0. 000131 -0. 00173| -0. 00265| 0. 00256| -0. 00140| 0. 00095| 0. 00468|
+ o mmm-- furammmnm | Eehacnt SOt SN S S S LA
| | 2 [-0.01379]-0. 00240| 0. nosaeq 0. 0088?| 0. 007301 0. 00049| -0. 0066?1 -0. 00908| -0. 00647| 0. 001?01 0. 01634|
+ TYPES #--=-=--- P | A atans ShORSnNs SRnupois pasaes SIS SRS e it SO AR
l | 3 |-0.00212]-0. 00165| 0. oon3a| 0. 002341 0. 003231 0. uoz71| 0. 00045| -0. 00332| -0. 00686| 0. 00173[ 0. 01497|
+ OF fammmemn o [ttt Toent SRRt o e S S AU U A
| i 4 |0 002551 0. 000701 -0. 001011 -0. 000211 0. 00063] 0. 00097| 0. 000631 -0. 00021| -0. 00101| -0. 000?0| 0. 00255|
+ LOAD- 4------=- [ thanicts Uhonentho Munonds TNENSes NSNS SRS Lt bin A UU R AR R R A A Pp S PR
| | 5 |0 00137| 0. 003431 -0. 000391 0. 00576| 0. 007121 0. 00222| 0. 004021 0. 00652| -0. 00507| 0. 00075| 0. 01166]
+ -ING oo Fosmmo--- | AR 0 Faneeus S SO SR S e C e *
| | 6 |o. 010291 -0. 00265[ -0. 005471 -0. 00076| 0. 0031o| 0. ouaaa| 0. 003101 -0. 000?6| 0. 00547| -0. 002681 0. 01029|
grmmmm——— P D B ki e A




TABLE A.T3
VERTICAL SHEAR FORCES AT THE DIFFEREHT_SECTIOHS (R1SE-TO-SPAN RATIO = 0. 150)
=TABLE COEFF.*(Q*L)

SECTION HUMBER

+
1]
1
1
[
L
L]
]
(]

+
H
1]
]
1)
+
L]
L
1
+
1]
'
fl
4
]
+
'
'
+
1
1
1]
'
L
)
[}
.
Y
i
1]
1
.
L]
L
)
(]
+
'
fl
)
1
L]
'
1]
1]
+
L]
L]
[
L]
1
]
1
1
+
1
]
1
L
1
1
]
1
+
1
]
]
1
'
1]
]
1)

P fommmma~ +
T T T I | &6 T | 8 9 | 10 | M |
-------- I bk Skt -—------+—-------+-¢------+--------+-»------+--------+--------+-—-~---—+
1| 0.23584| 0.13584| 0.03584|-0.01416{-0. 01416]-0.01416-0.01416| -0.01416] -0.01416]-0. 01416]-0. o141s|
........ fommamcnnpocmn==-ct fuammmmmrfanracand L. bbbt 4 gav--emmogom=ro-==k Pt Rhdahdaleldat J o L
2 | 0.40512| 0.30512{ 0.20512] 0.10512f 0. 00512|-0.09488-0.09488| -0.09488] -0.09488 -0 09488|-0. 09438|
-------- P L SRR RRA P s LA R LR 4 L L Lt frrmemme—pamr--e== foamermanpmommen=d P L
3 | 0.48584] 0.38584| 0.28584 0.18584] O. 08584 |-0.01416] -0.11416|-0.21416| -0. 26416|-0.26416]-0. 2641s|
........ +—-------+-------. fommwmaagmcemmnmd $mrmmnmrapoamra-e=~d P L SRR L L b ] fmrommme—femmr ==} po—ammam=
4 | 0.50000] 0.40000| 0.30000{ 0.20000} O. 10000{ 0.00000]-0.10000}-0.20000{-0.30000|-0. 40000}-0.50000]
-------- fumocammehancmmmnahocemc oo e bttt At I it Dbtk 4
5 | 0.16928| 0.16928 0.16928] 0.11928] 0. 01928} -0.08072| -0,08072-0.08072{-0.08072|-0. 08072}-0. oaorz|
-------- +_-----_-+_----’-- e et 4 P s LR A 4 famme—smmgosmmn-o=d FEEEEEE LY ] P Lt LR S
6 | 0.25000| 0.25000{ 0.25000] 0.20000] O. 10000 ©.00000-0.10000]-0. 200001 -0. 25000| 0. 25000| 0. 25000|
........ P LR E L RS O L LRt $ommmmsmmpom o Pk bt

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

SECTION HUMBER

-------- +--------+--o-----+-------—+--------+—-—-----+--------+—-------+--------+---—----+a-------+--------+
|1[2|3|4|5|6|7|B|9|10|11|
-------- +--~----—+----—---+-—----—-+--—-----+--------+--------+--------+--------+-—------+--------+--------+
1| 0.08991] 0.08991| 0.08991] 0.08991] 0. 08991] 0.08991| 0.08991] 0.08991| 0.08991] O 08991 0.08991]
-------- B b ik h del it - S bk il fommeo-aaperasanucd
2 | 0.42192| 0.42192| 0.42192| 0.42192| O. 42192 0.42192) 0.42192| 0.42192] 0.42192] O. 4£2192| 0.42192}
-------- I bl SRR b dnl S ek itlt ki fommmreembe-asmme-pomamm-cd
3 | 0.75393| 0.75393| 0.75393| 0.75393| O. 75393| 0.75393| 0.75393| 0.75393] 0.75393| 0. 75393| 0.75393|

........ fommmrmecpurmmm=-t femmmeccagammmmr--F P et 4 prrmmmemmprmmm === P Ll 4 feommmcsnbrmammv-—} R el
4 | 0.84385| 0.84385| 0.84385] 0.84385| O. 84385| 0.84385| 0.84385| 0.84385] 0.84385] 0. B4385| 0.84385|
-------- T s At R ik b P itk bkl fomsmmmrdmunocsmekommmr-od
s | 0.33201] 0.33201] 0.33201} ©0.33201} O. 33201] 0.33201] 0.33201] 0.33201| 0.33201] ©. 33201| 0.33201]
-------- B it kit R bl b iaiaiihd T Y bt bbbt g
6 | 0.66402| 0.66402| 0.66402| 0.66402| O. 66402] 0.66402) 0.66402] 0.66402| 0.66402] 0. 66402| 0.66402|
-------- P SR L EE LS b oc-cacmnhenosnmmankoosmmeoogenrosnod pommmemembmmmemsarpomnemuocd

TABLE A.TS .
GENDING HOMENTS AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.200)
=TABLE COEFF.*(G*L*L)
SECTION NUMBER

-------- +--------+--------+------—-+--------+~-------+-------—+—-------+--------+---—----+----—---+--------+
| 1+ | 2 1 3 1 & 5|e|7|a|9|1o|11l
-------- +--------+--------+--------+---—----+~-------+--—--~-—+--------+---—----+--------+--------+--------+
1 |-0.01181| 0.00120] 0.00589| 0.00312| 0. 00019]-0.00174}-0.00272| -0.00270|-0.00159] O 00081| 0.00489{
-------- O bbbt b} foccmmmeopammmmmmr ook [ S R EEEEE Ll Sdh bt pommm--scd
2 |-0.01237-0.00239] 0.00535} 0.00901f 0. 00766| 0.00087|-0.00649]-0.00929]-0.00710] 0.00101] . 01688]
-------- fomammoahommemehamsasanegomn oo mmheo oot R i el b ke R pmmeo-ca=d
3 |-0.00039{-0.00219[-0.00016| 0.00241} O. 40389| 0.00349| 0.00098]-0.00341]-0.00764]-0.00258] 0. 01631]-
-------- $omemmmmabmmmoomrpmumr oo cmemm ot B SRR E Rl Skl frosmme--fumr-snmnkoem=-—d
4 | 0.00451]-0.00139]-0.00174|-0.00028} 0. 00117| 0.00175| 0.00117|-0.00028|- -0.00174]-0.00139] 0.00451}
-------- e LRt bbb id B b keteh ket R et Rkt 4
5  |-0.00056]-0.00359]-0.00054 ] 0.00588] 0.00747| 0.00262|-0.00377|-0.00660}-0.00551] 0.00020] 0. 01198}
-------- B e ik St S bt At ponccammegunmmmmsmbev-an-acd
6 | 0.01142]-0.00339]-0. 00605] -0. 00071| 0. 00369| 0. 00523| 0. 00369| -0.00071}-0. 00605| -0. 00339| 0.01142|
Hrmmemm-- P 4mmmmmm- S i i At bh Atk S AR grermemmepacemmanagronn-or= *




TABLE A.76
VERTICAL SHEAR FORCES AT THE DLFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.200)
=TABLE COEFF.*(Q*L)

SECTION NUMBER

+ pmmm—mmm- P L A domwmm-- g O Fmmmomm- B e -mmmer-- [Ty T *
| N f v 1 2 1 3 1 & s | 6 | 7 1 8 | 9§ | W R L I
4= hmmmmmme- $r-memmr- dommnmn dr---mmm- fommmm-- dr---nmm- e P bommmmmnn po-—mmm— dommmrmae e LL] *
| | 1 |o. 235451 0. 13545] 0. 035451 -0. 014551 -0, 014551 -0. o1455| -0. 014551 0. 014551 -0. 01455| 0. o1455| -0. o1455|
+ feemm- | ISt IRORNGANS SHaRNE NS SRR SRR St Lt AR SRR S
| | 2 | 0.40425| 0. 304251 0. 204251 0. 10425| 0. 00425| -0. 09575| -0. 095751 0. o9575| -0. 09575| 0. o9575| -0. 09575|
+ TYPES #---=---- | ISRt FehotsesnRs SRS SOSNUS S L b a P
| ! 3 |o. 4&545| 0. 38545] 0. 28545| 0. 185451 0. 085451 -0. n1455| -0. 114551 -0. 21455| 0. 26455| -0. 264551 0. 26455|
+ OF mmemmsan Fommmmr-= LSS SRS SRS SRS T R A AU U S
| | & | 0.50000§ O. 40000| 0. 3ooun| 0. zouon| 0. 100001 0. uoonn| 0. 10000| -0. zooon| -0. 30000| -0. 40000[ 0. 50000|
+ LOAD- #=---=--" Y R RE LR R it LEEE Rk S P ettt Skt h ik S
] ! 5 1{o. 1e330| 0. 16880] 0. 16380] 0. 11eao| 0. 01sao| -0. oa1zo| -0. 08120| -0. os1zo| 0. oa1zn| -0. oa1zo| -0. 03120|
+ -1NG o emm | et Tholtttes ShotattoeSeouabte SRS SRR Sl bt AR
| | &6 |0O. 25000| 0. 25000| 0. 25000| 0. 20000| 0. 100001 0. ooooul -0. 10000| 0. zoono| -0, 250001 -0. 25000| -0. zsouo|
P $osmmmm- | atintes Stiuanes JosmuStOeTRSUROISSOPPRRNS SESTSSEI SRttt ied shb bt S

i
TABLE A.77
HORIZONTAL FORCES AT THE OIFFERENT SECTIONS (RISE-TO-SPAH'RATIO = 0.200)
=TABLE COEFF.*(Q*L) )
SECTION NUMBER
e dmmmmmmnn o= $mmmmm- P P L $ommmmmr - P P L doemmmmun T R il fomme--as +
I N |1|2|3|:.|5|s|7|a|9|10|11|
fenmmrmn- g gmmemm——- $ammmnn drommma- foommrm-- $ammman 4o-mmmr-— fmmrmmem- 4= dommm == $or-vem=- L +
| { 1 | 0.06955] 0. 06955| 0. 06955] 0. 06955[ 0. 06955| 0. 06955| 0. 06955| 0. 069551 0. 06955| 0. 06955| 0. 06955|
+ $ommmmm- famemcun- | S S A AU A
1 12 | 0.31%0] 0. 31940| 0. 319401 0. 31940| 0. 31940| 0. 31940| 0. 31940| 0. 319401 0. 31940| 0. 31940| 0. 31940|
+ TYPES #-------- foemmmm—- bt Ohe TR S N A A
i | 3 ] 0.56925| 0. 56925| 0. 56925| 0. 56925] 0. 56925[ 0. 56925| 0. 56925] 0. 56925| 0. 56925| 0. 56925] 0. 56925|
+ OF P e SEEE RS e L SR TR R R s b kbt AR S
| | 4 | o0.63881] 0. 63881| 0. 63881| 0. 63881| 0. 63881] 0. 63881| 0. 638811 0. 63881| 0. 63881| 0. 63831\ 0. 63881|
+ LOAD- 4-=------ - e S S s CL ARt bl Sl A A frmmmr—smfmmr e
| | 5 | 0.24985] 0. 24985[ 0. 24935| 0. 249351 0. 249851 0. 24985| 0. 249851 0. 24985] 0. 24985| 0. 249351 0. 24935|
+ -ING g mm femmmm— P et SEE T L L O L L T Rl h bt dub e A
| | 6 | 0.49969| O. 49969] 0. 49969| 0. 49969| 0. 49969| 0. 49969| 0. 49969| 0. 49969| 0. 49969] 0. 49969| 0. 49969|
$ommmmmm- P R 0 S A A +
' TABLE A.78
BENDING MOMENTS AT THE DIFFERENT SECTIONS (R1SE-TO-SPAN RATIO 0.250)
=TABLE COEFF.*{Q*L*L)
SECTION NUMBER

P Ll O P LR fmmmm e $ommemmn- fouwmarmn- #mm——-m- O L P L frrmemm- 4memmm— Famermmm- L *
| N | 1+ 2 | 3t & 1 5 | 6 | 7 1 & | 9 1 10 1 1|
#ommmmm fammmmam P Hommmmm o P $ommmmn- P drmmem P P fomsmmm- bommwm—-e frwrmmann *
| | 1 |-0.01t01] O. oo1an| 0.00596} 0. 00317| 0. 000231 -0. nu175| -0. 00279| -0.00285|-0. 00184| 0. 00059| 0.00517|
+ #rmmemmrn P R P LT TR L T et TR Rl il A PO Y TEEEEE L EE EE i +
| | 2 ]-0.01057§-0. 00245| 0. 00527| 0. 00925| 0. 00815| 0. 00138] 0. 00623| 0. 00950[ -0. 00736] 0. 00004| 0. 01756]
+ TYPES #4-=---=-=-- Hommmmm- fommrcccafuamcsmmngoam o il SR Eh it $oomercmapurmcomergrommar== P b AL L LR
| | 3 | o0.00182|-0. oo3oo| -0. onn7a| 0. 00261] 0. 00471| 0. 004501 0. 00169] -0. 00343| -0. 00855| 0. 003e1| 0. 018001
+ OF 4--emmro- O P Attt SRRkt Sl B bbbl & i diudebeie el A -
| | 4 | 0.00699]-0. ooza1| -0. 00259[ 0. 00026| 0. 00192| 0. 00275| 0. 00192| -0. 00026| 0. 00259| 0. 00241| 0. 00699[
+ LOAD- #-------- FEEELEE R R Rt aE bt B ARLEEEEEE EEE it B LELEEEED B Lt bt il
| | 5 | 0.00044]-0. 00386] 0. 00069] 0. oosos] 0. 00792| 0.00312]-0. 00344| -0. 006641 -0, oosoz| -0. 00055| 0. 01239|
+ =ING g fommmm——- T S e AEE R R bk i A P Rk it h et it A +
| | 6 | 0.012&3| -0. 00440| -0. 006721 -0. 00056] 0. ooaaa[ 0. 00625| 0. 004451 -0. 000561 -0. 00672[ 0. 061401 0.01283|
g fmmmvmm—— N SR LR R Lok e A e it Thteletinieieh el *




TABLE A.7T9
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS (RISE-TO- SPAN RAT]O = 0.250)
=TABLE COEFF.*(Q*L)

SECTION NUMBER

Fommumann '+ -------- O fommmmon oeemmmen fmmcenman B Feemmmman $ommmm—- $rmmmvono $rommmman frsaaoman $ommmmman +
| N |1|'2|3|t.|5|6|7 8 | ¢ | 10 | 1 |
$ermmmuan O $rmmmmmm Hommmm P LR B Frwmmmmma fommrmm—- P L dremammnn 4--semman Frmm—senm= D *
| | 1 | 0. 23492] 0. 13492| 0. 03492[ 0. 0150&1 -0.01508|-0. 01508]-0. 01508] 0. 01508| -0. 01508] 0. 01508| -0. 01508|
+ 4rammm—— P et TEEEEEEEE DELE It P P fo-emmmerho-—ssmmnhro—c-ssmdmmmr oot
| | 2 | o. 1.0312| 0. 30312| 0. 20312] 0. 10312| 0. 00312| -0. 096&B| 0. 09688] 0. 09688| 0. 09688| -0. 09688| -0. 096&8}
+ TYPES +4-=----~-- D it SECTRTEESTELELE LD bl ettt A A
| | 3 |o. 48492| 0. 38492] 0. 2&492| 0. 1&492[ 0. 0&492| -0. 01508] -0. 11508| -0. 215081 -0. 26508] -0. 26508] 0. 26508|
+ OF - #rrmmmean - L i L P PEEERYEEE EE R bl Skl P e YT R L EL LR
| | 4 | 0. 50000| 0. 40000| 0.30000§ O. 20000} 0. 10000| 0. 00000| 0. 10000] 0. 20000| -Q. 30000| -0, 40000] 0. 50000|
+ LOAD- 4---=--=-- grmmmmmnn ks SEEE T #oemmmme- mmmemmn P I A R L L P $rmmmmcaa +
| | 5 | 0. 16820] 0. 16820| 0. 16820| 0.1%820] 0. 01820]-0. 081BO| 0. 08180] 0. 08180| -0. 08180| -0.08180]|-0. 081&01
+ -0ONG fommmmmmn D Ll grm—c-samgmemoccccdaner oo Fommmmmnn R s R Lt AREE Y TY LR i P R +
| | é | 0. 25000) 0. 25000] 0. 25000[ 0.20000]| 0. 10000} O. 00000|-0. 10000| -0. 20000] -0. 25000] -0.25000]-0. 25000]
gremmmma $mmmemmm fommmmman e LR T TR L P feammmman O L LLEEEE TR EEE S R R gosmmmmmn
TABLE A.80
HOR1ZONTAL FORCES AT THE DIFFEREKT SECTIONS (RISE-TO-SPAMN RATIO 0.250)
=TABLE COEFF.*{Q*L}
SECTION NUMBER
Y fommmmm - $oommmnen fommmmann T fromemenn foomnmman fommccann v T goomamman D it frmmemmn- +
] N | 1 | 2 | 3 | 4 ] S | [ | 7 8 | ? | 10 | 1" |
pommmeme- fomemman- $ommmman D L T focvemnn- $ommmmean D $ommemnon D it e P dommmammn +
] | 1 | 0. 05782} 0. 05782] 0. 05782] 0. 05782] 0.05782| 0. 05782] 0. 05782| 0. 05782 0. 057821 0.05782) 0. 05782|
+ gommemman Frmmmmmma O I L T TET TEEP R pommerm- P R B T LA gocseenn- +
| | 2 | 0. 25847| 0. 258471 0. 25847] 0. 25847[ 0.25847| 0. 25847| 0. 258&?| 0.25847| 0. 258-‘-7| 0. 258‘-7| 0.25847|
+ TYPES #-------- fommmmm-— R AL TR R EEY LR R L P L EEEL T EEY R it ldet Fommmame- L Rl AR i +
| | 3 ] 0. 45913| 0. 45913| 0. 45913| 0.45913) 0. 45913] 0. 45913] 0. 45913[ 0. 45913[ 0.45913] 0. 45913[ 0.45913]
+ OF e - ommmen- goormmmn- enmmmuo- - 4rmmmenn gommmmm- gmemceno- 4oemmmmee O N +
| | 4 | 0. 51695| 0. 51695] 0. 51695[ ‘0. 51695| 0.51695] 0. 51695] 0. 51695] 0. 51695| 0. 51695I 0.51695| 0. 51695
+ LOAD- #------=- D gommmam- e LT TR R L drmmamran D i P O LEEtr TEEE R LT D +
| | 5 | o. 20065| 0.20065| O. 20065| 0. 20065| 0.20065| O. 20065| 0. 20065 O. 20065| 0. 20065] 0.20065] 0. 20065 |
+ -ING 4-------- L TR O e SRRl P L Fommemman P L ST S EEEL LR Fommeaama +
| | & | 0. 401311 0. 40131[ 0. 40131| 0. 40131] 0. 40131] 0. 40131] 0. 40131| 0. 40131| 0. 40131| 0. 40131] 0.40131)
D o D O et EEEEEEE AL LEL b bt ddieteieeit teatebeint Aeliei i +
) TABLE A.B1
BENDING MOMENTS AT THE DIFFERENT SECTIONS (RISE-TO-SPAR RATIO = 0.300)
=TABLE COEFF.*{Q*L*L)
i
SECTION NUMBER

