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Traditional RT

* Bridge Welding began in the 50s / 60s

* RT acceptance criteria adopted

« Workmanship based —i.e., the acceptance criteria
are based on the quality that can be expected from a
welder

* Not based on fitness for purpose

* Successtul performance of millions of flange
and web splices

* No weld that passed the acceptance criteria has ever
cracked

* One weld is known to have cracked from a weld
defect — the I-79 bridge; however, that weld had a
huge defect (from an improper repair) that would
not have met acceptance criteria




Traditional RT - downsides

 Limited to butt splices (not tees or corners)

* Not strong for finding planar defects, like tight / thin cracks,
sidewall lack-of-fusion (LOF), and lamination

* Safety hazard / shop disruptions

* Depth of defects that are discovered is not known (hampers
repairs); UT is used to establish depth

* Delayed results when using film (digital does provide instant
results)



Traditional UT

* Adopted in the late 60s
* D1.0-69
* D2.0-69

* Sound is sent through the weld
» If the sound strikes a discontinuity, it bounces back

 Acceptance is based on the amount of sound that
comes back

 Acceptance is also decfendent upon the scanning
angle (originally to adjust for the fact that you
cannot send sound through the weld at 90"degrees
to the weld)

Appicphion of afrmuonic festing W p prose el

Ultrasonic Testing Requirements of the
AWS 1969 Building Code and Bridge Specifications

presents explanation and discussien of Appendix C in
AWS 1.0 and D2.0 and concludes that Appendix C
provides a very workable method for the ultrasonic
lesting of groave welds
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Traditional UT

* Comparable to RT for overall workmanship and performance
assurance

* Some states, like MD and NJ, use it instead of RT

* Advantages

 Useful for all types of complete joint penetration (CJP’) welds, includes

tee and corner joints — is common for these joints; not just butt splices
(like RT)

* Good for planar defects / cracks (and other volumetric defects)
* Provides defect depth

* Downsides
* No image with the report — a concern for some owners



Traditional UT — Alternate Approach

* Adopted in the mid 70’s by the D1 committee — Annex S

* Developed by Myron Hoitomt who wanted better correlation
between UT and RT

* Not used in the bridge community

* Note: no documentation of its development or adoption is
available (Myron defended it to the D1 committee, who adopted
it into D1.1)



Phased Array Ultrasonic Testing (PAUT)

 Enhanced version of UT

* Multiple sound paths instead of one — more
efficient scanning

* Multiple angles instead of one — much better
chance of striking the discontinuity square (and
thereby getting the most sound back)

* Encoding
« PAUT can be done without it, but D1.5 mandates it

* Provides electronic documentation of the test — thus
over_cpmm%the objections that some folks have with
traditional UT

* Less operator sensitive — once the scan plan is
established, the technician simply executes the
scan plan by moving the transducer along the
index axes prescribed in the scan plan




PAUT Acceptance Criteria (Annex K)

Mark Davis lead the task group; he came up with three proposals

* 1) linear scan — thought it would be more e(i[uivalent to Clause 6 UT, but the committee
wanted to take advantage of having multiple angles

* 2) sector scan — and swept angle — graded to the nearest typical traditional angle; angles
give you a better chance of hitting the flaw at 90 degrees

 3) research D1.1 Annex S (now Annex Q) as another option; Mark had used it for a
powerplant; it’s a DAC curve approach (instead of TCG, which corrects b%f adglﬂg g%in) ;
or better than

resented to the committee; committee liked it; saw that it was equivalen
T; committee adopted as a TCG in Annex K

Hence the original basis of D1.5 Annex K is D1.1 Annex S (Ir{low D1.1 Annex Q)
which the committee saw provided good correlation with RT criteria

Subsequent comparisons have also found good correlation between Annex K and
RT criteria

 Florida DOT study
* High Steel comparisons

Fracture mechanics — can do beam spread and height corrections — but more
sophisticated and time consuming



PAUT NCHRP Study

* The D1.5 committee felt that
* We were probably over-repairing welds, and

* Perhaps PAUT (or other advanced NDE techniques) could be used to
facilitate the use of new and more logical acceptance criteria

