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DENEY RAPORU

Customer name

Miigterinin ade

Customer Address

Miisterinin Adresi

Weld No.

Kaynok Numams:

WPS / PQR Noe.

WPS / PQR Numaras:

Pipe / Heat No. (Pipe 1)
Boru / Dékiim Numaras: (Boru 1)
Pipe / Heat No. (Pipe 2)
Boru / Dakiim Nwmaras: (Boru 2
Form / thickness of specimen
Numune forma / kabmbup

Parent / filler material

Ana malzeme / Dolgu malzemesi
Date of receipt of the specimens
Numunelerin kabul 1aviki
Number of pages of the report
Raporun sayfa saypst

Vastay Valf Armatiir Sanayi Tic. A.S.

Organize San. Bélgesi 2. cad. No:20-22 Cerkezkoy / Tekirdag

TNP-012-BW1

WES-94/FQR -20

VST-012-1

VET-012-2

Pipe / 22.5 mm

Ast A356 Gr. LF2 / ERTUS-6

25.12.2016

Definition of the material used and the process of manufacturing information are based on staternents of the client.
Our laboratory accepts no liability for the correctness, relevance or consistency between results of tests /exami-
nations and the material specified.

{Deney numunelerinin hazulandijt malzeme ve yontem bilyileri igin migteri beyam esos elimr. Laboratuvarumz deney ve inceleme
sonuglars de malzeme tovamlan grasmda olusacak tularsezhbton sorumds degildir.)

The test and/or measurement results, the uncertainties ( if applicable ) with confidence probability and test
methods are given on the following pages which are part of this report.

Deney ve freya olgim sonuclar, gendglebibinis dlgiim belirsizlikler: (olmas: halinde) ve deney melodlare bu sevtifikanin tamamloyice
ks olan takip odem sagfalarde veridmagliv.

Date Persens in Charge Head of the Center
Tarih Deney Sorumhflaﬂ Merkez Baskany
13.01.2016 AL Tolga ERTURK Frof. Dr. C. Hakan 81“—’3
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FRACTURE TOUGHNESS
Kribma Toklugw
Test Standard:
Dency Standards IS0 15653
Test Personnel: . ; e Date of precracking:
Deney Sorumlusu Murat Tolga Ertirk On catlek agma torihi 5.1.2016
Test Temperature: Date of test: _
Deney sicakluiy (©C) -10 Deney tarthi 5-1.2016
Weld Metal Yield gth . ‘Weld Metal Yield streungth®
Akma dayency — Oda Swekhin {MPa) 589 o Tewperature -
k Akma dagonce — Test Swealdds (MPa}

Weld Metal Tensile strength Wmeld Metal Tensile strength™ i
Celme dagance — Ode Sscaldup (A Pa) 2y - Temp. 685

- day : o Cekme dayanct — Test Swcaklip (MPaj
Base Metal Yicld strength Base Metal Yield strength”
Akma dayancy — Oda Sveaklip (MPa) L (e e 2

; Akma doyanc: — Test Swcakhgn (MPa)

Base Metal Tensile 1 Base Metal Tensile strength*
Cekme: dayancs - Oda Swakiin (MPa) | 270 S it

- i ) Cekme dayancs — Test Swcaklsgs (MPo)
Modulus of elasticity @RT 02 Modulus of elasticity @Test Temp. | ,
Elastik modulus - Oda Sumklij (GPa) Elastik modulus ~ Test Swcaklign {GPe)
Force Span 5 160 Knife edge “stand off” z 0
Mandrel mesafesi (mm) Bagak kekmlupn ()
Test speed Type of Displacement Coutrol .
Deney hazs (eunfinin) 08 Deplasman kontrola placceut

* Values arc derived from the relafion expressed for ferritic ’n‘f!.l“f.i mord.m.g to I‘s(l 15(:58 2010 wtem 12.1.

* Degerier N [R6SC RN slossdoeds 12.F, snuddcds forvitd coisbler icin cakgal

Specimen Information

Numune bilgileri

Specimens
Nauwmnwuneler

Fi1 | F2 F3 F4 F5 F6 F7 F8 F9
NP NP NP NP NP NP NP NP NP

Crack-plane corientation
Catlak diizlem konumu
Location of specimen
Numune konumu
Thicknesses B / B,
Kabnhklar (mm)
Width W

Geniglik (mm)

Weld | FL FL+2 | Weld | FL FL+2 | Weld | FL FL+2

1983 7 1980 | 1955 | 1982 | 1981 | 1983 | 19.80 | 19.86 | 19.76

39.96 40.00 | 39.40 | 39.96 | 39.98
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Crack Length Measurements
Cotlak boyu dlgimleri
Specimens
Numuneler
F1 F2 F3 F4 F5 Fé6 7 F8 F9

Ma(:h'_ notct} length (am) 1620 | 1620 | 16.20 | 16.20 | 16.20 | 1620 | 16.20 | 16.20 | 16.20
Islenmis centik boyu {mum)
Initial crack length (ag) . ] ‘

. ok 1 ; . LN i a. 20.05 9.7 9.

Ttk ¢ : 1981 | 1983 | 20.34 | 1999 | 20,06 | 19.81 | 20.05 | 19.74 | 19.78
Precrack length (ap—am) i .

- . 3.6: 14, 8 3. ¥ 3: 3.5

On catlak boyw (mm) 3.61 3.63 14 3.79 3.89 3.61 3.85 354 3.58
Final crack length (ar) = . - :

Son catlak & {mm) 20.15 | 20.16 | 1969 | 20.0Z | 19.87 | 20.19 | 19.35 | 20.22 | 20.20
Stable crack extension(Aa) ; ] ; .
Ortalama.catloki 1.06 1.12 1.00 0.93 1.10 1.11 1.16 5.86 111
Initial relative crack length | o | 454 | 951 | 050 | o050 | 050 | 051 | 049 | 0.49
ag/W

Test results
Deney sonucler
Specimens
Numuneler
Fi F2 F3 Fa F5 Fé F7 F8 F9
Type of fracture M M M M M M M U M

Kirdma tipi (¢, w. m)
Extensometer displacement V,
Ekstansometre deplasmans {(mon)
Force at CTOD Ferit

CTOD degerindeks wik (kN)
CTOD value é

CTOD degeri. {mm)

1.88 4.62 4.57 231 4.60 4.61 2.70 343 4.58

4070 | 41.08 | 3913 | 41.22 | 4059 | 41.64 | 39.33 | 4247 | 4260

0.586 1.349 | 1.380 | 0.798 | 1.043 | 1.376
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Fracture Surfaces
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F2

Remarks Remarks
Notlar Notlar

S Remarks
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Remarks Remarks . Remarks
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TEST REPORT
DENEY RAPORU
Cu_‘ : r g Vastag Valf Armatiir Sanayi Ticaret A.S.
Magsterinin ad = : 2 = B
Customer Address . S i - i =
Miisterinin adresi Organize Sanayi Boigesi 2. Cad. No: 20-22 59500 Cefkezkoy / TEKIRDAG
‘rocedure No. Not specified
Yéntem nurnarasi Belirtilmedi
Form / thickness of specimen .
Numune formu / kalniig: Pipe (Boru) t= 22.5mm
Parent / filler material
Ana malzeme / Doigu malzemesi ASTIN,ASS0 G| B2
Wedimemioc GTAW + GMAW
Kaynak yontemi
Date of receipt of the pipe rings
Boru halkalorimin teslim alindigs torih eLiran
Purpose of tests and examination WPS qualification
Deney ve inceleme nedenj | Yontem vasflandirma
Number of pages of the report a
Raporun sayfa sayisi

Definition of the material used and the process of manufacturing information are based con statements of the client. Our
laboratory accepts no liability for the correctness, relevance or consistency between results of tests/examinations and the
material specified.

‘Deney numunelerinin hazilendi malzeme ve yontem bilgileri icin miisteri beyam esas alimir. Laboratuvanmiz deney ve inceleme sonuglan ile
malzeme tanimlan arasmdo olugacak tutarsizikktan sorumlu degildir.)