Fommmmae- R $mmmmmen- 4omcennan gommmmman $remeenan boemammnn focmcenn- gremmman O $oemmmea- $oemamoa- D +
| N | 1 2 | 3 4 | 5 | 6 | 7 g | ¢ | 10 M|
4rmmmmm D fommmmmn $mmemaaan R 4omcmenan e foeme-nm- P B frmmmmeen 4ommeer-- foememaan +
| | 1 |-0. 01001} 0. 00163 0. 00606]| 0. 00324} 0. 000281 -0. 00174|-0. 00237|-0. 00305]-0. 002‘M| 0. 00029| 0. 00550]
+ Fommmmem- D e fosmmmmen $mmmmmaa o gommeen- foenmmmen D #rmmmeen $mmmmamo- foacenna- +
l i 2 | 0.00838]-0. 00262| 0.00524} 0. 00961} 0. 00877]| 0. 00200]- 0 00588)-0. 00969 |-0. 00872]|-0. 00122| 0. 01836|
+ TYPES +-------- frammmmen $ommmma memmmmm- D R docenmmn $ommmmamn $rerammen $ommenm-- feormanan #---eean= PRI +
| ] 3 | 0. 00448|-0. 00412] 0. 00134| 0. 00298| 0.00576] O. 00575 O. 00261]-0. 00332| -0.00954|-0. 00547[ 0. 01999]
+ OF fommmmm- - P et LR T L TR R E R Ll il 4= L LR R P ety LA R L R ]
| | 4 | 0. 009%8| -0. 00384[ -0. 00348[ 0. 0000?} 0.00289] 0. 00400]| O. 00289)-0. 0000?] 0.00348|-0. 00384| 0. 009‘98]
+ LOAD- #------=«- $rememmo- $emmmen-- [ LY PEE R B Ll L P L LT TR TR A $mmmmmnne B R +
] | 5 } 0. 00162| 0. 00425[ 0. 00082] 0. 00637| 0. 00&49] 0.00374|-0. 00301] -0. 00663| 0. 0065B| -0. 00151[ 0. 01286|
+ -ING 4----e--- frmmmme- frmmmreccfowmmmeeahmmcmaasado e T SRR Lt Akl bl
| | 6 | 0. 01449 -0. 00576l -0. 00740[ 0. 00026] 0. 00548| 0.00749} 0. IJIJSI.B| -0. 00026| -0. 00740] 0. 00576] 0. 011.1.9|
f—vemma L gmmmm———- e L R R R LR E SRR - $ommmmen- fosnmmman foc-aem=m fommommea 4ummmmee




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

SECTION NUMBER

dommmmm——- $mmmmm—nn pommmm——— famrocem- R b P focmmrmca Hmmmemm— frammmenn R ket R F e -
| N | 1 | 2 | 3| 4 | 5 | 6 | 7 1 8 | ® | 0 - N |
4ommmm——- e D D P O LR P L] R R fawam—nm- o= L fummmmman fremem- +
| | 1 | 0.23426] 0. 13:.26[ 0. 03426| -0. o157t.| -0. u157t.| -0. o157t.| 0. n157:.| -0. 01571.1 -0. 0157:.| -0. o157:.| 0. 015741
+ $omm - e | Do SDORnOuse- SRR SRS SRR St Lt S S
| | 2 |} 0.40175] 0. 30175] 0. zu175| 0. 10175[ 0. 00175| 0. 09325| -0. 098251 -0. 093251 -0. 09525| -0. 09325] 0. 09525|
+ TYPES #--=--=-- g et SRt SRR SO S Lt e S S SR
| | 3 | o0.4B426] 0. 38426] 0. ze.azo] 0. 131.26[ 0. ue.t.zsi -0. 01574| -0. 1157:.1 -0, 2157:.| 0. 2557:.| 0. 2657:.] 0. 265?l.|
+ OF fmmemcaa F o il RSN RN SRR SRS SRR SRt Co AU S S
| | & ] 0.50000f O. t.oooo1 0. 30000| 0. zuoon] 0. 100001 0. 00000| -0. 100001 0. 20000| -0. 3oooo| 0. 400001 -0. snoou|
+ LOAD- 4=r--=--~ Fowmmm—— | RSRIOOSS TON00NES RSN HDRR SIS R U SR
l. | s 1o 167t.9| 0. 167:.91 0. 167:.9| 0. 117:.91 0. 017491 -0. 08251| -0. 082511 0. 08251| -0. 08251[ -0. 032511 -0. 08251]
+ -ING $ommmnm—— | otatte Thotatiis SRasutnit Sasuesant SN YRS I e A AU S
| | 6 |o. 25000| 0. 250001 0. 250001 0. 200001 0. 100001 0. ooooo| -0. 100001 -0. 20000] -0. 25000| -0. 250001 -0. 25000|
pammmm-a= Fmmmemmr- femmrm-=- | ettt TONSI0s MRS IIORROS SERRITITIEE L Shbbb b
TABLE A.B3
HORIZOHTA_L FORCES AT THE DIFFEREMT SECTIONS (RISE-TO-SPAN RAT10 0.300)
=TABLE COEFF.*{Q*L)}
SECTIOM NUMBER
Y Frmmemm- frammm—— fmmmmm ¥omsmmmm- $omnmmnn O gammmmomn P g mm= Fomemm—- o fero-em- +
| N T I - - R 5 1 &6 | 7 8 | ¢ | 10 " |
fo-mmmrm- $rammmma e L fommmmm— fmmmmnm focmmmm- fomrmmenn fo-amm--- P doemmmn fuermmnen- FEET R L bommmmma +
| | 1 ] 0.05038f 0. 05038] 0. 05038| 0. 05038| 0. ososa| 0. 05038| 0. osnsa| 0. 05038| 0. 05038| 0.05038| 0. 05038]
+ fommmm— $mmmmmmmn S e AR SN pmmmrmses
| | 2 o 21829| 0. 21829] 0. 21829] 0. 21829| 0. 21829| 0. 21829[ 0. 21829| 0. 21829] 0. 21829| 0. 21829| 0. 21829|
+ YYPES #---+=--- fomm—m=-—= | ettt TS SR SR R ST L A AN AR
| | 3 | o0.38620] 0. 3&620| 0. 38620| 0. 3&620| 0. 38620[ 0. 38620] 0. 38620] 0. 3&620] 0. 3&620] 0. 3&620] 0. 3&620|
+ OF LT $rmmmmmn gommemmm- R AR A +
| | & {o. 436591 0. :.3659| 0. 43659[ 0. 43659] 0. :.3659| 0. 43659] 0. 43659] 0. l.3659| 0. 43659] o. t.3659| 0.43659|
+ LOAD- #=-=------ | Ehenntts Totuets Metut o0 Snenent SoRDTES S et e A A +
| | 5 |o. 167911 0. 167911 0. 167‘?1[ 0. 167‘91| 0. 167‘91] 0. 167‘?1[ 0. 167‘91| 0. 16T91| 0. 167911 0. 16T91| 0.16791]
+ -ING pommmrm— pmrmmm | SR B S S SR L S A +
| | 6 | 0.33582) 0. 335521 0. 33532[ 0. 33532| 0. 33532| 0. 335321 0. 33532| 0. 33582| 0. 335821 0. 33532| 0.33582]
grmmmmm—- P k] pamvmmm - U SO SRtk S A +
. - ) TAﬂLE A.B4
BENDING MOMENTS AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RAT10 0.350)
=TABLE COEFF.*{Q*L*L)
SECTION NUMBER
$mmrmmm-- domwamm-- Fammrmmn P il ¥memmmm- fammmn- fo-rmar== P ekl Fommmm——— L v m——— #rmmmman- N +
| L] |1|2|3|l. 5|6|7|8|9|10|11|
Fmamm——— $mmrmmn- o= o k] P L L e e P $-mmm-m-- premmem—- Foammar-- fmmur . +
| | 1 |-0.00880] O. oo1aa| 0.00621] O. 003371 0. 00037| -0. oo17z| -0.00294)-0. 00326| -0.002481-0. ooo12| 0.00589|
. + fommmmm-- fommm——- O Rt TEEEE S pomvmmcaabommane-cfaseocsangoceoo O bt SRR L L P i SEEE L L +
| | 2 |-0.00584]-0. 00289[ 0. 00531| 0. 010141 0. ooos:.l 0. onz75| 0. 00543| -0. ntmu 0. 00961| -0. 0027a| 0.01930|
+ TYPESM #--=-----= Ao R R RO $ommmm-- +
| | 3 | 0.00757§-0. 00555| -0. 00132[ 0. 00359| 0. 007051 0. 00723| 0. 00371.[ -0. 00301.1 -0. 01051| 0. 00755| 0. 02226|
+ QF dome == fammmmmam - S R A A S AN
| | & ] 0.01346]-0. 00567] -0. oo:.31| 0. 00033| 0. 004111 0. 00551| 0. no:.11| 0. 00033| -0. 001.31| -0. 00567| 0. 013:.6|
+ LOAD- $----=--~- Fmemmm-- e LRt SELLE it Seieieiaiii famwmmcmmgromanm gommr-cembrocsmmer forommerncnprar-cse= *
| | 5 | 0.00296]-0. 00477| -0. 00090| 0. 00677] 0. 009171 0. uo:.:.r[ -0. ooz:.9| -0. 00655| -0. 00713| -0. 002661 0. 013:.1|
+ -ING frmmmm Fmemmmm-- S S T SR AU A
| | 6 1 0.01637|-0. 00743| -0. 00503| 0. ooozz| 0. 00668! 0. uuaot.] 0. 00668] 0. ooozz| -0. 00803| -0. 007?.31 0. 01637|
fommmmma fommemm e L] P R S S A A




_ TABLE A.B5
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO 0.350)
=TABLE COEFF.*{Q*L)

SECTION MUMBER

+

+ + + hevmmmoaa fmmmmmen hmmmmemme R L P dommmann= O el +
| N ] 1 | 2 | 3 l 4 5 | -] | 7 | 8 9 [ 10 | " ]
Y L L fmmmmmo fommw—m-- fome - e e fo-emmme- L #m-memm- 4-—--em=- bemmomam +
| f 1 | 0.23344] 0.13344[ 0.03364|-0.01656|-D.O1656|-0.D1656|-0.01656|-0.01656|-0.01656]-0.01656]-0.01656|
+ P #amemmmm L heammmmaee Foemmmmmn fe D R P $mmmemma- 4rmmcsenn D +
| | 2 | 0.40013[ 0.30013[ 0.20013] 0.10013] 0.00013|—D.D9987|—0.09987|-0.09987|-0.09987|-0.09987|-0.09987[
+ TYPES #---«=-=-~-~ LI LR R $rmmmme- Frmmmm- LR Fmwmmmm— - - $mmmm——— fommmer-= foommm—-— #mmremma- +
| | 3 | 0.48344] 0.38344] 0.23344] D.18344 | D.08344|-D.01656|-0.11656]-0.21656|-0.26656|-0.26656|-0.26656|
+ OF $remmmmne [TEEEET T P pammmmnon $oommemenn fosmmmenn R Fo-ammn- B Lt dommeemm~ brrmesnaa o +
| | 4 | 0.50000| 0.40000| D.}OUOO] 0.20000| 0.10000] D.00000|-0.10000|-D.20000|-0.30000|‘0.40000|-0.50000|
+ LOAD- #-=-=----~ oo $emmma—me fosmmmmn= L s doc-smmmn L LR 4r--csenn= LEEEEEE L s e $rmmmmen +
| | 5 | 0.16669| 0.16669] 0.16669] 0.11669] 0.01669|-0.08331]-0.08331|-0.08331|-0.08331|-0.08331|-0.08331|
+ -ING A-----==- L dmmmmmmme $ommmao- Femmmmro- P P e 4o-eemmnn B $ommmemmn P hmmmeemn- +
| | [ | 0.25000! 0.25000| 0.25000[ 0.20000| 0.10000| 0.00000|-0.10000|-0.20000]-0.25000|-D.25000|-0.25000]
#----mmm- Fommmsam- #rvmmmcea mmrmmm=o fmmmmre e EEET R B Y doc-mmmm L demmcaena fomr——as L +

TABLE A.86
HORIZONTAL FORCES AT THE DIFFERENT SECTIOMS (RISE-TO-SPAN RATID 0.350)
=TABLE COEFF.*(Q*L) '
SECTION NWUMBER
bmmnm——-— Fommmmra- fo-nmmm L D fomw—mm-- fameamn- ovmmm - L e fomce = o fomrmmma Frmmmmren +
I N | 1 1 2 1 3 | & s { & | 7 | & | 9 | 1w | n |
e P focammana L #ommmvamn LI CEEPRT T pmmmmmmm $ommmmen- frommmmwn 4mmemmmne fommcaen= D +
| ] 1 | 0.04540] 0.04540] 0.0&540] 0.04540] 0.04540] 0.04540] 0.04540] 0.045&0]-0.04540] 0.04540| 0.04540|
+ frmmmcena #mmmmmon pammmnmon $omameonn foremman~ fommmmman #emmmm R P ] prmemnmmm- docmanenn ] +
N | 2 | 0.18993| 0.18993| 0.18993] 0.18993| 0.18993] 0.18993| 0.18993| 0.18993| 0.18993| 0.18993| 0.18993]
+ TYPES #------=-- hevmmame LEEER T #ommmmann R #mmmmmane #ommmam. P dmemmm-ee Famamomne dommeren= R i +
| l 3 | 0.33446| 0.33446] 0.33446| 0.33466[ 0.33446] 0.33446] 0.33446] 0.33446] 0.33446] 0.33446} 0.33446]
+ OF rmmmmwm- Fo--nmmm L Frrmmooan #mmmmmm e it L $ommmm dosmmmm oo EEEEEEE T $eenmomna +
| | 4 | 0.37986| 0.37986| 0.37984| 0.37986] 0.37986] 0.37986| 0.37985| 0.37986| 0.37986] 0.37986| 0.37986[
+ LOAD- #===<r---- L P R e P L Fommmmean P Hmmvemma fmmmermm= frmmemnm P $--senann +
| | 5 | 0.14453| 0.14653] 0.14453] 0.14453] 0.14453] 0.14453| 0.1&4531 0.145531 D.1kﬂ53| 0.14453] 0.14453]
+ -ING  #-------- LIEEEE R #mmmmmmo $oamamean P dmmmmmane #oammmemnn 4rmmcmenn beeammane Foamvemm- P P *
] [ 6 | 0.28907|'0.2890?| 0.28907] 0.28907| 0.2890?| 0.28907[ 0.28907| 0.2890?[ 0.28907| 0.2890?| 0.28907[
Hremmmonn - fommmmna= Focamm- L Frmmmmean L #mmmemm- - foamcmee== formme- fosmam-. - mmmem= LI R R +
* ) TABLE A.87
BENDING MOMENTS AT THE DIFFERENT SECTIONS (RISE-TO-$PAN RATIO 0.400)
=TABLE COEFF.*{Q*L*L)
SECTION NUMBER

Fmmmmmnma posammm—— dommmean- Hrammmun e Fammmmnan Foemmann P L dommmem-- R L Y] ] R +
| N | t ] 2 | 3 1 & s | & | 7 | 8 1 9 | w0 | N |
4--veemm- pr-cmvenn LI TR dommmmeme L P #mmmmmene 4rmmmcaa L dommmmeme dommamm-n pummmaaae 4ocasnena +
| | 1 |-0.00737[ 0.00216] 0.006&2] 0.00355| 0.00050|-0.00166|-0.00301|-0.003471-0.00286]-0.00063[ 0.00633]
* foammm—ee D Hememmena v R frmmmmmm e S LR 4o mmne R S 4mer-mens P R +
l | 2 |-D.00293|-0.00322[ 0.00554| 0.01085] 0.01047 0.00364[-0.0048?]-0.00984|-0.01050]-0.00460| 0.02034|
+ TYPES #-=-=-=-=--- $omemmm—r #ommemmmn P e mm—n L Fommwr-—- $ommmmro R fomnmm——- P LI R LR +
| | 3 | 0.01108|-0.00720|-0.00210|.0.00447] 0.00861[ 0.00894| 0.00510]-0.00255|-0.01138|-0.00999| 0.02478|
+ OF pemmmm- e frmmm - fommmm - L LR R LI ERE e LR R - LI R $rommmme #--eeaca= +
] 1 4 ] 0.01?41|-0.00783|-0.DU496| 0.00100| 0.00560] 0.00727| 0.00560| 0.00100]-0.00496[-0.00783| 0.01741|
+ LOAD- #-------- LEE R R EEEE $emmmmm-- 4o Hmmmmmm e H---oema- L #memmmm- e L P 4--uemman +
| | S | 0.00443|-0.00538|-0.00088| 0.00730| 0.0099?| 0.00530]-0.00186|-0.00637[-0.0076&|-0.00397[ 0.01401[
+ -ING #------=- L 4ommemma- FEEEEEEEE pommmemmn fomemmmo R e drmmmcean P 4o doremmaeen +
| | [ ] 0.01845]-0.00936|-0.00852| 0.00092[ 0.00810] 0.01060| 0.0DB1U| 0.00092|-0.00852|-0.00936| 0.01845]
frmmmmem- IXEEET TR e $ammermn- prmmmm-- Hommmmm - Hmemmmme D D L 4o 4ommveman D dmemenmme +




