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ULTRASONI C | NSPECTI ON OF PLATES
01/08

NOTE: This gui de specification covers the
requi renents for ultrasonic inspection of rolled
steel plates.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR).
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PART 1 GENERAL
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NOTE: This gui de specification covers the

ul trasonic inspection of rolled plates both in air
and by i mersion techniques for |amnar types of
flaws, for lack of bondi ng between plate and

cl addi ng, and for |lack of fusion between the wel ded
overlay and the base nmetal. \Where ultrasonic

i nspection of weldnments is to be required, use
Section 05 05 23.16.13 10 ULTRASON C | NSPECTI ON OF
VWELDMENTS. |If the work will involve both ultrasonic
i nspection of plates and of weldnents, this section
and Section 05 05 23.16.13 10 ULTRASON C | NSPECTI ON
OF WELDMVENTS may be used as separate sections of the
contract specifications, or may be conbined into a
single section to be titled ULTRASONI C | NSPECTI ON

I f conbined, repetitions will be deleted, and the

SECTI ON 41 36 30.00 10 Page 4



entire specification will be edited for appropriate
par agraphs and definitions, reference specinens,
acceptance/rej ection standards, and other associ ated
data.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard's Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

AVERI CAN SOCI ETY FOR NONDESTRUCTI VE TESTI NG ( ASNT)
ASNT SNT-TC 1A (2016) Recommended Practice for Personne
Qualification and Certification in
Nondestructive Testing
ASNT SNT-TC- 1A QRA Bk C (2011; Text Correction 2011) Supplement to
Recommended Practice No. SNT-TC 1A (QRA
Book): U trasonic Testing Mt hod
AVERI CAN VELDI NG SOCI ETY (AWB)

AWS D1.1/D1. 1M (2015; Errata 1 2015; Errata 2 2016)
Structural Welding Code - Stee

ASTM | NTERNATI ONAL ( ASTM

ASTM E165/ E165M (2012) Standard Practice for Liquid
Penetrant Examination for General |ndustry

ASTM E709 (2015) Standard Guide for Magnetic
Particl e Exam nation
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.2 DEFINITIONS

2.1 A Scan

Met hod of data presentation on a cathode ray tube using rectangul ar
coordinates in which a horizontal base line indicates el apsed tine when
reading fromleft to right. A vertical deflection in the base line

i ndi cates reflect signal anplitude.

.2.2 Acoustically Simlar Mterial

Material the sane as that to be inspected; or another material proven to
have acoustical velocity within plus or mnus 3 percent and an attenuation
within plus or minus 0.001 dB/nm 0.25 dB/inch of the inspected material for
the inspection frequency and wave node, using the sane node as that to be
used for inspection.

. 2.3 Amplitude

When referring to an indication in A scan presentation, anplitude is the
vertical height of the indication nmeasured from peak-to-peak for radio
frequency indications and trace-to-peak for video indications.

. 2.4  Attenuation

Di ssipation or |loss of energy as ultrasonic vibrations travel through the
material. Attenuation is caused alnost entirely by scattering of the
ultrasonic vibrations generated by the search unit.

.2.5 Attenuation-Correction Controls

Circuitry to provide a continuous increased anplification with respect to
time. This circuitry conpensates for the reduction in sensitivity with
depth as a result of sound beam di vergence and its attenuation in nmaterial.
.2.6 Back Reflection or End Reflection

Refl ection fromthe opposite side, end, or boundary of the material into
whi ch the ultrasonic energy was introduced.

2.7 Calibrated Gain Control (Attenuator)

Circuitry with which gain can be increased or reduced finite anobunts by
switching electrical signal attenuation into the circuit.

.2.8 Calibration

Process of conparing an instrunent or device with a standard to determ ne
accuracy or produce a scale.

. 2.9 Cat hode Ray Tube (CRT)

El ectron tube in which a controll ed beam of electrons fromthe cathode is
used to produce an inage on a fluorescent screen at the end of the tube.

.2.10 Couplant

Any material, usually a liquid or semiliquid, used between the search unit
and the inspection surface to exclude air and convey the ultrasonic
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vi brations between the search unit and the material being inspected.
.2.11 Danpi ng Contr ol

Control that varies the duration of transducer ringing.

.2.12 Deci bel (dB)

Units for the logarithmic expression of the ratio of power |levels. Power
| evel s can be functions of voltage, current, or inpedance. Decibel units
have no val ues of their own and are only significant when a reference is
stated, as 10 dB above one reference | evel or 6 dB bel ow another reference
level.

.2.13 Del ay Control

Means of delaying the pattern obtained on the cathode ray tube.

.2.14 Discontinuity

Anything within a material that will cause a detectable interruption in an
ul trasoni ¢ beam

.2.15 Di st ance- Anplitude Correction Curve

Curve showi ng the rel ationship between signal anplitude and equal -sized
reflecting surfaces at various distances fromthe transducer. Reference
standards are used to obtain such curves.

.2.16 Dynani ¢ Range

Rati o of maximumto mni mum size of reflective areas that can be adequately
di stingui shed on the cathode ray tube at a constant gain setting.

.2.17 Ef fective Depth of Penetration

Maxi mum depth at which the sensitivity is satisfactory for the quality of
test desired.

.2.18 Examination

Wthin the context of this specification, the word "exam nation" is
equi valent to the word "inspection."

.2.19 Gain Control

Circuitry designed into the ultrasonic systemto vary reflection
anplitude. This control is usually calibrated in decibels. It is also
called the sensitivity control.

