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Abgtract: One of Fhe main issu'es in relation to the pipe systendesired velocity, space limitations, process requirements
design process is the analysis of the quality and strength @lke free drain or requirement of straight run, stress
joints occurring in them. The analysis is necessary because ghalysis, temperature of fluid, etcs, [5, 13]. The

the possibility of a damage of tieesystems that could cause gyr\cqyra| integrity and fitness for service of refinery
dangerous incidents in relation to the safety of people and t iping installations and welded jointsspecificrequire

environment. The most common cause of this type of th derstandi f ific threat il ted
danger is the sudden appear unexpected catastrophic er quéﬁ? erstanding or speciic threats, mainly unexpecte

static loads. The paper presents a series of mahand  catastrophic impact loads due to e.g. collapiseearby
experimental tests of the impact of qestsitic loads on the Structures like walkways, vesselswers, etc. Piping
character of deformations and the strength of the welded joirgystems are designed, fabricated, and operated to ensure
of pipes made of API 5LX80 material. In the first stage of thea very high level of structural integrity because the
work, the strength analysis of the pipe without a weldtjoi consequences of structural failures can be very severe
and with a weld joint was performed using finite element  \when specifically fie damages take plac€].[ The
method (FEM) The purpose of this analysis was to identify yesults of catastréyic failure are increased risks to
the load causing the strain of the specimen to the Strengﬁersonnel high economic losses and concern regarding
limit of the material used. Based on the identified Ioad,,[he safe ’plant operation. Theeakestand the most

experimental t&ts were performed on a pipe specimen with a i f DiDi t kind of ioint
weld joint. Obtained results of numerical and experimenta ensitive areas ol piping Systems are any Kind ot Joints,

tests alloweddeterminingthe maximum load causing the Put Specifically flange bolted joints and welded joints,
strain of the material at which the weld joint is not damaged. despite of the _modern quality _assurance systems
Key words: piping, welded joint, API 5LX80 material, —commonly used in the case of piping installations of

norlinearstrength analysefattening tests refinery plants. In case of welded joints, the main
objective is to gainknowledge on an influence of
1. INTRODUCTION catastrophic impact and quasatic loads of welded

joints ontheir properties, which can be useful in safe
The piping systems of refinery plants are generallydesigning of piping systems to avoid the catastrophic
considered to include the complete irtennection of failure of the refineryplants. Pipe Diameter Factor
pipes, including idine components such as pipe fittings (PDF), one of basic failure factors of piping systems,
and flanges and most criticalwelded joints(Figure1)  considers that the bigger the pipendider the greater
[2,4,5,8,911-14]. Pumps, heat exchanges, valves andhe potential severity of failure. For instance, the
tanks are also considered part of piping system. Pipingonsguence factor for a pipe of laches (304 mm) in
systems are the arteries of refinery plants industriafliameter is highethan a factor for a pipe of Biches
processes and the contribution of pipsygstems are (2032 mm). As the most modern and typical solution of
essential form point of view of efficiency and safe piping installatios API 5LX8) high strength steel pipes
service of the plants. The initial design of a piping3239 mm (1275 inches)diameter and 10nm wall
system is established by the functional requirements ghickness were selected and four welding processes
piping a fluid from one point to another. The detailedwere used to produce specimens for getgic tests:
design is decided by crifarsuch as type of fluid being Manual Metal Arc (MMA), Gas Metal Arc (GMA),
transported, allowable pressure drop or energy loss;peed Short Arc (39, and laser + GMATo simulate
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catastrophiqquasistatic loading of MMA, GMA, SSA pipe joints welding process root pas laser welded
and LASER + GMA butt welded joints of piping and filling and cap passes GMA welded, was
presented in the Fige3 andFigure4.

installations the following study were done:

1 FEM modelling to alculate the value of the force
needed to flattefl,3,7] thebutt welded joints of
API 5LX80 pipes as per EN ISO 8492:2004
(Figure?2) [6],

Quaststatic loading experiments of butt welded
joints specimens

Fig. 1. A view of typical elements of the refinery piping
installation where pipes butt joints are weldiedhorizontal
T PC (2G) ad vertical positiori PH (5G [2,8,9

In the Figire2 was presented guidelines for the process
of flattening pipes during strength tests. In the work, the
value of the force necessary to obtain a plastic
deformation of the pipeto an intermediate form
between the undeformed pipe and the completely
flattened pipe, was determined using of numerical
analyzes.