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

SECTION MUMBER

dmmmmmm 4ommmmmnn = H---o-men L D L $ommmmme L Y $oemmmmm- femerom—o Horvnm—a +
| N | v 2 | 3| 4 | s | &6 71 | 8 9 | 1w | 1 |
#ommmmme #=rr---o- L L L fremmmman Ammmmmme L] #mmmmm--- F-sreman= - #-mmmnees fommmmann +
l. | 1 | o0.23245] 0. 13245| 0.03245}-0.01755]-0.017551-0.01755|-0.01755|-0.01755|-0. 01755| 0. 017551 0.01755]
+ L L L R $emoamman Hmmemmm-- L L L L e L +
I | 2 | o0.39828] 0, 29828| 0.19828| 0.09828(-0.00172|-0. 10172| -0. 10172| -0. 10172| -0. 10172| 0. 101?2| -0. 101?2[
+ TYPES #===~---- #omceeann - LEERR R #mmmemm- $emoemne L AL LR RS S LAt il il LR R e
| | 3 | 0.48245| 0.38245| 0.28245| 0.18245| 0.08245|-0. o1755| -0. 11755| 0. 21755| -0. 26755| 0. 267551 0. 26755|
+ OF $rmmmmm Hmrmmmm- L R ) Fommmmm-- $ommmavan - L IR LR R $ommre-- #----sen- EEE R AT IR SRR EEE LS Lh R b +
| | 4 | 0.50000| 0.40000| 0,30000| 0.20000| 0.10000| 0.00000|-0.10000]-0.20000|-0. 30000| 0. t.oooo| -0.50000|
+ LOAD- #-----«=- L L $oosmannn L do-emannn L R L LR R $ovommaan LR R e +
| | 5 | 0.16583| 0. 16583| 0.16583] 0.11583] 0.01583|-0.08417|-0. 08417]-0.08417]-0. 08417| -0.08417|-0.08417|
+ -ING dommmmm— Frrmmmm-- $ovemmm b L IR dmmme LR EE R $ommmmmnn LR R drmmmm—— Hrwmmm-m $-amssmas +
| | 6 | 0.25000] 0.25000| 0.25000| 0.20000] 0.10000| 0.00000}-0.10000]-0.20000}-0,25000]-0.25000]-0.250001
$-uemmma- L e et drmmmmm— L $-osmmann $mmvmmm-- #mmrenmn= - #---vseen L L 4eessnees +*

TABLE A.89
KORIZONTAL FORCES AT 'THE DIFFERENT SECTIOHS (RISE-TO-SPAN RATIO = 0,400)
=TABLE COEFF.*(Q*L)
SECTION NUMBER
e +-------- N L Fom----es L #rmmmmmo- e ] 4--cene== L ] 4rmmmmmo L L L
| N [ 1 2 | 3} &4 ) 5 | 6 | 1 | 8 $ | 10 | 1 |
$ommmamnn L L frmmanmnn R L $ommmm L Hrmmmam— Prermmmo- 4--sseen= o~ teerernn- +
| | 1 | 0.04193] 0. 04193| 0.04193| 0. 041931 0. 041931 0.04193| 0. nt.193| 0. o4193| 0.04193] 0. o4193| 0. 04193|
+ $rmmmmmen L ] R L R T EY TR RS LR R B Lt T P R LR TR PP
| | 2 | 0.16892] 0. 16892| 0. 16892| 0. 16892[ 0. 16892| 0.16892] O. 16892| 0. 16892| 0.16892| 0. 16892] 0. 1ea9z|
+ TYPES #----=-=--- - #emmmemm. LR Rl L $eovecrenn LR LI LR LEE R R R AR L e mm - +
| | 3 ] 0.29591| 0.29591| 0.29591| 0.29591| 0.29591| 0.29591| 0.29591| 0.29591| 0.29591] 0.29591] 0.29591]
+ OF 4rmmmmmna - 4o mm o dos-saann L R L R $rmmmmees 4-renmman L L 4-esaann +
| | 4 | 0.33784] 0.33784| 0.33784| 0.33724] 0. 3378-'.[ 0.33784| 0.33784| 0.33784] 0.33784| 0.33784] 0. 3375.'.;
+ LOAD- #=-===-==-- L L === R TR Y EE R Fo--eenan $mmmmmm- L $oammmmna o
| | S ] 0.12699| 0.12699} 0.12699] 0.12699] 0. 12599| 0.12699] 0.12699| 0.12699] 0.12699} 0.12699] 0. 12699|
+ -ING - LEEEE L R $oonmnmnn - dmmeemon N LD EE #ocmmmmm- L L L L e
i | 6 ] 0.25398] 0.25398] 0.25398| 0.25398| 0. 253931 0.25398| 0.25398] 0.25398] 0.25398| 0.25398] 0. 25393|
#m-mmmm-- 4-wvmenna L drmmmmmn L et AEEE LR L $oommamnn $reemnme= 4--semena #mmmmmare LA ERF LR d-cemmana +
. - TABLE A.90
BENDING MOMENTS AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RATIO = 0.450)
=TABLE COEFF.*(Q*L*L) i
SECTION NUMBER

L L L L dammmmmme Fe-mesann L $ommmmean 4remsamnn L $ommaa $renmnen - +
| N | 1 | 2 | 3} & ) 5 | 6 1 7 8 | 9 ] 1w | 1 |
Hmmmmmm—- LR LR N dmmramm- R L Forwwan- L e oo L drmmmm—a +
| I I 00572[ 0. ooz:.a| 0.00671] 0. nnsao| 0. 00069] -0. uo157| 0.003051-0.00368]-0.00327]|-0. no124| 0. 00683|
+ D R P L R Ty R R P N e AT LE R #ommmmeme #memmman P L TR
| 1 -2 (o noo31| -0. 003551 0.00597| 0. o1175| 0. o1157| 0. not.es[ 0.00419|-0.00977]-0.01131{-0. 00659] 0. 021505
+ TYPES r4-------- 4o #mmrmm—-- #ommmmeo- L R R $----rmas L R #omm-mio- $ommmmma L Fmmmmmmm +
N | 3 | 0.01498}-0.00890]-0. nozoa] 0. 00566| 0.01043| 0.01088| 0.00669}-0.00%182|-0.01205|-0.01262| 0.02753] .
+ OF $resenaan dommmr-- L Ll L L e dremmmm-- L L] e #mmmmm--- L +
| | 4 }o. 021a1| -0. u1o1t.| -0. 00535| 0.00199{ 0.00738| 0.00931| 0.00738| 0.00199|-0. 00535| 0.01014] 0.0218t|
+ LOAD- #-------- Y TR LR, LR EEE EEEE L L L L L R SR LR T e +
| Fos | 0.00602| 0.00602| 0.00074| 0.00795| 0.01088| 0.00523|-0.00114]-0.00609]-0. 008051 0.00535| 0.01467|
+ -]ING +o-mm---- LR - oo L $omeman- L R #--mmcean $mmmmm—a drromm--- $ommmmou- +
| | 6 | 0.02070}-0.01138]-0.00878| 0.00185] O. 00973| 0.01246| 0.00973| 0.00186]-0.00878|-0.01138| 0.02070|
o= L R 4o $omm—eea- #ommmme N R e T LT ) hmarmmm-- d--cemman L L heommenana +

ri
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TABLE A.91

1CAL SHEAR FORCES AT THE DIFFERENHT SECTIONS (R1SE-TO-SPAN RATIO = 0.450)
=TABLE COEFF.*(Q*L)}

e o b h— —

b o— o —

0. :.a1so| 0. 3a130| 0. 2a13o| 0. 1a130| 0.

P fovmmrmmmo o mm o anm = ==

SECTION NUMBER

P R P P +
5 | 6 | 7 i 8 | 9 | 10 1 1 |
----- +----—---+--------+--------+--------+--------+--------+

08130] -0. 01870| -0, 11870] -0. 21870[ -0. 26870| 0. 26870[ 0. 26870[

TABLE A.92

HORIZONTAL FORCES AT THE DIFFERENT SECTIONS (RISE-TO-SPAN RAT1O = 0.450)
=TABLE CDEFF.*(Q*L}

P $ommmom-
| |
$oammem-- $omrmmnm-
l 1
frmmsmmn
! 2
TYPES 4-<-=-=---
‘| 3
OF ommemmo-
| 4
LOAD- #-=--==-=
! 5
<ING  #--e--ecs
i &
........ fmmemmm -
$o-emmm-- gommmocen
1 N
$ommmmmm - e
| 1
fummcemm
| 2
TYPES #---=+----
! 3
OF $ommarm-
1 4
LOAD- 4=--=-----
| 5
-ING  #--n=mm--
| 6

B D P 4om-emm- 4---
1y o2 1 3 1 4
smewamms $oemmmm-- fammmmm=- $ommwmmm= -

0.03946| 0.03946] 0.03946] 0.03946] O.

........ s LR Rk 4 P L T

0.15278| 0.15278| 0.15278} 0.15278{ O.

........ A bt REE At it

0.26-610] 0. 26610| 0. 26-610| 0. 26610| 0.

0. 30556] 0. 30556| 0. 30556| 0. 30556| 0.
B L foemmmmmo L LR TR LR oo

0.11332] 0.11332] 0. 11332| 0. 11332| 0.
-------- +-------- o= —---—--t -

o 226-65| 0. 22665| 0.22665| o 22665| 0.

SECTION WUMBER

----- +--------+--------+--------+------—-+--------+--------+
5 | [ 7 8 | 2 |1 10 | 1" |
----- 4--------+-~------4--------+--------+--------+--------+

03946| 0. 03946] 0. 03946| 0. 03946] 0. 03946| 0. 03946| 0. 03946]

15278[ 0. 15278| 0. 15278| 0. 15278] 0. 15278| 0. 15278] 0. 15278|
............. feemmmmmmdmmmanerofomme=-cad P et R e LR J

26610] 0. 26-610] 0. 26610| 0. 26610] 0. ze.e.1o| 0. 26610[ 0. 26610|

30556| 0. 30556| 0. 30556| 0. 30556] 0. 30556| 0. 30556[ 0. 30556|

..................... fomemmwembrmmamamrfanaman=d P T

11332| 0. 113321 0. 11332| 0. 11332| 0. 11332| 0. 11332] 0. 1133z|

22665] o 22665| 0. 22665[ 0. 226-65| 0. 226651 0. zzc.e.s| 0. zz&es]

................................................. +




: TABLE A.93
BENDING MOMENTS AT THE DI1FFERENT SECTIONS FOR UNIT CLOCKWISE ROTATION AT THE LEFT SUPPORT
=TABLE COEFF.*{(E*I/L)

RISE-TO-SPAN RATID SECTIOM NUMBER .
o M (2) 3 4) ) (6) 7 - " . (10) (1
.050 . B.913 5.626 2.950 .B77 -.602  -1.489  -1.788  -1.495 -.607 .883 2.985
.100 B.664 5.410 2.806 .B10 -.607  -1.459 -1.751  -1.480 -.628 .83 2.940
.150 8.278 5.075 2.585 .709 -.613  -1.411 -1.694 -1.454 - .660 ©LT4B 2.870
.200 7.794 4.649 2.311 . .587 -.618  -1.349  -1.621  -1.419 -.698 637 2.719
.250 7.252 4.167 2.009 JA5T -.621* -1.280 -1.536 -1.375 -.738 .504 2.673
- .300 6.687 3.657 1.703 .329 -.620 -1.205 -1.445 -1.322 . -.774 -354 2.559
- .350 : 6.127 3.147 1.409 .21 -.616  -1.130  -1.352 -1.264 -.804 97 2.439
.400 5.591 2.659  1.141 .108 -.605 -1.056 -1.260 -1.201 -.822 .042 2.319
450 5.091 2.2 904 .020 -.593 . .-.985 -1.171  -1.136 -.830 -.104 2.201
TABLE A,%4

VERTICAL SHEAR FORCES AT THE DIFFERENWT SECTIONS FOR‘UNIT CLOCKWISE ROTATION AT THE LEFT SUPPORT
=TABLE COEFF.*(E*1/L/L}

RISE-TO-SPAN RATIO _SECTION NUMBER
Mm@ %) %) (5) (6 - (8) T3 (10) (n
,050 l5. 029 -5.929 -5.929 -5.929 -5.929 -5.929 ~-5.929 -5.929 -5.929 -5.929 -5.929
.100 o 734  -5.724 -5.724 -5.724 -5.724 -5.Tek -5.724 -5.72% -5.726 -5.72k  -5.72
.150 5408 -S.408 -5.408 -5.408 -5.408 -5.408 -5.408 -5.408 -5.408 -5.408 -5.408
.200 5015  .5.015 -5.015 -5.015 ~-5.015 -5.015 ~-5.015 -5.015 -5.015 -5.015 -5.015
.250 4579 4579 -b.ST9  -4.579 -4.579 -4.579 -4.579 4579 -4.5T9  -6.579  -4.5T9
.300 328 40128 -4.128  -6.12B -6.128  -4.128  -4.128  -4.128  -4.128  -4.128  -4.128
.350. 3687 -3.687 -3.687 -3.687 -3.637 -3.687 -3.687 -3.687 -3.687 -3.687 -3.687
400 3272 -3.272 -3.212 --3.272 -3.272 -3.272 -3.212 3.2 -B.2r2 -3.2;e -3.272
.450 3’890  -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 LEF& SUPPORT
=TABLE COEFF.*(E*1/L/L) ’

 RISE-TO-SPAN RATIO ' SECTION KUMBER

: 1) (2) 3) 1LY (5) (6) P (8) (9 (10 - “an
.050 148,769 148,769 14B.769 14B.769 148.769 14B.769 148.769 148.769 14B.769 14B.769 14B.769
.100 72.605 72.605 72.605 72.605 72.605 72.605 72.605 T72.605 T72.605 T2.605  72.605
-150 46.563  46.563 46.563  46.563  46.563  66.563 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 33.130
.250 24.969  26.969  24.969 26.969 24.969 24.969 24.969  24.969 26.969 246.96%9  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 12.57

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 CLOCKWISE ROTATION AT THE LEFT SUPPORT
=TABLE COEFF.*(E*I/L/L}

RISE-TO-SPAN RATIO . SECTION WUMBER
(n 2) 3 (4 5 (6) o 8 ) (o (i

.050 144.649 145,951 147.011 147.832 148.417 148.769 148,887 148.71 148,419 147.829 1466.997
.100 64.818 67.321 6%.324 T70.860 71.949 72.605 72.830 T72.621 71.966 T70.844  469.221
.150 15.897 39.426  42.164 44,230 45.685 46.563  46.B76 46.611 45.737 46,187 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  1B.644
.300 5.499 10.846 16.295 16.719 18.393  19.426 19.850 19.633 18.666 16.674 12.7B4
.350 s 1.829 7.428  10.696 12.945. 16,497 15.465 15.882 15.717  14.852 12.971 8.758
.400 -.442 5.278  8.2642 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 FCR UNIT CLOCKWISE ROTATION AT THE LEFT SUPPORT
=TABLE COEFF.*(E*1/L/L)

RISE-TO-SPAN RATIO SECTION NUMBER
' (4] (2) ¢} (4 (5 (6) N (8) ¢ 10 ¢in

.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 -22.326 -16.826 -11.292 -5.724 122 -5.514 -11.186 -16.894  -22.642
.150 _ -30.147 -25.361 -20.484 -45.528 -10.502 -5.408 - .249 -4.977 -10.274 -15.649 -21.116
.200 -26.515 -22.489 -1B.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 -B.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 -15.79% -14.057 -11.764 -9.229 -6.528 -3.687 716 -2.395 -5.673  -9.193 -13.269
L6000 -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 -B.460 -6.746  -4.B79 -2.890 785 -1.442 -3.822 -6.437 -9.932

TABLE A.98

BENDING MOMENTS AT THE DIFFERENT SECTIONS FOR UNIT DOWNWARD VERTICAL DISPLACEMENT AT THE LEFT SUPPORT
=TABLE COEFF.*(E*I/L/L) ’

RISE-TO-SPAN RATIO SECTION NUMBER -

Q] (2) (€)] (4) () - (6) ) (8) 145 (10) (1

.050 . 5.929 4,743 3.557 2.372 1.186 L0000 -1.186 -2.372  -3.557 -4.763 -5.929
100 . 5.72% 4.579 3.434 2.289 1.145 L0000 -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 1.83 916 .000 ..916 -1.B31 -2.747 -3.663 -4.579
.300 4.128 3.303 2.477 1.631 .B26 .000 -.826 -1.651 -2.477 -3.303 -4.128
., - -350 3.687 2.950 2.212 1.475 37 .000 .37 <1475 2212 -2.950 -3.687
.400 . 3.272 2.617 1.963 1.309 .654 .000 -.656  -1.309  -1.943  -2.617 -3.272 N
450 2.890 2.312 1.734 1.156 .578 .000 -.578. -1.156 -1.73% -2.312 -2.890
TABLE A.99

VERTICAL. SHEAR FORCES AT THE DIFFERENT SECTIONS FOR UNIT DOWHWARD VERTICAL DISPLACEMENT AT THE LEFT SUPPORT
=TABLE COEFF.*(E*1/L/L/L)

RISE-TO-SPAN RATIO SECTION NUMBER
. @ (&3] (%) &) & M (8) 35! (0 Qan
.050 11.858 -11.858 -11.858 -11.858 -11.858 -11.858 -11.858 -11,858 -11.858 -11.858 -11.858
.100 16T 11667 11667 -11.667  -11.667  -11.447  -11.6467 S11.647 11,667 -11.447 -11.447
.150 100817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.817 -10.847 -10.8%7
.200 10031 -10.031 -10.031 -10.031 -10.031 -10.031 -10.031 -10.031 -10.031 -10.031 -10.031
.250 9157  -9.157 -9.157 -9.157 -9.157 -9.157 -9.157 -9.157  -9.157  -9.157 -9.157
.300 _3.256 -B.256 ~-B.256 -8.256 -8.256 -8.256 -8.236 -8.256 -8.256 -8.256 -8.256
.350 7375 -7.375 -7.375  -7.375  -7.375 -7.375 7375 -7.375  -7.375 -7.375 <7305
.400 6543 -6.543 -6.563 -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




AXIAL THRUSTS AT THE DIFFERENT SECTIONS FOR

=TABLE COEFF.*(E*1/L/L/L)

* TABLE A.100°

.050
.100
150
.200
.250
.300
.350
.400
.450

HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS FOR OUTWARD HORIZONTAL DISPLACEME

=TABLE COEFF.*(E*I/L/L/L)

RISE-TO-SPAN RATIO

Q)

4466 .025-4466,025-4466.025-4666.025-4466.
-1091.5925-1091.925-1091.925-1091.925- 1091
-468.318 -468.318 -468.318 -468.318 -458.
-251.327 -251.327 -251.327 -251.327 -251.327 -251.3
-152.061 -152.061 -152.061 -152.061 -152.061 -152.06

