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Destructive testing (Macro etch testing): Involves sectioning and/or breaking

the welded section.

Conventional UT: Several limitations (Poor beam coverage, unreasonable

inspection time, subjective interpretation, etc.)

Phased Array UT: Large beam coverage, recordable data, multiple views,

repeatability, etc.
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Canam Bridges requested Nucleom services for the determination of the weld penetration on PP in two
different projects.

Ribs to deck assembly: The top part of the orthotropic steel deck.

Structural boxes: Components of BMO Field’s roof support beams (Toronto).
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Ribs are connected to the deck with a PP welding prepared in half V (connexion angle within 60°-80°). Rib’s
wall thickness and its connection angle to the deck may vary depending on client and project
specifications.
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Boxes are fabricated using 4 panels with two different thickness. Panels are connected
with half V PP L joints. Preparation is done on the thicker panel.
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STANDARD

LRFDUS-6-E1: June 2012 Errata to LRFD Design

SECTION 9: DECKS AND DECK SYSTEMS

9.8.3.6.2—Closed Ribs

The one-sided weld between the web of a closed rib

and the deck plate shall have a target penetration of

80 percent, with 70 percent minimum and no blow-
through, and shall be placed with a tight fit of less than
0.02 1n. gap prior to welding.

C9.8.3.6.2

Historically.
specified as a o1
minimum 80 percs

80 percent pene
difficult and fabri

'-71
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For each type of boxes, the client welding engineering department required a specified
penetration. For example: for preparation of 10mm, The effective throat should be

7mm at minimum.
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A mosaic of piezoelectric elements where the timing of each pulser/receiver
excitation can be controlled electronically and independently

The same physical principles than conventional UT apply

Beam Steering Beam Focussing

Firing Sequence Firing Sequence

Elements —0——— Elements ecemrrx
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A number of ultrasonic beams is fired at the same
time at different angles (e.g. 45°-70°).

Encoded inspection allows recording data along the
scan for further analysis and verification. Different

views are generated, A-Scan, S-Scan, C-Scan etc.

PA Probe

PAUT INTRODUCTION
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PAUT INTRODUCTION
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Deck plate

Suggested Scan Plan (ES Beam, Civa, etc.) Resulting Sectorial scan (S-Scan View)
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The probe is positioned so as to be able to detect the opposite corner
and the upper tip of the non-fused portion of the joint.

The height from the corner to the upper tip
represents the non-fused section of the weldment.

The percentage of non fused area is this height e
divided by the thickness of the plate. 0
______ e
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Magnetic wheels
PAUT unit

PAUT probe/wedge

Scanner buggy
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INSPECTION METHODOLOGY

Magnetic wheels

probe/wedge
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A (ORTHOTROPIC DECK PROJECT)

Demonstration Block

4 notches machined at different depths

BOTTOM VIEW TOP VIEW
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VALIDATION
(ORTHOTROPIC DECK PROJECT)

Non fusion simulation: 4mm, 3mm, 2mm and 1mm
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The 4 indications are clear along the C-Scan. S-Scan and A-Scan are used for a
complete characterization.

Gr.1 [S:90.0F, A: 49.07 - A-scan (A)

Gr:1 [5:90.0°, A: 45.0° - 67.0°7] - Sector (3) ) . .
U(m-r): 21 mm ]
0 [ T—

|-100

Gr:1 [S:—, A: —] - Volumetric Merge: A-scan - Top (C) P . |

TOP VIEW 4 NOTCHES |
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Accuracy of £0,1mm for notch height measurements

- (approximately +1% for weld penetration for a 9,5mm thick plate)

VALIDATION
(ORTHOTROPIC DECK PROJECT)

NOTCH SIZING
Simulation for Height
Notch Motch corner (PA) MNotch end (PA) Motch height (PA) percentage of measured by
{mm) (mm) {mm) penetration metrology

(%) {mm)
Tmm @5 86 0% 21 08
2mm Q5 g0 1.5 84 1.5
3mm @5 74 21 78 22
4mm @5 6.4 31 &7 30

MNotch end | -..,_‘

MNotch comer I —

----------

SKETCH FOR NOTCH SIZING

MNotch height
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VALIDATION
(ORTHOTROPIC DECK PROJECT)

Validation sample with 5 selected position
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Results show a maximum difference of 0.3 mm then + 3% in accuracy.

PAUT Measurement Macro Etch testing
Section # Scan position
(mm) Non fused % of Non fused % of
area mm penetration area mm penetration
1 102 1,1 88 1,2 87
2 402 2,6 72 2,6 72
3 574 2,7 71 3 68
4 810 2,8 70 2,9 69
5 1043 2,3 75 2,3 75 g;’ AL
s 58 3 /8 16 24 32
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Probe is moved with an encoded scanner
PAUT data is saved every 1 millimeter (0,040in)

Percentage of weld penetration is available for each position on the weld

Y+

Face A

0 [origin)

ENCODING
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ENCODING

Important parameters to set
Scan Resolution

Scan Speed

Data Size

©Nucleom inc.
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INTERPRETATION

Grd [5:90.0°, A 65,07 < A Gr1 [5:80.0°, A: 40.0° - 75,0 - Sector ()
[100.0] ExI%Pen: 85.0 %

Gr:2 [5:90.0°, A: 40.0° - 75.0°] - Sector (S)
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INTERPRETATION

Gr1 [5:90.0°, A 71.0°7] - A-scan (A) G [5:90.0°, A 40.0° - 75.0°] - Sector (5) - ]
Exl%Pen: -98.0 % U(m-r): 19.8 mm
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Gr1[S:90.0° A 40.0°-75.0°] - Sector (S} E = ]
Ex|%percentage: 77.50 [U(m-r): 1.8 mm
I(m-r): 15.2 mm

Gr 1 [S90.0°, A B5.0°] - A-scan (A)
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INTERPRETATION

Gr:1 [5:90.0°, A: 40.0° - 75.0°] - Sector (S) L .
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30C102_BU0BA_1-3_0001.0pd ™ Acq Rate: 90.12 mm/s (7389 Hz) OmniPC - 4.3R5
A% 642 9% DAA 9.67 mm ViA* -10.82 mm S(m-r) 0.00 mm

Angle:44.00° £
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30C102_BUOBA_1-3_0001.0pd* Acq Ral 12 mmis (7389 Hz) OmniPC - 4.3R5
A% 975 % . ViAA -10.44 mm S(m-r) 0.00 mm

ACS 2 5 Va Angle-50 00°
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PAL Test_Paut_SmmFO08-Lrdy
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Cuibe [Quibech, GIN 4G1 | HEFERENCE /Faterance. hio Duta
RESPCHSABLE, Basponsble: ik Bochafos, ing. FROMT/Bieless —
PHASED ARRAY ULTRASONIC INSPECTION
DESCRIPTION, Deseription:
Menst dh postemage de pontreion de e udue swre fouge of be toblier (pitees onmnnas e tobler srmamapiau] tel gut spaedié (o seaion
Fenmenl
TEC MMethnical date:
SOUDURL W' CONPORMEVENT &, seessdance win, TRANSDUCTELR Tromaieer
Py Acier tu e bone HORME, Code e MARCUE, Mtk Oiympun SL18:A10
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PRERARATION, Fren. Do ¥ | DAENEON. 1é ala. (980100
PROCEDE P rocess saw CHITBIE Crbarin nje AHGAR fAngle SAT0-H555-HC
EPAISHE Thicknen: 9.0 mm Ho. SENE Seriol naa HI937
O reer—— CALIBRATION, Cabbration ARG, Mtk
MARGILE M Cimision WX Bleck, 50H 7.4 men o
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192 24.9%
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~» Weld penetration is showed by a color code

FILE: Test_Paut_9mm-PLDO1B-3.rdt
Position Length

{mm) (mm) Penetration (%)
0 18 [60% a 70%]
18 192 [70% a 80%]

210 98 = B0%

308 66

374 62 }

436 92 [70% & 80%]

528 14 [60% a 70%]

542 16

558 28 [70% a 80%]

586 160 [60% a 70%]

746 26

772

REPORTING

rib lenght

[70% & 80%]
[60% a 70%)]

No Data

20,7%
49,0%
24,9%

5,4%

[70% &

80%

]

[60% & 70%)]
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RAPPORT Mo./Reportno.:  Q15-7231-005 revl)

CLIBNT /Customer:
ADRESSE/Address:

RESPOMSABLE/Responsible:

CANAM COMMANDE, Order-
115 Boulevard Canam Mord, Saint- | No. (.ONTRA"”D‘J no.:
Gédéon de-Beauce, REFERENCE/Reference:
QC (GOM 170)
Miches! Roy PROJET/Project:

NUCLEOM

INNOVATION - INTEGRATION

L

REPORTING

RAPPORT Mo._/Report no.:

PHASED ARRAY ULTRASONIC INSPECTION

PHASED ARRAY ULTRASONIC INSPECTION

DESCRIPTION/Desari

Mesure de lo pénénarion de soudures & pénrrar
s e

Ce rapport

ion partielle avec préparation d'un seul coné entre deux plogues assemblées en L La techrique uiiisée est
ion #30.

DONNEES TECHNIQUES,Technical data:

VERIFIE PAR/Verified by:

APPROUVE PAR/Approved by:

rold COMFORMEMENT A/In accordance with TRAMSDUCTEUR/ Transducer
MATERIEL /Matarick Ader au carbone HORME/Code: nfa MARGUE/Mark: Olympus 5L16-A10
TYPE/Type: pénétration partielle SECTION,/ Section: nfa MHz 5 MHz
PREPARATION Prep.: Demi v . 1 DIMENSIONS: 16 ele. (9.6x10)
PROCEDE /Process: AW CRITERE/Criteria: nfa ANGILE /Angle SAT0-M555-HC
EPAISSEUR Thickness: 16mm Ho. SERIE/Serial no: H1937
“APPAREIL/Equipment. CALBRATION, Calibrarion MARGUE/ Mark:
MARGUE/Mark: OmeiScan MXZ BLOC/Block: SDH 2.4 mm MHz
MODELE/Modek 32/126 FR COUPLANT/ Couplont: waer 2 DIMENSIONS:
o, SERIE/Seriol no- OMHIZ-100339 ANGLE /angle
Ho. SERIE/Serial no:
RESULTATS/Resulis:
Division Poutre Baite Conformité de la pénétration de la soudure
3012
. BUTTA
300100 sUs
BU4A
BU2A
. BU4A
30C101 BUo
BUT1A
0 BUB
. BU2A
300102 2012
BUY
BUB
. BUB
300103 B0e
BUSA
HOM,/Hame CERTIRCATION/Cerfificafion DATE/Date
INSPECTE PAR/lnspE:lEd by: Daly Souissi CAN/CGSB 48.9712 UT2 2015-11-02

F-pont Orfho vo1

page 1/ 8

RESULTATS Resulis:

Soudure
30C103-6U08 {1-1]
30C103-8U08 {1-2)
30C103-6U08 {1-3)

30C105-6U08 {1-4]

Fichier .OPD
30C103_6U08_1-1_001
30¢103_BUOS_1-2_001
30C103_6U08_1-3_001

30€105_8U08_1-4_001

30C103-BUOE (2-1]
30C103-BU0E (2-2)
30C103-BU06 (2-3)

30C105-6U08 (2-4]

30C103_6U08_2-1_001
30¢103_BUOS_2-2_001
30¢103_6U08_2-5_001

30€105_8U0S_2-4_001

30C103-BU04 {1-1]
30C103-BU06 (1-2)
30C103-BU0S {1-5]

30C105-6U06 {1-4]

30¢103_BU0S_1-1_001
30¢103_6U0S_1-2_001
30¢103_BU0S_1-3_001

30€105_BU0S_1-4_001

Résultar

1165-2134
1264-1768

Toute Ia longusur

300103-BUDSA (1-1)
300103-BUSA (1-2)
30C103-BUOSA (1-3]

30C105-BUDSA (1-4]

30(103_BUOSA_1-1_001
30C103_BUOSA_1-2_001
30(103_BUOSA_1-3_001

30C103_BUOSA_1-4_001

Toute I longueur

Towte la longueur

Towre la longueur

I F:ociration égale ou supérieure & Tmm
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Penetration percentage is measured at all positions in the weld

Accuracy on the weld penetration percentage is +5% (+1% in optimal
conditions)

Repeatability, less subjectivity in acquisition and analysis
Track record

Can be adapted for different joint configuration

Fast acquisition

©Nucleom inc.
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Weld flaws can affect the data interpretation (undercuts, LOF)
Weld profile can affect the data acquisition

Requires expertise in PAUT technology

Non constant long weld could require many hours of analysis.
Electronic limitations

©Nucleom inc.
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i PAUT (Phased Array Ultrasonic Testing) is an efficient technique to monitor weld

penetration for orthotropic bridges over the entire length of the weldment

5 The technique has been proven on 5 different projects (bridges and steel structures) in

collaboration with % cANAM

r, i
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1 The technique can include more than one probe in order to perform 2 or more

simultaneous scans.

s possible to characterize flaws (Porosities, LOF, etc.) along the scan. A sensitivity
calibration is needed in this case.

ol
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Special thanks to:
“IFrancis Boudreault-Leclerc
"1 Jérome Boudreault-Leclerc
“1Eric Levesque



Thank you, questions are welcome!
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