 Using allowances such that were fit-for-purpose based, repairs could
be reduced to a more rational volume

* Research studied allowable discontinuities using fracture
mechanics and allowable stress ranges
* Got much smaller allowable discontinuities
* Discovered calibration discrepancies with TMCP plates



High Steel
Comparisons

* On two Virginia bridges, used
PAUT for flange splices and
one web splice

* Performed RT on any indication
above the disregard level (DRL,

which is 6db below SSL), as
scanned

* Evaluated NCHRP need for
rastering (anything above 10%
full screen height, as evaluated)

* Evaluated NCHRP need for
repair

* Looked at some joints with UT
as well

Fiece Mark

Transition

Splice Scan | Thickness| Length [ /N) PA UT CONVENTIONAL
AnnexK | NCHRP [wo s RT | uT
VA1180201A-1
geawa | 27or | s [ mar N [ R | N/A
ggawa | sorz | e25 | 128 N [ R NJA
geawa | 27or2 | 25 | e N Di42% | 230% R ACLL. N/A
GEBBFA | SON zon | g7 N Di3ge | 220 R | Motfound N/A
GEBTFA | 270N 2o | 275" N D158 | 24.5% R | Motfound N/A
GSBTFA | soF 20" 5 N D133 | 210% R | Motfound N/A
G11BTFA| 270N 20" | 238" N R | Motfound N/A
G11BBFA| edze 20" | Nja N * | Motfound | Mot found
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G138 BFA] 30m 20" | 278" N C 34.59% R | Motfound | Acc.+11
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g13ceral z7ow | 125" | s N |Di3.0%(e7s)| 20.6% R 03" Acc
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GlBTFA [ son [ 1252 | 1sen v D133 | 210% R 07" Acc N/A
gieTFe | 27on | 1252 | 157" v Di42% | 225 R | Motfound N/A
G3BTFA | 270w [ 1252 | 315¢ ¥ D16.1% R__ | Motfound +18
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gacera | z7ow [ 11257 | 27 N D24.5% Not found N/A
R = MCHRF Raster scan required
* = Found with raster scan of edge

MNot Found
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OmniPC - 4.4R4
DAA 0.576 in SAA 6.848 in
§ Scan:18.661 & .

e~ B ° RT result:  clear

e PAUT result
: * Annex K: class D,13% - pass
e NCHRP: 21% raster

e UT result: not tested
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OmNiPC - 4.4R4
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« NCHRP: 23%, raster
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. .op OmNIPC - 4.4R4
A% 228 % DAA 0.694 in PAA 0.195 in SAA 1347 in
5 PA1 P Scan'12.402in 2

L ~ » = * RT result: not found

 PAUT result
« Annex K: class D, 11.8%
« NCHRP: 18.6%, raster

e UT result: not tested
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"TFA 270N.opd * Omnil -4.4R4 .
DAA 0.618 in PA 0.927 in SAA 1.650 in
S — L «« e RT result: not found
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i I I %  PAUT result
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3 Olympus - OmniPC - 44R4
VA1180201A-1 G11C BFA 90 N.opd * OmniPC - 4.4R4.

A% 493 4% DA® 0502 in PA 0277 in | SA* 1144 in RT result: not found

AB-C-8 - PA1 - Scan:18.543 in. rd Angle:64.00°
1=

PAUT result
« Annex K: class D, 25.1%
« NCHRP: 39.6%, fix

UT result: not tested
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e UT result: not tested
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DAA 0.527 in SA* 1104 in
®
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* RT result: Acceptable

 PAUT result
e Annex K: class D,14.5%
b e NCHRP: 23%, raster

. e UT result: not tested
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e RT result:; not found
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DA* 0.545 in PAA 0.423 in SA* 1.266 in
v s An,

L : o — o RT result: not found

,,,,,,,,,,,,  PAUT result
e Annex K: C, 27.5%; D17.0%
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e UT result: not tested
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e RT result:; acc

 PAUT result
e AnnexK: D, 7.7%, acc

* Note — this screen shot includes +10 db
for scanning

« NCHRP: 12.2%, acc
 UT result: acc, +20
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e RT result:;