-99.145
-68.066
-48.553

()

T -99.145
-68.066
-48.553

3

-99.145

(4)

-9, 145

SECTION KUMBER

3)

-99.145

(6)

-99.145

-68.066 -6B.066 -68.066 -68.066

-48.553

-48.553

-48.553

-48.553

-35.690 -35.6600 -35.6%0 -35.690 -35.690 -35.690

RISE-TO-SPAN RATIO . SECTION NUMBER
QD) 2) 3 4) 3 6) N
.050 -2.348  -1.878  -1.409 -.939 ~.470 .000 470
.100 -4.403  -3.522 -2.642 -1.761 - .Ba1 .000 .881
.150 -5.954 -4.763 -3.573 -2.382 -1.1%1 .000 .19
.200 -6.918  -5.534 -4.151 -2.767 -1.384 .000 1.384
.250 -7.326  -5.861 -4.395 -2.930 -1.465 .000 1.465
.300 -7.285 -5.828 -4.371 -2.916  -1.457 .000 1.457
.350 -6.929 -5.543 -4.158 -2.772 -1.386 .000 1.386
- .400 -6.384 -5.107 -3.830 -2.553 . -1.277 .000 1.277
.450 5.748  -4.599 -3.449 -2.299 -1.150 .000 1.150
TABLE A.101
SHEAR FORCES ALONG THE DIFFERENT RADIAL SECTIONS FOR UNIT DCWNWARD
=TABLE COEFF.*(E*1/L/L/L) :
RISE-TO-SPAN RATIO SECTION NUMBER
’ (4] 2) A ) ) 6) (7)
.050 -11.623 -11.708 -11.774 -11.820 -11.848 -11.858  11.848
.100 -10.567 -10.892 -11.138 -11.311 -11.413 -11.447 - 11,413
.150 -9.03%  -9.712 -10.210 -10.551 -10.751 ~10.817  10.751
.200 -7.264 -8.366 -9.132. -9.642 -9.935 -10.031 9.935
.250 -5.494 -7.036 -B.033 -8.676 -9.039 -9.157 9.039
.300 -3.885 -5.848 -7.005 -7.725 -8.127 -B.256 B.127
L350 -2.524 -4.B& -6.091 -6.834 -7.243 -7.375 7.243
.400 -1.436  -4.091  -5.305 -6.025 -6.418 -6.543 6.418
.450 ..607 -3.502 -4.638 '-5.303 -5.665 -5.780 5.665
. TABLE A.102
BENDING MOMENTS AT THE DIFFERENT SECTIONS
=TABLE COEFF.*(E*1/L/L)
RISE-TO-SPAN RATIO ) SECTION NUMBER
(G }) €3] 3 %) (5) 6 - (N
.050 -148.769 -67.864 -5.343 39,102  65.685 74.532  65.685
-100 -72.605 -32.278 -1.727 . 19.688 32.382 36.588 32.382
.150 -46.563 -19.783 -.186  13.2645 21.099 23.684 21.099
.200 -33.180 -13.157 754 10,015 ° 15.344  17.085  15.344
.250 -26.969  -8.967 1.382 B.049 11.822 13.046 11.822
.300 -19.426 -6.06% 1.798 6.702 9.436 10.317 9.436
. -350 -15.465  -3.974 2.053 5.703 7.713 B.358 7.713
.400 -12.527 -2.433 2.185 4.:921 6.416 6.894 6.416
450 -10.292 -1.304 2.224 4.288 5.410 5.768 5.410
JJTABLE A.103

(N

-99.145
-68.066
-48.553
-35.690

UNiT DOWNWARD VERTICAL DISPLACEMENTS

8)

.939
1.761
2.382
2.767
2.930
2.914
2.712
2.553
2.29%

VERTICAL

8
11.820
11.311
10.551
9.642
B8.676
7.725
6.834
6.025
5.303

(8)
39.102
19.688
13.245
10.015

8.049
C6.702
5.703
4.921
4.288

(8)

-99.145
" -68.066
-48.553

-35.6%0

("
1.409
2.642
3.573
4,151
4.395
4.371
4.158
3.830
3.449

DISPLACEMENT AT THE LEFT SUPPORT

4]
11.774
11.138
10.210
9.132
8.033
7.005
6.0
5.305
4.638

®

-99.145
-68.066
-48.553
-35.690

«am
1.878
3.522
4.763
5.534
5.861
5.828
5.543
5.107
4.599

(10

11.708

10.892
9.712
8.366
7.036
5.848
4.864
4.091
3.502

AT THE LEFTSUPPORT

(an
2.348
4.403
5.954
6.918
7.326
7.285
6.929
6.384
5.748

(1)
11.623
10.567
9.031
7.264
5.494
3.885
2.524
1.436
607

FOR UNIT OUTWARD HORIZONTAL DISPLACEMENT AT THE LEFT SUPPORY

[ LI})
-67.864
-32.278
-19.783
-13.157

-8.967
-6.069
-3.974
-2.433
-1.304

(10

-99.145
-468.066
-48.553
-35.690

an
-148.76%
-72.605
-46.563
-33.180
-24.969
-19.426
-15.465
-12.527
-10,292

NT AT THE LEFT SUPPORT

()

025-4466.025-4466.025-4466.025-4466.025-4666.025-4466.025
.925-1091.925-1091.925-1091.925-1091.925-1091.925-1091.925
118 -468.318 -468.318 -468.318 -468.318 -468.318 -4568.318
27 -251.327 -251.327 -251.327 -251.327 -251.327
1 -152.061 -152.061 -152.061 -152.061 -152.061

99145
-68.066
-48.553
-35.690



TABLE A.104 .

AXIAL THRUSTS AT THE DIFFERENT SECTIONS FOR UNIT OUTWARD HORIZONTAL DISPLACEMENT AT THE LEFT SUPPORY
=TABLE COEFF.*(E*I/L/L/L) '

R1SE-TO-SPAN RATIO SECTION NUMBER

M (2> 3) (4) (3 (6) (N (¢} "N (10} (n
.050 -4377.589-4409.631-4434.392-4451.994-4462.522-4466.025-4462.522-4451.994-4434.392-4409.631-4377.589
.100 -1007.930-1038.951-1062.452-1075.925-1088.689-1091.925—1038.689-1078.925-1062.452-1038.951-1007.930
.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 -24B8.924 -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 -164.065 -133.398 -116.840 -91.237-
.300 -46.657 -70.228 -B4.112 -92.765 -97.589 -99.145 -97.589 -92.765 -B4.112 -T0.228 -46.657
.350 -23.298 -44.892 -56.218 -63.076 -66.853 -68.066 -66.853 -63.076 -56.218 -44.B92 -23.298
.400 -10.658 -30.354 -39.365 -44.703 -47.620 -4B8.553 -47.620 -44.703 -39.365 -30.354 -10.658
-450 3,746 -21.623 -2B.640 -32.745 -34.977 -35.690 -34.977 -32.745 -2B.640 -21.623 -3.746
TABLE A.105

SHEAR FORCES ALONG THE DIFFERENT RADIAL
=TABLE COEFF.*(E*1/L/L/L)

SECTIONS FOR UNIT OUTWARD HORIZONTAL DISPLACEMENT AT THE LEFT SUPPORT

RISE-TO-SPAN RATIO _ SECTION NUMBER )

(&3] ) 3) (&) 3 (6) oy (8 (9 (10 (an
.050 884.361 T07.489 530.617 353.745 176.872 000 176.872 353.745 530.617 707.489 8B4.361
.100 419.971 335.977 251.983 167.988  83.994 .000 B3.994, 167.988 251.983 335.977 419.9M
.150 257.790 206.232 154.674 103.116 51.558 L000  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
, - -850 121.649  §7.319 72.989 4B.660  24.330 L000  24.330  48.660 72.989 97.319 121.649
.300 87.481 69,985 52.489 34.993 17.496 L000  17.496 34.993  52.489 69.985 B7.481
.350 63.955 51.164 38.373  25.582 12.791 L0000 12,791 25.582 38.373  51.164  63.955
.400 47.369 37.895 28.421 1B.94B.  9.474 .000 9.474 18.948 2B.421 37.895 47.369
450 35,493 28.394 21.296 14.197 7.099 .000 7.099 14197  21.296 28,394 35.493




A.2 Detail analysis for particular live locad and permiasiblq_

load capacity

A.2.1 Analysis due to clockwise rotation

A.2.2 Analysis due to counter clockwise rotation




A.2.1 Analysis due to clockwise rotation




SPAN(L)=15.000 FT

RISE-TO-SPAN RATIO(H/L)= .250

RADIAL THICKNESS(T)= .833 FT

FILL DEPTH ABOVE THE CROWN=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 DEAD LOAD

BENDING MOMENT AT THE LEFT SUPPORT - 20,475 R-FY
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 SUPPORY 82.1343 »

STRESSES AT THE DIFFERENT RADIAL PLANES

SECTION NUMBER
o @) 3) - (%) - (5 ) N (8) N

MAXEMUM STRESSES 28.349 22.378 20.753 18.559 17.929 18.581 17.929 18.559 20.753
(+VE COMP.)
(PSI}
HINIMUM STRESSES  25.890  21.713  17.641  16.851 16,103 ~ 15.058  16.103  16.851  17.641
(+VE COMP.)
(PS1) . -
SHEARING STRESSES .6847 .1878 .0448 .1420 1428 .0000 L1428 .1420 .0448
(PSI1)

INTERMAL FORCES .
- : SECTION NUMBER , . .

(h 2) 3) ) . (6) N Al 1§ (10) ¢

BENDING MOMENTS 20.48  -5.54  25.91  14.22  -15.21  -29.3%  -15.21 .22 2591 -5.54 - 20.48
(#-FT)
VERTICAL SHEAR 2553.11  1709.74 111001  663.45  309.66 00 -309.66 -663.45 -1110.01 -1709.74 -2553.11
FORCES (#)
HORIZOKTAL THRUSTS 2017.50 2017.50 2017.50 2017.50 '2017.50 2017.50 2017.50 2017.50 2017.50 2017.50 2017.50
) '
AXIAL THRUSTS 3252.99  2644.43 2302.69 2123.72 2041.05 2017.50 2041.05 2123.72  2302.69 2644.43  3252.99
(#) ’ '

RADIAL SHEAR B82.13  -22.52  -5.38  17.03  17.13 00 -17.13 -17.03 5.33  22.52 -82.13
FORCES (#) o : ' '

(10) (1)

22.378 28.349
21.713 25.890

.1878 LLB4T



4 CALCULATION FOR SUPPORY DISPLACEMENTS

ROTATION (CLOCK-WI'SE) AT THE LEFT SUPPORT .00000500 RADIAN
VERTICAL DIPLACEMENT (DOWNWARD) AT THE LEFT SUPPORT 00000000 FT
HORIZONTAL DISPLACEMENT(OUTWARD) AT THE LEFT SUPPORT 000000000 FT

BENDING MOMENT AT THE LEFT SUPPORT 50.3006 (#-FT)
VERTICAL REACTION AT THE LEFT SUPPORT -2.117 (#)
HORIZONTAL THRUSTS AT THE LEFT SUPPORT 11.546 (#)

~

INTERNAL FORCES

SECTION WUMBER

4} (2} 3 4) 5) 6) (£8)

BENDING MOMENTS 50.301 2B8.900 13.937 3.168 -4.305 -8.875 -10.656

(H-FT) : :
VERTICAL SHEAR -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

(#)
AXIAL THRUSTS 5.23 7.52 .1 10.26 11.06 11.55 11.74

(#) . . .
RADIAL SHEAR S -10.51 -9.02 -7.40 -5.70 -3.94 -2.12 . .24
FORCES (#)

STRESSES AT THE DIFFERENT RADIAL PLANES
. SECTION NUMBER
(N (2) 3) (4) 5 (6) (7
MAXIMUM STRESSES 3.064 1.798 913 .276 .351 .629 .738
(+VE COMP.) . i
) (P$1) )
MINIMUM STRESSES -2.977 -1.673 -.761 -.105 -. 166 - 437 -.542
(+VE COMP.) .
(PSI) :
SHEARING STRESSES .0876 0752 L0617 L0475 .0328 0177 .0020
(PSI) - ~

(8)
-8.535
~2.12
11.55
11.62

-1.69

18}

-.476

011

135
-5.118
-2.12
11.55
11.14

-3.63

£

-400
-.214

.0307

AL

3.493
-2.12
11.55
10.23

-5.76

am

.295
-.125

. 0480

(1N
18.543
-2.12.
11.55

8.62

-7.97

«an

1.185
-1.042

06864




CALCULATION FOR LIVE LOAD

CONCENTRATED LIVE LOAD  500.00 #

BENDING MOMENTS AT THE DIFFERENT SECTIONS

(#-FT)
POSITION OF LOAD SECTION NUMBER
(- (2) 3 (4) (3) (&) N 8) &) (10) «“n
1 -22.135 1.133  12.547 10.068 1.770 -3.892 -7.021 -7.513 -5.0%2 1.298  13.457
2 -48.314 2.210 27.402 22.710 4.159 -8.532 -15.56% -16.720 -11.18% . 2.845 29.933
3 -95.406 -2.327 - 59.402 62.626 17.245 -18.619 -39.169 -43.782 -30.297 6.216 78.080
4 -69.364 -4B.630 53.117 128.086 79.143 -12.822 -69.695 -90.045 -6B.923 4.968 .159.870 ,
5 43.459 -67.871 -43.040 70.483 174,165 70.498 -53.731 -116.574 -109.713 -14.161 217.554
] 175.651 -48.694 -109.483 -63.736 65.738 189,405 &5.738 -63.736 -109.483 -4B.694 175.651
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS
%)
POSITION OF LOAD SECTION NUMBER
’ N 2) (&3] (4) 5 8 45 (8) " 0 M (1
1 32.449 20,647 B.846 -2.930 -2.930 -2.930 -2.930 -2.930 -2.930 -2.930 -2.930
2 71.413  45.522 19.931  -5.860 -6.576 -6.576 -6.576 -6.576 -6.576 -6.576 -b.576
3 133.048 111.476 S57.122 2.767 -18.805 -18.805 -18.805 -18.805 -18.805 -18.805 - -18.805
4 166.706 166.704 166.704  58.548 <49.613 -49.613 -49.613 -49.613 -49.613 -49.613 -49.613
5 182.737 182,737 182.737 182.737  40.128 -102.480 -102.480 -102.480 -102.480 -102.480 -102.480
6 159.091 159.091 159.091 159.091 159.091 000 -159.091 -159.091 -159.091 -159.091 -159.091
HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS
#
POSITION OF LOAD SECTION NUMBER
. ) 2) (3) CY] (5 - (6) N 8 M ¢10) (1)
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 63.39 63.396 63.396 63.396 63.396 63.396
4 165.277 145.277 145.277 145.277 145.277 145.277 145,277 145.277 145.277 145.277 145.277
5 244 176 264176 254176 244176 264176 244.176 264,176 264,176 264176 2464176 244,176
6 293.302 293.302 293.302 2¢3.302 293.302 293.302 293.302 293.302 293.302 293.302 293.302
SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES
W
POSITION OF LOAD SECTION NUMBER '
(&) 2) (3) (4) LED] (&) (M (8 $5] (10} «(n
1 32.251 21.272, 13.446 B.998 9.883 10.487 10.821 - 10.873 10.606 9.933 B.636
2 70.936 47.12%  30.103  20.367 22.055 23.409 26.160 26.282 23.692 22.1%6 19.306
3 144,476 120.057 B3.034 60.948 59.571 63.396 65.588 66.080 64.642 60.T47  53.082
4 220.529 21B.318 207.465 156.373 135.467 145.277 151.343 153.5% 151.261 143,379 126.856
3 262.695 304.570 301.921 289.B12 247.451 244.176 257.427 264,130 263.398 253.206 228.490
é

103,256 327.184 333.468 328.789 314.978 293.302 314.978 328.789 333.668 327,184 303.254




AXTAL THRUSTS AT THE DIFFERENT SECTIONS

€3]
POSITION OF LOAD SECTION NUMBER ‘
(H 2) L)) [C)) 5 (& (N (8) " (10} (11}

1 11.080 9.153 2.726  -6.132 -4.570 -2.930 1.215 -.580 -2.463 -4.460 -6.631
2 23.960 19.996 6.249 -12.853 -10.237 -6.576 2.746  -1.261  -S.46B  -9.92% -14.782
3 29112 45.082 19.681 -17.665 -28.706 -18.805 8.419 -2.4717 -13.933 -26.124 -39.434
4 -16.199  35.114  76.511 8.979 -72.218 -49.613  25.729 .515 -26.209 -54.856 -B6.454
5 -85.699 -15.862 43.105 94.992 543 -102.480 62.092 18.956 -27.301 -77.529 -133.852
6

-139.187 -65.472 -1.,220 56,869 110.113 ,000 110.113  56.869  -1.220 -65.472 -139.187

CALCULATION DUE TO TOTAL IMPOSED CDHbIlIONS_

BENDING MOMENTS AT THE DIFFERENT SECTIONS
(H-FT) ) N

POSITION OF LOAD SECTION NUMBER

) 2y 3 (4) 3 (6) (7N (8) (8] (10 (1t
4B.640 26.496 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 2.604 .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 B7.876 154.654 32.285 -79.593 -111.884 -B3.920 -16.206 256.572
246,427 -25.333 -69.?35 -66.363  46.228 151.191  39.876 -59.046 -8B8.690 -50.740 214.669

[« RV R R L R

VERTICAL SHEAR FDRCES AT THE DIFFERENT SECTICNS
#

POSITION OF LOAD . SECTIDN NUMBER

' (h (2) 3 %) (5 ) (7) (8) (9 (10) N
2583.439 1728.272 1116.738 658.407 304.616  -5.047 -314.71% -668.501-1115.056- 1714.790-2558.155
2622. 103 1753.147 1127.823 655.677 300.971  -8.693 -318.357 -672.147-1118.702-1718.435-2561.800
2684.039 1819.101 1165.014 . 664.104 28B.742 -20.922 -330.586 -684,376-1130.931-1730.664-2574.030
2717.694 1874.329 1274.596 719.882 257.934 -51.730 -361.3%4 -715.184-1161.739-1761.472-2604 .837
2733.727 1890.361 1290.628 B844.073 347.675 -106.598 -414.262 -768.052-1214.607-1814.340-2657.705
2710.081 1866.716 1266.983 B20.428 466.638 -2.117 -470.872 -B24.662-1271.217-1870.950-2714.316

O N -

HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS
)

POSITION OF LOAD ' SECTION NUMBER - '

h 2y @ (» (&) &) . (8 N (8) N 10 an
2039.531 2039.531 2039.531.2039.531 2039.531 2039.531 2039.531 2039.531 2039.531 2039.531 2039.531
2052.45% 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
2176.321 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

