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. In this study, form factors for shear deformation

of some geometrigc sections are,":évaluated.
. \‘
When the deflecﬁion due to shear is sought for a
*

beam with a givén.cross-section, a form factdr is

needed. .The cross-sections for which the form factors are

.evaluated are rectangular, triangular, trapezoiddl, circu-

lar sector, arc, circular segment, T and hexagonal.

Computer programs are developed for solving-the

numerical integration of the governing equations. T&g

results of the analysis are tabulated and plotted in

rs

Chapter IV.
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Slde length ‘of hexagonal secﬁnon
Varlable area for calculation of Q

A specified width of cross-section and-
width of flange in T-section

q .

Variable .width of the layer on which
shear stress distribution is sought

Depth of sectlona
Form f%ctor for shear

.Height of stem of T- sectl

of trapezoidal section’

Moment of inertia of the cross-section

"about its neutral axis
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and depth
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»First moment of area about neutral
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Tangential stress on the section
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Inner radius of arc section
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Radius of the sector
Lower bese of trapezoidal section
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She;L force acting on the section

T

~

8

[

'}

-

<O

4 -

ix
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'Dlstance of the centroid of the vaﬁfable
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section Al

Distance of the centroid of the varlable
area from a chosen axis
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axis. -~ .

Angle'of arc or sector
Shear strain | Coa

Half of the angle of shbtendlng arc or
sectoyxr

Normal or %fial stress N .
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CHAPTEN I

INTRODUCTION ‘ SN

Form factor 15 a constant hg means ‘of which the .

~

-
shear force on the section can be applled dlrectly in the lnE?-

r

grating formula to evaluate the strain energy, without the:
necessit¥ of considering variation of the shear stress on the

section,. This factor,-a constant for a giveh section, is .
tabulated for several symmetrical cross=sections in text book

. . A
on applied elasticity and strength of materials. The section

W

*  usually cited include rectangular, T, box, circular and ring-

\ shaped. In this study, an attempt is made to calculate the

Lo
e e vt e W S X EPIRT

form factors for some sections symmetrlcal about only one

¥

ax15, the only exceptlon belng that of hexagonal sections.

. The process of numerical lntegratlon is performed by the use

1 of computer prfograms. ’

L . - - . <

H .
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CHAPTER II

VA

THEORY

2.1 STRAIN ENERGY

The work done by external forces in causing deforma-

tion is stored within the body in the form of stradn energy.

v

’We consider a rectangular prism of dimefisions dx,dy,
» dz subjected to'uniaxiél tenéfdp. The front view of the
prism is représented in Fig. 2.1. In evaluating the work done,/
by Stresses o, on either side of the element, #it is noted

5
that edach stress acts through a different displacement.

The net work done on the element-bx/ﬁorce(cxdydz)

o 1
is therefore:
. »
£ E =
- x du x
- §W —ydU = of oxd(gzodydz = Of. cxdex(dxgydz)

gW is the work done on dxdydz,, and dU is the corresponding

increase in strain energy.
2

Designhting.the energy per unit volume (strain energy.

density) as Uy, for a linearly elastic material, we have:

i

. .

¢

T
-

Lerad, e o s nene RTINS

P

Y. S

ey

SR s 3
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Uo = jEe® = }o_ e ° > (2.1)

———

' This guantity represents the shaded area in Fig. (2.2).when

y ,
cx,oy and o, act simultaneously, the total work done is:
- ’
N T, o 7

2 : -

Ug = i(ox e, * oy ay + g, ez) ‘ (2.2).

' ~
2.2 STRAIN ENERGY -BUE TO SHEAR

The elastic strain energy associated with shéar
deformation is now analyzed by considering an~eiiment of thick-~
ness, %z, subject only to shearing st;esses, Txy (Fig.2.3).
From the figure,we note that shearing force, Txy dxdz, ca?ses
a displacemenq of ny dy. The strain energy due‘to shear is

i(rxy dxdz) (y dy), wherg ggg factor 4 arises because the

Xy
stress varies linearly with the strain from zero to its final
value.
The strain energy density is therefore: ‘ —//(
" & o :
~ \, Sy
e N
, Ug =4 7T = L 12 = 36 y2 ' 2.3
0 i Xy ny G Xy 5» Y Xy ( )

»

The total strain energy due to shqar alone is:

)

~ Ug = é(wxy Yy + Tyz Yyz T,
? _ -

Given a~Yyeneral sState oF stress the total strain enerqgy is

o /

Yyo) (2.4) °

Xz

found to be:

+

T e tmagicn
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o

o i——

. ofﬂer tobflng the deflect;on of the beam*ﬁauSed by shear. The

. vi™ ' o R
Lard U = f [I dA] dx - (2.7)
o 2612 b : ' ]
we denote . ® - . : ' \ . "
. A Q*
Fso= — [ = dA (2.8)
. s 12 b? 3
\ LY \
- - L

= + +
Uo = &(oe + 0 €y + ?lez Ty Yxy .
) : :

G Ty Ten F TagYay) : (2.5
- L c . R Yo "iv\
. - \ -
2.3 RELATION OF FORM FACTOR TO . .
STRAIN ENERGY ° , e ' \

'\} 3 e _ ) N

. . ° \
Strain energy methods are frequently employed to !

ahalyze the deflections of beams and other structural elements.

Her%, thewstraln energy due to shear w;ll be evaluated in

o

stress in a given section of a beam due to sheay is given by
/ : T :
Tuo - Pt =8 ' (2.6)

LI

From Equaﬁion (2.3), U = T2%/2G. S .. o

\ Substitutinéi)r from Equation (l1.6) .we have: : -

[

. v . VZQZ P}
¢ = — ' .
. _ 2G6I%b? ' \__
\ " |
D' ‘ I 4
Integratlng this expre551on over the voilume of the beam of

the Cross- sectlonal area\f, ‘we obtain




v

o e e S Y v 7 :
e o 0

| ‘This expression, F_, isfcalled the form factor fgf shear. -

"When this factor is substituted in Equatioh (2;7), the strain
o R b “
/. ‘energy can be expressed as:
. _ . F vz, dx
P ‘ < . g = f —2—G—A-— . . (2.9)'.
So, as is seen, the form factorﬁhas to be determined for a

glven section in order to evaluate the straln energy due to

3 shear, from whlch the deflectlon due to shear can be obtalned.

o . L

[3

, . The form factor is a dimensionless‘quantity which is

A ' . < . .
unique for a given cross=-section. s :
] ' . )
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2.4 SHEAR STRESS DISTRIBUTION IN T - ARD -
NON-RECTANGULAR SECTIONS

h)
& N .
2.4.1 T-Section ' 2t
ek
. Using the -formula .

o ' ) ’ .

i i vQ ' ’ X ‘ ,

I . . T = b / . (2.10)-

z =

g' *  the vertical shear stress distribution in the T-section,

) % ’ Fig.(2.4), is as shownz Its magnitude is maximum on the

4 N .

Tl neutral axis. There is a discogtinuity at the lower edge of "\

L A - o .