 PAUT result
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e UT result: acc, +11



31.0+60 dB A% 271 9 DAA 0.374 in PAA 0.500 in SAA 1.095 in
SSSSSS 3 S = PA1 3 Scan:17.717 in ra Angle:70.00° 3

=<4+ RT result: not found
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VA1180201H-11 G1B TFA 90 N.opd *
s10+60dB A% 259 9 DAA 0.685 in PAA  0.556 in SAA 1509 in
s ABCS s PA1 s Scan:4.884in 3 Angle:63.00°

7

rae + NCHRP: 21%, raster

OmniPC - 4.4R4

e RT result:;

 PAUT result
e Annex K: D13.3%, acc

« UT result: not tested
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e RT result:; not found

 PAUT result
e Annex K: D, 14.2%, acc
e NCHRP: 22.5%, raster

e UT result: not tested




VA1180201
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OmniPC - 4.4R4
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G3B TFA

= conventional UT
report for previous

slide

Quality Control Ultrasonic Inspection Report srichss ..

Job Number: VAIIS0201H-11 Location: North Bay Report #
Structure No. 0066-096A-497, B615 Date: November 12, 2010 Weld Process: SAW
TJoint Design: B-L2c 5 UT unit Serial # 180583103 Model 2 Epoch 650
Decibels Inches
= 15213122 |2 |z g | g % £
222 |3 |2 |2 |2 |2 ElE | E EIz|=)2
-% z |2 E = = = = .?_‘:'5 ?;._f:j 2 A = ? é ‘B g Length or Quantity of Welds Tested and
Pisce Mark = Weld Number | F [E|E | A | B C | D|[3F|BF | o £ =12 2= Comments
G3iB 1110 TFA A 70| 71.8(52.5| 1.8 | 18 | L.9" | .65" 0 |21.94| 125 (X UT Edgeof plate at PAUT reject area

We, the undersigned, ceriify that the statements in this record are correct and that
the welds were prepared and tested in accordance with the requirements of.

AWS DL.5 2015 Table 6.3

Technician: Curt Breneman Lewvel: I

Witness:

Revision Date: 040702 @ 1045 am.

(Page1of 1)

Hiifles env1/Shops/Shop Forms Quality/Ulra Ins p xLS
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e RT result:; not found
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[IHIGH .. Quality Control Phased Array Ultrasonic Inspection Report
Tob Number: VALIS0201H-11 Location: Report 2 6
Structure No. 1066-096A-497, B6l5S Date: Weld Process:
Joint Design: B-L2c S UT unit Serial # QC-015362 Model #: OmniScan MX2
dB Inches/MNIM
= =
Ei X I = E
= [ 5o |2 @ - = o
o = N 5 |2 % w2 | & B |g 5 - - E L ength or Quantity of Welds Tested and
Piece Mark %:” ScanFile Name E = |z ; E; = |58 |2 _ R g g 2 |z < |= = Comments
& S EREIEE IZE |8 |20 22 1838 | 2 | we | = =12 (2|2
‘ 5 A All Below BaseMetal | A UT'd Adjacent to Weld
GSATFA A 56 70 | +11 | .32" |.625" 0.0 14" 10" | X
= conventional UT
We, the undersigned, certify that the statements in this record are correct and that S ] L I
the welds were prepared and tested in accordance with the requirements oft Technician: Steve Amspacher Level
AWS D1.5 Annex K Table Kl & K3 Witness:
Revision Dete: 0441 1/18@ 23:45p.m. {Fage1of 1) Hiifles erv1/Shops/Shop Forms/Quslity/Ulras Ins p.xlLS




High Steel
Comparisons

* On two Virginia bridges, used
PAUT for flange splices and
one web splice

* Performed RT on any indication
above the disregard level (DRL,

which is 6db below SSL), as
scanned

* Evaluated NCHRP need for
rastering (anything above 10%
full screen height, as evaluated)