OV BN =




SHEAR FORCES ALONG THE DIFFERENT RADIAL PLAMES

()
POSITION OF LOAD SECTION MUMBER !
() (2} 3 (&) (5 6) (48] (8} (&3] €10) (1
1 3200.470 2673.219 2325.250 2142.978 2061. 994 2039.531 2063.610 2146.208 2324.443 2664 .590 3270.243
2 3329.154 2699.068 2341.908 2154.347 2074.167 2052.453 2076.949 2159.617 2337.530 2676, 852 3280.912
3 3402.695 2772.003 2394.839 2194.928 2111.682 2092.440 2118.377 2201.415 237B.479 2715, 404 3314.688
4 3478.748 2B70.264 2519.270 2290.352 2187.579 2974.32% 2204.133 2288.849 2465.098 2798.036 3388.463
5 3550.914 2956.517 2613.726 2423.792 2299.562 2 2273.220 2310.216 2399.465 2577.235 2907.863 3490.096
. 561,473 2979.131 2645473 2662.769 2367.050 2322.346 2367.T67 2464.124 2647.506 2981, B41 3564.860
AXIAL THRUSTS AT THE DIFFERENT SECTIONS
#)
POSITION OF LOAD 7 SECTION NUMBER
() (2} (3} (4) (5) (6} 8] (8) £ (10) (11
1 -B1.562 22.661 704 -?B.B&L -25.633  -5.047 -15.668 -19.300 -1 12.301 -96.732
2 -68.701  33.504 4,226 -35.585 -31.299 -B.&93 -14.137 -19.981 -3.776  6.832 -104.882
3 -63.529 5B8.590 17.658 -40.397 -49.769 -20.922 -8.463 -21.191 -12.241 -9.363 -129.535
4 -108.840 4B.622 T4.489 -13.753 -93.280 -51.730 B.847 -1B.205 -264,517 -38.095 -176.555
5 -178.340 -2.355 41.0B2 72.260 -20.520 -104.598  45.209 .235 -25.609 -60.768 -223.953
. -231.828 -51.964 -3.242 34.137 89.050 -2.117  93.230 3B.14%9 472 -6B.T1Y -229.288
MAXIMUM STRESSES(+VE. COMPRESSION)
(PS1)
SECTION NUMBER
4omsmmm— D L foemm——— D B e Fommmmmm- P L] R L $ommmmr——— $-emmm—e L +
| (N) | 1 | 2 | 3 4 | 5 | 65 | 7 8 | 9 | 10 | 12 |
frammm———- d--memmm- Femmmmam Rk bl LT fm-mmmmn R R P it L P foemmmme= Fommmana *
i ] 1 | 30.3523) 23. 7565| 22.5310) 19. 5143] 18. 2556| 19.5312| 19 1782| 18. 0618| 20,3257} 22. 2587| 30.4139|
* fomm - R N Fmmm-on tapmarana L L L R e TR L $ommmmaan +
| 2 | 29.1028] 24. 036T| 23. 5619| 20.3682| 18. 2135| 19. 91?6[ 19.8027) 18. 7264] 20.0639| 22.3641| 31. 4922[
+POSTTION+--====-~~ Heamemmem- Lt LEECEEE RS LR LR Fomcwmnm- P LT LEEE LR - dommmer—- fornmmmm- focmmmeen
| | 3 | 29.8462| 24. 3723| 25. 9247| 23.1034| 17.7404( 20. 8566| 21.5652| 20.6998| 20.3993| 22.8878] 34, 6669|
+ OF $mmmmr-- hommmmm— D R LR fommv—mm- L $o--amm L dramoman - L foremmmnn +
| & | 29.0859| 25. 4453| 26. 5846| 27, 3297| 21. a179| 21.1912] 24.1131] 24.2068| 23.4408] 23.5018] 40.1913]
+ LOAD frommmmm LR L R T T Y Rl St it $rmmmema 4o L 4ummmmm—e O +
| | 5 | 36. 6623] 27. 3203| 21. 9515] 25. aas1| 28. a5?4| 20.8897| 24. 03391 26.7220| 26.8250| 25.2150f 44.5024]
+ frmmmmea S et GEEEEEEEY LR R b P fummmmra o ammm L #r---csan dmmemmmm +
| | 6 | 4. aaa3| 26. 3572; 26. 2359} 23.3141] 22.5095] 28.4394| 22. 1333| 24.0882| 27.3970] 27.9054| 42.6095|
Y Amwmemm-— L R el L DR R R EE SRR R fommmnmn L R T AR LR R b EEE Y N D el +
MINIMUM STRESSES(+VE COMPRESSION)
(PSI)
SECTIOH NUWBER
prmmmmmea dommmem—— R 4---suman grommmaena 4reemm-m R D e 4ocmoemmmn dommms . durrom-an L $rosaname +
| w1 1|2 s 4 | s | 6 | 7y 8B | 9 | 1w | 1]
D P ] R $mcmmmman R $ocmmmmaa R fmmmmm L Hemmomcna L ) fommmm—- 4---ecana +
I | 1 | 24.5108| 20.8149| 16. 2386| 16. 21631 16,1249 14.4745| 15.2291) 17. 7227| 18.4305| 22.1689| 24. 1119|
+ Frmmmmenn hmmmmmm foommeran L R T L L] Fosmmmma- Lt ] foemmmmua dommmmeen
| 2 | 26.4053] 20.9658| 15. 4355| 15. 5519| 16. 3698[ 14.3036| 14.8270] 17. 2816[ 18.9105| 22.2680| 23. 2115|
+POSITION#=-~~---~-~ fommmm—- 4 #umemmm $omrmmm- L Rt EER LR #o-menan. P L LR pmmmmr-- LA R +
| | 3 | 26.8881] 21. 8462] 14, 00521 13. 4934| 17. 4684[ 14.0313] 13. 7552‘ 16. 0051| 19.2579] 22.3870| 20. 6019|
+ OF R L fovnmmarfmmemmwm o meme e P L O . h R L SRR P fommmmme
| 4 | 28.9184] 22. 4111| 15. 6200| 10. 3saz| 14. 65631 15.0620| 12. 63?1| 13. 9560| 17.6606] 23.1508| 16. 3056|
+ LOAD - frsmm=--= 4= L g e Y R t--mmmm L Frem-mcen EET R fersmmmm +
| | 5 | 22.7432| 21. 9747| 21. 5951| 14.9295| 9. aaao| 17.0124| 4. 4301] 13. 2351| 16.1461] 23. 2687| 13. 6892|
+ dmmrmmmua fammmmm- O R i Y EEE R R fummvrmmmdrem e oo P L TET TR
| | 6 | 14.8934] 23. 3148| 17. 3730| 17.7485| 16. 95771 10.2819} 17. 34aa] 16. 99?0] 16. 745?| 21. s11§| 16. 8286}
L gmmmmmm—— S docwammmn R D L $ramema- B il f-vemmm $occvmmmnfrmcmare o +




SHARING STRESSES ALONG THE DIFFEREXT RADIAL PLANES '

(PS1)
SECTION WUMBER

fommmmm - Fommmm— e Hmmmmmmmn fommmemmt 4o R 4o fe-mmme- O rmmmmm frmmmmm-

| o) b1 | 2 | 3 &« | 5 | ¢ | 7 4 8 | ¢ | 10

fmmmmmn- $mmmmm—-- B P $ommem- R P L P #ovmmmmom #-mmmmen- $ommmmmm- dammmmr--

| |- 1 | -.6800| .1889| .0059| -.2406] -.2137| - .0421] -.1306] -.1609| -.0064] .1026| 3066|

* 4 mme- #mmmmmmm- fommmmmm- L D fommm- L L $ommmvmno $ommermn= e el N

| 2 | -.5727] .2793| .0352f -.2967| -.2609] - o725] -.1179] -.1666 -.0315] .05701 - 5744|

+POSITION#-«====~~ pemmammn- LEEE LR AR $rmmmeen $rmmmmean $rrmman $remmmcman $ormmmsene L #ommceemmbeeomoe

| | 3 ‘| - 5296] .4884] .1472] -.3368| - LILQI -.1744] - 0706[ -.176T| -.1021| - 0781] -1. 0?99|

+ OF fommmr——— Fommm——-- f-emmm—- fo-mmmmm- 4ommamm #mmemm D i Hommemmm EEEE TR EEE SRR $ommr e prr-m=een

| | & | -.9074| .4053} .6210| -.1147| S.TT76) -.4313|  .0738| -.1518] -.2044] - 3176| -1. 4719]
.+ LOAD L $ameraman fommwmm- fommeen- fommmr-n= P L Foammmen- R poemme— P )

| | 5 | -1.4868] -.0196| .3425| .6024] -.1711] -.8720| 37691 uozo| -.2135| .50661 -1, 8670[

+ fmemmm- 4--emmmm- ommmmmm P Lt CEE TS L) R dro--em=- T et Ltk #rmommam= R +

] | & | -1.9327 - 4332] .02701 L2846 .7424) -.017T7] .7772| .3180| .0039] -.4061| -1. 9115|

e fommmm—m- #ommmmm [ bt e L] P P LT P dmrmc-en- L Fmmmmmm= L prm=mmeeo

. CONCENTRATE LIVE LOADS 20000.000 ¥

MAXIMUM COMPRISSIVE STRESS 628.27473 PS1

MINIMUM STRESS -421.50535 PS1

(+VE COMP.)
MAXIMUM SHEAR STRESS

-47.18661 PSI

CONCENTRATE LIVE LOADS 10000.000 #

MAXIKUM COMPRISSIVE STRESS 328.90430 PSI

MINIMUM STRESS -198.32868 PSI

(+VE COMP.) .
MAXIMUM SHEAR STRESS

- CONCENTRATE LIVE LOADS

MAXIMUM COMPRISSIVE STRESS

MINIMUM STRESS
(+VE COMP.)
MAXIMUM SKEAR STRESS

CONCENTRATE LIVE LOADS

MAXIMUM COMPRISSIVE STRESS

MINIMUM STRESS
{+VE COMP.)
MAXIMUM SHEAR STRESS

-23.97947 PS1

5000.000 #

179.21908 PS1

-B6.74034 PSI

-12.37589 PSI

2500,000 #

104.37647 PS1

-30.945618 PS1

-6.57411 PSI

POSITION OF LOAD SECTION NUMBER

5 11
5 11
6. - 1

POSITION OF LOAD SECTION NUMBER .

5 1
5 . 1"
6 1

POSITION OF LOAD SECTION WUMBER

5 1
5 1
] "

POSITION OF LOAD SECTION NUMBER

5 "
5 ¢ 1
& 1




CONCENTRATE LIVE LOADS  1250.000 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 66.95517 PSI -5 1
MINIMUM STRESS  -3.11044 PSI ' 6 . 6
(+VE COMP.)

MAXIMUM SHEAR STRESS  -3.67321 PSI 6 1

CONCENTRATE LIVE LOADS  625.000 #

POSITION OF LOAD SECTION NUNBER

MAXIMUM COMPRISSIVE STRESS  4B8.24452 PSI 5 "
MINIMUM STRESS 7.78516 pSI - 5 5
(+VE COMP.)

MAXIMUM SHEAR STRESS  -2.22277 PSi 6 1

CONCEKRTRATE LIVE LOADS 937.500 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 57.59984 PSI 5 11
MINIMUM STRESS 2.46970 PSi [ [
(+VE COMP.)
MAXIHUM SHEAR STRESS -2.94799 PS! . & 1

CONCENTRATE LIVE LOADS 1093.750 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  62.27751 PS! 5 11

MINIMUM STRESS  -.32037 PSI 6 6 ' ’
(+VE COMP.)

MAXIMUM SHEAR STRESS  -3.31060 PSI 6 ' 1

CONCENTRATE LIVE LOADS  1015.625 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 59.93868 PSI. 5 : 1
MINIMUM STRESS  1.07466 PSI o 6 6
(+VE COMP.)

MAXIMUM SHEAR STRESS  -3.12930 PSI 6 1

CONCENTRATE LIVE LOADS  1054.683 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  41.10809 PsI 5 1"
MINIMUM STRESS .37715 pst _ 6 6
(+VE COMP.)

MAXIMUM SHEAR STRESS  -3.21995 PSI ' 6 1




CONCENTRATE LIVE LOADS 1074.219 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 61.69280 PSI 5 1
MINIMUN STRESS -02839 PSt 6 6
(+VE COMP.) . '

MAXTMUM SHEAR STRESS  -3.26527 PSI 6 t

CONCENTRATE LIVE LOADS  1083.984 # .

i ' . POSITION OF LOAD SECTION MUMBER
MAXIMUM COMPRISSIVE STRESS  61.98515 PSI 5 T

MINIMUM STRESS  -.14599 PSI ' 6 6
(+VE COMP.) . :
MAXIMUM SHEAR STRESS  -3.28794 PSI 6 1

CONCENTRATE LIVE LOADS 1079.102 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 61.83898 PSI 5 n
MINIMUM STRESS  -.05880 PSI 6 5
(+VE COMP.) ‘

MAXIMUM SHEAR STRESS  -3.27661 PSI | 6 1

CONCENTRATE LIVE LOADS 1076.660 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  61.76589 PSI 5 1"
MINIMUM STRESS  -,01521 PS1 6 3

(+VE COMP.) , .
MAXIMUM SHEAR STRESS  -3.27094 PSI 6 1

CONCENTRATE LIVE LOADS  1075.439 #

’ : . POSITION OF LOAD SECTION NUMBER
MAXTHUM COMPRISSIVE STRESS 461.72934 pSl 5 1"

MINIMUM STRESS 00659 PSI ] é
(+VE COMP.)} ’
MAXIMUM SHEAR STRESS -3.26811 PSI ] 1

CONCENTRATE LIVE LOADS 10756.050 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  61.74762 PSI 5 "
MINIMUM STRESS -.00431 pSI ] 6
(+VE COMP.) . :
MAXIMUM SHEAR STRESS  -3.26952 PSI ] 1

CONCENTRATE LIVE LOADS  1075.745 # _ ~




POSITION OF LOAD SECTION NUMBER

MAXIMUM-COMPRISSIVE STRESS  &1.73848 PSI 5 11

MINIMUM STRESS .00114 PSI & 6 : .
(+VE COMP.) : _ .

MAXIMUM SHEAR STRESS -3.26882 PSI 6 1

CONCENTRATE LIVE LOADS  1075.897 . #

-

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  61.74305 PSI 5 ) 1"
- MINIMUM STRESS -.00158 psI 6 -]
(+VE COMP.)

MAXIMUM SHEAR STRESS  =-3.26917 PS| [} 1

CONCENTRATE LIVE LOADS  1075.821 #

‘ POSITION OF LCAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  61.74076 PSI 5 ' 1
HIHIMUM STRESS -.00022 pst 6 6
(+VE COMP.)

MAXIMUM SHEAR STRESS  -3,26899 PSI 6 1

CONCENTRATE LIVE LOADS 1075,783 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 61.73962 pSl 5 11
MINIMUM STRESS -00046 PS! & ]
(+VE COMP.) ‘

MAXIMUM SHEAR STRESS  -3.26890 PSl . & 1

CONCENTRATE LIVE LOADS = 1075.783 #
POSITION OF LOAD M (@ (3) (4) (5 ()

LOADING INTENSITY 16.928 36.707  77.965 158.209 275.043  342.295
ACTUAL LOAD ON. THE ARCH 76.120  167.152 326.722 465.420 613,663 684,589

BENDING MOMENTS AT THE DIFFERENT SECTIONS

(B-FT)’
POSITION OF LOAD ’ ' SECTION NUMBER
' o) 2) (3 (%) (5) 6) 7 (8) £ o) «an
23.15 25.80 66.84 39.06  -15.70 --46.59 -40.97 -11.48 10.01 75 67.97

.-33.18  28.12 98.80 66,26 -10.56 -56.57 -59.36 -31,28 -3.28 4,08 103.42
-134.50 . 1B.35  167.65 152.14 17.5¢  -78.27 -110.14 -89.51 -44.3¢9 11.33  207.01
-78.47 -B1.27 154.13 292.98 150.77 -65.80 -175.82 -189.05 -127.50 8.64 382.99
164.28 -122.67 -52.76 169.04 355.22 113.47 -161.47  -246.13 -215.26  -32,51 ' 507.10
44B.70  -B1.41 -195.71 -19.74 121.93 349,30 195.58 -132.44 -214.77 -106.81 - 416.94

[+ LS B LN R, I




VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS

(#)
POSITION OF LOAD SECTION NUMBER
1y - (2) (3 %) {5) (8) (7N (8) (%) (10) (11)
1 2620.81 1752.05% 1126.92 655.03 301.24 -8.42 -318.09 -671.88 -1118.43 -1718.16 -2561.53
2 2703.99 1805.57 1150.77 649.16. 293.40 -16.27 -325.93 -679.72 -1126.27 -1726.01 -2569.37
3 2837.25 1947.47 1230.79 667.29 267.09 -42.58 -352.24 -706.03 -1152.59¢ -1752.32 -2595.68
4 - 2909,67 2066.30 1466.57 787.30 -200.80 -108.86 -418.53 -772.32 -1218.87 -1818.50 -2661.97
5 2944 .16 2100.79 1501.06 1054.51 393.88 -222.61 -532.27 -BB6.06 -1332.62 -1932.35 - -2775.72
[} 2893.28 2049.92 1450.19 1003.63 649.84 -2.12 --654.08 -1007.87 -1454.42 -2054.15 -2897.52
HORIZONTAL THRUSTS AT THE DIFFEREWT SECTIONS
(#)
POSITION OF LOAD SECTION NUMBER ‘
(@B (2) 3 (%) 5) (6) (7} (8) ) 10y 11)
1 2051.61 2051.61 2051.61 2051.41 2051.61 2051.61 2051.61 2051.6% 2051.61 2051.61 2051.41
2 2079.41 2079.41 2079.41 2079.41 2079.41 2079.41 2079.41 2079.4% 2079.41 2079.41 2079.41,
3 2165.45 2165.45 2165.45 2165.45 2165.45 2165.45 2145.45 2165.45 2165.45 2165.45 2165.45
4 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.62 2341.82 2341.82
5 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554.40 2554 .40  2554.40
-] 2660,10 26560.10 2660.10 2660.10 2680.10 26560.10 2660,.10 2660.10 2660.10 2660.10 2&660.10
AXIAL THRUSTS AT THE DIFFERENT SECTIONS
#)
POSITION OF LOAD . SECTION NUMBER .
(1) (2) (3> (4) (5) (6) (7) (3) ) (10} (11
1 3327.61 2697.71 @340.73 2153.34 2073.38 2051.61 2076.07 2158.73 2336.66 2676.03 . 3280.19
2 3410.84 2753.33 2376.57 . 2177.8B0 2099.57 2079.41 2104.77 2187.58 2364.81 2702.41 3303.14
3 3569.07 2910.26 2490.46 2265.11 2180.28 2165.45 2193.91 2277.51 2452.92 2785.35 3375.81
4 3732.70 3121.67 275B.18 2470.43 2343.58 2341.62 237B.41 2445.83 2639.29 2963.15 3534.55
.5 3887.97 3307.25 2961.41 2757.53 2584.52 2554.40 2606.66 2703.63 288B0.56 3199.45 3753.22
' ) 3910.69 3355.90 3029.71 2841.39 2729.81 2660.10 2730.49 2B842.75 3031.75 3358.81 3914.08
SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES
#)
POSITION OF LOAD . . ' SECTION NUMBER .
H (2) 3) (4} 5) (6) (¥ (8) (") {(10) (11
1 -68.80 33.20 3.8, -35.93 -30.90 -8.42 -14.27  -19.97 -3.61 7.17 -104.37
r4 -461,13 56.53 11.42  -50.39 -43.09 -16.27 -10.98 -21.43 -10.07 -4.60 -121.90
3 -30.00 110.50 40.32 -60.74 -B2.B3 -42.58 1.23 -24.04 -28.29 -39.45 -174.95
4 -127.49 89.06 162.60 -3.81 -176.44 -108.86 38.48 -17.61 =54.70 -101.26 -276.11
S -277.03 -20.62 90.72 181,65 -19.839 -222.61 116.71 22.06 -57.05 -150.05 -378.09
] -392.11 -127.36 -4.65 99.6¢ 215.85 -2.1¢2 220.03 103.64 -.93 -124.11 -389.57