=

l ] T ) ]
_2b/2 _
Fig. 2. Metallic material§ Tubei Flattening test as per
EN ISO 8492:2004 , H flattening parameter = 66% x A
for paent material or 70% R for welded joint of the tube

2. PREPARATION OF SPECIMENS OF BUTT
WELDED JOINTS OF PIPES

To prepare the butt welded joints specimens of API
5LX80 pipes323.9 mm diameteand wall thickness
10 mm [10] for catastrophidmpact and qaststatic
loading experiments, the Welding Procedure
Specificationss WPS were worked out in Mostostal
S.A. Zabrze, PolandT h e WPS6s of
welding processes, commonly used in production of
piping systems of refinery plants: MMA, GMA and
SSAW, ad one, the most modern solution of butt
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‘Welding Procedure Specification WPS-MMA-01
a) Rev._00
1 WPQRInr N/A 8  Examiner / test body: N/A
2 WPQR2nr: N/A 9 Method of preparation and Mechanical
cleaning
3 Location: Gliwice / Poland 10  Material thickness .t" [mm): 10,01
4 Welding process 111 (MMA) 11 Outside diameter ,.D" [mm): 3239
5 Joint type: BW 12 Welding position: PC (2G)/ PH (3G)
6 Parent material specification API 5L X80
)
Weld preparation details (sketch) :

=

foa gy

a=50+60,b=2+4,c=2

e

7

WELDING DETAILS
Size of filler " Type of
- Rk Cureat Volage el Travel speed Heat imput
Polari
] TAL ™ o Tom/min] Wem
PC /2G
| Jootrn [ 25 s 7s o« 2ofpcs o 70 o+ e
13 | el Lni 3.2 s+ 125 |30 + 260 [pC+ 160 + 240 [ss - 98
e + - + +
wa[o=Cmslin 2 115 125 [230 260 [pC+ 160 240 [s5 )
PH /3G
1 frootrn  finn 25 s + 75 |no + mofoc+ o+ 50 i+ 2
) -] Y 3.2 10 + 120 [230 + 260 [pC+ 120 + 160 [16 + 125
o [o= i 3.2 110 + 120 [230 + 260 [DC+ 120 + 16076 + 128
csopns
16 Filler metal: 22 Prebeat lemperature: min. 100°C
C AWS. 23 Interpass temperature: max. 250°C
ENISO IK275.A: £.69 § Ma2NICrMo
Bazms
17 Trade name: Conare 85 24 Post- weld heat treatment: NA
18 Any special backing or drying  vacuum pack 25 Time, method: NA
19 Gas/flux: 26 Heating raes: NA
- shielding: NA 27 Cooling rates: NA
- backing: NA 28 Other information: NA
20 Gaz flow rate: 29 Welding details: NA
- shielding: NA
- backing: NA
21 Tungsten electrode typelsize: ~ N/A
Preparact by
Welding Procedure Specification WES-GMA-01
b) Rev. 00
0)
1 WPQRInr N/A 8  Examiner / test body: NA
2 WPQR2nr NA 9 Method of preparationand  Mechanieal
cleaning
3 Location: Gliwice / Poland 10 Material thickness ,.t" [mm): 1001
4 Welding process 135 (GMA) 11 Outside dismeter D" [mm): 3239
s Joint type: BW 12 Welding position: PC 2G)/PH 3G)
6 Parent material specification API SL X80

a=50+60,b=2+4,c=2

Weld ion details (sketch) :
13 v \(Ls/ : 14 4 J
e | AT

b

[WELDING DETAILS

Size of filler 5 Typeof
. Carent Voltage 5 Travel speed Heat imput
Polarity
Tmm] TAL ™ Tem/min] Tiem]
PC72G
1 Jootrn 135 12 100 « 10 [160 +  1ooct [0+ pofse + 100
L I o BB 12 199 + 220 |15 «+ 235 [pc+ [0+ 340 ss - a9
sl > = -
“ s 12 190 + 220 |ns 25 [pct [0 340 |58 89
PTG
| Joonn 13 12 oo + 105 Jieo - sofoc+  Joo - nofss + iea
P = 12 160 + 130 [180 + 200 [pC+ |20 + 280 [s0 + 123
T
738 o3 [T 12 160+ 180 180 « 200 [pc+ 120 « 160 [s6 + 144
16 Filler metal: 22 Preheat temperatore: min. 100°C
Classification: AWS AS28 ERIIOSG 23 Interpass temperature: max. 250°C
ENISO 1683404 G 69 4M
MNIICrM
17 Trade name: LNM MoNiVa 24 Postweldheattreament: N/
18 Any special backing or drying /A 25 Time, method: NA
19 Gas/flux: 26 Heating rates: NA
- shielding: EN ISO 14175-M21-ArC-20 27 Cooling rates: NA
 backing: NA 28 Other information: NA
20 Gaz flow rate: 29 Welding details: N/A
- shiclding: 12416 Vmin
~backing: NA
21 Tungsten dlectrode typessize:  N/A

Preparatet by.