* Evaluated NCHRP need for
repair

* Looked at some joints with UT
as well

Fiece Mark

Transition

Splice Scan | Thickness| Length [ /N) PA UT CONVENTIONAL
AnnexK | NCHRP [wo s RT | uT
VA1180201A-1
geawa | 27or | s [ mar N [ R | N/A
ggawa | sorz | e25 | 128 N [ R NJA
geawa | 27or2 | 25 | e N Di42% | 230% R ACLL. N/A
GEBBFA | SON zon | g7 N Di3ge | 220 R | Motfound N/A
GEBTFA | 270N 2o | 275" N D158 | 24.5% R | Motfound N/A
GSBTFA | soF 20" 5 N D133 | 210% R | Motfound N/A
G11BTFA| 270N 20" | 238" N R | Motfound N/A
G11BBFA| edze 20" | Nja N * | Motfound | Mot found
giicera| sow | 125" | 1me N D 25.1% R | Motfound N/A
gucTra| sow | 125" | 1see N D13.3% R | Motfound N/A
gucTral sow | 125 [ 1gpe N D145 | 23.0% R Acc. N/A
G13aTra|  soF 15" | .1s8" N C 27.5% R | Motfound N/A
g13aTra]| 270M 15" | g7 N D17.05 R | Motfound N/A
G134 BFa|  sSON 15" | 278" N D7.7% N/A Acc. Acc. +20
G138 BFA] 30m 20" | 278" N C 34.59% R | Motfound | Acc.+11
G13CBFA| edge | 125" | edse N D16.1% | 24.5% * | Motfound | Acc.+13
gizcera| zyow | 125" | 237 N D13 | 22.0% R | Motfound | Mot found
gizceral| zyow | 125" | 2750 N D158 | 24.5% R | Motfound | Mot found
g13ceral z7ow | 125" | s N |Di3.0%(e7s)| 20.6% R 03" Acc
GSCTFA | soN | 125" | 13" | M c2oax [NMEERN R | 05" Acc N/ A
GoceFa| soF | 125" | 353¢ N Did4s | 23.0% R | Motfound N/A
gloceral zyow | 1250 | s N D118 | 16 R | Motfound N/A
VA1180201H-11
GlBTFA [ son [ 1252 | 1sen v D133 | 210% R 07" Acc N/A
gieTFe | 27on | 1252 | 157" v Di42% | 225 R | Motfound N/A
G3BTFA | 270w [ 1252 | 315¢ ¥ D16.1% R__ | Motfound +18
gaapFa| son | 11257 | 1sen N D13.3% R | Motfound N/A
gapBFa| son | 152 | 3157 v 01575 Not found
GSATFA |  goF 10" | .30 N | c26.6% (58
gacera| son | 11257 | 278n N D 23% Not found
gacera | z7ow [ 11257 | 27 N D24.5% Not found N/A
R = MCHRF Raster scan required
* = Found with raster scan of edge

MNot Found




Testing Summary

* Joints scanned per Annex K: 71

* Joints with recordable indications: 19, or 27%
* Failed Annex K 2 joints, 3 repairs 3% (of total)
* Failed RT 2 joints, 3 repairs 3%
* Required NCHRP raster: all

 Failed NCHRP 11 joints, 13 repairs 15%



Summary

* PAUT is more sensitive than RT for detecting discontinuities or
indications

* PAUT Annex K gets many recordable indications that do not show up
on x-ray — maybe 25%
* All RT indications are found by PAUT

* Generally good agreement between Annex K and RT regarding
acceptance

* Annex K compared to NCHRP
« All Annex K indications require rastering
* About half of Annex K indications fail NCHRP

* More comparisons planned



Florida Structural Steel Testing

* There were no recordable indications found by PAUT that would fail
Annex K

* (6) 15” sections failed per 908 criteria utilizing PAUT
* 49% of the PAUT scans would require rastering per 908
* Traditional UT found no rejectable indications

* The 6 rejectable indications found utilizing PAUT and 908 criteria
were Class D indications by traditional U

* RT found no rejectable indications

* The 6 rejectable indications found by utilizing the 908 criteria were
shown to be minor porosity on RT film

* Radiographic inspection showed non—rreljectable minor porosity that
wasn’t found by PAUT or traditional U



Questions?
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