HAXIMUM STRESSES(+VE COMPRESSION)

(PSI)
SECTION NUMBER
L Fmmmmnee- L e L R L L L L mmmm e L AR RS L LR $oravecvaa +
{ ()] v b2 ) 3 4 | s } 6 | 7T | 8 | 9 | 10 12 |-
e L Hermmaman L 4rrmmmman 4e--o-a-- #rmmmmmaa L L L #-mmnemea $mmma oo e +
i I 1 | 29.1313| 24.0391} 23.5277| 20. 2969| 18.2279] 19.9011} 19.7675| 18.6857| 20.0810} 22, 3541| 31.4273
+ L LR Femmmaana s Hmmmemoa- L T L Hmmmeeo oo L EE R e L L +
2 |'30. 4272| 24.6419| 25.7457) 22. 1341| 18. 1376] 20.7323} 21. 111z| 20.1157| 19.9116) 22. 7739| 33,7474
+POSITION+~~=-====- R e L L L R Lt L o men L L +
i | 3 |37 3305| 25.3640| 30.8294| 28.0191| 19, 2323| 22. ?527| 2. 9034| 24.3617| 23.1148| 23. 9ooa| 40. 5737|
+ OF Ammmmae o L LR #ormmmmma L L L AT LA LR TR Frmmmmmas Lk L R
I | 4 | 35.8300f 30.9044| 32.2493] 38.1879| 28.5911| 23.4725[ 30.3855| 31.9071| 29.6590 25.2217| 52.4641|
+ LOAD dmmmmmnan L R L #omemrma- L $mr e L medreremana doeoo-m-- demmamna LT L +
| | 5 | 42.2774] 34.9375] 27.8562| 33.1393| 42.8763| 28.1088| 30.2258| 37.3187| 36.9403| 2. 6250| 61.73%6|
+ L EE R L L L L L L L L Frrromaan $ereeo--- L oo demmmmana e +
I | 6 | 59.5457| 32.8654] 37.0099] 30.8779| 30. 0791| 44.3523] 29. 7034| 31.6520] 38. 1710| 34. 4136| 57.6670|
$remmmana #ommmeas L derrmmman L #rmmmanne L L R R LT T L L ks ST T +
MINIMUM STRESSES(+VE COMPRESSION)
(PSI)
SECTION NUMBER
$resmcona L $ommmmmaa L R $ommanan Hoermmmaa L L Fommmrema L $mewmmaaa L dmmmeaoa +
| N I v 1 2 1 3 4 &« | s | & | 7 | 8 o9 1 1w | 12 |
hmmmme oo #remamaa #o-mm--aa #omrmaaan rmmmao 4o L Hemmmaaan R Lt L L $oemmmana demmmnena L +
| j 1 | 26.3510] 20.9408| 15.5001| 15.6065] 16. 31.21| 14. 3061| 16.8475] 17.3075| 18. 8789] 22. 26l-2| 23, 2643[
+ L L #mmrmmaa 4--oeens L R L tmmmmaaa o L R R L LTI S P
|2 | 26.4429] 21.2653| 13.8797| 14.1771] 16.8691] 13.9384| 13.9824] 16. 3586| 19. 51?7| 22. 2843| 21, 3270|
+POSITION+----~=-- L Ao LEEE TS L AT L L Fremmmmn L AL R R Y T +
| I3 ] 2. 6?7B| 23. 1597| 10.6948| 9. 7479| 7. 1193| 13.3525] 11.6764] 13. 6120| 17. raas] 22. 5404[ 15,7124
+ OF 4o R R L N LT R L s L T 4--mmme R T e R L +
| R R - 4066| 21. 1443[ 13.7387| 3. 0023| 10. 4841| 15.5700] $.2706| 9.203z| 14.3467| 24.1838] 6.4686]
+ LOAD L LR L LR #omrmmman *----oas L Hmmrmmmaa L LR $ommmmmea demmeenna +
[ | 5 | 2. 5aao| 20. 2054| 21.5204| 12. 3379| .2162] 14.4817) 13. 2360| 7.7598] 11.0882| 24, ?2o4| .8390|
+ LR TP R LT TR LR ST T T, LTy Y T Horeamana R T T T +
| I 6 | 5. 5sas| 23. oas?| 13.5056] 16. 4976] 15. 4359| .0005]| 15. 8229] 15.7461| 12.3783| 21. 5857| 7.5937|
o #---maoan oo L Fommmmmaa Homemeee s LT TR L $rro-mmaa L L R L L LT T +
. SHARING STRESSES ALONG THE DIFFERENT RADIAL PLANES
(PSI)
SECTION KUMBER
hmmmaoo o IR TP #ommmmaas L R L L L L Frmmmnnea L Hmemeoooa temmmeman dreecmmaa +
| (N)|1|2|3|A|5|6|7|8|9|10|12|
L R demmeeena LT 4ommmmm e L LR L trmmmmaas #oommrae $remeomm #mmmmmoo e +
| |1 | -.576] .2768| .0320f - 2995| -.2576] -.0702| - 119o| .1665| .0301[ 0597| -.8701)
+ 4o nan dovomaman #mmmmaooo #omroaaan LR . 4ummmmmas R el T T +
| 2 | -.3429] .73 .09521 .4201| .3592; - 1356| .0915| - 1787| - 0840| - 0384| -1.0163|
+POSTTION+--~----- AL EEERE #omemene A A e e e A R LT T T R, +
| | 3 | -.2501] .9212] .3362[ - 5064 -.6905| -.3550| .n103| .20041 - 2353| .3239| -1.4585]
+ OF oo Fomm e e LR A R R R L $ocemmmaa L bR A AL T b E L T +
i | 4 | -1.0629] .7424| 1.3555| -.0285| -1.4710] -.9075| .3208] -.1468| -.4560| -.5442[ -2.3019]
+ LOAD #mmemmma L) L L Hemrrmma $omeenn L #oemmmmae demmmmnas L L TR e +
| |5 [ -2.3095] -.1719)  .7563| 1.5143| -.1659| -1.8558] .973o| 1839 - 4756| -1. 2509| -3.1520|
+ oo - - LR L R L L L R H----rmaa Lt LT e bt LT TP R +
| I 6 | -3.2689] -1.0618| -.0387| .B305| 1.7995| -.0177| 1. 33431 .8640] .00731 -1. 0346| -3.2477|
LA hmmeooo oo +

-------- i e N e Sy R ek s Y ---.-:‘.- P Y




POSITION OF LOAD SECYION NUMBER

MAXTMUM COMPRISSIVE STRESS 61,73962 PSI 5 "
MINIMUM STRESS 00046 Ppst & 6
(+VE COMP.)

MAXIMUM SHEAR STRESS  -3.26890 pSi 6 1

PERMISSIBLE LOADS 107V5.78 #




A.2.2 Analysis due to counter clockwise rotation




SPAN(L)=15.000 FfT

RISE-TO-SPAN RATIO(H/L)= .250

RADIAL THICKNESS(T)= .833 FT"

FILL DEPTH ABOVE THE CROWN=1.000 FT -
DENSITY OF FILL OVER THE ARCH= 110.00 #/FT/FT/fT
DENSITY OF THE MASONRY UNITS= 110.00 A/FT/FT/FT
MOOULOUS OF ELASTICITY=432000000.00 PSF

CALCULATION FOR DEAD 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 #
AXTAL THRUST AT THE LEFT SUPPORT 3252.985 #
RADIAL SHEAR FORCE AT THE LEFT SUPPORT 82,1343 #

INTERNAL FORCES

SECTION NUMBER

m (2) %)) 4) (5> & (D (8) ) €10) (N
BENDING MOMENTS 20.48 -5.54 25.91 14,22 -15.21 -29.34  -15.21 14.22 25.91 -5.54 20.48
(A-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 (¥
HORIZONTAL THRUSTS 2017.50 2017.50 2017.50 2017.50 2017.50 2017.50 ) 2017.50 2017.50 2017.50 2017.50 201?.SQ
#) ‘ '
AXIAL THRUSTS 3252.99 2644.43  2302.69 2123.72 2041.05 2017.50 2041.05 2123.72 2302.69 2644.43  3252.99
)
RADIAL SHEAR 82.13  -22.52 -5.38 17.03 17.13 .00 -17.13  -17.03 5.38 22.52  -82.13
FORCES (#) '
STRESSES AT THE DIFFERENT RADIAL PLANES
‘ SECTION NUMBER
m ) 3) %) 5) 6 134) (8) ) (10) (N
MAXIMUM STRESSES  28.349  22.378 20,753  18.559  17.929  16.581  17.929  18.559  20.753 22.378  28.349
(+VE COMP.) :
{PS1) .
MINIMUM STRESSES ~ 25.890  21.713  17.641  16.851  16.103  15.058  16.103  16.851  17.641  21.713  25.800
(+VE COMP.) . .
(PSI) )
SHEARING STRESSES L6847 .1878 L0448 .1420 1428 .0000 1428 L1420 .0448 .1878 6847
{PSI) . :

c




CALCULATION FOR SUPPORT DISPLACEMENTS

ROTATION (CLOCK-WISE) AT THE LEFT SUPPORT -.00000500 RADIAN )
VERTICAL DIPLACEMENT(DOWNWARD)} AT THE LEFT SUPPORT .00000000 FT
HORIZONTAL DISPLACEMENT(OUTWARD) AT THE LEFT SUPPORT .000000000 FT

BENDING MOMENT AT TME LEFT SUPPORT -50.3006 (#-FT)
VERTICAL REACTION AT THE LEFT SUPPORT 2.117 «(#)
HORIZONTAL THRUSTS AT THE LEFT SUPPORT  -11.546 (&)

~

INTERNAL FORCES

SECTION NUMBER

(1) 2 . (3) %) (5) ) (34 8) (9 (10) an -
BENDING MOMENTS -50.301  -28.900 -13.937  -3.168 4.305 - B8.875  10.656 9.535 5.118  -3.493  -18.543
(#-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 SM.55 0 -1155 0 1155 -11.55 0 <1155 <1155 -11.55 <11.55 <1955 <11.55  -11.55
) :
AXIAL THRUSTS -5.23  -7.52 9. 10,26 -11.060 -11L55 0 <176 -11.62 -11.14 -10.23 -8.62
) . : :
RADIAL SHEAR 10.51 9.02 7.40 5.70 3.94 2.12 -.24 1.69 3.68 5.76 7.97
FORCES (#) .
STRESSES AT THE DIFFERENT RADIAL PLANES
‘ SECTION WUMBER , '
5P (2) (3) %) 5) 6) (N 8) (9 10y (-
MAX IMUM, STRESSES 2.977 1.673 .76 L1050 166 437 562 476 214 125 1.042
(+VE COMP.) L
(PSI) ' \
MINIMUM STRESSES  -3.064  -1.798 -.913 -.276 -.351 -.629 -.738 -.669 -.400 -.295 -1.185
(+VE COMP.)
Ps1) :
SHEARING STRESSES .0876 .0752 0617 L0475 .0328 .0177 .0020 L0141 .0307 L0480 0664
(PS1) :




CALCULATION FOR LIVE LOAD

CONCENTRATED LIVE LOAD  500.00 #

. BENDING MOMENTS AT THE DIFFERENT SECTIONS

(#-FT)
POSITION OF LOAD SECTION NUMBER
(1) (2) 3) 4) ) {6) N (8) ) 10) (1)
1 -22.135 1.133  12.547 10.068 1.770  -3.892 -7.021 -7.513 -5.012 1.298  13.457
2 -4B.314 2.210  27.402 22.710 4.159  -B.532 -15.569 -16.720 -11,189 2.845 29.9313
3 -95.406  -2.327 59.402 62.626 17.245 -18.519 -39.169 -43.782 -30.297 6.216 78.080
4 69,364 -4B.630 53.117 128.086 79.143 -12.822 -49.495 -90.045 -68.923 4.968 159.870
5 43.459 -67.871 -43.040 70.483 174.165 70.498 -53.731 -116.576 -109.713  -14.161 217.554
-] 175.651 -4B.694 -109.483 -63.736 65.738 189.405 65.738 -63.736 -109.483 -4B8.694 175.651
" VERTICAL SHEAR FORCES AT TME DIFFERENT SECTIONS
(#) o
POSITION OF LOAD SECTION NUMBER
ah 2) 1&3) (&) (5} (6) N (8) (% ao) a1
1 32.449 | 20.647 8.846 -2.930 -2.930 -2.930 -2,930 -2.930 -2.930  -2.930 -2,930
2 71,113 45,522 19.931  -5.660 -6.576 -6.576 -6.576 -6.576 -6.576 -6.576 -6.576
3 133.048 111.476 57.122 2.767 -18.B05 -18.805 -18.805 -1B.805 -18.B805 -18.805 -1B.805
4 166.704 166.704 166.706 58.546 -49.613 -49.613 -49.613  -49.613 -49.613 -49.613 -49.613
5 182.737 1B2.737 182.737 182,737 40,128 -102.480 -102.4680 -102.480 -102.480 -102.480 -102.480
] 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 LOAD : SECTION NUMBER
(N 2) 3 (&) (3 (6) (N 8) " (1)) (1
1 10.487 10.487 10.487 10.487 10.487 10.487 10.487  10.487 10.487 10.4B7 10.487
C 2 23.409 23409 23.409 23.409 23.409 23.409 23.409 23409 23.409 23.409 23.409
. -3 63.396  63.396 63.396 63,396 63.396 63.394 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 264176 244176 246176 204176 264176 244176 264176 244176 244176 244176 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
(#)
POSITION OF LQAD SECTION WUMBER
n {2) (3 (4) (5) (6) (7 (8) () «am (1
1 32,251 21,272 13.446 B.998 9.883  10.487 10.821 10.873  10.606 2.933 B.636
2 70.936  47.121 30.103  20.367 22.055 23.409  24.160 26.282 23.692 22.196 19.306
3 144.476 120.057 B83.034 60.948 59.571 63.396  £5.588 66.080 64,642 60.747 53.082
4 220.529 21B.318 207.465 156.373 135.467 145.277 151.3643  153.514 151.261 143.379 126.856
5 292.695 304.570 301.921 289.812 247.451 266176  257.427 264.130 253.398 253.206 228.4%0
[ 303.254 327.184 333.668 328.789 314.978 293.302 314.978 328.78% 333.448 327.184 303.254

g




AXIAL THRUSTS AT THE DIFFERENT SECTIONS

)

POSITION OF LOAD

LRI W -

POSITION OF

VI =

LOAD

Q)

11.080

23.940
29.112
-16.199

-85.699

-139.187

CALCULATION DUE TO

BENDING MOMENTS AT
(#-FT)

(1
-51.961
-78.140

~125.232
-99.189

13.633

145.826

(2) 3
9.153 2.726
19.996 6.249
45.082 19.681
35.114 76.511
-15.862  43.105
~65.472 -1.220

(4)
-6.132
-12.853
-17.665
8.979
94.992
56.869

TOTAL IMPOSED CONDITIONS

" THE DIFFERENT SECTIONS

2) (3}
-33.305 24.521
-32.229 39.375
-36.765 71.376
~83.068 65.090

-102.310 -31.066
-83.132 - -97.509

.

4)
21.125
33.767
73.683
139.143
81.540
-52.680

SECTION NUMBER

) (-} (7
-4.570 -2.930 1.215
-10.237  -6.576 2.746
-28.706 -18.805 8.419
-72.218 -49.613  25.729

.343 -102.480 62.092
110.113 .000 t10.113

SECTION NUMBER
(5) (6) 7)
-9.131 -24.355 -11.570
~6.742 -28.996 -20.118
6.345 -39.082 -43.718
68.242 -33.286 -74.245
163.264 50.035 -58.281
54.837 168,941  41.189

VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS

#)

POSITION OF LOAD

LA B WY

(1)
2587.673
2626.337
2688.273
2721.929
2737.961
2714.316

HORIZONTAL THRUSTS
#)

POSITION OF LOAD

O B W) -

(1
2016.440
2029.362
206%.349
2151.230
2250.128
2299.255

2) &)
1732.506 1120,972
1757.381 1132.057
1823.335 11569.248
1878.563 1278.830
1894.596 1294863
1870.950 1271.217

(%)
662.641

659.912

668,339
Te4. 117
848.308
B24.662

AT THE DIFFERENT SECTIONS

2) 3

(%)

SECTION NUMBER
(5) ) (D
308.851  -.813 -310.477
305.205  -4.459 -314.122
292.976 -16.683 -326.352
262.168 -47.496 -357.159
351.909 -100.363 -410.027
470.872  2.117 -466.638

SECTION NUMBER
(5) 6) (N

2016.440 2016.440 2016.440 2016.440 2016.440 2016.440
2029.362 2029.362 2029.362 2029.362 2029.362 2029.362
2069.349 2069.349 2069.349 2069.349 2069.349 2069.349
2151.230 2151.230 2151.230 2151.230 2151,230 2151.230
2250.128 2250.128 2250.128 2250.128 2250.128 2250.128

8) (4] (10) (N
-.580 -2.463 -4.460 -5.631

-1.261  -5.468  -9.929 -14.782
-2.471 -13.933 -26.124 -39.434
515 -26.209 -54.856 -B6.454
18.956 -27.301 -77.52% -133.852
56.869 -1.220 -65.472 -139.187

(8) (9 10) (n
16.247  26.016 -7.734  15.38%
7.040 19.840 -46.187 31.8%6
+20.022 -732 -2.816 B80.013
-66.285 -37.895 -4.065 161.803
-92.814 -78.685 -23.193 219.486
-39.976 -7B.455 -57.726 177.584

8) %) 10 (1
-664.267-1110.822-1710.555-2553. 921
-667.913-1114.468-1714.201-2557.566
-680.142-1126.697-1726.430-2569.795
-710.950-1157.505-1757.238-2600.603
-763.817-1210.372-1810.105-2653.471

-B20.428-1266.983-1866.716-2710.081 .

