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v Testing of the adhesive bond in the operating state
N Hydrostatic internal pressure
N Cyclic internal pressure

vy Testing of the adhesive bond under construction
N Tensile test

v Improvement of impermeability
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Pipe material Testing sleeve Amount
D, t Material Procedure length
[mm]  [mm] [-] [mm] [-]
% Internal static pressure 6 v
=§ 168 7 s355 Internal cyclic pressure 550 1 todo
& Tensile Test 3
o Internal static pressure 2
_g % 508 9 X60 Internal cyclic pressure 700 2 todo
z Tensile Test 0

Adhesive
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- 5]

1 Specimen 3 Signal converter 5 Scales 7 Hydraulic pump

2 Pressure transmitter 4 Signal output 6 Water reservoir 2 Pit
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1st specimen 2"d specimen
7> Leakage within the adhesive layer 7, Leakage through the borehole

7> max. pressure p,.., = 87 bar ‘3 max. pressure p,,,, = 67 Bar

calculated burst pressure:
p, = 383 bar
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Leakage

v partially liquid adhesive (not cured)
v unfavorable impact on the adhesive

Y, water creates a channel between the tube and adhesive

Peeling stress
| / - - /Sleeve
C—— = Adhesive

“—Pipe

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,
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3'd specimen 4th specimen
>, Leakage within the adhesive layer 7, Leakage within the adhesive layer

7 Max. pressure p,,, = 109 Bar 7 Max. pressure p,,,, = 38 Bar
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v adhesive fully cured
v pores — no influence

v small cracks due to shrinkage?

small cracks
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Yy problem is hydrostatic pressure !
» separation of the adhesive layer
v centering of the pipes

v standard seals

> fixed stop Support ring
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5t specimen 6" specimen

V|

v Leakage within the adhesive layer Leakage within the adhesive layer

v Max. pressure p,,.« = 133 Bar v Max. pressure p,.x = 94 Bar




JoinTec Meeting 2009-12-02/03 — SZMF Experimental Testing r‘ SALZGITTER
MANNESMANN

Analysis of the experiments FORSCHUNG

Ein Unternehmen der Salzgitter Gruppe

Seal Seal Leakage
Adhesive

"+, adhesive constrains seal
7, tight tolerances

7 installation procedure not easy

Pipe

Adhesive layer
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" cyclic pressure 2 — 24 bar intended

7> failure at p; < 2 bar at first pressure increase
> adhesive almost completely liquid

"~ adhesive mixture not correct

v not detectable in non-destructive testing
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between the pipe
and adhesive layer,
south

uncured adhesive,
unfavorable load case

between the pipe
and adhesive layer, 109 bar unfavorable load case

south

between the pipe
and adhesive layer,
north

inaccurate sealing,
unclean sealing surface

Completely liquid

B-1 Complete <2 bar adhesive

> static

,cyclic”
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Testing under laying conditions
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"+, Tensile test
N maximum transferable force
N behavior of adhesive bond under tension

Equivalent stress

[MPa] ;
‘%ﬁ ?f.‘a.
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136,9
111,2
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59,7
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Tensile Test JoinTec SALZCITTER
Fipe-hr. 8 'l:ﬂl:t;\nr\lght.l:lj ?LTF:.I?;JN -
Measurerment: @168 3mm x 7 o B ReSIStan Ce
1600 1 F,=1474KkN © steel pipe:
o P
1400 | ) N/ g - Frax= 1503 kN
I = /7 = ~
i / A / \ T8 adhesive:
1200 4 . .
/ M //J/- k T7 I:max: 2181 kN
1000 + J‘_,,__, ]
E 800 1 5 g
500 | / e 7 \ <  Stresses
| 13
e
L T 2
200 ,/:_‘:_,_—'_"j il GmaX: 410 Mpa
/ e = adhesive:
0 ]
1] 10 20 TraveSID(mm) 40 50 60 Tmax: 10 MPa
| —— Force ——D0MS 1/above — D5 2/ mid —— D5 Sfbelow
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Tensile test on bonded steel tubes / RFCS JoinTec

Measurement Pipe: @ 168,3mm x 7,1mm / S235 E F“:J]KS['\:L',_':SAI“N ReS|Stan Ce
F.

Measurement Sleeve: @ 193,7mm x 8,0mm / P235 TR 1 Test date: 12.11.2009 FORSCHUMNG

1600 T F —1455 kN 1 steel plpe
oo | F. = 1503 kN

1400 +
1300 4 {10 .
1200 ///, adhesive:

1100 I /
- F = 2181 kN

1000
g 900 + / <
S 800 6 95
e 700 / T %
= 600 |

500 | L — T4

a0 | P Stresses

300 Tension 1 5

200 l = ——DMS 1/ Pipe below || steel plpe

100 I // DMS 2/ Pipe above | | )

el 1 1
0 e R A — — — e 0 —_—
0 5 10 15 20 25 30 35 40 45 50 maX 404 MPa
Travel (mm) . max. force: 1454,66 KN ad heSIVe L

Travel withi max. force: 40,03 mm

1 .= 9,9 MPa
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v Findings from internal hydrostatic pressure test
' mixing ratio is of utmost importance
1 seal improves impermeability (needs to be developed)
1 even under poor conditions at low pressures leak-proof
1 behavior under cyclic load unknown

= |

»
7

v Findings from the tensile test
“laying a pipeline is possible due to axial force
1 bond strength as high as strength of steel pipe

R

L=

v General knowledge
“ for pressureless pipelines (water supply) already applicable (p,,,> 38 bar)
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Further development
development of the concept of sealing
long-term internal pressure (cyclic)
testing on larger diameters (OD 508 pipes)
testing of further load cases (bending, CSM)
Pipe material Testing sleeve Amount
No. Da t Material Procedure length
[mm]  [mm] [-] [mm] [-]
- A Internal static pressure 6 v
O
% B 168 7 s355 Internal cyclic pressure 550 1 todo
UE) C Tensile Test 3
o D Internal static pressure 2
% % 508 9 X60 Internal cyclic pressure 700 2 todo
z - F Tensile Test 0
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