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Parts II: EXPERIMENTAL RESULTS 
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Abstract-In the frrst part ofpaper both theoretical analysis and experimental equipments have 
been presented. This paper inc1udes some experimental results concerning residual stresses 
relaxation in welded pipes using variable torsion strains. 

1 .  Introduction 

The level ofthe residua! stresses in the welded pipe has heen determined by different methods, 
namely, the cutting metod (determining ofthe detlections ofthe longitudinal cut strips by 
electroerosion [2] , the drilling metod by using proper tensometric transducers [2] for the 
differenly loaded samples. 

The parameters ofthe loading cycles are presented in Table 1 .  and Fig. 1 .  
The loadings have not exceed l O s cycles due to the samples cracking tendency in the intented 

areas at the ends (part 1 ). 
This paper presents only some ofthe results obtained after the drilling metod application. 
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Tabelul l 

Nr. Sample Paramctcrs of vibration nrocesses li I Supplementary 
crt. cod a · I O'" b · I O·' 

[rad/mml [radlmml 
I 20 O 3 36 2 21  O 3 36 
3 22 3 36 0 26 4 23 3 36 1 35 5 24 3 36 1 35 
6 26 3 36 1 35 
7 27 3 36 1 35 8 28 336 1 35 

9 
lradhnml IITb-7'{ 7'\ 7\ � I7-V-'L \L 

t - la+b-sln4-t)J-e 
a ... - Hp 

P - lrequence 
o 

Fig. 1 The parameters 
ofthe loading cycles 

3. Experimental Results 

tis) 
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t · 3600 ...... force Obs. 
[sl rMP�l Fz [N] 
I 41  O li". 5 
3 41 O liR. 6 
I 44 O li ... 7 
I 57 O liR. 8 
3 57 O li ... 9 
5 57 200 0 5  57 500 

O S  57 1000 
Measuring Equipments The accomp lishing 

gnnnment of device suitable for the drilling ali 
and peďonning has been imposed for the 
drilling method ( RY II  Hottinger Bald win 

been 
vice 

Messtechnic Gmbh transducers have 
used ), Fig.2. 1be apparatus includes a de 
for the pipe positioning, a driving a dial 
indicator for the feed measuring, an ele . . ctronic 
eqwpment for the electric drivmg oftbe 
motor and for noticing tbe rnilling cutter 
contact with the pipe. 

The dynarnic loadings in the resonance regime have been done it the elastic dornain 
• ('t_y =-ro d 3) from two reasons firstlv. to orotect the vibrator and, secondly, to render 

evident the number of loading cycles. Afthough the level ofthe applied stresses is relativey 
reduced, hower, after approxirnately 2500 loading cycles, the residual stresses 
'tl<)' R,crx\crzR -Fig.3, have the tendency to change their sign, from compression stresses 
becorning thrust stresses, a filct unfavourable from the view point ofthe fatigue strength. As a 
whole, the equivalent residual stresses (the case ofthe symrnetrical a1ternating cycles) are 
decreased wiyh approxirnately 1 5-20%. From a view point ofthe vibration regime there have been 
noticed phenomena characterized by reductions ofboth the maximum arnplitudes and ofthe 
correspoding loading frequencies from 8,9Hz to 8,OHz. These tirne vibrations ofthe frequency and 
ofthe arnplitude are the result ofthe fatigue phenomenon. The superirnposing ofsome torsion 
s!atic loadings ower the dynarnic symmetrical 
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a!temating ones-samples codes 22,23,24,25-Tables I ,  detemůnes the increase ofthe average 
loading stresses, a fact mentioned in the specialized literature as having direct implications on the 
damage, irrespective ofthe material nature. 

Fig.2 A1igning and driIling device 

Thls damage process can 
be rendered evident by 
ana!ysing the 
microhardness distibutions 
[6] . It is possible (as an 
assumption ) that this 
phenomenon should be 
produced by the 
intensification of the 
microcracks iniation 
process on stating with the 
most loaded materia! 

physico-mechanical parameters. On taking into account the above mentioned facts, the 
samples codes 22,23,24,25 have been used to render evident the role ofthe loading 
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Fig.3 .  
The distributions of  the 
level 1 residua! stresses in a 
point from the welded area 
of a 038x2 pipe 
(unIoaded) 
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Fig.4. 
The distributions of the 
level 1 residua! stresses in a 
point from the basic 
material of a 038x2 pipe 
(UIŮOaded) 

Fig.5 
The distnoutions of the 

level 1 residua! stresses 
for a 038x2 dynamically 
loaded pipe accordind to 
Table 1 by the drilling 
method (in welding ) 

For the first parameter there have been kept constant samples codes 24,25,26 ) the loading 
parameters of a .. relaxation " cycles on doing experiments for three loading tiine intervals in an 
increasing order ( 3600, 1 0800, 1 8000 cycles ). The torsional loading according to the " 
relaxation " cycles determine as well the reduction ofthe maximum equivalent stresses from the 
outer and inner surfuce, respectively, of the pipe. The superimposing of some rather reduced . 
thrust axial stresses over those corresponding to some torsional cycles loadings (" reJaxation " 
cycles ) has determined an accleration ofthe process ofreducing the residua! stresses, samples 
codes 26,27,28-Tables 1 .  
The increase ofthe axial stresses determine modifications in the distribution ofthe applied 
stresses as well cracking tendences in the joint areas. 
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As expected, the increase ofthe average applied stress, ofthe loading amplitude and ofthe number 
of cycles, directly mvours the reduction of the residual stresses from the presure welded 
longitudinal pipes. 
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5 .Conclusios: 

Fig.6 
The distributions of the 
level 1 residual stresses 
for a 038x2 dynamically 
loaded pipe accordind to 
Table 1 by the drilling 
method (in welding ) 

Fig.7 
The distributions of the 

level 1 residual stresses for 
a 038x2 dynamically 
loaded pipe accordind to 
Table 1 by the drilling 
method (in welding ) 

• the reduction of residual stresses by torsiona! cyclic loadings is posible, the complexity of the 
phenomenom beign dependent on the level ofthe applied stresses, the average applied stress, 
the number of cycles, the magnitude of the applied axial stress and less on the loading 
frequency; 

• due to the shape ofthe used sample there have not been successful tests with high applied 
loads or up to grat number of cycles because of cracks which appear in the clamping ends 
areas; 

• one can consider that the " relaxation " phenomena ofthe residual stresses are due to the " 
relaxation " phenomena of the residual stresses are due to the intensification ofthe 
microcracks initiation process on starting with most loaded material volume. 
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Fig.8 
The distributions ofthe 
level I residual stresses 
for a 038x2 dynamically 
loaded pipe accordind to 
Table I by the drilling 
method (in welding 

Fig.9 
The distributions of the 

level 1 residual stresses for 
a 038x2 dynamically 
loaded pipe accordind to 
Table I by the drilling 
method (in welding ) 
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