(8) 18] QL) (n
2016.440 2016.440 2016,440 2016.440
2029.362 2029.362 2029.362 2029.362
2069.349 2069.349 2069.349 2069.349
2151.230 2151.230 2151.230 2151.230
2250.128 2250.128 2250.128 2250.128

2299.255 2299.255 2299.255 2299.255 2299.255 2299.255 2299.255 2299.255 22¢9.255 2299.255




SHEAR FORCES ALOWG THE DIFFERENT RADIAL PLANES

POSITION OF LOAD

(H)

SECTION WUMBER

&)

13 (2) (&3] wy (5 (8) €8] (4] (10 (1)
1 3280.002 2658.186 2307.025 2122.455 2039.878 2016.440 2040.138 2122.976 2302.153 2644.137 3253.000
2 3318.687 2684.035 2323.683 2133.825 2052.05¢ 2029.362 2053.477 2136.385 2315.240 2656.399 3263.670
3 3392.228 2756.970 2376.614 2174.4L06 2089.566 2069.349 2094.906 2178.183 2354.189 2694.951 3297.445
4 346B.2B1 2855.231 2501.045 2269.830 2165.462 2151.230 218B0.661 2265.617 2442.808 2777.583 3371.220
5 3540.446 2941.4B4 2595.501 2403.270 2277.446 2250.128 22B6.744 2376.233 2554.945 2B87.410 3472.854
) 3551.005 2964.098 2627.248 2442.246 2344.973 2299.255 2344.296 2440.891 2625.216 2961.388 3547.5618
AXIAL THRUSTS AT THE DIFFERENT SECTIONS
#) )
POSITION OF LOAD SECTION NUMBER
(1) (2) (3) (4) ) 6 (7 (8) (%) (10) 11y
1 -60.548  40.693 15,502 -17.463 -17.758 -.813 -16.153 -15.922 6.398 23.826 -B0.79%
2 -47.687 51.536 19.024 -24.1B4 -23.425  -4.459 -14.622 -16.604 3.594 1B.357 -88.950
3 ~42.515 76.622 32.457 -2B.996 -41.B94 -16.488 -B.949 -17.813 -4 .872 2.162 -113.602
& -87.826 66.654 89,287 -2.352 -85.406 -47.496 8.361 -14.827 -17.%48 -26.570 -160.622
5 -157.326 15.678 55.881 B3.661 -12.645 -100.363 44,724 3.613 "-18.240 -49.243 -208.020
] -210.815 -33.932  11.556 45.538  96.92% 2.117  92.745 41.526 7.B42 -37.186 -213.135%
MAXIMUM STRESSES(+VE COMPRESSION)
(PSI1) '
SECTION MUMBER
LR T drmmmeaaa R Fovemmaen #mmmmmaan #ommmmean L $emmenenn $orcemaen R hmmmeona trmmecna e +
| () R D 3|4|S|6|?|8|9|10|12[
LT P Hommmaaas demmemena $rcmemrma oo L L L drmmmnen #ommmmmao LR T #-meemaas $ocemmnen +
| | | 30.4644[ 24.1603| 20.7053 18.9627| 17. 55:.1[ 18.2729| 17.7027| 18.6741| 20.7545} 22.5077| 28.0433|
+ L Hemmmnmea L L L #reomnnans L Rt L s L 4o mmnean Frmmmnens LA P #reemeaan +
| | | 32.3589| 24.3112] 21.7362] 19.8166] 17. 5121| 18.6592| 18.3272| 18.2331| 20.4927{ 22.5170} 29.1216|
+POSITION+--<----- Fomvemmn. L LT L Fomaaeaan LAREE T TP forranae - vemaa. R L te-mrannaa tommrenan +omcreana +
| I | 35. ms] 25. 191a| 24.0990| 22.5518] 17.8010] 19.5983] 20.0897| 19.3611| 19.6867| 22.6360| 32. 2943
+ OF $rommnana R Lt Ly T P, L temeeoaa. #rmmmnoao #rremanoo LR LT TR $oremman e +
| | | 31..8700| 28.7912| 24.7589| 27.2781} 22. 1505] 19.9328| 22.6377| 22.8680| 22.6404| 23.3999| 37. 8206 |
+ LCAD LA EEE TP TS LSRR EETT Fommm———— Frrmmmaeo LEERE LTRSS L EEEEE R R - . Frommm - #m---m-- - #mmeemeas $emmmmmn LR +
f f | 30.3342| 30,6657 23.5033] 24. 9316| 28. 7900| 21.7631] 22. 5635| 2s. 35321 26.0246) 25. 46-’.0] 42.1317|
+ LEEEEEE T 4om-mimaa #o-emmnaa $occmaana R L R R R T TR LR AT EEEET TR g *
| i | 38. 3601| 29. 7ozo| 27.7577| 23. 5235| 22. 31.21| 29.3127| 23. 2179| 22. mt.| 26.5966| 28. 1544[ 40.2389|
. #ovmmme o doemmm o b R L EL TR #mmrrmaa LR #reccmmnun LR LT LEEE TRy $reacmean +
MINIMUM STRESSES(+VE COMPRESSION)
(PSI)
SECTION NUMBER
#memmmmua L L #omeeeaea L L e #rmmmmano L LR L LT L LEE LR L +
| cn)|1|2|3|r.|5|6|7|s[9|10|12|
L R $e-mmmeaa 4o L L EEE TR L #meaeaan Fremenana #rmmmmaon doeemmnan doremmmas LR 4remmee e
| | | 2. 2242| 20. 1605| 17. ?605| 16. 4257; 16. 1.575| 15. 31.79| 16. 3132| 16. 7230| 17. 630!| 21. 5739| 26. 1951]
+ L MRS SRR EEEEL SLEFTEEES SEEPPRPES SRS SRR SRR SRS AR
| | | 22. 97r.6| 20. 4406| 17. 0074| 15. 7613] 16. mzq 15. 1770[ 15. 9111[ 17, 38?6} 18. 1101| 21. m.o| 2s. z9t.7|
+POSITION#~<------ i LR L L R Frmmmeoon rmmanean Foremmna. froeammnan Froewmenun L LR P +
| | | 20. 7599| 20. 7763| 15.5271] 13. 7ozs| 17. o390| 14.9047| 14. s393| 16. 9565] 19. 59aa| 22. 29?a| 22. 6851[
+ OF Fovmcman R R R LY TR R et AL L R R e L S L L LT Ty TAp
i | 22. 95?s| 18. s151| 16.9418] 10. 56?6| 13. 9549| 15.9353{ 13. ?21z| 1%, 907:.] 18. 0&94] 22, 911?| 18, 3888[
+ | OAD tocemna AR R R ST LR L AR L $rmecann. $mmmeemne $mmmenen LR e oaa *
| | | 28. 6969| 18. 3?8?] 19.7724| 15. 1389| 9. 1826| 15.7541] 15.5642| 14.2366] 16. 5749| 22. 6787| 15.7723|
* Fmmmvmmae L EEEE TR LR LR L R L = e T LEL LT +
i | | 20.8470| 19.7188| t6.0472). 17. 1969| 16. 2564| 9.0235| 15.B693| 17.9484| 17. 1n.s| 21. 221_1 18.9118|
v mm——— #ormmmmun L $rmwenann $omremaan D R T #mmeocea $mmmeeenn AL EEEEEE AL LEERE I P + .




SKARING STRESSES ALONG THE DIFFERENT RADIAL PLANES

{PSI)
SECTION WUMBER

$omramana $ammmmann dememrenn $mmmmmma- #ocsumsan $anmmmann frmmenen fmmmmmmns $oceemann $omwmenan drmemmm—— 4oammcnaaa bromevonn +
i (N) | 1 | 2 | 3 & | 5 s | T 8 i ¢ | 1w | 12 |
- AR 4ovamanan IR $oeemaann . 4oceenann o $ormmmnn- 4ovuecnmen $omemmnann ummmannn $ecoennnn +
| | 1 | -.5048] .3392} .1292| -.1456] -.1480| -.0068| - 1347 -.1327| .05501  .1986| -.6736|
+ foesanann . 4o dmmmmnnn . $oconnnnn 4mcmmmaes bermmmmn- 4oeeaene $occonnnn $mmmamnn $emmmenan +

2 | -.3976) 4296 1586| -.2016} -.1953| -.0372| -.1219| - 1384 .0300| L1530 -.7415] .
+POSITION+==-=---- S Enr dommmeann #osemnnnn $ommmeaas dommeana- tonmemann P $oemmnns . D T wm———e- +
| i 3 | -.3544] .6388) L2706| -.2617| -.3493) - 3| -.0746| -.1485] -.0405] .0180| -.9471}
+ OF o L $ommmmmn EEREAEE R R #rermmomn LR E L L o #mmmmm— #om--—--- Fomsncane L +*

4 | -.7322| .5557} .7444| -.0196] -.7120| -.3960] L0697 -.1236] -.1430} -.2215| -1.3391|
+ LOAD  4-------- R $oonannnn - #ommeeenn O #oceanan T T Hoermemnn PR $emessona +
} | 5 ] -1.3116] 1307 L4659  .6975] -.1054] -.8367| 3729  .0301] -.1521| -.4105| -1.7342|
+ i P — PO osmmmnnn PO — - O $emmmmmnn P $eemmmnn— #rmmmmme PO +
) | 6 | -1.7575| -.2829] .0963] .3796| 8080 .0177| 7732 3462 .0654| -.3100| -1.7787|
$rosmnnmnn P o $rmmmmen $ommmmas #mmmeme- 4ecanannn . emmmmrn- dommemaan L $rmmmm——- dmmmmeaaa +

CONCENTRATE LIVE LOADS 20000.000 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 625.90408 PSI 5 1"
MINIMUM STRESS -419.42219 PSI - . 5 1
(+VE COMP.)

MAXIMUM SHEAR STRESS -47.03261 PSI 6 1"

CONCENTRATE LIVE LOADS 10000.000 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 326.53345 PSI . 5 11
MINIMUM STRESS -196,24552°PSI 5 11
(+VE COMP.) )

MAXIMUM SHEAR STRESS -23.82546 PSI 6 . 1

CONCENTRATE LIVE LOADS 5000.000 #

: POSITION OF LOAD SECTION NUMBER
MAX{MUM COMPRISSIVE STRESS 176.B4B43 PSI 5 11

MINIMUM STRESS -B&4.65718 PSI 5 "
(+VE COMP.) :
MAXIMUM SHEAR STRESS -12.22189 PSI 6 1"

CONCENTRATE LIVE LOADS  2500.000 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 102.00582 PS1 5 1
MINIMUM STRESS -28.85301 PSI 5 11
(+VE COMP.)

HAXKIMUM SHEAR STRESS - -6.42010 PSI ] 1




CONCENTRATE LIVE LOADS  1250.000 #

POSITION OF LOAD SECTION WUMBER

MAXIMUM COMPRISSIVE STRESS  64.58452 PSI 5 1

MINIMUM STRESS  -4.36880 PSI & 3
(+VE COMP.) .

MAXIMUN SHEAR STRESS  -3.51921 Ps] 6 1

)
CONCENTRATE LIVE LDADS * 625.000 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  45.87387 PSI 5 "

MINIMUM STRESS  6.79147 PSI 6 & _
(+VE COMP.) ' _

MAXIMUM SHEAR STRESS -2.06876 PSI 6 .on

CONCENTRATE LIVE LOADS - 937.500 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  S55.22919 PSI 5 1 )
MINIMUM STRESS 1.21134 PSl 6 6

(+VE COMP.) ’ ’
MAXIMUM SHEAR STRESS -2.79398 PSI 6 1

CONCENTRATE LIVE LOADS  1093.750 #

) . POSITION OF LDADV SECTION MUMBER
MAXIMUM COMPRISSIVE STRESS  59.90686 PSI ’ 5 ' . T

MINIMUM STRESS  -1.57373 PSI é 6
(+VE COMP.)

MAXIMUM SHEAR STRESS  -3.15660 PSI 6 ) 1

CONCENTRATE LIVE LOADS  1015.625 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS 57.56803 psl 5 1"
MINIMUM STRESS -.18370 psl1 . 6 6
(+VE COMP.) .

MAXIMUM SHEAR STRESS -2.97529 PSl 6 1"

CONCENTRATE LIVE LOADS 976.563 #

' POSITION OF LOAD SECTION NUMBER ) ’
MAXIMUM COMPRISSIVE STRESS  56.39861 PSI ] 1 ' . . v

MINIMUM STRESS -51382 PS1 ’ 6 . &
(+VE COMP.)

MAXIMUM SHEAR STRESS  -2.88464 PSI 6 -1

CONCENTRATE LIVE LOADS  996.094 # _ T




POSITION OF LOAD SECTION NUMBER - ;;

MAXIMUM COMPRISSIVE STRESS  56.98332 PSI 5 11
MINIMUM STRESS . 16506 PS1 6 : 6
(+VE COMP.) .

MAXIMUM SHEAR STRESS -2.92996 PSI & 1n

CONCENTRATE LIVE LOADS  1005.85% #

: POSITION OF LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 57.27567 PSI 5 11

MINIMUM STRESS -.00932 Pst 6 6
(+VE COMP.)
MAXIMUM SHEAR STRESS  -2.95243 Psl 6 "

CONCENTRATE LIVE LOADS  1000.977 #

POSITION OF LOAD SECTION NUMBER

KAXIMUM COMPRISSIVE STRESS  57.12949 PSI , 5 1

MINIMUM STRESS .07787 psI 6 6 -’
(+VE COMP.)

MAXIMUM SHEAR STRESS  -2.94129 PS! 6 1"

CONCENTRATE LIVE LOADS  1003.418 #

POSITION OF LOAD SECTION NUMBER

MAXIHMUM COMPRISSIVE STRESS  57.20258 P§l 5 1

MINIMUN STRESS .03428 PpSI ' 6 6
(+VE COMP.) . .

MAXIMUM SHEAR STRESS  -2.94696 PSI 6 1

CONCENTRATE LIVE LOADS  1004.639 #

POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  57.23913 psl 5 1"
Ll ) -

MINIMUM STRESS .01248 psl 6 6

{(+VE COMP.)

MAXIMUM SHEAR STRESS ~2.94979 pPSI 6 1

CONCENTRATE LIVE LOADS  1005.249 #

. POSITION OF LOAD SECTION NUMBER
MAXIMUM COMPRISSIVE STRESS 57.25740 PSI 5 11

MINIMUM STRESS .00158 PSI ] 6
(+VE COMP.) .
HAXIMUM SHEAR STRESS -2.951t21 PSI ) 6 11

CONCENTRATE LIVE LOADS  1005.554 #




POSITION OF LOAD SECTION NUMBER

MAXIMUM COMPRISSIVE STRESS  57.26654 PS| 5 11
MINIMUM STRESS -.00387 ps] 6 6
(+VE COMP.)

MAXIMUM SHEAR STRESS -2.95192 PS] é 11

CONCENTRATE LIVE LOADS  1005.402 #

POSITION OF LOAD SECTION NWUMBER

MAXIMUM COMPRISSIVE STRESS 57.26197 PS] 5 1
MINIMUM STRESS  -.00114 PSt 6 6
C+VE COMP.) .

_ MAXIMUM SHEAR STRESS -2.95156 Psl 6 1

CONCENTRATE LIVE LOADS  1005.325 &

POSITION OF LOAD SECTION NUMBER

MAKIMUM COMPRISSIVE STRESS  57.25968 PS] 5 1"
HINIMUM STRESS .00022 pPsI 6 -}

(+VE COMP.) . ’ ’ .
MAXIMUM SHEAR STRESS -2.95139 pSI[ ] 1

CONCENTRATE LIVE LOADS = 1005.325 #
POSITION OF LOAD (y - 2) 3 (4) (5) (6>

LOADING INTENSITY 15.819 34.303 72.B58  147.847 257.029 319.876
ACTUAL LOAD ON THE ARCH 71,134 156.204. 305.324 434,938 573,472 63%.752

BENDING MOMENTS AT THE DIFFERENT SECTIONS

(#-FT)
POSITION OF LOAD . SECTION NUMBER
(N (2) ) 1O (5) (6) N (8 4 (10 (n
1 -76.33  -32.16 37.20 31.30 -7.34  -28.29 -18.67 8.45 20,95 -6.42 28.99
. 2 -126.97  -30.00 67.07 56.72 -2.54 -37.62 -35.85 -9.86 8.53 -3.: 62.12
3 -221.65  -39.12  131.41  136.98 23.77  -57.90 -83.30 -64.27 -29.8% 3.47 158.92
4 S169.29  -132.22  11B.77  268.59  148.23  -46.24 -144.68 =157.29 -107.55 .96  323.38
5 37.55 -170.90 -74.56 152,77 339.28 121.28 -112.58 -210.63 -189.57 -37.50 439.36
6 323.35 -132.35 -208.16 -117.09 121.28 350.36 127.63 -104.39 -189.10 -106.94 355.11
VERTICAL SHEAR FORCES AT THE DIFFERENT SECTIONS
1))
POSITION OF LOAD SECTION NUMBER
o ) (3 (4) (5 (6) (7 8 " (10 “an
1 2620.47 1733.37 1129.91  659.48 305.89 -3.77 -313.44 -667.23 -1113.78 -1713.52 -2554.88
2 2698.21 1803.39 1152.20 654.19 298.56 -11.10 -320.77 ~674.56 -1121.11 -1720.85 -2564.21
3 2822.74 1936.00 1226.98 &71.14 273.97 -35.69 -345.36 -699.15 -1145.70 -1745.43 -2588.80
4 2890.41 2047.04 1447.31 783.29 212.03 -$7.54 -407.30 -761.09 -1207.65 -1807.38 -2650.74
5 2922.64 2079.28 1479.55 1032.99 392.46 -203.94 -513.60 -B&7.39 -1313.94 -1913.68 -2757.04
6

2875.10 2031.74 1432.00 985.45 431.66 2.12 -627.42 -981.21 -1427.77 -2027.50 -2870.87




HORIZONTAL THRUSTS AT THE DIFFERENT SECTIONS
*)