.2.20 Gross

Background di spl acenment of the trace on the cathode ray tube fromthe
establ i shed baseline due to the gain setting, the characteristics of the
test equiprment, or the material under exam nation.

.2.21 Hertz

One conpl ete set of recurrent values of a periodic quality conprises a

SECTI ON 41 36 30.00 10 Page 7



cycle. In other words, any one set of periodic variations starting at one
condition and returning once to the sane condition is a cycle. A hertz is
a unit of frequency equal to one cycle per second.

.2.22 | mrer si on Techni ques

Test nethods in which the part to be tested and the search units are
imersed in water or other suitable liquid couplant. A mechanical device
is used to firmy hold and direct the wave angle of the search unit. The
search unit does not contact the item being inspected.

.2.23 Indication

Vi sual presentation on the cathode ray screen resulting froma sound beam
reflection froma boundary surface or discontinuity.

.2.24 Initial Pulse Indication

Usually called the "initial pulse". A signal on the CRT screen narking the
instant at which a voltage inpulse is applied to the transmitting crystal
Its rising edge is frequently invisible due to the time lag in the probe
shoe and the consequent necessity to ensure coinci dence between the tine
base zero and the instant at which the transmtter pulse actually enters
the material under test.

.2.25 Linearity

Property of an instrunent revealed by a linear change in reflected signa

or displacenent. The vertical linearity is determned by plotting by
change in ratios of signal anplitude fromtwo adjacent reflections froman
area of known size. The horizontal linearity is deternmned by plotting the

di stance the signal is displaced along the sweep agai nst the change in
mat eri al thickness or by noting the spacing of multiple back reflections.

.2.26 Longi tudi nal or Conpressional Waves

Si npl e conpression refraction waves in which particle notion within a
material is linear and in the direction of wave propagation. Also called
strai ght beans, or conpressional or normal waves.

.2.27 Longi tudi nal Wave | nspection

U trasonic technique, normally using strai ght beam nethods, in which
| ongi tudi nal waves are the domi nant form

.2.28 M d- Screen Refl ection

Refl ecti on whose anplitude is equal to one-half the usable screen height on
t he CRT.

.2.29 Megahertz (MHz)

One mllion hertz per second frequency.

.2.30 NDT Level |

An NDT Level | individual should be qualified to properly performspecific

calibrations, specific NDT, and specific evaluations for acceptance or
rejection deternmi nations according to witten instructions, and to record
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results.
.2.31 NDT Level |1

An NDT Level |1 individual should be qualified to set up and calibrate
equi pnent and to interpret and evaluate results with respect to applicable
codes, standards, and specifications.

.2.32 NDT Level 111
An NDT Level I11 individual should be capabl e of establishing techniques
and procedures; interpreting codes, standards, specifications, and

procedures; and designating the particular NDT nethods, techniques, and
procedures to be used.

.2.33 Node

Di stance a shear wave travels in a straight line fromthe inspection
surface before being reflected by the opposite surface.

.2.34 Pul se Repetition Rate

Nunber of spaced pul ses of sound per second sent into the material being
inspected.

.2.35 Range Contr ol

Means of expanding the pattern obtained on the CRT so any portion of the
total distance being tested can be presented.

.2.36 Ref erence Refl ector

Standard reflector 1.52 mm 0.060 inch dianmeter reference hole in the IlW
reference block. Oher approved bl ocks may have a different dianeter
reflector.

.2.37 Reflector

Boundary, consisting of an opposite side, crack, or separation, or a

di stinct change in material such as slag or porosity that reflects the
ultrasonic energy the sane as a mrror reflects light.

.2.38 Refracted Waves

Waves that have undergone change of velocity and direction by passing from
one material to another material with different acoustical properties.
Refraction will occur wherever the angle of the incident wave to the
interface is other than perpendicul ar

.2.39 Rej ectabl e Di scontinuity (Defect)

Refl ector | arge enough to produce a signal (decibel rating) that exceeds
the reject/repair line.

.2.40 Resolution
Ability to clearly distinguish signals obtained fromtwo reflective

surfaces with a mni num separation di stance. Near-surface resolution is
the ability to clearly distinguish a signal froma reflector at a m ni rum
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di stance under the contact or near surface without interference fromthe
initial pulse signal. Far-surface resolutionis the ability to clearly

di stinguish signals fromreflectors displaced at mni num di stance fromthe
far or back surface when the sound beamis normal to that back surface.

.2.41 Ringing

Excitation of the transducer crystal due to a short pul se of high-voltage
electricity.

.2.42 Scanning

Process of noving the search unit or units along a test surface to obtain
conpl ete inspection of the entire volune of a nmaterial being inspected.

.2.43 Search Unit

Devi ce containing a piezoelectric nmaterial used for introducing vibrations
into a miterial to be inspected or for receiving the vibrations reflected
fromthe material. The active elenent of the search unit is defined as the
effective transnmitting area. Search units are also called transducers or
probes. They may be single or dual and contain one or two piezoelectric

el ements, respectively, for transm ssion and reception. The single search
unit is sonetinmes enclosed in a transducer wheel or search unit wheel. The
search unit may be manual ly handl ed and placed in direct contact with the
material to be inspected or may be held in a fixture for imersion

technique.

.2.44 Sensitivity

Measure of the ultrasonic equipnent's ability to detect discontinuities.
Quantitatively, it is the level of anplification of the receiver circuit in
the ultrasonic instrunent necessary to produce the required indication on
the scope fromthe reference hole in the reference block. Al so see
"standard reference |evel"

.2.45 Shear Waves

Waves in which the particles within the material vibrate perpendicularly to
the direction in which the wave travel s or propagates. Also called
transverse waves.

.2.46 Shear Wave | nspection

I nspection technique using shear waves in a material. The search unit is
pl aced at an angle to the contact surface of the material so the resultant
refracted sound is a shear wave at an angle to the nornal

. 2. 47 Standard Reference Leve

M d-screen height reflection when beaning at the 1.52 mm 0. 060 inch hole in
the primary reference block or the reference hole in the secondary standard.

.2.48 Sur f ace Waves

Waves that propagate along the surface of the material and penetrate it to
only about 1/2 wavel ength. Al so known as Rayl ei gh waves.
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1.2.49 Test Frequency

Operating frequency in hertz per second of the search unit during period of
activation. Frequency is usually expressed in nmegacycl es per second or
megahertz. The latter term has been adopted for international use and is
preferred.

1.2.50 Vi deo Form

Type of signal presentation on a CRT in which only the upper or position
hal f of the signal appears.

.3 SYSTEM DESCRI PTI ON
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NOTE: The designer will indicate the extent of

i nspection required, where the inspection shall be
made, and the nunber of plates to be inspected. The
nunber will depend on the service to which the
plates will be subjected. For exanple, all plates

i ntended for pressure vessels and dynam cally | oaded
structures such as rail and hi ghway bridges, cranes,
and mssile service towers shall be inspected. In
the case of plates for statically |oaded structures
such as buildings and storage tanks, inspection
shall be on the basis of heats in which the sanple
size shall be in accordance with the governing
specifications or standards for tensile tests.
However, the plates intended for ultrasonic

i nspection shall not be the sanme as those from which
the tensile speci nens were taken. For econony,

pl ates shoul d be inspected at the nill follow ng
final processing and before shipnment. However, in
sone instances, this may not be expedient. Were
critical, the designer shall specify in detail the
occasion for inspection in the construction process.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Thi s section includes procedures, methods, standards, and descriptions of
equi pment whi ch shall be used for [milI] [shop] [field] inspection of
rolled plate, including clad materials which are 13 nm 1/2 inch or thicker
through which interpretable ultrasonic penetration is possible. |I|nspection
of plate shall be [individually.] [by lots. The sanple size shall be two
plates per lot. A lot is defined as being all plates in a 50 mm 2 inch

thi ckness interval rolled fromthe sane heat. |Include in the thickness
determ nation any overlay, pressure cladding, or weld deposit.] Perform
ultrasonic inspection to detect the foll owi ng defects:

a. [Internal lamnar discontinuities.]
b. [Lack of bond between roll or explosive bonded sheet.]
c. [Lack of fusion between wel ded overl ays and base plate.]

.4 SUBMITTALS
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NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
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the following list to reflect only the submittals
required for the project.

The @uide Specification technical editors have
designated those itens that require Government
approval, due to their conplexity or criticality,
with a "G" Generally, other submittal itens can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the subnittal
is sufficiently inmportant or conplex in context of

t he project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requirenents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTING. Locate the "S" submittal
under the SD nunber that best describes the
submttal item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed

*% *%

itemfor Arnmy projects.

*% *% *% *% *% *% *% *% *% *%%

Gover nnent approval

is required for subnmittals with a "G' designati on;

submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. Wen used, a designation following the "G
designation identifies the office that will review the submittal for the
Submttals with an "S" are for inclusion in the

Gover nnent . |

Sust ai nabi l ity eNot ebook,

in conformance to Section 01 33 29 SUSTAI NABI LI TY

REPORTI NG. Submit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 03 Product Data

Procedures and Met hods

Per sonnel

Qualification and Certification

Equi pnent Qualification Requirenents

SD- 06 Test

Reports

Reports and Results
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5 QUALI TY ASSURANCE
5.1 Personnel Qualification and Certification

Personnel shall be qualified to performultrasonic inspection, as defined
in ASNT SNT-TC- 1A. Personnel shall be certified under ASNT SNT-TC 1A and
ASNT SNT-TC-1A QRA Bk C within a period of 1 year before the date of this
contract. Oher qualification or certification nay be accepted at the
Contracting Officer's discretion. Personnel with only an operator or

i nspector trainee certification will not be considered qualified to pass

j udgrment on the acceptability of inspected itens, but may work under the
direct supervision of a qualified ultrasonic inspector. Qualified
ultrasonic inspectors shall be able to pass judgenent on the acceptability
of the itemin accordance wi th paragraph ACCEPTANCE/ REJECTION LI M TS.

.5.2 Examinations

If the Contracting Oficer doubts an individual's ability as an operator

i nspector, or supervisor, the individual shall be recertified in accordance
with  ASNT SNT-TC-1A. The Contracting Oficer may participate in

adm ni stering the examination and in evaluating the results.

.6 REFERENCE STANDARDS

Ref erence standards shall be used to calibrate the inspection equipnent,
test its operating condition, and record the sensitivity or response of the
equi prent during the inspection in accordance w th paragraph EQU PMENT
QUALI FI CATI ON REQUI REMENTS. The standards shall conprise a standard

ref erence bl ock and working standards as descri bed next.

.6.1 St andard Ref erence Bl ock

Provi de the standard reference bl ock or primary standard consisting of the
International Institute of Wlding (I1W reference block in AWs D1.1/D1. 1N
Section: Inspection, subsection, Reference Standards. The standard
reference bl ock shall also be used in any reinspection on the sane basis as
the original inspection, even though the reinspection is to be perforned by
other ultrasonic instruments and accessori es.

.6.2 Wor ki ng St andar ds

Recogni zed worki ng standards detailed with the II1Whblock in AWSs D1.1/D1. 1V
such as the Sensitivity Calibration Block, nay be used. Details of their
use must be included in the procedure description subnmitted for approval
These bl ocks shall be of the same acoustical material as the plates to be
i nspected, shall be suited for the applicable tests specified in paragraph
EQUI PMENT QUALI FI CATI ON REQUI REMENTS, and shall be used as foll ows except
where the I Wblock is specifically required:

a. To assure adequate penetration of the base materi al
b. To provide a secondary field standard.

c. To calibrate the equipnent and to establish the standard reference
level.

.6.3 Resol uti on Test Bl ock

Furnish a resolution test block in accordance with the details shown in
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AWS D1.1/D1. 1N, Section: |Inspection, subsection Reference Standards.
.7 EQUI PMENT QUALI FI CATI ON REQUI REMENTS

Eval uate the ultrasonic instrument and accessories on their arrival at the
jobsite just before the start of the inspection, using the Contractor's
furni shed primary standard; they shall neet or exceed the requirenents
bel ow. Equi prent that does not meet these requirenents shall not be used.

Submit the procedure specifications, the procedure qualification test
records and the personnel qualification test records.

.7.1 Requalification

The equi pment shall be requalified after normal use at intervals not to
exceed 40 hours. In addition, equipnment shall be requalified inmediately
after maintenance or repair or when the Contracting O ficer considers its
operation questionabl e.

.T7.2 Longi t udi nal Wave System
.7.2.1 Hori zontal Linearity

The first three multiple reflections obtained through the thickness of the
primary or secondary standard shall be equally spaced within plus or mnus
5 percent when spread over 90 percent of the sweep |ength.

.7.2.2 Vertical Anmplitude Linearity

Two adj acent reflections of different anplitudes obtained through the

thi ckness of the primary or secondary standard shall vary in the sane
proportion as the anplitude of the first reflection is increased in

di screte 2-dB increments between 20 and 80 percent of full screen height.
For each gain setting, the anplitude of each reflection shall vary by the
sanme factor within plus or mnus 5 percent.

.7.2.3 Near - Sur f ace Resol ution

Excessive ringing that appears on the cathode ray tube (CRT) just to the
right of the sound entry point shall not exceed a 13 mm 1/2 inch equival ent
distance in steel with the search unit placed on the 100 nm 4 inch edge of
the 11 Wbl ock and positioned for nmaxi mum anplitude reflection fromthe 1.52
mm 0. 060 inch hole. The reference reflector shall be set to mid-screen and

the gain shall be increased 20 dB. |In either case, excessive ringing shal
not appear on the CRT to the right of the sound entry point in excess of a
13 mm 1/ 2 inch equival ent distance in steel. The reference hole |ocated at

|l east 13 mMm 1/2 inch fromone edge of the AWs D1.1/Dl1. 1V, Type SC secondary
standards shall be used simlarly. Acceptability shall be on the sane
basis as in the primary standard.

.7.2. 4 Far-Surface Resol ution

The equi pnent shall delineate the three resolution holes in the resol ution
bl ock appropriate for the angle of the transducer to be used in the
inspection.

.7.2.5 Signal -to-Noise Ratio

Wth the search unit |ocated as in the near-surface resolution tests, the
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gain shall be set to obtain an 80-percent full screen height first
reflection fromthe respective reference reflector. The reference
refl ection-to-noise shall not be less than 10 to 1.

.7.2.6 Penetration

At least three multiple back reflections through plates up to 75 nmm 3 inches
thick and at |east one for plates greater than 75 nm 3 inches thick shal

be obtained. |In either case, the initial or back reflection only shal

fall within mid-screen range with a gain input no greater than 50 percent

of the instrunent capacity.

. 7.3 | mrer si on Testing

For inmmrersion techniques, the back reflection fromthe interface between
the couplant and the plate surface is called the "first interface signal"
Al'l measurenents are to be referenced to this signal. The equi pnent shal
meet all requirenents of paragraph EQUI PMENT SENSI TI VI TY CALI BRATI ON

. 8 EQUI PMENT SENSI TI VI TY CALI BRATI ON

Sensitivity calibration shall be done imredi ately after a change of
operators and at |east every 30 minutes thereafter as testing proceeds.
Recal i bration shall also be required after any power interruption

i ncluding a change of source, when the equi pnment is suspected of being in
error, or after relocation on the jobsite. The 30-nmi nute and rel ocation
calibrations may coincide. Before calibration is attenpted, the instrunment
shall be allowed to warm up

.8.1 Calibration of Longitudinal Wave System

The instrument range and del ay controls shall be adjusted to display
signals fromthe far surface of the plate to be inspected. The gain shal
be adjusted to produce a first back reflection 50 percent of full-scale.
The reject/repair line shall be established at 40 percent of full-scale or
2 dB bel ow mid-screen height. The relationship between the 50-percent
reflection and the first back reflection fromthe 1.52 nm 0.060 inch
reference hole in the primary standard shall be determined in the follow ng
way: W thout further adjustnment of the instrument gain after the initial
sensitivity setting, the transducer shall be coupled to the primary
standard and positioned for a maximum first back reflection fromthe 1.52 mm
0.060 inch reference hole. The instrunment gain shall be adjusted to bring
the maximumreflection to md-screen height and this instrument gain
setting shall be recorded. A sinilar relationship, correlated with the
respective plate identifications, shall also be reported for each
subsequent plate inspected. Adjustnent for |oss of signal due to distance
shal | be conpensated for as specified below However, for plates |ess than
25 mm 1 inch thick, no adjustment for |loss of signal is required.

.8.2 Calibration of Secondary Standard

After adjusting the first reflection fromthe reference hole in the
secondary standard to a 50-percent full-scale response for a shear or

| ongi tudi nal wave inspection, a nmaxinized reflection fromthe 1.52 nm 0. 060
inch reference hole in the primary standard shall be obtai ned without
changing the gain setting. This gain setting shall be readjusted to obtain
a 50-percent full-scale reflection. The readjusted setting shall be
recorded to provide a basis for recalibration when the secondary standard

i s unavai l abl e.

SECTION 41 36 30.00 10 Page 15



1

8.3 Equi prent Wth a Calibrated Gain Control

When a calibrated gain control attenuator is used, the transducer shall be
positioned for nmaximumreflection fromthe reference hole in the secondary
standard representing approximately 1/2 the | ongest inspection distance.
This reflection shall be adjusted to mid-scale by varying the gain contro
accordingly. The difference in decibels between this anplitude and the
signals obtained fromthe first, second, and |ongest distance reflections
obt ai nabl e on the secondary standard shall be neasured. The differences
shal |l be recorded and plotted on a curve to deternine the necessary
correction to the anplitude at the various inspection distances. A |leve
80 percent of the primary level, obtained fromthe corrected signa
heights, is equal to the reject/repair I|ine.

.8.4 Equi prent Wth El ectronic D stance Conpensation Crcuitry

If the distance in anplitude between the first reflection and the
reflection obtained fromthe nmaxi muminspection distance is 1 dB or |ess,
the instrument may be used as is. |If not, the procedure used for equipnent
with a calibrated decibel control shall be used to determine the necessary
correction for the reflections obtained at the various inspection distances.

.8.5 Longi tudi nal Wave Di stance- Amplitude Corrective Curve

A | ongi tudi nal wave distance-anplitude correction curve shall be
constructed and drawn on the face of the CRT when |ongitudi nal waves are to
be used in the inspection and when material thickness exceeds 50 nm 2 inches
if the test equipnent design permts. The reference hole in the secondary
standard shall be used. The instrunent sensitivity shall be adjusted to 50
percent full-scale of the maxi m zed response fromthe reference hole at 1/2
maxi mum i nspection distance. The reject/repair line shall be constructed
at 80 percent of the established distance-anplitude curve. The reflection
anplitudes to define this curve shall be taken fromthe faces of the
secondary sensitivity standard which are 25 mm 1 inch, 50 mm 2 inches, 1/2
maxi mum i nspection di stance, and the | ongest distance obtainable fromthe
secondary standard, respectively, fromthe reference hole. Wen a
correction curve cannot be drawn on the face of the CRT, an approved
di stance-anplitude correction nethod shall be appli ed.

.8.6 Longi tudi nal Wave I nspection Using | mersion Techni ques

The reference hole in a secondary standard shall be used for each different
i nspection distance. Reject/repair limts shall be established by

i mersing both the search unit and secondary standard in the liquid bath in
whi ch the inspection is to be conducted. The follow ng procedure shall be

used:

a. The longitudinal waves fromthe search unit shall be directed
toward the face of the secondary standard closest to the reference hole.

b. The search unit shall be positioned for nmaxi mumresponse. The
anplitude of reflection shall be adjusted to 50 percent full-scale.

The top of that indication on the CRT shall be marked with a wax penci
or by other neans. This establishes the standard reference level. A
poi nt at 80 percent of the standard reference |evel shall be cal cul ated
and nmarked. This locates the reject/repair point. The above procedure
shall be repeated for each different surface-to-hole distance to
establish reject/repair lines.
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c. Wth the gain at the sane setting and primary standard and search
unit in the bath, a maxinized reflection fromthe 1.52 mm 0. 060 inch
reference hole in the primary standard shall be obtained. This gain
setting shall be readjusted to obtain a 50-percent full-scale
reflection. The readjusted setting shall be recorded to provide a
basis for recalibration when the secondary standard is unavail abl e.

1.8.7 Angl e Wve System

The sensitivity level shall be a mninmumof a md-screen height, 50-percent
back reflection, with the transducer placed at the first node position from
a plate edge. No other calibration tests are required unl ess repair of

di scontinuity excavation is acconplished by welding. 1In that case, when

i nspection of the weld repair is required, qualification and calibration of
the shear wave equi prent shall be acconplished in accordance with Section
05 05 23.16.13 10 ULTRASONI C | NSPECTI ON OF WELDVMENTS

PART 2 PRODUCTS
2.1 ULTRASONI C EQUI PMENT

The ultrasonic test instrunent shall conformto the requirenments listed in
AWS D1.1/D1. 1N, Section: Inspection, subsection, U trasonic Equi pnent,
except any requirenent relating to weld inspection and the foll ow ng
addi ti onal requirenents:

2.1.1 Pulses

Provide an ultrasonic test instrument able to generate, receive, and
present pulses in any frequency in the 1- to 10-negahertz (MHz) range.

2.1.2 Hori zontal Linearity Test

Test the horizontal linearity of the ultrasonic instrunment in accordance
with the requirenents for horizontal linearity of paragraph EQU PMENT
QUALI FI CATI ON REQUI REMENTS, in addition to the AWs D1. 1/D1. 1N requirenent.

2.1.3 Resol ution Tests

In addition to the resolution test specified in AWs D1. 1/D1. 1N for

ul trasoni ¢ equi pnent, both near- and far-surface resolution tests shall be
conducted in accordance with the procedures specified for those
characteristics in paragraph EQU PMENT QUALI FI CATI ON REQUI REMENTS

2.2 PROCEDURES AND METHCDS

Use the pul se echo contact nethod with an A scan presentation for the

ul trasoni c inspection of plate except when i nmersion techni ques may be
approved for use in sone applications. Subnit for approval the procedures
to be used for personnel and equi prent qualification, equipnent
calibration, and inspection at |east 30 days before their intended use.

Approval will in no way affect the Contractor's obligation to enploy
qual i fied personnel, equipnent, and procedures, and to performthe

i nspection as specified. The procedure description shall include the
following:

a. Type of couplant.
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2.

b. Search unit characteristics including shape, nom nal frequency,
di ameter, type, and transducer angle if other than straight.

c. Method and type of wave.

d. Equi prent and accessories includi ng manufacturer, nodel nunber,
date of manufacture, |last date of calibration, and the manufacturer's
el ectrical, physical, and performance specifications.

e. Decibel (dB) conpensation systemfor distance-anplitude correction
3  TEST FREQUENCY

The test frequency for ferrous materials shall be as specified in

AWS D1.1/D1. 1N, Section: |Inspection, subsection, U trasonic Equi pnent.
For other materials that are difficult to penetrate, any frequency within
the operating range of the equi pnent may be used. The effective depth of
penetrati on and sound beam di vergency shall be denobnstrated to the
Contracting Oficer.

.4 VWAVE TYPES

The types of waves and conditions under which they shall be used shall be
as follows:

4.1 Longi t udi nal Waves

Longi tudi nal waves shall be used to locate, identify, and eval uate defects
in the various plate materials to be inspected.

.4.2 Shear Waves

Shear waves may be used as a supplementary means of inspection to |ocate
questi onabl e areas.

.5 CHANGES | N PROCEDURE

Shoul d application of an approved procedure not provide for good resol ution
or adequate ultrasonic penetration as specified in paragraph EQU PMENT
QUALI FI CATI ON REQUI REMENTS, changes in procedure or equi pnent such as
frequency, pulse repetition rate, angle of search unit, couplant, or

oscill oscope shall be nade and approved. Adequacy of the new procedure
shal |l be denonstrated to the Contracting Officer. During these tests, if
any of the test system s characteristics fall belowthe levels listed in
par agr aph EQUI PMENT QUALI FI CATI ON REQUI REMENTS, the Government reserves the
right to require a change in procedure or equi prent.

PART 3 EXECUTI ON

3.

1 PREPARATI ON OF MATERI ALS FOR | NSPECTI ON

The inspection surface shall be clean and free of |oose scale, dirt, rust,
grease, oil (other than couplant), and paint. Any roughness on the

i nspection surface that could interfere with transm ssion of the ultrasound
into the material shall be ground snmooth enough to obtain a back or end
reflection in excess of 40 percent full-scale. Plates shall be inspected
after final heat treatnent or processing. Plate identification renoved by
grinding or other neans shall be restored after inspection
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3.

2 I NSPECTI ON PROCEDURE

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: The designer shall specify limts closer than
those cited if the application is judged critical

I nappl i cabl e words, sentences, and paragraphs shal
be del eted when the itemnentioned is not to be
furni shed under this contract; for exanmple, if clad
plate is not furnished, all reference to clad plate
shal | be del et ed.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Inspection for [laninar types of flaws and] |ack of fusion between wel ded
overlay [or explosion bonded sheet] [and the base netal] shall be nade as
detailed below with the search unit coupled to the base plate. The correct
frequency as defined in paragraph TEST FREQUENCY shall be used. Fina

eval uation for acceptance or rejection shall be performed with the

equi pnent properly calibrated and the gain control set at the reference
level. The reject/repair line shall be used to evaluate the quality of
each iteminspected. |If a periodic calibration check shows that the

equi prent is not operating properly or that the sensitivity of the system
has decreased nore than 20 percent or 2 dB fromthe established sensitivity
|l evel, all itenms that have been inspected since the previous calibration
shal | be reexam ned. Wen adequate penetration, as specified in paragraph
EQUI PMENT QUALI FI CATI ON REQUI REMENTS, cannot be obtai ned by the proposed

| ongi t udi nal wave nethod, nodify the procedure in accordance with paragraph
CHANGES | N PROCEDURE

2.1 Couplants
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NOTE: The designer may linmt the choice of
couplants if sonme couplants are considered injurious
to the itemto be inspected

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The choi ce of couplant, such as oil or water, is optional, except as
follows:

a. The couplant shall be the same as that used for equi pment
qgualification and calibration

b. Couplants that nay cause corrosion of the reference standards or
the material being tested shall not be used.

c. QI shall not be used for plate to be installed in systens that
wi || handle liquid oxygen.

d. Couplants shall have the proper viscosity to overconme surface
roughness or irregularities.

. 2.2 Det ecti on of Lam nar Types of Fl aws

a. The plates shall be marked off in grid lines with a maxi num spaci ng
of 12 inches between lines, tested along each grid |ine and al so al ong
a path within one thickness (T) of the plate fromeach pl ate edge.

b. The back or end reflection fromthe far surface of the plate shal
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3.

be mmi ntained in excess of 40-percent of full-scale screen height
during the entire inspection to assure adequate ultrasonic penetration

c. Wen a conplete I oss of back or end reflection occurs al ong any
grid line, the entire area of the square adjacent to that point shal
be inspected. Conplete testing of all additional adjacent squares
shall be continued until the extent of the defective area is defined.

. 2.3 Detecti on of Lack of Bonding: Base Plate and d addi ng

a. The clad area shall be inspected for any |ack of bondi ng between
the cladding and the base nmetal. The clad area shall be marked off in
grid lines with a nmaxi num spaci ng of 150 nm 6 i nches between |i nes,
tested along each grid line and al so along a path within T of each edge.

b. The inspection shall be nade fromthe base netal side, provided the
i nterface between the base plate and overlay can be resol ved.

. 2.4 Detecti on of Lack of Fusion: Welded Overlay and Base Plate

a. The fusion-welded area shall be inspected for any lack of fusion
bet ween the overlay and the base plate. The fusion-welded area shal

be marked off in grid lines with a maxi nrum spacing of 150 nmm 6 i nches
between lines, tested along each grid line and also along a path within
T of each edge.

b. The inspection shall be nade fromthe base netal side, provided the
i nterface between the base plate and overlay can be resol ved.

2.5 | mrer si on Techni ques for Longitudi nal Wave | nspection

This procedure may be used at the Contractor's option unless otherw se
specified. Plates shall be inspected for laninar type of flaws, |ack of
bondi ng between base plate and cl addi ng, or |ack of fusion between wel ded
overlay and the base netal, as appropriate. In addition, provision shal

be made for imrersing the plate and nounting the transducer in a fixture so
that its notion along the required grid patterns can be controlled

accurately.

.3 ACCEPTANCE/ REJECTION LIM TS

Di scontinuities shall be evaluated only when the ultrasonic equipnent is
properly calibrated. |[If discontinuities are detected, the sound beam shal
be directed to naxim ze the signal anplitude. To determine the length of a
di scontinuity, the search unit shall be noved parallel to the discontinuity
axis in both directions fromthe position of maxi mum signal anplitude.
One-half the anplitude (or a 6-dB increase in sensitivity) froma point at
whi ch the discontinuity signal drops rapidly to the baseline shall be
defined as the extremty of the discontinuity. For discontinuities whose
signal anplitudes exceed full screen height, 50-percent full-screen shal

be considered half peak anplitude of the signal. At this point, the
scanni ng surface shall be marked at the position indicated by the center of
the transducer. This procedure shall be repeated to deternine the other
extremty. The length of the discontinuity shall be defined as the

di stance between these two marks. The naxi mum si gnal anplitude, |ength,
depth, and position within the inspection zone shall be determ ned and
reported for discontinuities yielding a signal anplitude equal to or
exceeding the reject/repair line. The mininumrecordable |ength of

di scontinuity shall be 13 nmm 1/2 inch
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3.

3.

3.1 I nvestigati on of Questionable Indications

Any indications considered doubtful shall be brought to the attention of
the Contracting Oficer, and the plate shall be repaired or investigated
further as directed. Indications detected within 10 nm 3/8 inch or |ess of
accessi bl e surfaces shall be investigated further by liquid penetrant as
provi ded i n ASTM E165/ E165N, or by magnetic particle methods in accordance
with  ASTM E709, as applicable, to deternine if they penetrate the surface.
Failure to locate the flaws by one of these nethods shall require further
investigation by the other. For nonmagnetic nmaterials, only dye penetrant
inspection is required. Qher questionable defects shall be further
investigated by nodifications of the inspection procedure in accordance
wi t h paragraph CHANGES | N PROCEDURE.

.3.2 I nspection of Repairs

Repairs shall be reexanmi ned by the same procedure that originally detected
the faults, and shall neet the standards of acceptance for the origina
plate. More than two repairs to the sane area are to be accepted at the
di scretion of the Contracting Oficer

3.3 Accept ance St andards

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The extent and dianeters of defective areas
depend on the class of service intended for the

pl at es undergoi ng i nspection. The designer will

i ndi cate the applicable class or classes and the

i ntended service in the blank space provided for
this purpose. For exanple: "All plate naterials

i ntended for dynamically | oaded structures shal
conformto Class | requirenents; those designed for
foundati ons shall conformto Cdass Il

requi renents”". Were only one class of service is
required, inapplicable natter in parentheses will be
deleted.

The tol erabl e extent of |ack of bond depends on the
service requirement of the plates and the severity
of form ng operations which night increase the size
of the discontinuities judged acceptabl e.

Rei nspection of areas for |ack of bond or fusion
shall be specified if the designer believes the
original "safe" areas will extend after cold form ng
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Plates will be unacceptable if they contain any of the defective areas
detai |l ed bel ow

a. Laminar types of flaws shall be evaluated on the basis of their
proximty to the plate surfaces. For evaluation, the zonal |ocations
defined bel ow shall be applied in ternms of base plate thickness, T.

The T/4 criteria apply when the flawis situated within T/ 4 distance of
their nonoverlaid or base plate surfaces. The T/2 criteria apply to
flaws located in the cross sectional area between T/4 l|ayers of either
overlaid or base plate surface. The T/4 criteria shall apply if the
flaw extends from one zone to the other. Any single or two or nore
defects resulting in a reflection that exceeds the reject/repair |line
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simul taneously with a continuous |oss of back reflection fromthe far
surface shall be cause for rejection, provided the extent of the single
or nmultiple defects cannot be contained within a circle whose dianeter
is subject to the linmts listed in TABLE Il. Plate materials intended
for [ ] shall conformto class | ] requirenents whereas those
intended for [ ] shall conformto class | ]. [Oher plate
materials shall conformto class | ] requirenents.]

b. Lack of bond criteria shall apply to areas at which the cladding is
overlaid on the base plate by a pressure or forging process. Lack of
bond type flaws i ncl ude:

(1) Any area that results in an interface back reflection
exceeding the reject/repair line and that cannot be contained
within a circle of 150 mm 6 inch di aneter.

(2) Two or nore snaller areas, each of which results in interface
back reflection exceeding the reject/repair |ine, and which cannot
be contained within a circle of 150 nm 6 inch diameter unless
separated by a distance equal to the maxi mum di mensi on of the

| arger detective area.

(3) Any area that results in an interface back reflection
exceeding the reject/repair line and that is closer than 50 nm 2
inches or less to any point at which penetrations are to be nade
t hrough the cl added t hi cknesses.

c. Lack of fusion criteria shall apply to areas at which cladding is
overlaid on the base plate by a fusion welding process. Lack of fusion
type flaws incl ude:

(1) Any area that results in an interface back reflection
exceeding the reject/repair Iine and that cannot be contained
within a circle of 150 mm 6 inch di aneter.

(2) Two or nore snaller areas, each of which results in an
interface back reflection exceeding the reject/repair |ine, and
whi ch cannot be contained within a circle of 150 mm 6 inch

di amet er unl ess separated by a di nension equal to, or greater than
the Il arger defect.

(3) Any in-line inclusions in the overlay, 25 nm1 inch |ong or
equal to 1/2 the plate thickness, whichever is greater

(4) Any area that results in an interface back reflection
exceeding the reject/repair line that is closer than 50 nm 2 inches
or less to any point at which penetrations are to be made through

t he cl added t hi ckness.

3.4 REPAI RS AND REPLACENMENT
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NOTE: The designer will indicate or specify,
directly or by reference to a suitable publication
the Iimting dinensions for repairable defects.
Wiere no applicable specifications exist, repairs
will be limted to those areas at which their depth
extends within 3/8 the plate thickness of the
surface.
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Pl ates containing defects in excess of the linit specified shall be
replaced on a one-for-one basis or, at the Contractor's option, may be
repaired if such defects are within the limts showm in TABLE |I. [Wen

pl ates are inspected on a |lot basis, each plate in the lot shall be
individually inspected if nore than one plate in the representative sanple
is found defective.] Repairs shall be reexamnmi ned by the sane procedure
originally used to detect the faults, and the repairs nust conformto the
standards listed in paragraph ACCEPTANCE/ REJECTI ON LI M TS.

TABLE |. PERCENTAGE OF PLATE AREA ALLOVWED FOR REPAI RS
Plate d ass Area Allowed for Repairs
| 1.0 pct
I 1.5 pct
I 2.0 pct
3.5 REPORTS AND RESULTS

Reports containing the following information shall be subnmitted to the
Contracting Oficer:

a. ldentification of each production plate by heat nunber and plate
nunmber, plate thickness, and the initial and final decibel settings
needed for correlation of the plate back reflection with the standard
reference bl ock reflection as specified in paragraph EQU PMENT
SENSI TI VI TY CALI BRATION. Heat nunber and plate nunmber shall be
permanent |y recorded on each production plate.

b. Place of plate inspection.

c. ldentification and description of the standard reference bl ock

d. Details of nethods, types of waves used, search unit, frequencies,
i nspection equi pnent identification, and calibration data with enough

detail to permit duplication of the inspection |ater

e. Locations, dinensions, area (if any) of unacceptable defects and
their repairs. These nay be noted on a sketch or marked-up draw ng.

f. Arecord of repaired areas as well as the results of the repaired
area reinspection.
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TABLE 1. SINGLE AND MULTI PLE AREA REJECTION LIM TS FOR LAM NAR TYPE FLAWS
Class | Criterion No. of Di anet er of Encl osing M ni mum Spaci ng Between Defects
Defects Circle
| T/4 Single 75 mB in. or 1/2 plate
t hi ckness, whi chever is
greater
Multiple Same as single Equal to or greater than the
maxi mum di mensi on of the | arger
defect
T/2 Single 90 mB.5 in. or 5/8
pl at e thickness,
whi chever is greater
Multiple Same as single Equal to or greater than 7/8
maxi mum di nensi on of the | arger
defect
1l T/4 Single 90 mB.5 in. or 5/8
pl at e thickness,
whi chever is greater
Multiple Sane as single Equal to or greater than 3/4
maxi mum di nensi on of the |arger
defect
T/2 Single 95 mB.75 in. or 3/4
pl ate thickness,
whi chever is greater
Multiple Sane as single Equal to or greater than 5/8

maxi mum di mensi on of the | arger
defect

SECTION 41 36 30.00 10 Page 24




TABLE II. SINGLE AND MULTI PLE AREA REJECTION LIM TS FOR LAM NAR TYPE FLAWS

Class | Criterion No. of Di anet er of Encl osing M ni mum Spaci ng Between Defects
Defects Circle
1 T/4 Single 100 mm in. or 7/8

pl at e thi ckness,
whi chever is greater

Multiple Sane as single Equal to or greater than 1/2
maxi mum di nensi on of the |arger
T/2 Single 110 mm. 25 in. or plate
t hi ckness, whichever is
greater
Multiple Sane as single Equal to or greater than 3/8
maxi mum di mensi on of the | arger
defect

-- End of Section --
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