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Subject Reinhold-Spiri formula derivation based on Prepared By YUDHI Date 9-Oct-15
axisymmetric radial load on pipe lateral surface

This calculation was conducted in order to verify Reinhold-Spiri formula as a slip crushing load (Fz) based on axisymmetric
wedge that generates axisymmetric radial load on pipe lateral surface. As the wedge slip bite on pipe, pipe shall be
exposed to radial load. By using Lame equation for a thick wall cylinders, the axial and hoop stress on pipe ID can be
estimated from radial stress acting on pipe OD. since radial stress as a function of axial load, the axial load at which

VME stress at pipe ID reaches stress to cause pipe yielding can be determined.

Nomenclature
oD Pipe outer diameter
ID Pipe inner diameter
A Pipe cross section area
AL Pipe lateral surface area around slip bite
Sy Pipe yield material based on grade
Fa Pipe axial load
Fr Pipe radial load
L Slip length
a Slip angle
u Friction coefficient

S, Axial stress
S (o) Radial stress (outer / inner) N b é
Sh Hoop stress |
K Tranverse factor from axial stress (S,) to radial stress (S;) EB {
Fz Slip crushing load
Let
S = (KA{/A)S, ___seepage 2 for transverse factor derivation
From Lame equation for thick wall cylinder (S;; = 0 as radial stress on pipe ID vanish)
S, = [(OD? + ID?) / (OD? - ID?)]S;; - [20D? / (OD? - ID?)]S,, o

= - [20D?/ (OD? - ID?)]S,,
= - [20D?/ (OD? - IDH)|[(K A; / A)S4]

Apply VME stress equivalent on pipe ID.

Sy = {{(Sa-Sa)* + (S-S + (Sh- Sa)1/ 2)°
= {((Sa)* * (Sn)* * (Sn- Sa)*1 1 2°°
= {[(S,)? + (- [20D? / (OD? - ID?)]|S,)? + (- [20D? / (OD? - IDA)]S,, - Sa)? 1 2}°°
= {[(S,)? + |- [20D?/ (OD? - ID?)|(K A1 / A)) S4f? + (- [20D? / (OD? - IDAI(K A1 / AL) Sa - Sa)? 1 2)°°
= {[(S,)? + |- [20D?/ (OD? - ID})|(K A1 / A)) S4f? + (- [20D? / (OD? - IDAI(K As / AL) Sa - Sa)?1 1 2)°°
= {S,2[1 + [[20D?/ (OD? - ID?)](K A, / A))* + ([20D? / (OD? - IDAI(K A1/ A) + 1)2] 1 2)°8
=S, {{1+[[20D?/ (OD? - ID?)|(K A, / A))]? + ([1 + 20D? / (OD? - IDA][(K A, / A))?| 1 2)°°
= (F,/ Aq) {1 + [[20D?/ (OD? - IDH))(K A / A)1? + ([1 + 20D?/ (OD? - IDI)][(K A; / A))? 1 2°°

F.=(S,. A1) {2/ 1 +[[20D/ (OD*- ID?)|(K Aq / AL)I* + ([1 + 20D?/ (OD” - ID?)][(K A / A))*)°°
since

A= T1/4 (OD? - ID?)
Al=TmODL

F.=(S,.A){2/[1+[[20D*/ (OD” - ID*(K A,/ A)]” + ([1 + 20D/ (OD? - ID?)[(K A / A))*1}*°
=(Sy.A){2/[1+[KOD/2L) + ([1 + (KOD/2L)*}°° @

These information's are solely provided for educational andfor discussion purposes and should not be interpreted as a
recommendation for a specific treatment plan, course of action or product/service. Use of any of this infomation does
not replace consultations with individuals qualifiedin these respective fields.
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Transverse factor derivation
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Free body diagram determination /
Fr+Ry+puR+Fa =0

Fa=Rysina+pRicosa  __ for sFy =0 |
Ri.cos a =Fg + pRy.sina for sFx =0 Fr J
o -3 |
- . F. |
Fr =Rj.cos a-u.Rysina -
/ 1
=R;.(cos a - p.sin a) .H

Ry =Fgr/(cos a - p.sin a)
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Fa =Ry.sina+ (u.R4).cos a

=R;.(sina + p.cos a)

=[Fr/(cos a- p.sin a)] (sin a + y.cos a)

=Fgr [(sin a + p.cos a) / (cos a - p.sin a)]

= Fr/ cot (a+8) — — _[4]page 157
Fr = Fa . cot (a+0) _ cot (a+6) known as transverse factor
Fr =Fa.K from pipe axial load to radial load

Then

SrO-AL =K.Sa.A1
S = (KA1TA) S,
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