) the flange because of 1nstant change of w1dth rom Tw te B, )
- -

where Tw is the web width and B is the width of the flange. -

. ' Of course, this just gives an approxiTauion of the magnitude
¢ . ' M

of the vertical shear in the flange and is closer to reality

a4 e e e e S

- in the upper half of the flange.
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In ‘addition to the vertical sheég,there is a hori-
zontal shear (Fig. 2.5) given by the formula-
S .
\% X(H1-TF/2)TF V(H;—TF/Z)

T = = X
IT I
) ; F

, which has its maximum value in the middle of the flange and

has  to bBe taken into agcount.in the calculation of strain
\ *
energy due to shear.

—

9 .
2.4.2 Non-Rectangular Sections

v
~a .

In applying Equation;(Z.lO),‘the assumption has been
made that the hb:izontal combonenﬁ of shear is equal to zero

“and the vertical cbmpénent evenly distributed over the width

* - of the section;"In-bgkms of triangular or circular sd&tions,
\ . ' .
a uniform stress distribution cannot be assumed, since at any

point-on the boundary of the cross-section, the shear stress

"must be parallel to the boundary and on the vértical line of
{ .

i

¥

: s 1 ) .
symmetry parallel to the vertical shear force V, Fig. (2.6).

The tangential shedring stress q at* points‘ 1 and 2
‘of the ‘cross-section, Qill be directed towards point 0 on the .
‘-veréical line of symmetry of the cross-section, Fig.(2.7). |
It'islgenerally assumed that the\shearfng stresses at al;
pbinﬁs on tbe layer A-A are also directed towards point 0 ada

that the vértical°components of theselstresses are all equal

and uniformly distributed over the section.

r
o
A . - v
. ’
‘ 0
.
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" FIG. 2.6 STRESS DISTRIBUTION IN A
: CIRCULAR SECTION
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FIG. 2.7 STRESS DISTRIBUTION ON A TRANSVERSE
LAYER IN CIRCULAR SECTION
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S:Emil,arly , for 'a triangle considering layer A-A,
f . shear stresses are direétgd towards the head of the t:.riangle‘
(Fig.2.8)‘. “v{e derive an expression for the distfibut%on of
g - the vertical shedr stress across a circular section of‘ dia- |

jo o meter 2R, a§ shown in Fig, 2.9, in which

R coé(e) . < /

X =
: | 'y =R sin(q)
‘, | g% = R cos(6) ‘ s
, ~ dy = R cos(8)d8 ' ! -

~ The area of the elemental strip at a distance vy

from the neutral axis x-x becomes ) A

‘ . 2xdy = 2R cos(8) [R cos(8)]ag" m '
- [ . B
} ' .

&

da = 2R?cos?(8) de .
T/2
A,"' — VQ - V - V 4 . .
J . T I E YR sty ] R sRO)
H . [2RZcos?(8) ]as L ' S (2.11)
We note that o ‘y | ) e
" d cos(8) _ _ .
——ag————— = Sln(e) \
S _— SRS -
! : oL _d cos(8) = - sin(6)de
- . , ' 3
. ‘ Substituting this in Equation (2.11) gives =+

v
R XM o et i oG e 250 L5
e )
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o my g g R ws o aeevs e we

“u
. T/2 :
F T = — & I (-cos?(8)d cos(9) =

: TR3cos(0;) 9,

T/2

= 4v [.u. COSS(B)]
TR*cos (81) 3

01

-

_ “4v ! o + cos3(e1)] o&.jel) (2.12)

TR?*cos(0,)

Equation (.232) gives the shear stress for any section, y

distant from the neutral axis. The maximum value obv:.ously
4 5

occurs on the neutral axes when 6; = 0 which gives:’

T
d Aty LI LI i e, ¥ s

-y
R R B .Y

. \
T = ) (=) % (2.13)
max 3' “Rz 3'A ‘
: ., - For a thin ring, the sheaM stress distribution can |
B . - '
‘r ' be assumed at any point perpendicular to the radius or in 1
- a circumferential direction. Considering Figure 2.10, and 1
- the relation (3.7) derived in Chapter III: |
N 1
z S
- Q = [Aly
; % * 2
. Q 3 (§)sin(8) [R) - R7]
| - 2, . o3 _ n’ ¥
, ! L. Ve, (3-)31n(e)'[R2 lev. )
S , Ib I ’
S MRz Ri) o(m, - Ry) - i
. ) .. ) '. '. ) _i
' After simplification, this gives:. ,
4 ’ ' b v —:‘
4 ] . ’ * g
(3x)sin(9) 2 ‘
3 .
T = [Rj'i'l:.;R:'i'jov ‘ | . (2.14)
- t><2Rav><1r R +R ) . :
- R ‘
S
i '
- ‘
\ L,_ * . ¢ F’—rma_.-» L T
k. N B R ¥ ,;’m,.,\:
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= RitRa,

t = R -~ Ry

4

The expression within-the brackets tefnds to #/2, the

thinner we make the ring, so we have: ‘ . ‘
' 6/ ! ' : o P
) - = v ; . . .
- , T = m s:.~n(9) . (2.15) s . |
i . L - Tav .

. \ | , |
For 8 = m/2, i.e., on the neutral axis :

. - v = .Y. |
. Tmax ~ R_xEXm (2) A . (2.16) ‘ 1
! av . , |
-~ " - ]
. N . L
2.5 DISTRIBUTION IN HEXAGON _ {
. i ‘ | ’i

< -

A

We study the shear stress distribution®in a hexagonal ~ /“"
section by solving an example. T a ‘,

. ) | - N
According to the expression (3.28), the first moment

-

of the area of a trapezoidal section about-the neutral axis

M e

is given by . !

v

S | ,
- dly) = 723 () a’vT - (Flay?/3 + (3)y°)
L é' ‘ 1 "1, |
| , . C P ad/3 - (Fay3 + iy’ ‘
‘ iy L6V (X 2 371 @amn
| ' ) 5/3a ﬁa/? -y) , ’ . ' ;
l i - When y =0 - ‘ ) \ o : i
| /. X
16V ,1_, LV f
’ T = ( ) = 0.461 — .
‘ 5\/3_a" Ia az ; 3
(I N ~ b J
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Taver age 2

‘ : Z \
- - \
. g, = 0.46L.

T \= 1.2 T
0.386 "average' 1 average

"
/

When y = 0.2a " 7
’

T = 0.483 —
. ' a2

As we see in this particular cross-section, the

maximum shear does not occur at the neutral axis; the
\ ‘ :

shear stress distribution is as shown in Figure 2.11.

/

- TABLE 2.1 VALUE OF SHEAR STRESS ACROSS THE DEPTH OF THE
’ HEXAGONAL SECTION |

[

Y 0 0.2a 0.4a 0.6a 0.8a 0.866a

*

v 0.461-C | 0483 |0.436-L [0.315- |0.097— | o
4 a a?. a? a? a

b o 3708 o 1 R T
R TR« S A N -
PN AR A - L A D T A i 0 [ o s e
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' ‘ CHAPTER IIT .-
' - DETERMINATION OF FORM FACTOR BASED ON
‘ STRAIN ENERGY =~ { . ¥y
' In this Chapter, the formula developed in the pre-~ "’ '
ced:.ng chapter for rthe form factor w1ll be applied to several
; cross—sectlons. The expressg.ons developed for these sec—\\ /
N .