C) Welding Procedure Specification WPS-SSAW-01
Rev. 00
| WPQR1ar NA 8 Examiner/ test body: NA
2 WPQR2nr NA 9 Mebodofpreparation and  Mechanical
cleaning
3 Location: Gliwice / Poland 10 Material thickness " [mm]: 10,01
4 Welding process 114 (SSAW) 11 Outside diameter D" [mm): 3239
s Joint type BW 12 Welding position: PC (2G)/ PH 3G)
6 Parent material specification  API 5L X80
v/
Weld details (sketch) :
N
13 }; ; 14
o + o] P
| | L
= 50460, b=2+4, c=2
WELDING DETAILS
Size of filler . Typeof &
o Curent Volsge . Travel speed Hestmput
Polarity
Tmm] TAT W] [em/min i/cm)
PCI2G
1 froot run 114 2,0 110 + 120 160 + 19,0 |DC 80 + 120 |70 + 137
15 it e i 20 180 + 200 [210 + 240 [pC- 50+ s0s2 + 92
. 54 - + +
[ g T 20 180 200 [210 240 [pC 250 350 [s2 92
P3G
1 Jrootnm 114 20 10 - 120 160 =+ 190 [pC- 0+ 00 o4 + 156
2y o g 20 150+ 170 [200 + 230 [pC- 150 + 20012 + 128
7 ik 173 20 150+ 170 [200 + 230 [pC- 150 + 2002+ ns
apping run
16 Filler metal: 22 Preheat temperature: min. 100°C
Classification: AWS AS29: ESITS-G 23 Interpass temperature: max. 250°C
17 Trade name: PIPELINER NR-208-XP 24 Postweldhat trestment:  N/A
18 Any special backing or drying  N/A 25 Time, method: NA
19 Gas/flux: 26 Heating rates: NA
- shielding: NA 27 Cooling rates: NA
- backing: NA 28 Other information: NA
20 Gaz flow rae 29 Wekding details: NA
- shiclding: NA
- backing: NA
21 Tungsien electrode typelsize: ~ N/A
Preparaict by

welding processeassed to produce specimens of butt
welded joints of APl 5LX8(ipes323.9 diameteand wall
thicknessLO mm

Welding Procedure Specification
acc.to PN-EN ISO 15609-4:2009

1. Manufacturer: Guk as i elnstytut

Spawalnictwau | .. Bz e s ¢Bwa /solid state laser welding (521)
44-100 Gliwice acc. to PN-EN ISO 4063:2011

3. Equipment identification: Laser Source and Beam Implant System: TruLaser Robot

5120 station: Kuka robot KR30HA with rotational i tilting positioners KUKA DKP-400

and TruDisk 12002, Beam Quality: BPP O 12mmLmrad

Beam Polarisation: random, Beam Delivery System:f i ber 400 Om |

Beam Focusing System: TRUMPF D70, f. = 200 mm, f,g = 400 mm, dog = 0,8 mm

Plasma Suppression Gas System: no

Plasma Shielding Gas System: Argon - gas nozzle no 6

Filler Material Feeding System: no

4. Parent Material Specification: API 5L X80

WPS
01LB/IS/B4/301/2019
2. Welding Process:

1

5. Wall thickness: 10,0 mm, root face 6,0 mm
7. Filler or other additional material: no

6. Pipe Outside Diameter:323,9 mm

8. Joint type: butt joint acc. to PN-EN ISO 17659:2008

9. Joint design 10. Welding technique
a LB
v
g e L
JL.0-01
LB
3 v
o e
S 7\
A { n¥
v [ [obr/min] ||
$3239 | N )
t = 10 mm, b °= 6 il
11. Jigs, Fixtures and Tooling: no 12. Mechanically Fixed: YES
By 4 clamps welded inside on the
perimeter of the tube
15. Back support: no 14. Backing gas: no

Fig. 4. The WPS of root pass laser welding of butt welded
joints of API 5L.X80pipes323.9 diameteand wall
thickness 10nm
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The tables in Figres3 and 4 show the parameters of
the used pipe welding methods and the method of
beveling pipe for making welded joints.

