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Figure 2 illustrates the origin of the term ‘hydemgembrittlement’. When a tensile test is conducted
on a steel specimen at room temperature in aiistten at fracture is slightly dependent of straite,
while the cold temperatures have a significantafte the embrittlement. This is not the case when
the specimen is immersed in a hydrogen-containimmiy@nment (such as a gaseous medium
containing molecular hydrogen gas) [5]. In hydroggsts, the ductility decreases when the strag rat
diminishes. Hydrogen embrittlement steel is alsmashby the fracture surface. Unfortunately, the
worse case which promotes the brittleness hapgensma temperature and low strain which are the
conditions of pipelines in service.

8 $5=$

( 2>

So, how is affected the Clock Spring repair crdenivhen the steel is weakened by the hydrogen gas ?

! Toh, T., Baldwin, W.M., Ductility of steel with vging concentrations of hydrogen, Stress Corro§iaacking and Embrittlement, ed. W.D. Robertson,
Wiley New York (1956) 176-186
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Before to analyse by numerical simulation the hgdroeffect on the Clock spring repair criterion, an
experimental case has been tested consistingipeadpmaged by an internal loss and repaired by
Clock spring. It has been burst with water pressoiigheck the relevance of the numerical model.

I"# $%0& &H'H() *H+ H)-IH.

An internal metal loss has been machined in a 208fe of the circumference of a 24” (609.6mm)
diameter pipe. Pipe and defect geometries are giveables 1 and 2

DIAMETER (mm) 609.6
THICKNESS (mm) 9
GRADE X52
TYPE OF . _
MANUFACTURE Longitudinal welding
YEAR unknown

Table 1 : Pipe geometry

Type of defect Internal metal loss
Length (mm) 1090 mm
, 1050 mm
maximum : 76 %
Depth (mm) average: 72 %

Table 2 : Defect geometry

The capacity is composed of the portion of pipélie defect (an internal metal loss), and of 2scuf
reinforce comprising dished bottoms. The tube &edcuffs are welded; the thickened tube is
machined to ensure a progressive transition téetred from the welding in the thickness. Figure 3
shows the view of the internal metal loss in thgepnd the Clock Spring

Figure 3 : Internal metal loss and Clock Spring
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Figure 4 represents a longitudinal cut of the capadth the defect and the Clockspring
The defect was machined by a millstone to obtainiform internal metal loss.

cuff

Clock Spring

«—

\ The pipe with th

internal defect

Progressive transition

? F
Y -+ 1) .
Young’s modulus (MPa 210 000
Yield strength

(MPa) 390

Ultimate Strength (MPa 509

Average elongation of 2304
rupture
;0
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on CS in the centre of the
defect beside gauge CE1
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Figure 11: Evolution of the gauge located on tleewt in the opposite to the defect at the timéef t
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Pressure vs differential en circumferential strain
110

O o e e e e el L -
90
80 =~ —mm e m e m e m

F( IR e e i S e

60 -

R R e

Pressure (bar)

40 A

30 +/-- . b

—— CE2 gauge
20 4 ——Cilgauge

- Ci3 gauge
10 ===

Ci2 gauge
T
|

0 T T T T T
0,00% 0,10% 0,20% 0,30% 0,40% 0,50% 0,60% 0,70% 0,80% 0,90%

Differential strain

Figure 12: Differential strain from gauges durihg burst

Figure 12 shows that a defect of the type of irdenmetal loss holds to inflate under the actiothef
internal pressure.
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1. Main steps of the test procedure
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2. Measurements carried out

Seven sizes were measured:

The pressure P (in bar).

The deformations E on the pipe and Clock Springg)n

Tensions of the LVDT and the gauges of rupturev@it).

The swelling of the pipe (displacement in mm) usangensor placed at the center of
the defect.

Change of the temperature during test (in °C).

Two were carried out before and after each phasesaf
The thicknesses E (in mm).
The diameters D of the pipe on steel and CS irouarsections (in mm).

The results of these measurements are gatherbis iappendix:
The site of measurements of diameter.
The cartography thicknesses.
The positions standards of the gauges of deformatio
A table which indexes all the instrumentation uaethe time of the tests (reference of
the instruments, precision...).
An example (in the form of photograph) of measuneinoé swelling of the tube.
Detailed results of the test whose generic synagsis
- Synthesis of the test
Given complementary
Measurements of thicknesses and cartography afdfest
Photographs before and after test.

Gathered by page, curves of test:
For the monotonous loadings (1st rise, 2nd risd,lamst):
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P =1{(t) and P = f(displacement)
The gauges by which one has measurements, indgamation (14 % maximum) C1,
Ci1, Ci3 and in small deformation (4 % maximum) CE2:
P = f(eca)
P = flecin)
P = flecia)
P = flec2)
P = flece2)
P = f(rupture indicator) et T(°C) = f(t)

3. Plan of positioning of measurements of diameter

?
After grinding.
Before the installation of Clock Spring.
After the installation of Clock Spring.

L
—
50m e

Measure in the plan D3 D1

passing by the 7y

centre of the defect

D4 / \ D2
VL/
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4. STANDARD CARTOGRAPHY THICKNESSES
type of defect : metal loss

LENGTH (m
m)
10 20 30 40 50 60 70 80 90 100 110 120 13 14 150 160 17 18 19 20
IA/BIC /I J/E FIG/MH /Il /3 /K /L O 0 /O [P 0 00/SOT
M N Q R

10
20
30
40
50
60
70
80
(m 90
m) 100

110

IH0—-=

The locatable letter or figure is useful when finer complementary measurements are carried out.

5. TEST RESULTS

BURST TEST
1) result
Pressure of [1% increase ofPressure of the 2™ increase of | Burst Length of width of
the machined the pressure | setting CS | The pressure |pressure | the breaking | the breaking
defect (bar) | Pmax (bar) (bar) Pmax (bar) (bar) (mm) (mm)
0 35 20 75 105 960 16
Maximum deformation in %
Gauge C1l Cil Ci3 CE2 Cc2
1st increase 0.55 - - - 0.04
2"% increase 0.77 0.19 0.4 0.06 0.15
Burst broken 0.51 1.41 0.27 broken
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Welding pipe

Scored pipe

Clock Spring position
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Pressure vs circumferential strain C2
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