3

tn.oqs w:.ll _}be solved numer ically’ . '. ' -

; 3.1 FORM FACTOR FOR RECTANGLE

@ = |
Cons:l.der Fig.3.1l: <« ) ' ) }
! . Q = AY = b(h=y) (h - ——IY—) |
: S er o . . |
e f . Q = b/2 (h%=y?) T “
¢ ( | N , . l
Lt - , . ) ) 2 ‘ o
‘ ' ) F = A ! Q- da - ]
e ' - 12 b2 c !
| ' ’ ' 9 ) h ' ' . ’
| - F = h?-y?)db '
S , ‘ S 2bhS, - 4( yyavy . '
‘ ' - 9b .
o = [h*y+sy® ——hzy " X
‘ ' e 8 Bbhs . g h ‘ - .
: . - *
! . ‘, ' - 6
- : ) Fs°x \" ‘\
3.2 FORM FACTOR FOR TRIANGLE _ | 'J_’i‘ |
\ / The xX—-axis is chosen along the neutral axis of the /
. g
triangle thh the y axis pc?s:.tlve g:wnward as in Flg. 3.2. : f |
0 1
, | : ~ : \ P
| ks ~
". ! : *
] T §
LN o -
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¥

. . From Figure 3.2: N o T,
[ » - . 3 ' . 5

L . Q) = aF = FL(y)*(2h/3-9) 7
~'::( N ’ ’ - ] / : )

where o . R S ! | : .

e - ‘ ..
: ! Y 4is the distance from the neutral.axis to
SRLE the center -of the shaded area; .
AR : .
toar S T B . .
. rand . - : S o , _ ’
v . ) o 0 . . " v v
. A T ‘ . s . .
S c IR \Q . -, . L(y) is the base 'of the' shaded triangle . / ,
e N . 4

O expressed as' a function of y..

S dege
SR
*

A ' | B
. e o s e LY =y 4 6—3-—2211/3- : P ‘ .
"‘k .- : ‘/, N ."" ..1,, ‘:‘ o . . ) ‘ . ' , .
Y ‘ . y,:* , P . \ ’ -
R Lo-i 7 "ry  Now, an expression .should be fgund ‘for L(y). —
PR .o oy 0 ., o ' . . K .
P N oot LWL ' . i R .
gl R *
' v Assume
5 ’ . ’ ...”_' . ) . O \
A I .- L(y) =A'y +B'
_From dn' inspection of Fig. 3.2:: :
’ -,"‘A;“ " <o ' —-

o ‘ L

B y - h/3: - l ' *

- .o ‘L = 0 y 2h/3'

e . ' \ L . .
. . . R f)-; ‘ Y

e ‘After applying the bouné.ary conditions, we have:

~ e . . .
R T ;o Y4 N " .r
o ' e e L '
S , L(y) = (-B/h)y + 2B/3 '
. I S ' . Y
: A,_“y,’l“};us s~the findl .expression for Q becomes: \ j
. . S ey _ . : : , 7
. N e N v \ '.4 - * -

2h/3-

‘:. ly) = F(TPy+2B/3) (2h/3-y) (y+ )
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e

-

21
o
2 u
. Fs = _A— f\-Q—— dA ° — ’
' . 12 b? )
¢ t
‘ ' A=zBxh \/~
) I = Bh? .,
. 36 E
2h/3 () (CPy+2) 2 (25y)? %}—»zg)z(—ﬁng)
ES A f ’ T _ i . dy F7 '
- Izﬁh/3 (—Hy+2§)2 ‘
~ B 4
| | . ) g ’
. After simplification we have: . d'.:\\
\J>i ’ 2h /X l .o Q .
I3 3 K L 2 ,
. . Fs * i)y T (23 y) (—5’—+ *(CRre2glay  (3.1)

If thé values of an arbitrary t%iangle are substitut-
ed in Equation (3 1) and numerical .integration is done the

value of the form factor ‘becomes 1.2, Whl\h is independent of

“

the dimensions of the triangle.

]

¢, 3.3 FORM FACTOR FOR TRAPEZOID
a'h M

Consider Figﬁrq}3.3. The ﬁos{five direction o§ the

y-axis is chosen downward and the x-axis along the upper. base.

According to Figure 3.4, to find the neutral axis of
the trapezoid section, we have

}
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D N X FRTS . ey, ¢ e, N

o iyt

s R T e e s g e e o

‘ ) »

o e

o s e gy - - o
oL )
3
N x .t
X + h B
o .
x = Bt
B -t .
\ ht .
: .B -t _ t
' ht jTYy
B - € +h - Y = i
\ ” [
0w =B-BfEy o S 3.2)

’

' The above equation (3.2), gives the length of an
) ?

elemental Strip.in terms of its distance from the upper base.

vayo ="f ydA'

.Let , \ -
P K=§_.ﬁ._t-:
u‘ M * ’, ‘ .
*h B-t ;. B4t, . T /
J BY - y)ay = YO(—g“ﬁz' : T
1&

S ‘ B¥2 _ K. 3 h _ . B+t o
. ‘ 7 L §Y ]o = Yo (—2—*1) z
(3.5)

: _ . _ 3Bh - 2Kh® .
’ ﬂl El - Yo - B+t ' -

-

. After finding the position of the neutral . axis, the

moment of inertia about the neutral éxis will be found. .

1

a

From Figure 3.5, an expression may be developed for

an elemeﬁtal,strip, with respect . to its distance from the

.
3 .

v . . -
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ae

neutral axis. . Assume:

Y N
«,. s
L(y) = A'y + B!
X .
| i
L.=B : y = = N )
with the boundary conditions :
L=t y = h; !

After evaluating the constants A' and B' in the

- . ' N
above equation: . |
K (
. _ + ;
I L(Y)]— t BY + th‘ th (3.4)
Lgt:
M ) M‘E thl + th ‘
\ 4
So: (‘ ‘ K‘ -
. )
3 L(y) = =Ky + M
h, h, .
I= [ y3da = [ (~Ky+M)y3dy 3
rhy h, 1
. ' 4
ha -
BT AR - AR f
. > ‘7«{ )
Finallyf .
- P . A\
= - K 3 W 3 ;
~ 1 o)+ Fi o+ gt o+ (3.5) |
B i
To find the first moment of the area, considering %
- !
Fig. 3.6 , %
b
i
' {
%
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FIG. 3.5 TRAPEZOIDAL SECTION
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aly) = [A()IF = [A(y) J(y+2(y)) p

in which - y ;- _ ‘ | ‘
| | S Al = Lipte (hz-y) L
l :
Cbnsiéering Equation (3.2): ¢ -/ '.fv
o agy = AR Ayl 20 (hyy) (3.3)
'in Equation (3.;) /
) W= Ryt -t | f§»4) b

(ha-y) *

‘ v

After inserting the values of K and M in Eq. (3.4)

it is;séen that y is eliminated and W = K. R
2 Finally, we have:}}a : -
Qly) = [A(M 1y

\ Qly) = [BEME Ty + 2y S

- . f
A PR Ry) 1y ¢ z(y))?
Fg = S 7 - (-Ky+M) dy
12 -h, _ (<Ky+M) 2 ,
After simplification:
Ca Mo : .
= 3 I? -h; 4 (~Ky+M) |

The above expression is integraéed numerically and :

-

the results are shown in atable for yariouj upper base to
lower base ratios. )

/ '.
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3.4 PROPERTIES OF ARC SECTION

3 \ N - >
3.4.1 gCentroid of Circular Sector / '

[ 4

Considering the circular sector of angle 26 and

choosing the coordinates as shown in Fig. 3.7, we consider ele-

2

" S ) .
: We. have: . . .
-, / .

mental circular sectors v*?;can‘ be treated as triangles.

Ayq = [ yda
. A

l/\ o
\
‘\ T/2+8 .
20 1 . 2 .
=—(TR%)yqe = [ R*do x\= R sin(a)
S | /246 . C
Rzeyq = % Rs[:-cos(e)]n/z_e =>% R® sin(e) ~

or

Yo = %‘Réi—g—(se—)— . (3.6)

«

-

3.4f2 Centroid of Afc

+

For an arc having outer radius of R, and inner

radius of Ry (Fig. 3.8), we have:’ ‘

< n . .

) § / \
A - ZAY - = Ay . ' J
A2y, + A1yY1 = AYy
\ A> = R%9 .
I »
- A1 =-R%6 ¢
g |
N




v, . h\.
202 R 8in(8), _ 24,2 R; sin(8) = (R - R?
R?6 (5 =5=—=1) - RIS (3 =g ) = (R} =R} ¥
from which , .
. - 3 3 '
2 5in(6) (R - R) | -
= : 2 1 - (3.7)
¥ (R?. - R?) '
_( .
" 3.4.3 Moment of Inertia of Arc About !

" Its Neutral Axes

[

First, weé&ind the moment of inertia about the
N
orxigin 0 for a circular sector qf angle 26(Fig.3.9).

N

. . . \\'
I = f deAJ ‘ v »
n/é+e R
4 Ix = [ / (Rq sin(a)) ?Ry dRyda -\\\
m/2-8 0 ~
. N\ ’
) X %/ﬁ_e L4 8 2 T/2-0"
R . ' ~ -
I, = g—[26+51n(28)] (3.8)

* \

So, for an arc of outerfradius of Rz and inner radius of
i A -~ '

R, one has: \

' »

I =1, - I, = %(R:-R:)(26+sin(29)) !
\ 1, = Ix _ ij = %(3:_.R2)(29+sin(261) - —
ﬁ-z 3*4 ' %
2 2 7 Ei%T-QB—L(Rz-Rz)2 '
- (Rz=R;)8[ ]

(R2 _R2 )/2
2 1

28
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S R Y

Qr.

H
]

,%(R:-R:)(ze+si.n(ze)) -2 1 (3.9)

0 (R?-R?)

BT s ’ §
where Io is the moment of inertia of the arc about its

* neutral axi‘s, »

. - '
3.5 FORM FACTOR.FOR CIRCULAR SECTOR

Y

P

4 4 . K . . h .wl
: 2
F = _..A_... f Q__
S 12 . p?
et . ! _ 2
> A = R

&

I can be detérmi\ned using the formula (3.9) putting R; = 0.

o
kY

1

|

» The integration should be done in two parts:

Part (a) from O to R x cos\(a) , and

Part (b) from R x cos(6) to R.

Part ('a)
\

e
]

The integration from 0 > R . cos(9) for the .section

shown in Figure (3.10) -

A= 06R? - y% x tan(0) -

or?[3RERO) - y2 « tan (o) [§y]

Z =

" o (3.10)
J _ 8R® = y*° x tan(8)

=




) 3 5
-, Qly) = A(y)[Z~y,]

. ' . - : N
Yo is given by the formula (3.7) putting R; = 0,

' -
' ) “ -

'Z is given by Equation (3.10).

i > . tr

‘Rxces(ej o . .
xy= S XY Gy anie)yay (3.10)
oY tey tan(en® = ‘

1 “ ‘
.
.
o
.
5

/ e

For tgié part, fgﬁerring.tOgFig.“(3.ll)

Part‘(b)

]

L 3 N /’ s

Aly) = aR? - v2 % tan(a) -/;//
. ’ s . . " ’ N * .
i 2
g2 (SRR 2 tan(a) (3¥]

aR?* - y? tan(a)

‘ f
R 2 2
;= e . AS(y)(Z-yo)
X, = ,j L d
: Rxcos (8) 4y tan(a) Y

At a = % or y = 0, there jis'a singular pointgin the'

. ‘ -
_ integrand. - , . /

. To remove singularity one -has:

e
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coé(a)

i
wPZi
I

cos? (a) ’
' 1 + tan?(a)
N

L 4

tan (o) = /Rz/y"@: -1

x /1 - y*/R?

v T

y X tan(a) e
. S0 we Have , , . ‘
¢ : | :
‘ R 2 - 2 ‘?
X, = f AT(y) (Z-yo) ® 4 (3.13)
. " R COS(8) 2R/I-y?/R? -
.
‘Where o 0 ) ,
f
+ %2 is given by Eq. (3.12) . .
fel I “
\ ).
F_ = — (X;+X2) '
s 2
12 N ,
For the solla circle R1 = 0 and 6

=T and x; =0
’ 3 ¢
the express;on (3 11) is 1ntegrated numerlcally and the value of’",
10/9, whlch is the correct v§lue for the circle, is obtained.
Next, values of Fs for the circular sectors of differ{
ent angles (O < m/2) are obﬁained and are shown in the%graph

in the next Chapter. . ° ' -



o

3.6 . FORM FACTOR FOR ARC .
' —%

. <

ConSLderlng the shear  stress dlstrlbutlon in the

..‘, N

"ring in- Chapter IX, we first derive the form facto§~for a

\ ,‘ .

c1rcular rlng. For the shaded area, (Fig. 3.12), using :
Eq. (3.7) ¢ > ¢ . /
Q = A7 = 2 sin(a) (R*-R?) " |
: 3 . 3
: . ™ "2 'ésinﬂ(a.icn3—33]2 ) _ '
2 - Fs = 4h f . 2 1 (RZ_RZ 'da - . "
P . A . 4(R2-Ry)? SO )
‘v 1
¢ . 2 2 2 3 3 2 .
R 21 (R2-R;1) (Rz2~R;) s
. (R*-R*)*(R2~R1)? x"9 x 2
16€x2 1 .
’ After simplification we have:
’ 2 2
' 0 + +
A F, = [Rz¥ RiR2 Rﬁ ]
PN ’ R2+R2
The expression, in the bracket tends to 3/2 as Ry app;oacﬁes:
R , (the case of a ring), so for a thin }ing:
_ 8 3 2- A4
Fg =g (31 =2
o Nexi we/gfmceed to derlve a formula for an arc.
Cons:.derlng Figure 3.13: .

L B A Y - - . s - 2 v Py -y
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LAl

t

. 2 2 2 2
: A(a) = a(Rz-R3) dA = (R:-R;)du
, < /Z - 2 3 3 L . ‘ K
' (3)sin(a) [R2-R1] )
7 = . . st
. 2_p2 \ '
q(R2 R1) PO |
) e ] 2 N 2 2 2 ‘
ro= A g BlV@EYel (pirijae (3.14)
’ . . IZ 0 Z(RZ-BI)Z ' 3

. The above integration is evaluated nuﬁerically for
m/2 < 8 < ©, and the results are shown by means of a §raph

in the next Chapter.

« ‘ R L] _:;‘ ' ~
‘3.7 FORM FA\;TOR FOR CIRCULAR SEGMENT. < ' . .
- W ) ‘
' In calculating a form factor for a circular segment,

the moment of inertia about the neltral axis will be found first.

-

: ' ‘

’ 3.7.1 Centroid of Circular Segment )
C - ) . :
Consider Fig. (3.14) ,
: SAY = A

‘ . - Y Yo 3

) 2[06R¥sin(8) ~ R¥sin(6)cos?(6) ] . .
. - y =3 : . (3.15)

= o L0 6R*- R2sin(6)cos(8) o ) ~
. ) 1
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. 3.7.3 Calculation of Form Factor

-~

.t

. S

L

. o5 :
3.7.2 Moment of Inertia of Qﬁicular Segment

4

Consider Fig. (3.14). The moment of inertia of the

‘shaded-area (circular ségment) about point 0 is the moment

‘of inertia of the circular sector AOB about point 0 minus

. / ' ll
the moment of inertia of a triangle AOB about a point 0, j

. ]

SO: . . T .
L ’ ) )
I, = §-Lze+sin(2e)] ~ R*'sin(8)cos®(8)/2 (3.16)
I = VUL
= I, - YoA" -~
. ’ L
-
or" e
[ 2 .\
I =1, - [8R*-R?sif{(6)cos(6)lyo (3.1

in which °
yo is given by Eq.(3.15) and I is the moment of

inertia of a circular segment:about its neutral axis.
. .

-
'

) . | | .
Eg. (3.13) can be used to calculate the form (f//

‘

factor. . . /,?‘

R 2 - 2 , _
F,o= 2 s AT(y) (Boye) 74y (3.18)

12'%fq3§(e) 2/} - yi/R?
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where *
[ 4

Z 1is given by Egqg. (3.12), and

Yo is given by Eq. (3.15).

s

¢

Expression (3.18) is integrated numerically, and the results

are shown in Chapter IV. _ : ~ ///
- 3.8 FORM FACTOR FOR T-SECTION
-

First,the location of the neutral axis with respect

to the top of the flange will be found. Considering Fig.3.1l5,

we have:
LAy = Ay, = AH,
H, _IAy _ B x TF ij/z + ix Tw(TF+H/2)
i A BTF + HTw

A =B X TF + H X Tw

v

2 ‘
- B TF/Z + HTwT

2
F+H/2XTW
‘Hy =

W - (3.19)
B X Tp + H X T . -

The moment of inertia with respect to the neutral

axis (Fig.3.16) ‘ é

£
¢

‘
) Hy = Tp + H = Hy
B x T,
X
: - F _ 2 B: A
. I = 127 + B T TF(H1 TF/Z) + Tw X 12 +
) + (Hp-H/2)*T x H S (3£20)
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. _ Hy + Tp = K°

| ¢

Considering Eqg. (3.20) and*E"ig. 3.17, we have

2 ’ 2 !
- ( )
B x Tp/2 + (K-y)Ty, x Tq *']]i?—- x T

Z(y) = (3.21)
B x Tp + (k=y)fyy
Aly) =B x Tp + (k-y)Ty o y
' , [ B .
. _ Y = Hi = Z(y) (
N ’ ’ ) )
v Q= [B X Tp t (k-Y)Tw"] L (H =2 (y)) (3.22)
The above relation is wvalid for )
LS . -}
. H, - TF > y > - Ha
For Hy >y > K we have oo *\
L & a &\ -~
2 2,
- Qy = B/2(H;-y ) . (3.23).
Now, the effect of the shear flow should be.
considered. Consider' Fig. 3.18: . - RPN
] o : . -
Qz |= T, X ¥ (H1-Tp/2) (3.24)
’
Finally, we have v
SRR
'
» ( <
D e SN e e , T T gﬁ;’
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K [Bx Tp ¥ (k-y)T )% (H -Z(y))?2
X, = [ , m —— dy (3.25)
} ~-H2 W '

, H 2 2 ‘ . )
X2 = f 1'(—}“-}1—)— Bdy ~ - (3.26)

K
/2 T x y2 /z\)2 KR
B/2 T, x y2(H -T "
- F 1 PR
t - X3= 2f 2 - TF x dy w
; 90 . ‘F ~ . '
\\ C Xy = Ao x T (B -T_/2)2%B? ' (3 ‘27)
A V] F''y F \ :
A
P < 1 A : R .
2 ——— + + . ~
Fg 1’ (X1+ Xzt X3) ] ‘ ‘
3.9 FORM FACTOR FOR HEXAGON
L;"\ Cordsider the hekagonal section of Figure”3.19, with
\' side a.
I, = I of fectangle - 4 (I of shaded triangle about
: / . apex)
e dpx M - atedamt < his
Consider an elemental strip of width b and thick- °
ness dy . "

da = bdy
From similar triangles

2
) b:—(a{j-y)
Y3

¢
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FIG. 3.19 HEXAGONAL SECTION
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-obtained by. integrating from zero to Y3 a/2 is used to calculate Fg.

B) 1 45
. 2 L0
dQ = bydy = — y(a/3-y)dy ' ‘
] Y3 ;
' ' 2 v3a/2
y) === J (ay/I-y?)dy .
LY . f
i . J
2 v I‘\
- 1 1 ‘ 1 \
Q(y) = — [7 a’V/3 - » ay*/3 + =y']. (3.28) ™
/g‘_ I 2. ‘3‘

Because of the symmetry of the section, twice the value-

b

il

r
. " Y3 a2 2 V3 a/2 .
3 ;T a@a=2 g 2 g -
-/3 a/2 b? o b? \
? i 2 1 _ s=_1_ 1 3yq2
o e byt eyt Iy gyt
FS = "'"2- <f 2 ﬂy L .
- I CRE —~—— (ar3-y) oL
B ~ ‘/ ~‘ '-: ' ' b
¢ :
(3.29)
. ed |
The above integral is evaluated numerically and the
results are shown in the next Chapter.
AR ' ' :
- ' -~
. ‘ ¢ ‘Q
. v
. /’ hY
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Equatlons obtained 1n Chapter III for.a trlaﬁgle, trape-
\

zoid, sector, arc, segment, T and hexagon are solved' numeri-

'cally and the results are shown in this/Chaptef.

4.1 TRIANGLE o . '

s

For a triangle, the value of ‘1.2 was obtained inde-
. . . . //‘/.’ :
pendent of the geometry and dimensions of the triangle.. :

% LA . s

‘ The, vertical shear stress is assumed uniformly distributed on

x . . 4

" transverse layers and .the effect of the horizontal component

n
of shear is neglected. The blgger the side angles of

4 L] .
(\
. the triangles, the better is the approx1matlon. :

b

s T
.

For:a,;rébezoid,the‘same assumptions as for the
triangle were\maAe and it was-found that the form factor is

indgpendent of the height of the trapezoid and dépends onlyt
on the .ratio of the bases. It.varies slightly from,l.é.

) p . &
For B = T, a rectangle results and the value of 1.2 is

obtained. For T = 0, a triangle %esults and the valyé of ”

)

"1l.2 is obtained, which Verifiés;the Fesults obtained in 4

( . o -

‘Section 4.1.' The highest values obtained was 1.204 for

T/B =.0.2. So, 1.2 is a very égbd approximation for thé

- ' -
- form factor of the trapezoid. Table 4.1 shows -the results

-

‘s

obtained.
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4.3 CIRCULAR SECTOR ~

1]

\'. ‘ Firsf:, to verify the fofmulas; the sector was changed
to a full circle and the value of '10/9 which is given’in the
books waé obtained. Then, for differlent angl;s of circular
se‘ctors,‘i.e.,'lo'i 28 < 180 the form.facto: is found and

-*is plotted in the Graph 4.1.

e e '

. 1)
For arcs using"th:* shear distribution as described

'inmSection 2(\‘.3(b) , first the arc was changed to a full thin
ring and the value of.2'(the ;hinn)er ‘the arc the closer the -
bform factor approached i) was .obtained. Then, values of

the form factor whe{xr 18b < 26 < 360 were obtained. For

26 < 180, the shear} stress distribution deviates from being °
circumferentially ‘distributed, as descrilgecé._in Section 2.3(b).

Studying this distribution is beyond the scope of this

report. For small valués;of 20 and R; close to" R,, the arc

section.can be treated as a rectangle, assuming shear stress
v

uniformly distributed ? transverse layers and a value of

1.2' can be assumed. \

1
In the Gfap@ ‘4.2, the form factor is plotted versus

the angle of the arc.f and the ratio Ri/R; varies from 0.99 -~

to 0.6. It ig %*lear that the smaller the ratio R;/R, , the

greater is the error resulting from the assumed shear distri-

bution™® However this gives a good approximation(,with Ri/R;
. R ‘ o ¢
having a value up-to 0.6.
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. 4.5 CIRCULAR SEGMENT

The results obtained for circular segments indicate
that the range of variatioen of form factor is small for
. : dffferent values of D/B,Jgs shown in Figure 4.i. The values
of the form factbr from D/B = 0.5 (that is a half—cirgle)

to D/B.< 0.022 is shown in _Table 4.2.

l ~
%;ﬂv 4.6 T-SECTION '

g/ In a T-section, the value of the form factor varies

>

- widely, accofding to ‘the dimension ratios of the section.
We have four dimensions in a T-sectioh,/so we have three
indepquent dimension ratios, namely B/T.,, TF/D, D/TW; In
order to obtain form factors of the m&st possible practical

- | : ;
T-sections,the ranges of variipion of ratios are as follows:
w

30 > B/T; > 5 Lo

¢ 2o

. 0.4 > T/D > 0,02

—
: "

.

- » .
. . .30 > D/T, > 5 | T

‘The values of the form factor for different ratios of
) E B/Tw, TF/D and D/TW are plotted in_the Graphs 4.3 to 4.10.

The form factor for the ratios between those givep in the

*

graph® can be found by interpolatiom. K ]
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4.7 ’'RESULTS FOR A HEXAGON

-

3

' For a hexagon, the value of tﬁé form factpr'was‘

Y

o

estimated at 1.1097, which is very close to the value ﬁof a

circle.(1.1111 ....). This is reasonable because in tn%

7

limit a hexagon can be changed to a circle by increasing the

.

number of sides. . .
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TABLE 4.1 FORM FACTOR FOR TRAPEZOIDAL SECTION

E

t/B IS EgE'RATIO OF LOWER

UPPER B

"BASE TO

€/

Al . | . ' 0.0
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TABLE 4.2 FORM FACTOR FOR CIRCULAR SEGMENT
~ D/B IS THE RATIO OF DEPTHS.TO

WIDTHS ,
D/B .. Fg
0.500 1.162 ¥
0.458 1.164
b.a20" 1.166
0.384 1.168
0.350 1.169
0.319 1.171
0.289 SL172 | oA
0.260 1.173///" <)
0.233 1.174 |,
0.207 1.175
., 0.182, _1.176 -
04d34 1.177
0.111 1.177
*0.088 1.178
0.066 1.178
'0.941" 1.178
0.022 \ 1.178 /

‘-]\
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. CHAPTER V

CONCLUSION

. - <

f - .
. -
v
o °

-

~ The following results are obtained from this ‘study.

of the wvarious cross—-sections:

¢

(1) . _.For a triangle: R .

The form factor is independent of the geometry-and

T has a value of 1.2. S
(2) For a trapezoid:
A 1Y

The value of the form factor’, F_ is independent of

the depth of the section and depends upon the ratio T/B

wvhere T and B are Yte width of the lower base and

upper bi¥se, respectively. -.For different values of T/B,

~

. Fs wvaries| £rom 1.2. to 1.204. Soe for a trapezoid, 1.2

.

is a goéd approximation regardless of the geometry.

% (3) For a 's‘ectgiz
It ranges from 1.162 which:is for half-circles, to ’
< 1.2 which is for an’gles'less than 10°. This is reasonable

" . ~ " , . ]
b%c,ause for small angles a sector is almost a triangle.

[2ue N

q ' ) .
o (4) For an arg: . v\ i
N ' ' ) \

The values obtained are for the arcs which subtend

-

angles‘ of 360,i 26 > 180, Obtaining Fg for 26 < 180 is .
beyond the sbope of this réport because ﬁcrg complicdted

N

shearing stress distribution across the arc. :

p
>
'
t
:! ;.
*
~




i

For segments of-acircle:
o =

The range of variation is small and F, ranges .

from 1.162 to 1.178 for practical dimension natidg of

D/B = 0.5 to D/B = 0.022.
-
(6) For the T-Section:\\g

3 > B

.. .= _The range of variation is wide and is strictly depend-
‘et on geometry.

.
)

> (7) - Y Por a hexagon: -

3

. .
}

The value of 1.1097 was obtained, which is very close
: . ’ Y '

to the value of a full circle. . )

Pl & ' . . .

L
4




.

B - TRAPEZ0IDAL. SECTION; C — HALF CIRCLE;
D - .HALF QF .A- RING; E = HEXAGONAL SECTIQN

S T~
%, “ .~

‘ O* N > . 4
. v . ’9 -

"] ) \
) ™ ) ' . °

- e P \ ’ )
TABLE 5.1 FORM FACTOR FOR: A - TRIANGUIAR SECTION

‘ ! Cross-Section FS
|
| . 3
‘ A 1.2 ooy
- 3 1.2% .
1.16
7 %
" 2.5 .
L
hd : ‘v/' > \
, \
,, o ) ? , ~ \\\
. . r . E 71,1097 A
[ \
e e .
L}
* For trapezoidal sectiom, the maximum '
/ value of form factor obtained was ’ ,
/ . 1.204. ‘ ‘
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1)
t1ce

‘

PRCCRAM TRI(IHPUT CUTPUT)

"EXTERNAL F
CCH4MCN F, H

pe 1ce 1'1,4
READ 1,E,E
FQRMAT(2FE.2)
A=, E*B¥I
Al=BeH##3 /34,

X=DCAERE(E,-H/3.,Z*H/B.,l rE-S,1.CE-9, ERR,
PRINT 10,X,ERR,IER

(2F1E.8

FCRMAT (1H
[Sa(A/AI*%2)%X
PRINT 11,FS

FCRHDT(lH ,"FQ-',FIO.‘)

CCNTINUE

sTCP

EMD

FUNCTICM F(Y)
CCMMON B, H

"(('B/V)‘”+2*E/3 y*{(2sm/2

RETURN
END

»

«

S

I%)

»

Ef:!lf(i*Y/3.+2*H/§.))'*2/4.

-

IER)
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PROGRAM TRAP (INPUT, OUTPUT)

EXTERNAL F,2 .

COMMON a,,n,'r BK,H1,H2

B=20.

H=2S,

Rel, ~

N=]

DO 100 I=l,N

NaN+1

IF(R-C.C1) 21,27, 20

TuB 4R

AA= (B4T ) *H/2.

AK=(B-T) /H

Hlm (J4E*H=2#AK*H*22) /(34 (B+T))

H2=H-H1

CAm(T*H1+B*H2)/H .
Al (=AK/4 Y HHIRHA 4 (A3, ) *H2** 34 (AK/A,) *HIA* 44+ (/2 , ) *HI%*3
X=CCADRE (F,-Hl,K2, 1.CE-9,1. CE~2,ER], [ER)
FS=(AA/AI**2)*X e

PRINT 11,R,FS )
FCRMAT (21t ,"T/B=",F4.2,5H ,"FSa"™ ,F8,6)
R=R-C,.CE- . -\
CONTINUE ' T :

sToP : 4

END . i
FUUCTION 2Z(Y) & '
SCHMON B, H,T,AK,FLl,F2,A

T (3% (- AK"1+A)’(H2-Y) 2%( (= Ak-y\m-.)-mz-v))/m- -J\K‘Y+A+T))
RETURN

END '
FUNCTION F(Y)

TOMMCIt 8, H,T,AK, B1, H2,A

F-((("-AK*Y+A)'(H2—Y)/2 )'*('{+2(Y')))"2/(A-AK*Y)
RETURYN

ENC

s
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. PROCRAM SEC (INPUT,CUTPUT) | . w : :
. EXTERNAL F1,F2,F2,F4,65 -
COMMON R1,R2, TET,YQ 'rs'r}\ Y8 o

R2=40.
TETA=190.
A=, .
25 R1=R*R2
; o N=1 N
. DO 10¢ I=1,N o
N=N+1 - '
. L TETA=TETA-1(. )
o IF(TETA.LT.10.) GO TO 2% -
TET=3,141592654/360, *TETA ‘ ’
Aw(R2VW2-R1**2)4TET |
T YO=SIN (TET) * (R2##3-R1%*3) /{A%1, 5)
© Al=l,/a, -(a"'a-nwu)n(z'rz'nszmz'n'r)) ~4./9.*SIN(TET)**2% (R2**
, S3-R1**3)##2 /A
K ) . ' X=DCALRE (F1,R2*C0S (TET}, Rz,hre -9,1.rE-9, ERR, IER)
3 ) xl-ncAm,s(ss,p.,nz*ccs (TET),1.CE=~9,1.rE=9, ERR, IER) '
E : . . ’ L mX+%1
L . PRINT 37,R,TETA,FS )
. 27 FORMAT(3H +"RI/R2=" ,FS.3,5H | +"TETA=" ,FS. 1, 5H  “FS=,
. SFe.n) o ] ) .
g . e . 100 CONTINUE . - . ) : '
o ? S0 TETA=170.
b - 101 CONTINUE , . ' :
) 28 STOP . . . ‘
- o . EMD
) FUNCTION F1(Y) '
COMMON R1,F2,TET,YO, TETA,YB .
AL=ACCS (Y/R2) ‘
IF (AL.EQ.C.)} GO TO 30 ) '
3 . - .IF(Y¥.EC.-R2) GO TC 1C
S=SCRT(1-Y *#*2 /R2%%2) o ) .
¥ ) A=ALSR2#%) ~R2%Y+D C ’ . .
. . Y. Z=(R2**3IE~R2%ys02#B) / (P, 54p) S
! .. ' . FlaA*"Z'(Z-YB)**2/(2"’R2'B) . . o
p . \ GO TO 40 . . -
x . C Fil=0, ' ,
: : C RETURN .t
1 END . -
. K .. FUNCTION FE (7) . Y
A X oo COMMCN R1,R2,TET, YO, TETA i . N
: . IF TETA.EQ. 1BC.) GG TO 20 )
- . IP(Y.EC.C.) 8C T0 2C o
SN . A=TET*RIM*I=Y+#2+TAN (TET)
N} ] L S Z=(R2*FIPSIN (TET)-YANISTAN(TET) ) /(1.5%2)
1 . FEmA®#24 (20 ) #42 /(2 %Y *TAN (TET) ).
_ : GO TC 20
. 3 . FE=n,
' 40 RETURN
- ° END

P

o




PROGRAM FOR ARC

s




PR( ARC(INPUT CU‘I‘PUT)
ERMAL F1,F2,F2,F¢,FS '
. COMMON Rl,P(., .E.,YG, TETA, YB

R2=40.
TETA=27C,
Re=l.
m]
0O 1C1 Jal,®
Mam 4]
ReR=-0.C1
IF(R.LT.C.S) GO TO. 25
R1=R#*R? .
N=l .
D3 160 Isl,M
HasN+1 .
TRTA =TETA-IC.
IMTETA,LT.10.) GO TC 2%
TET=3.141502654 /340 *TETA °
A= (R2*#2-R1**2) *TET .
YO=S IN(TET)* (R2#*3-R1##*3) /(A*]1. 5
Al=1,/9, '(R2**4-R1"4)*(2'TET+STN(Z*TET)‘--‘ / L*SIN(TET)¥*2%(R2%+
SJ qlti'l)ti’)/p .
X=DCAPRE(F2, 0., TET,I. re-g,l.ca-e, ERR, IER) .
FS= (A/MF*2) *X .
, PRINT 17,R,TETA,FS )
27 FCRMAT (3u ,"R1/R2s" ,[FE_2,¢H ,"TETA=* ,FS,1,5H
SFE. %) ) .
160 COMTINUE
€0  TETA=]TC,
FRINT 2¢
38 FCRMAT(/////7)
11 CONTINUE
2¢ sTep
END
FUNCTICM F2(ALF) .
CCMON RI,F2, TET, YO
, IF(ALF.EC.F.) SO TO 3C
A=ALF* (R24#2-R1#*2) .
7m (R2¥4J-R1#* ) #SIN(ALF) /(1.° .
F2m (R2##2-R1*#2) 'A"*Z'(2—‘!0)“2/(2*(R7-R‘ Y)Re2
GO TO ¢
FamQ, -
RETURN
END

&

S
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ey

/ B

J ‘ , . C.
! PROGRAM SEC(INPUT, OUTBUT) ‘ : Co :
‘ EXTERNAL F1,F2,F3,F2,FS .. L : ‘ .
. ' CCYMON R1,R2,TET, YO, TETA, YR . , ’ . .
T, . - p2=40, | _ . et o : , )
. TETA=1CC. ' ) ‘ . o .- ‘ / :
» 1 R=, . , , ' ’ ot
25 R1wR*R2 . . T . . . . o r 0 -

(-a @, N=] ° N

DO IfC I=} M o . ‘ .
N=N+l - - . . e,
TETA=TETA-1C. . . N . .

. IF(TETA.LT.1C.) CO TO 25 v . .

13 -TET=3.141502654 4250, #TETA ( i ' .

| A® (R2*##2-R1%*2)4TET . ° .o

M YO=SIN(TET}*(R2**3~R1%%3)/(2*] &) - ¢
AA=A-R2**24SIN (TET) *CCS (TET) ’ '
YBe (A*YO-R24#3*S 1N (TET) *COS (Tsr)"z*(z /3.1 /8A .
D=RZ2=R2#*COCS (TET) . ) , .
B=2*R2*SIN(TET) \ -~ ‘ s

A=0/E ; ! . .
A:l-(azf*4/°)t(Z-Tar«».,m(zm-az*'q*srwrs'r)*cosr's'n"’/ : }4
A!-AI.}‘AA*VB"‘2 , )
. X=DCADRE (F1,R2*CCS (T£T) ,R2, 1 cs- ,1.CE-¢,ERR, IER) A
. FSe (AA/AI**2) % (X] ' - e
¢« . PRINT 2€,RR,TETA}FS ’ _ A\
g Ecwm(-lx,sz,'o/s-',sa.s,sx,'rs'x'A- (ES.1,5%X,"FS=",F9, ) ‘
CC  CONTIMUE ‘ .
0 TETA=3TQ, ] s N
r1  CONTINUE . ‘
S STQP . . - .t
1] o . . ’ L
. FUNCTICN F1(Y¥) ( ]

Y, CQMMOM R1,R2,TET,YO, TETA,YB : s
ALSACCS (Y/P2) . ‘ . . :
IF(AL.EQ.C.) GC TO 20 : ) -

. IF(Y.EC.~P2) 30 TC 2C Y
BaSCRT (l-Y*92/R24%2) , ' C
A®ALFR2%#2-R1*Y #p . ’ ‘ : . o
Zm (R2**3%E-RZAY*42#B) /(1. 5%A) : ’
Fl-A"'2*(7—YB)"Z/QZ‘RZ*B) R o . .
Co TC 40 . T . '
. Flso, ' . ) . » ,
4C  RETURN , - .

LI aniay

»
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. R=AT/My

L ‘ i , .

_PROGRAM 'TEE (INPUT, OUTPUT)
EXTERMAL. F1,F2,2
CCMMCN B, TF, H, TH,
Tivs] ,
;LFP=d, ° ’ - . .
EET=0, ' ./ :

CAiq=a, .
Lo 162 1=1,5 > .
CavlsGAM+l, ! . ' -
- DRGAMRTW .
£O 101 J=1,20 1
BET=BET+C, C2
TE=BET*D
H=C-TF

LO 1l0C ¥=1,%5
ALF=ALF+1.

AK, 1,112

o

N N S

BsALPATY . . : '

BEl=(E*TF**2 /2

H2=TFHI-H1
A=BRTE 4+ *TW

AT =B*TEw*3 /1 E.+B"TF* (H1=TF/2.) **2+TW* (H**3/12,)+ !-('7#2,‘2-.‘4/2.) *ED )

STw*H - : .

A Kl }-TF
:(l-DC)\DRE(Fl,-H:,AK,l.(‘ErQ,l.CE-Q,ERR,IEB)
X2=DCACRE (F2,2%,111, 1. CE-9, l.CE—?zFRR,IER)
t( *TF* (HI-TF/2. )"""P""/lz
X=X 1+X24X 2

FS=(p/AT**2)#X

AW =T

AT=aAW+R+TF

«HIPTWR (TF+H/2.) ) / (E*TF+*TW) '

FRIUT 11,Cot,EET,ALF,R,ES g -
FCRMAT (1%, SX, D/v~.-',s=.:,=x,"'r Du" ,Fa, 2,sx 'a/"'~-' Fe. 2, 5X,
SerT/Mi=® FT.2, 5%, "FE=", F‘

CCNTINUE :
FRINT 28 B
FORAAT(//// /)

ALF =4,

CONTINUE < : :

BET=(, ) : ' )
CCNTINUE . . . .

sTop -

ZNC . o
FUNCTION Z(Y)

~QUMON 8, TF, K, TW, K, 1, 2
Z*(E'TF""/Z.*(AK-Y)'T""'FH(i‘
RETURY

END

FUNCTION F1(Y)
COMMCN 8, TF, B, TV, 2K, H1,12
Ela((BHTF4+ (F X-Y)*T1) # (H1-2
RETURYM

ENC

FUNCTICN F2(Y)

CCHMMON 8, TF, 1, TV, K, 'L,
Fz-‘F/_' \ ‘(FY""_YQ"‘)!
RAETURY :
ENMD

SSY) ##2) #T/2.) 7 (EVTE +.(A%=¥) #T)

(o) . °

Y‘))‘*Z/"' )

B2
*2

B
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PRCGRAM HEX (INPUT, GUTPUT) T : i
- EXTERMAL F , ' ‘ )
CCMMCN B, S « .
S*SCRT(3,) - :
Ba2C,
Am3*TApswd /o,
x AI=S*SEE*#*4 /117,
. X=NCALRE (T, C.,S*8/2.,1.CE~9,1, CE~9, ERR, IER) .
RS FSa(A/RI**2)#2ex : .
PRINT 12,E,FS )
FCRMAT (1X, EX, "B=" FS,2,5%, "FSa~ ,F7. 4)
© STOF
T END . . .
FUNCTICN F(Y) ‘ N
TOMMCM. B, € ' '
. AL=(2./S)% (R*S=-Y)
- T 7SV R (L, /NS HE**3-5/2 *BaY #4241, /1, 4y en])
Fuae2,20 .
RETUR!
@ . END .
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