3. QUASI-STATIC LOADING OF MM A, GMA,
SSA AND LASER+GMA BUTT WELDED
JOINTS OF API 5LX80 PIPES

3.1 FEM nonlinear analysis of APl 5LX80 pipes

and the butt welded joints
As a part of the research, a Hamear strength
analysis of a specimen pipe made of API 5L X80 was
carried out using PLM Siemens NX software. The
solver Multistep Nonlinear (sol 401) was used to
solve the presented probleim the first step, a 3D
model of theanalyzed pipespecimen was created,
characterized by the following dimensions: external
diameter 323.9 mm, length 240 mm and thickness 10
mm. In the next step, based on the catalog data of the
pipe manufacturer (YieldStrength - 618 MPa,
Tensile Strength- 700 MPa, Young's module in
relation to the linearly elastic part is 206 000 MPa),
the nonlinear properties of the pipe material (API
5LX80 - Figure5). In the next stage of the work, the
3D model of the pipe specimevas discretized using
finite elements of the CHEXA(8) type and the
boundary conditions of the virtual experiment were
defined (Figire6). Were defined in a simplified way.
The conducted research referred to two cases: a pipe
without a weld joint and a pé with a modeled ¥
type weld joint (Figre9). In the Figire 7 and Figire
8 the results of the analyzes carried out in the form of
contour lines of displacements and stresses of the
analyzed objects in relation to the pipe without weld
joint and in the Fjure 10 and Figire 11 with
reference to the pipe with weld joint were presented
while the Figure 12 presents a comparison of the
stress distribution in relation to both cases. It can be
seen that the stress distribution in a specimen with a
modeled weldqint differs from the stress distribution
in a specimen without a weld joint, which is due to
other material properties of the weld joint.
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Fig. 5. The approximate Stre§train curve for the
analyzed steel used in the FEM model
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slider constraints

force (400 000 N)

tested element

fixed constraint

Fig. 6. The simplifiedmodel and boundary conditions of
the strength analysis (the model without the weld joint)

Dlsplacement Nodal Magnltu

Fig. 10. The distribution of the displacement and the
deformaton in relation to the analysed model (the model
with the weld joint)

79.94 Nonlinear Stress - Elemental, Averaged Von-Mises
Min : 2.49, Max : 669.17, Units =
66.62 669.17
I 53.29 I 585.83
I 502.50
39.97
I 419.16
26.65 335.83
13.32 252.49
0.00 169.16

Fig. 7. The distribution of the displacement and the

deformation in relation to the analysed model (the model
without the weld joint) Flg 11. The distribution of stress (levmses) in the

analysed model (the model with the weld joint)

Nonlinear Stress - Elemental, Von-Mises
Min : 6.72, Max : 663.87, Units = MPa

Fig. 8. The distributiorof stress (VorMises) in the

analysed model (the model without the weld joint) Fig. 12. The comparison of the distribution of the stress

(Von-Mises) in the malysed model (a. the model without
the weld joint, b. the model with the weld joint)

Based on the numerical analyses, it can be said that
the maximum displacement of the compressed
specimen without a weld joint is 106.7 mm, while in
the case of the pipeith the weld joint is 91.9 mm.
The obtained results are consistent with the measured
displacements occurring in the specimen during
experimental tests carried out on the hydraulic press
(Tabel)i n Hut a Ga bifpdogluceBofthe p |
tubes In both casesthe assumed limit of strength of
the pipe material, which is 700 MPa, was not
exceeded.

Fig. 9. Thé simplified model and boundary conditions of
the strength analysis (the model with the weld joint)
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3.2 Quasi-static loading experiments of the MMA,
GMA, SSA and LASER+GMA welded joints

Quastistaticloading experiments of the MMA, GMA,
SSA and LASER+GMA butt welded joints
specimens were executed on tubes flatteniresp
MECAMAQ - max load 40 tongFigure 13). Results
of welded joints flattening are shovimFigures14 to
15, andTablel.

Fig. 14. A view of weldedbutt joints of APl 5LX80,
323.9 mm diameted 0 mmwall thicknesgubes after
flattening tests

Table 1. Results of welded butt joints of APl 5LX803.9
mm diameter, 10 miwall thicknesgubes flattening

tests
Specimen | Hi mm QUALITY
Parent 226/214| no HF welded longitudinal
material weld cracks and tube edge
cracks, acceptable per Hutg
Gabndy S. A.
MMA 226 no cracks of HAZ and weld
metal and pipe edges
GMA 225 no cracks of HAZ and weld
metal and pipe edges
SSAW 201 no cracks of HAZ and weld
metal and pipe edges
LASER+GMA 155 no cracks of HAZ and weld
metal and pipe edges

SSA

SSA
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Remarks: Tubes flattening press MECAMAQmMax
load 40 tonsflattening speed @0 nm/s, *- 226 mm

T 70% of pipediameteri no HF weld cracks, 214
mm7i 66% of pipediameter no pipe edges cracks or
tears

Fig. 15. A view of the pipe edge of most flattened welded
joint of LASER+GMAI no tears and cracks

4. CONCLUSIONS

The FEM nonlin@r analysis of the APl 5LX80 pipe
specimen323.9 mm diameteand wall thicknesd.0
mm and the length of 240 mm anithttening
experimentsof catastrophic quasitatic indicated as
follows:



