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1
g ABSTRACT:
4 The shear stress resulting from a lateral shear force in the pipeline is normally assumed
5 to variate according a sinus curve over the circumference. Moreover the shear stress is
6 assumed to be uniformly distributed over the wall thickness.
7
8 In this case study we will proof that both assumptions are not correct.
9
10 We will show that the deviation exists mainly at the top and bottom of the cross section
11 of the pipe relative to the neutral line.
12
13 . . . .
14 It has not been my intension to abuse any person or company with these small articles and
15 case studies. The statements in these studies are for discussion reference only and you
16 are kindly invited to respond.
17
18 All positive contributions are welcome.
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Compairing differend methods of calculating the local stresses in a pipe

Input data
Outside diameter
Wallthickness

Design pressure
Modulus of elasticity

Shear force

Bending moment

Torsional moment

Calculated data

Inside diameter Dij=Dg-2dy
Outside radius pipe wall R, =05D,

Inside radius of pipe wall Rj:=05Dj

Average diameter D g~ Dy-dy

Cross sectional area pipe A pipe = % <D 02 -D i2>
Moment of inertia pipe | pipe = é <D 04 -D i4>
@ is the angle of the Lateral shear force vector relative to the z-axis

o is the angle under consideration and varies from 0 degrees to 360 degrees

D, = 508-mm

dg:=11-mm
P 4= 80-bar

E = ZOSSOO-L2

mm

F gt = 1000:N
M p, := 100000-N-m

M ¢ = 1000-N-m

D =486-mm
Ry =254*mm
Rj=243-mm

D 4 =497 *mm

- emm?
A pipe = 17175.087*mm

= . 8 . 4
I pipe = 5:306°10% *mm

¢ := 90-deg
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The formula's used in the comercial computer programmes are based on thin cylindrical shells. In this
case study we will proof that the shear stress does NOT simply variate according sin(a) over the

circumference. We will proof that there is a discontinuity in the area above line H-K in the next figure.
We will use the general equations of calculating shear in the pipe model.

‘ FORCE

At first we determine the length of the lenght A - B and D - E. These lenght vary over the
circumference. We have worked with the absolute value only. Later on we include a sign convention
of the shear force stresses.

Equation of A -C Equation of O-C

Xx(D,a) := 0.5-D-cos(a) y(D,a) := 0.5-D-sin(a)

Equation of B - C

‘- 050 i_sin<acos<y<D o,a>))

0.5-D;

Equation of the variation over the circumference of point 'B’

. (D 0-sin(a)>
asn| ———

Dj

B(a) i= if(y(D 0,&)‘ <05D;,

,90-deg)
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Graph showing # as a function of o. As o grows point "A" will pass "H". At that point 8 is 90 deg
and remains so until point "A" passes point "K".

360-deg T T T T T T T T T T T T T T T T T T T T T T

LOCAL SHEAR STRESS RESULTING FROM A LATERAL FORCE IN THE CROSS SECTION OF A PIPE

Some pipestress programmes (like PLE) calculate the shear stress from a lateral force
according the following equation

Flat
TZp =-2

: -sin(oti - q))

pipe

Some other programmes (like P10) use a more complex equation
2D “F jat

lat .
% 232 <, -sin <o<i - ¢>
Dy +dyg : pipe

n =

Both equations give approximately the same results. And both equations variate according a sinus
curve over the circumference. In this case study we will use the general equation and will proof that
there is a discontinuity of the stresses on the top and bottom of the cross section.

Graph showing the small deviation between the two widely used equations

max(TZ,:)—max<12372> TTTTTT T T T T T I T T T I T T T T T T I T T T T T T I I T T T I T T TITT Il T

TZR— 23 2

NN AN
360-deg

min(TZF)fmin<12372>OllIIIIIIIIIIIIIIIIIIIIIIII |

max (TZ ) - max(t p3 p) =5.702:10 ° *MPa min(TZ g) - min(1 53 5) =-5.702:10 ° -MPa
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Calculation of the cross sectional area above line A-E

Alis area of segment A-T-E
x<D 0,0())
D .2

atan( <D >
Yy , o
Al(a) = 2-W o ~X(Dg.a)y(D o)

T
4
A2 is area of segment B-D

X(o)

Dj

A2(a) = if||y(D 4,0) | <—
‘ (Po >‘ 2 360-deg 4

The area of the cross section above the line A -E of the is found by subtraction

A(a) = Al(a) - A2(a)

atan< 5 >
Z.M'E'D - x'(oc)-Y<D o'“> O-mm

2

0.2 [~ T T

0.15 —

0.05 —

0 o

Graph of Cross sectional area above line A - E

360-deg

0.015

AN

0.01

0.005

360-deg
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Length of line A-B and D-E at location "C". This is the line under consideration. It may be clear that the

length is not constant.

( ( (O.S-Do-sin(a))) D;
b(a) = cos|asin|—— | |-—
05D 2

b(a) = if(‘O.S-D O-Sin((x)‘ 205D, ‘cos(a)-D 0‘ ,b(a))

D
cos(oc)-—0 -
2

>.2

0.140024 T T T T T T

3.1105e-017 | | | |

Calculation of loadpoint from cross section of the segment of a circle

Is
I
R C
12-Al(a)

12-A2(0)

z2(o) :

0 |o

Loadpoint of pipe cross section above line A - E

12-A _ z1(0)-Al(a) - z2(a)-A2(a)

z(a)

A(a)

360-deg
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0.254
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—
R

fail)

N
N

—
R

Nails

Iy

/

0 0.785 1571 2.356 3.927 4.712

5.498 6.283

0.25

0.2

0.05

/

0 o

In this case study we have worked with a z that is
positive for the whole circumference. Since all variables
of the equation of the shear stress are positive this
would mean that no negative stress would occur that is
not the case. The stress is negative in the second and
third quadrant.

360-deg

SIGN CONVENTION OF REACTION FORCES

z is adjusted according this sign convention

2(a) = 2(a) 1@
cos(a)

The shear stress at any point according Formulas for Stress and Strain page 91 formula (2)

B F |at-A((x)'Z(0L)
b(a)

t(a):
Ipipe'

TZp =-0.116-MPa
180

Tinside (@) = ©(B(a))

1(0yg) =

-0.116 -MPa
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Graph showing the discontinuities at the top and bottom of the pipe relative to the neutral line. It also
shows a difference between the outer and inner pipe and thus proofing that the shear stress is not

uniformly distributed over the wall thickness.
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