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ABSTRACT

The equivalent displacement of crack tip GE is used as the descriptive
The

parameter for mixed mode in a pressure vessel with slant crack.
resulting formula under the linear elastic condition is in between S
criterion. Other formulas that we got for the vessel

criterion and —
crack initiation pressure, burst pressure, bulge effect and flow stress
3 1=3

inder elastic plastic condition are in accord with the experimental result
of some pressure vessel with slant notch. By means of these methods, we

have assessed a ¢1800mm and a ¢1400mm pressure vessel with hundreds slant

cracks and have made it on service successfully since 1976.
I. THE LINEAR ELASTIC CASE

The equivalent displacement of crack tip SE is regarded as the vector

sum of the opening displacemnet of crack §y (mode I) and slide displacement

~f crack 58 (mode II), that is:

5 = /ST (1)
shen olay and T/Ty<0.65, we have gotgi]
[(éf-)?x; + <;'§y—)2z<;1fi‘ 2 Ky (2)

As shown in the Fig. 1, the cylindrical vessel with a slant crack is

acted by internal pressure
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. where t is the thickness of wall, and R is the
. This paper
* § theor¥ radius of cylinder.
° Ugmax theory

Substituting formula (3-4) into (2), we get
the calculating formula for the non-dimensional

critical pressure:

90°

? P.R : . .
~§;—/§ = [(1+sin26)2 + 4sin?8cos?0(1+sin?6)2 +
Fig. 3 ~1 Kqg
+ 3sin“Beostp]™¥ 2&
W (s)
The value determined by formula (5), S criterion and max. tangential
stress (Gemax) theory are shown in Fig. 2. One can find that the value
obtained by formula (5) is between S criterion and T omax criterion. The
s A
angle of initiation crack:
-1/37 -1/3s1in6cost
B8g = 7 = P el b
9 g Iy te 1+sin?s (6)
It is in accord with S criterion and Uﬂmax criterion, (Fig. 3.)
II. THE ELASTIC PLASTIC CASE
For elastic plastic case, it is obvious that critical pressure can
not be calculated by formula (5). But,
So_ 4 G
S0 = —RY7 1ce = —RYT ks
So - Insec 5e 8g p 1lnsec 5% (7)
Py 1%
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where Opy’ pr are tensile and shear yield stress in plastic zone.

After substituting it into formula (1)

OE = F VQprlns_cag——) + (prlnsecszy) 8. (8)

The equivalent stress og satisfies Von Mises yield condition

1
cg = g% [(1+sin?8)2 + 3sin2?08cos?8]° (9)

In view of consistence of sizes of plastic zone produced by tensile

o P o &
ctress and shere stress, one can obtain —& :-—QL, £ - Y then,
p © o 9 %%y T Tpy
s T =5
Py Py y
Formula (8) can be simplified as follow (considering the coefficient

of bulge effect Mg)

5o = 80,a 1ns T MO E § s T (10)
E = ~;% nsec 5 oo Oy T Upy opy 1

“o the pressure for crack initiation is

¥

ot o ™

P :42§ 2 y cos  exp(- -
¢ " Me/(1+sin29)?+3sin28cosze

(11

froa straight crack we have

g TES
L -
IR .. S "4 EHE lexP(“'gg :
¥

Me/(1+si675)2

) (12)

80.a M (P_R/T)
= X" Insee L8 (13)
TE 2 .

y

c

Using the following formulas of linear interpolation and curvilinear

interpolation, we obtain the coefficient of bulge effect Me of slant crack

M, = {1+[0.32+(1.61~0 32)23]- —‘ﬁ}% (14)
le = 5 - - . po Rt
-
Me = [l+0.32(1+usu18)~ch-] (15)
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III. BURST PRESSURE

The calculating formula of vessel burst stress for plastic case is

~ _ 1 Ou
O = s Og = a, + 2(c)u oy) = (18)

where oy is flow stresss The calculating formula of flow stress above is
the emprical formula we have gotEZ]. It is in accord with the data of burst
test of more than 180 vessels made in China GMRI and abroad.

The burst pressure of vessel with slant crack is

g0

QtM

P = 0 (17)
£ R (1+sin?6)2%+(sinbcos6)?]

i

IV. THE EXPERIMENTAL STUDY OF THE PRESSURE VESSEL WITH SLANT CRACK

Do these calculating formulas accord with practice? For this, we made
a group of model vessels from 18MnMoNb steel. The condition of their heat
treatment is classified into two c¢lasses, such as normallize temper, and
QT-temper. The chemical composition, mechanical properties and fracture

toughness of base material and weld seam are shown in Table 1 and Table 2.

Table 1 Chemical Composition
Composition %
Material
C Si Mn Mg P S Nb
Weld Seam 0.14 1 0.28 1 1.40 1 0.50] 0,017 | 0.014 | 0.026
Base Material 0.21 1.50 | 0.51{ 0.01 0.0u1

Table 2 Mechanical Properties and Fracture Toughness

. Oy “a §  (mm)
Condition of Heat c min mean
2 2 . =3
Treatment kg /mim SEqmn HEST PERULES value value
Q~T Base Material 61.33 73.33 0.095, 0.092 0.082 0.0935

- 0.075, 0.087, 0.087
~T E . . *
Q-T Electroslag Weld Seam 65.33 75.33 0.076, 0.072, 0.088

Q~T Manual Well Seam 65.50 77.50 0.143, 0.155 0.143 0.1u9
Normalized Base Material 45.83 61.00 0.088, 0.11 0.088 0.099

0.072 0.0808

Normalized Electroslag

3. . 8¢ . . 0.074 0.075
Wald seam 43.67 62.83 0.077, 0.074
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Artificial notchs are made on the model vessel which are at an angle
of 0°, 15°, 30°, 459, 60°, gg° respectively. We cut through the notchs with
electric spark first, and then cut 5-6mm narrow notchs at the both end of
the model vessel with a saw blade of 0.1mm thickness. We increase pressure
slowly and measure the initiation crack pressure of the model vessel by
accustic emission techniques.

The comparision of the experimental results with its design value is
shown in Table 3.

(1) The formula of non-dimensional critical internal pressure and
angle of crack initiation under the condition of linear elasticity is
between S criterion and %oiak criterion.

(2) Under the elastic-plastic condition the design value is basically
in accord with the actual measured value. It shows that the formulas men-
tioned in this paper can be used to estimate the pressure of crack initia-
tion and the bursting pressure of the pressure vessel, and the crack tip
equivalent displacement of the vessel.

(3) Mode I and mode II displacements all have an effect on crack
initiation. According to the formulae we obtain 6y and 85 in accord with

with the results measured by the feeler pin type cip-gage as shown in

Table 3.
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