Tiirk Akreditasyon Kurumu{ TURKAK) deney raporiarinin tasunmast konusunda Avrupa Akreditasyon BifliGi{EA) ve Uluslararasi
Laborotuvor Akreditosyon Birligi{ILAC) ile korsilikh tamnmao antasmasim imzalamigtir.

The Turkish Accreditation Agency{TURKAK) is signatory to the muttilateral agreements of the European co-operation for the Accreditation{EA) and
of the International Laboratory Accreditation(ILAC) for the Mutual recognition of test reports

Deney ve fveya digiim sonuchar, genisletilmis olgiim belirsiziikleri { olmast halinde | ve deney metothari bu sertifikanin tamambayict kiss olan
takip eden sayfalarda verilmistir.

The test and/or measurement results, the uncertainties {if applicabie} with confidence probability and test methods are given on the following
pages which are part of this report.

Date Persons in charge of test Head of the Center
Tarih Deney sorumlular Merkez Baskani
12.1.2016 Yiicel ATES PROF. Dr. C. HAKAN GUR J .

N/ O'

L(W d Ul
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TEMPLATE FOR SPECIMEN LOCATIONS

Numune bolgeleri icin sablon

PIPE INFORMATIONS
Boru Bilgileri

0142240

-

Pipe code
Boru kodu

Manufacturer Heat number
Uretici Ddékiim numarasi

—

Pipe number
Boru numarast

s

‘m/
." I
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IMPACT TOUGHNESS TEST
Centik Darbe Deneyi
Test Data
Deney Biigileri
Test Standard:
Deney Stondardi API 11064 / ASTM E23
Test Personnel: - Date of test: ,
e Yicel ATES Deney Tarihi 11.01.2016
‘ype of notch: Size of spedmens
| Centik tipi . Numunelerin boyutu 10x10x55
Test Results
Deney senuglar:
Test i ) Location of Location of the notch Absorbed
Specimens | temperature LU ISI(:I‘IS the spedimen Centik bolgesi energy Remarks
Numune Deney o] Numune On cross-section On pipe Sogridan Notlor
sicakhg{°C) Bolgesi Kesitte Boruda eneji (J}
Weld Center
1 -46 10x10x55 Arc A Kaynak merkezi - 78 -
Weld Center
16 -46 10x10x55 Arc C Kaynak merkezi - 69 -
31 46 10x10%55 ArcE Weld Center - 88 <
Kaynak merkezi
4 46 10x10x55 ArcA Ll 1 194 -
Erime Cizgisi
19 -46 10x10x55 ArcC i o 1 195 :
rime (izgisi
34 46 10x10x55 ArcE g Kae 1 214 -
Erime Cizgisi
7 46 10x10x55 Arc A i 1 164 -
Erime (izgisi + imm
Fusion Line +1mm
22 -46 10%10x55 ArcC Erime Clzgisi + 1mm 1 176 -
37 46 10x10x55 ArcE Fusion Line +1mm 1 174 :
Erime Cizgisi + 1m

This report shall uot be reproduced ofher than in full except with the penndssion ef the laborxory. Testing reports without signatare and seal sre not valid
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ARASTIRMA 7/ UYGULAMA MERKEZ)
IMPACT TOUGHNESS TEST
Centik Darbe Deneyi
Test Data
Deney Bilgileri
Test Standard:
Deney Stondards REIEOS
Test Personnel: _ Date of test:
Deney Sorumbusy Yicel ATES Deney Tarifi =20l
Type of notch: Size of spedmens
Centik tipi v Numunelerin boyutu o
Test Results
Deney sonuglars
Test Location of Location of the notch Absorbed
Dimensions a tik balaesi
Specimens | temperature [ " the specimen Cen gesi energy Remarks
Numune Deney {mm;" Numune On cross-section On pipe Sogrulon Notlar
sicakhgi(°C) Bolgesi Kesitte Boruda enevji (1)
1 10 10x10x55 Arc A peldcenten 5 129 5
Kaynak merkezi
16 10 10x10x55 ArcC Kwe'd e ; 131 2
aynak merkezi
31 -10 10%10x55 ArcE Kwe'd N . 183 2
aynak merkezi
4 10 10x10x55 ArcA pasion ne 1 185 -
rime Cizgisi
19 10 10x10x55 ArcC pson e 1 148 -
rime (izgisi
3 -10 10x10x55 Arc E i 1 203 =
Erime Cizgisi
7 10 10x10x55 Arc A Ry e 1 260 2
rime Cizgisi + imm
2 10 10x10x55 ArcC FUSIEn T s 1 289 S
Erime Qzgisi + Imm
37 10 10x10x55 ArcE gl g 1 196 =
Erime (Cizgisi + Im

This report shall not be reproduced other than in full except with the penmssion of the labogitery. Testing reports without signature and seal gre not valid
Bu rapor, lahoratuvarsn yazl iz olmadea kismen kopyedemip coZalifamen. Imzasaz ve withiirsiz raperlar gegersizdir.
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Fracture toughness assessment of as-welded
A350 LF2

Assessment Report

Dr. Koray Yurtisik (IWE/EWE D-S5-80636-1173-051207-0510691)

1. Introduction

The economic viability of construction of new long-distance high-capacity pipelines for gas transmission is
dependent on the cost-revenue balance. Once consideration of operational and environmental factors is
completed, material selection then becomes the most critical issue in engineering and design processes.

Whereas Grade X70 M that is manufactured to product specification level PSL 2 is identified as suitable for
line pipe material and for non-sour service in the TANAP project, A/SA-350 Grade LF2 would be the
material for the manufacture of flanges and fittings, and applications which require cold temperature
service. LF2 is a general Carbon steel usually supplied in the normalized, normalized and tempered or
quench and tempered condition. Moderate strength and impact toughness are its typical characteristics.

———y

-l

Figure 1. Delivered LF2 pipe material
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The purpose of this document is to present and assess the strength and fracture toughness properties of as-
welded LF2 pipe material that was delivered by VASTAS Valves and Actuators in terms of ductile fracture
propagation/arrest toughness.

Figure 2. Macro section of the welding joint

2. The Material subjected to fracture toughness tests

LF2 is readily weldable by any technique. VASTAS Valves and Actuators delivered 12” A/SA-350 Grade LF2
pipe with a circumferential welding joint. GTAW and GMAW techniques were applied during root and
successive (fill and cap) weld passes, respectively. AWS A/SFA 5.18 ER70S-6 was deposited as filler metal
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under proper shielding atmosphere. 14 weld passes were introduced to the bevel and heat input of the
process was 2.7 k) mm™ and less according to the welding procedure specification.

Weld seam on the pipe material (Figure 1) was observed to be guite successful in terms of form of the
reinforcement and root. Macro section of the weld is represented in Figure 2.

3. Strength of the all-weld metal

All-weld tensile test was conducted at room temperature to determine strength properties of the all-weld
metal. The test specimens are of circumferential cross section with reduced width at the mid-length. The
specimens were prepared in accordance with the requirements of the standard 1SO 6892-1. L, is specified
according to the definition,

L, =565S,7

Visual examination and dimension check procedure was applied to guarantee that the dimensions were
proper per the standard.

Yield and ultimate tensile strength were determined with the ultimate load (F) and the original cross-
sectional area of the parallel length (S,). Ductility parameter was determined via measuring Lo, L,, Sc and
Su. Using the caliper gauge, the diameter and the gauge length shall be measured % +1 or better accuracy
with decimal sensitivity.

Strain rate (e, ) was less than 0,00025 s according to I1SO 6892-1 Clause 10.3. Divergence speed of
crossheads (V.) are calculated by multiplying parallel length (L.) with strain rate and corresponded to 0.6
mm min* up to initiation of the plastic strain. Exceeding the yield, divergence speed was set to 5 mm min™,
20 N pre-load was applied to guarantee proper gripping.

Testing operation finalized when a complete fracture of the specimen was obtained. Unifying the two pieces
of the broken specimen carefully in a way that both axis of the broken pieces were in same direction, final
dimensions of the specimen was measured and percent elongation was calculated as follows:

L —
EL% = 100 *—2
L,

Ultimate tensile strength shall be determined as follows:

Measured and calculated parameters (Figure 3) were recorded as follows:
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E =201.6 GPa,
Rpo.2 = 588.7 MPa,
Rpos =592 MPa, and
Rm = 660.3 MPa.

700
600
500
400

300

Standard force [MPa]

200

100

-5 0 5 10 15 20 25 30
Elongation [%]

Figure 3. Stress vs strain curve of weld metal of LF2 joint

4. Ductile fracture propagation/arrest

Controlling the crack initiation and propagation is an important design issue. Crack propagation rates due to
leakage, gas pressure and ambient conditions may reach hyperacoustic level and may result in gross damage
along pipeline sections [1].

The basic approach for the fracture control is to obstacle a possible crack propagation with convenient crack
arrest mechanism. Reduced propagation rate or total crack arrest is observed during passage from low
toughness initiation pipe to tougher metal body [1]. In order assess required toughness level for the arrest
mechanism fracture initiation models have been developed [2].

Ductile fracture propagation process is a complex interaction of structural behavior of the cracking pipe and
the fluid mechanics of the escaping gas. Research at Batelle [3] and British Gas [4] had identified correlations
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between both fracture velocity and appearance and the energy absorbed, percentage shear area and the
transition temperature. Tests for brittle fracture could be carried out using comparatively simple tests on
pipes, pressurized with a mixture of air and water, namely West Jafferson Test [3]. Subsequently the Drop
Weight Tear Test (DWTT) and Charpy V-notch Test (CVN) became the accepted criterion for avoiding brittle
fracture propagation; while the former provides an assessment of impact energy during ductile fracture
testing of full-scale thickness, the later can be executed more simply and quickly. DWT tests should provide
with 85% or higher shear surface on fractured section [5]. By DWTT method application thickness and thus
stress triaxiality of the application at higher deformation rate could be attained on test piece properly. The
upper shelf Charpy energy has been widely used as a measure of resistance to ductile crack propagation.

The minimum design metal temperature (MDMT) is one of the design conditions for pressure vessel and
piping engineering calculations, design and manufacturing according to the ASME Boilers and Pressure
Vessels Code. The precise definition can sometimes be a little elaborate, but on simple terms the MDMT is a
temperature arbitrarily selected by the user of the vessel according to the type of fluid and the temperature
range the enclosing assembly is going to handle.

MDMT could be defined according to the ambient or operational temperature and/or possible
supercritical (pressure/temperature) conditions like during a gas release due to a leakage. The so-
called arbitrary MDMT must be lower than or equal to the critical exposure temperature (CET), which is an
environmental or "process" property. MDMT is accepted as the lowest expected in service expected in
service except when lower temperatures are permitted by the rules of the division of the code [6] {see also
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UCS-66, UCS-160, and footnote 37, UG-116). CET is the lowest anticipated temperature to which the vessel
will be subjected, taking into consideration lowest operating temperature, operational upsets,
autorefrigeration, atmospheric temperature, and any other sources of cooling. In some cases it may be the
lowest temperature at which significant stresses will occur and not the lowest possible temperature.
According to composition, flow and pressure of the transmitted gas operating temperature may vary. Lowest
metal temperature is dependent on ambient air/ground temperature, operating temperature and thickness.
Impact testing should be applied at or below lowest expected metal temperature during service and lower
effects of ground and air temperature is considered.

In general, the temperature of the natural gas exiting a compressor station ranges from 100°F to 120°F {40 —
50°C). Once the natural gas leaves the compressor and travels underground, the temperature of the gas falls
rapidly and approaches the ambient underground temperature. In the winter, pipelines located above the
frost line may have flowing gas temperatures less than 32°F (0°C), while the gas temperature in pipelines
buried below the frost line is not likely to fall below freezing and will remain fairly constant. MDMT, and so
fracture toughness testing temperature, has been specified as -10°C in the project for pipes.

5. Fracture toughness of the as-welded and parent metals

Charpy-V notch and crack tip opening displacement fracture toughness tests were conducted on as-welded
LF2 material. Testing procedures were in accordance with APl Standard 1104 21 Edition, Errata 1 (2014)
and the TANAP / WorleyParsons Specification for Welding and NDT of Onshore Pipelines, WRP-SPC-MTE-
PLG-006. The testing laboratory is accredited per ISO/IEC 17025 by Turkish Accreditation Institution and the
testing procedures were also approved by The Welding Institute (UK).Charpy-V notch testing procedure
conforms to ASTM E23. Charpy V-notch impact test specimens were prepared with their lengths parallel to
the pipe axis (Figure 4). The standard size specimens were tested as shown in Figure 5.

I
I ‘
1=275

f B 10
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A-A

weld centerline specimens; single digit code

FL specimens; double digit code, X1 & X2

-

odd and even numbers stand for joint
side odd and even, respectively

FL+ specimens; double digit code, X3 & X4

Figure 6. Location of the notch per type of the specimen and identification

3 sets of 3 specimens were sectioned from each of the pasitions of 12, 6, and 9 o’clock, for a total of 9
specimens. For each of these positions,

- 3 specimens had the V-notch placed at the weld centerline,

- the other 3 had the V-notch placed on the fusion line (FL), and

- the other 3 had the V-notch placed on the FL+2 mm as shown in Figure 6.

FL and FL+ specimens should sample 50% HAZ and 50% WM.

Using the caliper gauge, linear dimensions of the specimen was measured % 1 or better accuracy with
decimal sensitivity. Notch geometry was verified by notch depth caliper (go-no go) gauge.

The specimen was immersed and retained in silicon oil that was cooled by CO; for at least 60 s mm™ of B
after the specimen surface had reached the testing temperature. The specimen test temperature was
determined to an accuracy of + 1°C until maximum 5 seconds before the hit because impact values were
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variable bound to temperature. Temperature measurement was conducted by a thermocouple that was
placed in contact with the surface of specimen in the proximity of the crack tip.

Absorbed energies at testing temperatures are tabulated on the report 15-349 issued on 12.1.2016.
Average impact toughness energies were recorded as 148 and 78, 179 and 201, and 248 and 171 Joules
where the testing temperatures were -10°C and -46°C, respectively.

Fracture toughness behavior of as-welded LF2 material at the testing temperature was also determined
with respect to crack tip opening displacement (CTOD). CTOD testing is an approximation to quantify the
crack retarding ability of the material that is subjected to the testing. Loading an as-precracked specimen
and examination of the crack extension process at the tip of the fatigue crack is the testing method. The
force is recorded versus the displacement of the notch mouth opening (NOD). Utilizing the mathematical
definitions in the standards, the opening at the crack tip can be determined at the onset of crack extension.
This increase in width by elastic-plastic deformation at the crack tip is a measure for the crack sensitivity of
the material, called CTOD-value that is in mm.

Single edge notched Bx2B specimens (Figure 7) were subjected to 3-point bending loads during fatigue pre-
cracking and displacement controlled fracturing. Circumferential locations of the specimens and sectioning
were typical to CVN specimens. Specimen and testing parameters and individual values were specified and
tabulated in the report 15-349 that was issued on 13.1.2016.

Average CTOD values were calculated as 0.697 at weld centerline, 1.257 at the fusion line (FL) and 1.358 at
the 2-mm proximity of the FL.
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Figure 8. Fracture surface of SENB specimens after CTOD testing.

6. Conclusion

Deviations from the average toughness values and fracture surfaces (Figure 8) of both CVN and SENB
specimens revealed that homogeneity and soundness of the weld metal is quite consistent and toughness
behavior of the weld metal is suitable for low temperature service, as well as the parent metal itself. Weld
metal yields relatively lower fracture toughness values. Even though fracture toughness properties fit for
service requirements, a specially alloyed filler metal for fill and cap passes would be advised such as A/SFA
5.18 ER70S-G to get closer values relative to the parent metal.
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