POSITION OF LOAD

(4) ) (6) ) (8) ) o) 1)
1 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04 2027.04
2 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02 2053.02
3 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 2133.42 213342 2133.42
4 2298.05 2298.05 2298.05 2298.05 2298.05 2298.05 2298.05 2298.05 . 2298.05 2298.05 2298.05
5 2496.90 2496.90 2496.90 2696.90 2496.90 2496.90 2496.90 2496.90 2496.50 2496.90 2496.90
6 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.68 2595.48
AXTAL THRUSTS AT THE DIFFERENT SECTIONS
*)
POSITION OF LOAD . SECTION NUMBER
N} 2) (&) (4) (5 (6) N (8) %) (10) a1y
1 3312.60 2679.68 2320.61 2131.55 2049.87 2027.04 2051.07 2133.96 2312.87 2654.18 3261.73
2 3390.38 2731.66 2354.11 2154.41 2074.34 2053.02 2077.89 2160.93 2339.18 2678.83 328%.18
3 3538.26  2878.31 2460.53 2236.00 2149.77 2133.42 2161.19 2244.97 2421.52 2756.34 3351.09
4 3691.16 3075.87 2710.72 2427.87 2302.37 2298.05 2333.62 2420.77 2595.48 2922.49 3499.43
5 3836.26 3249.30 2900.64 2696.17 2527.53 2496.90 2546.91 2643.18 2821.15 3143.31 3703.78
6 3857.49 3296.77 2964.47 2774.54 2663.31 2595.68 2662.63 2773.18 2962.44 3292.06 3854.10
SHEAR FORCES ALONG THE DIFFERENT RADIAL PLANES
)
POSITIOR OF LOQAD - SECTION NUMBER
() (€3] ) €4) (5) (6) N (8) (&) (10) (11
1 -49.35 49.94 18.26 -23.66 -22.38 -3.77 0 -14.93 0 -16.51 4.11 19.32  -87.50
2 -23.49 71.74 25.34 -37.7  -33.77  -11.10  -11.85 -17.88 -1.93 B8.32 -103.89
3 -13.09 122.18 52.35 -46.85 -70.91 -35.69 -4 -20.31 -18.95  -24.24 -153.46
4 =104.20  102.14 166.61 6.72 -158.39 -97.64 36.36 -14.31 -43.64 -B2.01 -248.00
5 -243.94 -.35 99.44 179.66 -12.10 -203.94 107.48 22.7T7  -45.83 -127.60 -343.30
6 -351.48 -100.10 10.32  103.01 208.2t 2.12 204,03 99.00 6.61 -103.35 -354.02
MAXIMUM STRESSES(+VE COMPRESSION)
(PSI)
SECTION NUMBER
L L L Frmmmmman L R L 4o Hrommmaaan oo m--- drmmmeana L $edmmmana $rsccocora L +
I ) R 2|3|b|5|6|‘?[8|9|10|12|
R L $rmmamean I L L L LR O L L #mremmmaa Hmmeeoo oo LA e +
| I 1 | 32.0795| 24. 2?na| 21. sso1| 19.6495] 17. 52991 18.5974] 18. zzoo] 18. 3o9a| 20. 539?| 22. 5126| 28, 9327|
+ $ommmmmma L EE R LR i S L R e e e Ll T qupupuppi
| 2 | 35.8887| 24. 5741| 23. 6527| 21.3665] 17. u.56| 19.3743) 19, 1.756| 18, 6069| 20. o133| 22. 5314| 31, 1ooa|
HPOSITION++~=-~====~" frommmmn fmmmameen L R TR LR ] L #rorewan- LAEEE LR Frroammna LGEEEEE TS LR LT +
| | 3 | 4. aor1| 26.3444) 28. 40351 26.8460| 19. 3495| 21.2623| 23. u194| 22. 57:.8[ 21, 9821| 23, 1asa| 37. 4300|
+ OF $ormmmmaa L A LR LR L et LT Ll e R L L T
| | & | 40. 93?6| 33.5818] 29.7304| 36. 3688| 28. 0949| 21.9350| 28. 11.25| 29, 6260| 28. 0976| 2. 4212| 48. 5916|
+ LOAD L L o L LR R Fremmmean F-ommmmmn $remmmmna $rcmmmas R +
i 1 5 | 35, 43??] 37. 3508[ 28.6591] 31. 6508| 41.46445] 28. o9aa| 27. 9932| 34. 6832| 34, 9021| 28. 4568| 57.2597|
+ Fummmnana LR bt EE R LR AT T R e e R R LT LL LT Ty +
! | 6 {51, 5750| 35. 1.11.r.| 37. 21331 30. 1617] 29.4855] 43. 2731.; 29. &512| 29. 38?6| 36. 05221 33. 8662| 53.4538
L o mmmaaa Hommmmaan Fmmmmaa L L LT $ommm s L $omemmras L

()

2)

3

SECTION NUMBER

........ $mmmmeaso4 $mmmeemma




MINIMUM STRESSES(+VE COMPRESSION}

(PSI)
SECTION NUMBER
LTS L Fmmmmmaan #ommmma #mebanoaa LR #emmanann 4o $eomamann #ommm e #mmmeean $ovrenaaa L +
] ()] | 1 1 2 31 4 5 6 | 7T f 8 4 9 | 1w | 12 |
Frmeaaaaa LT PR #emcmmeaa L L L Fermmmean LR #mmmmmman #ommmeaaa $remmonaa $ocmmmnan tommmnann $mmremama +
| | 1 | 23.1526] 20.4085| 17. 1123| 15.8905| 16. 6482[ 15.2000] 15. 9783| 17. zros| 18, 0236| 21.7414] 25. 4512|
+ Foemmmann L Femmeaaan L A LR LR L Rt L T L L r T L EEET TR
| | 2 | 20.6402| 20.9718] 15. 5951| 14.5547| 17. 1406[ 14.8564] 15. 1698| 17, 4230| 18. 9aar| 22.1337| 23, 64o?|
+POSITION+=------- Frmmmmnas Fommmmer mmmmaeae oo LR EER PR L Haseoooo- LR L R e L T T L TP Fomreotan +
| I 3 | 16.1872] 21.6466] 12. 6217| 10.4156| 16.4944| 14.3089| 13.0148] 14. 8563| 18, 3927| 22.7706| 18. 3938|
+ OF Frmmmanae L L L L L Frewmmana LA ALY L L
| & | 20.6063| 17.7033| 15. 4663] 4.1118| 10.2933] 16.3812| 10.7667| 10. ?362| 15.1810| 24.3064| 9.7555|
+ LOAD LR #orrvmmaa R LAREEE T LR R L LEEEEE TR LR torrmmman trcmmmmns Fmmmasaao tormwmmaa +
| | 5 | 28.5256] 16.8259] 19.7042) 13.3033| .6979| 13.5330] 14.4723| 9.3874| 12.1359| 23.9527| 4.4946|
+ L L dremamann $ommmmnme L Hocrmmman L $recmmaaa L Rt L CE LT Foeemmma. $occcrann 7,
! | &6 | 12. 7422| 19.5203| 12.2143| 16.0991| 14.9207|  .0002| 14.5337| 16.8506| 13. 3415| 21.0233| 10 aoro1L
L EEE T fomemmana LR N e Fommrmeaa doecmcnnn Frmmmmcaa L Hmmme o #emmmemmma #ocetmcvcdoncnanaa +--------!+,
. |
SHARING STRESSES ALONG THE DIFFERENT RADIAL PLANES )
(PSI) .
SECTION NUMBER ] } !
$mmmemman L ] Hemaanaaa Focvamana 4o Hemmnaenn L L L L Foescncna #mmmaeaoa Hoeomceang
| (N) v 2.0 3 [ & | 5 | & | 7 1 8 | 9 | 10 12 ]
AAREEEET L R E T L Femaaoon Fomemmann #ememmaa L Fomremaaa doeommenn #mmmmeeoo Fmmwamena L +--------if+|
| | 1 -.ama] sles) 1522 -.1972| -.1866] -.0315| - 1244| -.1378) .0343} 1611 -.7295]
+ $mmvemmaa $ocemmann hmmmaoa LR EAEEEPEEL TEESEEEE LR 4e-mcmmcrdomanaaaa R R Hreamand | * i
! |2 | -.1958|  .5981] .2112] -.3099| - 2815| .0926] - 0988| -.1490] .0161[ 0694 -.8661],)
+POSITION+-=<-=---- #mmmmmaas LT P LR R R At LT Ty Sup U P e D P I
J 3 ] -.1092] 1.0186]  .4364| -.3906] - 5911| .29?6| .0037| - 1693| - 15801 - 2021| -1. 2793|
+ OF Fommmeran L Formmmmaao #mmmmmran LR L e T B et L e
| | 4 | -.8e87| .8515| 1.3890|  .0560] -1. 3205| - 8140| .2865[ .1193| .3638| -.683?| -2.06?5[
+ LOAD #ormmmaan $ommmr e LR R R TR T #mmm e e e L R T L Sy S, L +
| | 5 | -2.0336] - 0029| .8290] - 1.4978| - 1005[ -1. roo1| .aoso[ 1898! .3az1| -1.0637| -2.8620)
+ $-mmmaaen Fommmnean L #emmeaaon o L R L T R R LT domeraman $emroreaa +
| I 6 |-2. 9302| -.8345|  .0861] .asas] 1. 73sa| 0177| 1. 7009] 8253| .0551| .8616| -2. 9514]
LT L LR L R T #ommmmmes L it L LR R A e L T T T,
POSIfION Of LOAD SECTION NUMBER
HA)(_[HUH COMPRISSIVE STRESS 57.25968 PsI 5 1
MIBIMUM STRESS .00022 PsI [ 6
(+VE COMP.)
HAXIMUM SHEAR STRESS -2.95139 Ps! & 11
PERMISSIBLE LOADS 1005.33 #
. T




A.3 The permissible live loada capacity for different arches




SUPPORT CONDITIONS : : Y

ROTATION .000000 RADIAN
VERTICAL DISPLACEMENT .000000 FT
HORIZONTAL DISPLACEMENT .0000000 FT

MATERIAL PROPERTIES

DENSITY OF MASONRY UNITS 110:00 #/FT/FT/FT ,
DENSITY OF FILL QVER THE ARCH 110.00 E/FT/FT/FT
DENSITY OF WEARING COAT MATERIAL 110.00 #/FT/FT/FT
MODULOUS OF ELASTICITY 432000000.00 PSF

STRESS COWDITIONS

ALLOWABLE LIMIT OF MAXIMUM COMPERSSIVE STRESS 1000 - 1125 pS]
ALOWABLE LIMIT OF MINIMUM COMPRESSIVE STRESS 0.0 -0.0005 PSI
ALLOWABLE LIMIT OF SHEAR STRESS 50 - 55 PSI

SPAN(L) (H/L)Y (T) FILL- MAX.COMP. POSITION SECTION MAX.SHEAR POSITION SECTION MIN,COMP. POSITION SECTION P.LOADS

(FT) (FT) DEPTH STRESS  OF LOAD NUMBER STRESS OF LOAD KUMBER STRESS OF LOAD NUMBER )
(FT)  esi PSI PSI
10.000 .20  .416 1.000  65.782 5 1 -2.328 5 11 .00030 S oo 522.894
10.000 .20 .416 1.500  81.803 5 1 -3.243 5 1M 00034 5 1 874.269
10.000 .20 .416 2.000  98.335 5 1 4.3 S %1 o007 5 1 1361.418
10.000 .20 .833 1.000 48.269 S 1" -3.430 S 11 .00045 5 1M 1399.422
10.000 .20 .833 1.500  58.74% 5 1 4,381 5 1" .00025 5 1 2561.426
10,000 .20 .833 2.000 70.438 S 11 5489 5 M .00043 5 1 4352.283
10.000 .20 1.250 1.000  47.844 5 1" -5.047 5 1 .00028 5 11 . 3077.698
10.000 .20 1.250 1.500 56.694 5 " -6.125 5 1 .00010 A 11 5606.270 .
10.000 .20 1.250 2.000 66.476 5 mn -7.356 S 1 .00003 & 1 9382.629
10.000 .30 .416 1.000  53.584 5 1 -3.132 & 1 00049 5 n 111.556
10.000 .30 .416 1.500  64.050 5 1 -4.000 & " ‘ .00043 5 1 1.740
10.000 .30 .416 2.000 | PERMISSIBLE LOAD CAPACITY ---- [MPOSSIBLE .
10,000 .30 .833 1.000  35.750 5 1 -3.187 6 1" .00033 5 1 | 606.441
10,000 .30 .833 1.500 - 41.776 5 11 -3.830 & 1 .00014 5 11 919.819
10.000 .30 .B33 2.000 47.919 S 11 -4.513 5§ 11 .00003 5° 1 1296.711




SPAN(L)

(FT)

10.000
10.000

10.000

10.000

10. 000

10.000

10.000

10.000 -

10.000
10.000
10.000

10.000

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

20.000

20.000

20.000

20.000

20.000

20.000

(H/L)

.30

.30

40

.40

-40

.40

.40

.40
40
-40

40

.20
.20
.20

.20

.20

.20
.20
.20
.20
.30

.30

-30
.30
.30
.30

.30

m

(FT)
1.250
1.250

1.250
416
416
416
-833
.833

.833
1.250
1.250

1.250

416
416
416
.833
.833
.833
1.250
1.250
1.250
416

416

416
.833
.833
.833

1.250

FILL~ MAX_COMP,

DEPTH
(FT)

1.000
1.500

2.000

1.000

1.500

2.000

1.000
1.500

2.000
1.000
1.500

2.000

1.000
1.500
2.000
1.000
1.500
2.000
1.000
1.500
2.000
1.900

1.500

2,000
1.000
1.500
2.000

1.000

STRESS
PSt

31.255
36,042

41.190

25.788

28.893

31.961

168.349
204 .902
85.949
109.034
131.4568
72.997
94.553
106.230
128.390

163.393

82.058
96.542
107.078

62.315

POSITION SECTION MAX.SHEAR POSITION SECTION MIN.COMP. POSITION SECTION
STRESS
Ps1

OF LOAD MNUMBER. §
5 "
5 1"
5 11
PERMISSIBLE LOAD
PERMISSIBLE LOAD
PERMISSEBLE LOAD

PERMISSIBLE LOAD

PERMISSIBLE LOAD

PERMISSIBLE LOAD
5 1
5 1
5 N
PERMISSIBLE LOAD
3 1
3 1
3 1
5 1
5 N
5 on
5 11
5 11
5 1"
5 - 1
PERMISSIBLE LOAD
5 1"
l5 1"
5 11
5 13

TRESS OF LOAD NUMBER
PSI
3,718 & 7
-6.339 6 1
-5.058 5 1
CAPACITY ---- IMPOSSIBLE
CAPACITY ---- IMPDSSIBLE
CAPACITY ---- IMPOSSIBLE
CAPACITY ---- [MPOSSIBLE
CAPACITY ---- IMPOSSIBLE
CAPACITY ---- [MPOSSIBLE
-3.652 & 1
-4.162 6 1
-4.634 & N
CAPACITY ---- IMPDSSIBLE
3.233 3 1
2.785 3 1
2.638 3 1
-3.379 5§ 1
-4.650 5 1"
-3.291 6 1
-4.837 § 1
-5.680 5 1
-4.689 6 1"
-6.442 & 11
CAPACITY ---- [MPOSSIBLE
-4.407 6 1
-5.420 & 1
-6.262 6 1
-4.350 6 1

-00012

.00028

.00028

-0001%

-0002¢

.00004

.00025
-00014
-00037
.00023
.00022

.00013

© .00014

.0ogo2
-00027

00031

.00020
-00023

.00047

.00035

P.LOADS
OF LOAD NUMBER (€]

1" 14636.043 -
1" 26417.183
1 3791.046
11 282.240

Lk 25?.58?‘
1 110.817
? 437.057
1 1611.483
3 1466.036
5 2786.398
" 4189.062
5 2641.153

1" 4999.161

1" 7122.135

4 353.342
N 214,344
6 816.536

1 1005.054
1 895.92¢

6  1302.958




SPAN(L)
(FT)

20.000

20.000

20.000

20.000

20.000

20.000
20.000
20.000

20.000

20.000 .

20,000

30.000

30.000

30,000

30.000
30.000
30.000
30.000
30.000

30.000
30.000

30.000
30.000

30.000

(H/LY

.30

-30

- .40

.40

.40

.40

.40

-40

.40

-20

.20

.20

.20
-20
.20
.20

.20

.20

.30

.30

.30

.30

(T) FILL- MAX.COMP.
(FT) DEPTH STRESS

(FT)
1.250 1.500

1.250 2.000
416 1.000
416 1.500
416 2.000
.B33 1.000
.833 1.500
.833 2.000
1,250 1.000
1.250 1.500
1,250 2.000
.416 1.000
.416 1.500

-416 2.000

-833 1.000
.833 1.500
-833 2.000

1.250 1.000

1.250 1.500

1.250 2.000

416 1.000

-416 1.500
-416 2.000

.833 1.000

PS1
75.288

82.733

164.730
192.210
12.779
128.872

147.863

331.758

93.957

POSITION SECTION MAX.SHEAR POSIT!ON SECTION MIN.COMP. POSITION SECTION
OF LOAD NUMBER

OF LOAD NUMBER STRESS OF LOAD NUMBER  STRESS
PSI PSI

5 1 -5.48 & 1 .00017
5 1 -6.120 & 1 .00046
PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE
'PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- [MPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- I[MPOSSIBLE .
PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- [MPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- [MPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE
PERMISSIBLE LOAD CAPACITY ---- |MPOSSIBLE

3 1 - 4. 766 . 3 1 .00001
3 1 4.458 3 1 .00016
3 1 4.131 3 1 .00024

3 1 3.955 3 1 00034

5 - n -4.419 5 6 .00033

PERMISSIBLE LOAD CAPACITY ---- |MPOSSIBLE

PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE

5 1" -10.766 6 1 .00031

3 1 -3.478 & 1 .00006

5 1
5 "
3 1
3 1
3 1
5 5
4 4
5 1

3 (]

P.LOADS
4]
2151.108

2592.468

BA&5.T46
2982.616
2664 .995
4950.428

7706.261

v

- 553,536

596.619




SPANCL) (H/L) (T) FILL- MAX.COMP, POSITION SECTION MAX.SHEAR POSITION SECTION MIN.COMP. POSITION SECTION P.LOADS
(FT) ¢FT) DEPTH STRESS OF LOAD NUMBER STRESS OF LOAD MWUMBER STRESS OF LOAD NUMBER [{ )]
{FT) PSS!t . PS} ) PSI

30.000 .30 .833 1.500 170.672 5 1" ~7.204 6 _11 00032 4 4 1958.275 I
30.000 .30 _833 2.000 186.8.39 9 1" -8.235 6 1 00020 5 1 ©17446.893
30.000 .30 1.250 1.000 98.848 5 1 -5.099 6 1 00015 6 6 1742.053
30.000 .30 1.250 1.500 123.049 5 11 -6.611 ' [ " .00030 6 6 2756.882
30.000 .30 1.250 2.000 139499 s 11 -7.727 6 7 " .00005 5 11 33569.951
30.000 A0 416 1.000 PERMISSIBLE LOAD CAPACITY ---- }MPOSSIBLE
30,000 40 416 1.500 PERMESSIBLE LOAD CAPACITY ---- [MPOSSIBLE
30.000 40 616 2.000 PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE

! 30.000 .40 .833 1.000 PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE

Il 730.000 .40 _B33 1.500 PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE

:$ 30.000 400 0833 2.000 ’ PERMISSIBLE LOAD CAPACIFY ~=~- JTMPOSSIBLE

1

; 30.000 .60 1,250 1.000 - PERMISSIBLE LOAD CAPACITY ---- IMPOSSIBLE

1 30.000 .40 1.250 1.250 ' PERMISS!IBLE LOAD CAPACITY ---- IMPOSSIBLE
30.000 40 1,250 2.000 PERMISSIBLE LOAD CAPACITY ---- [MPOSSIBLE
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