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7 Piece Fillet Weld

Use for:
e Checking Fillet Leg Size
e Checking Fillet Throat Size
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AUTOMATIC WELD SIZE GAUG

1. To Determine the Size of
a Fillet Weld

Place the gauge against the toe of the
fillet weld and slide pointer out until it
touches structure as shown. Read "Size
of the Fillet Weld" on the face of gauge
as indicated by arrow.

2. To Check the Pemissible
Tolerance of Convexity

After the size of a convex weld has been
determined, place the gauge against the
structure and slide pointer until it
touches face of fillet weld as shown. The
maximum convexity should not be
greater than indicated by "Maximum
Convexity Scale" as indicated by arrow
for the size of fillet being checked.

3. To Check the Permissible
Tolerance of Concavity and
Underfill

Place gauge against structure and slide
pointer out until it touches the face of the
fillet weld as shown. If the pointer does
not touch as shown, the fillet requires ad-
ditional weld metal.

4. To Check the Permissible
Tolerance of Reinforcement

Place gauge so that reinforcement will
come between legs of gauge and slide
pointer out until it touches the face of
weld as shown.
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BRIDGE CAM GAUGE

FRONT VIEW

il

)

(1|
\IY
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FILLET WELD THROAT MISALIGNMENT
The following measurements are possible either in inches or millimetres.

Angle of preparation. O° to 60° Fillet weld throat size
Excess weld metal (capping size) Fillet weld length
Depth of undercut Misali ent (high-low
HOSSEIN HAGHSIRAT =S iFnment (hia g

General linear measurements up to 60 mm or 2 inches.

ANGLE OF PREPARATION
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ANGLE OF PREPARATION

FILLET WELD THROAT

Cambridge

MISALIGNMENT

FILLET WELD LEG LENGTH/EXCESS WELD METAL

The scale is used to read
2 off these dimensions up
% to a maximum of 26mm
"= and tin.
AL

N

HOSSEIN HAGHSIRAT @/3/2017

vy

\%\\‘\\\\\\\\\\\




o‘sﬁeé‘
S 5sz sla &5 elgil

g oo 0dusl s (MISMAtCh) =5 a5
Dby oo 5 gl

S silhea pas

(fit-up) Jlwsl 5,0

29 sladgz g ymne

&5t oolel asgl;

vV v v v v v

HOSSEIN HAGHSIRAT 10/3/2017




Stainless Steel
Construction

HI:LO WELDING GAGE

MEASURES INTERNAL ALIGNMENT

of pipe after fit-up / alignment, cuts radiographic rejects.

Measures internal misalignment
of pipe before and after tacking.

Measurements read in
standard one side,
and metric on the
opposite side.

Measure internal mismatch, pipe Measure scribe lines, weld fillet. Measure crown height.

wall.
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Single Purpose Welding Gage

HI-LO™

SINGLE PURPOSE HI-LO WELDING GAUGE

4—— 1/32 or Zero Line

Internal HI-LO Gauge

4 quick steps check internal alignment

5 You can check the internal alignment of your
fit-up quickly with the G_AL. HI-LO gauge.

1. Unlock the retaining screw. Press the gauge legs
beyond the barrel.

2. Insert the legs (wires) into the roct gap space or
the two pieces of pipe to be fitted. Turn the gauge
907, being careful to apply a constant back pressure
to the barrel.

3. Hold the gauge as square as possible with the
fitting to obtain an accurate reading. Lock the
retaining screw. Reverse the 907 turn and remove the
gauge. You're now ready to read the increment
opposite the red line.

4. When the red line aligns with the 1/32 increment
line you have a good internal alignment and fit-up.

Misalignment can be determined from the zero line
by increment markings of 1/16 inch.

HOSSEIN HAGHSIRAT

Rootweld Spacing Gauge

Easy operation determines rootweld spacing.

1. Unlock the retaining screw and insert
the gauge interior alignment stops
between the two pieces of pipe to be
fitted.

2. Insert the leg with the longer taper into
the root gap until it makes contact with
both sides of the gap.

3. Re-lock the retaining screw, remove
the gauge and read it.

4. The scale is calibrated in fractional
dimensions from 1/32 to 316 in 1/16 inch
increments. The read-out you receive
represents the amount of rootweld gap.

) - Retainer Lock Screw

N\

10/3/2017

Eliminates rejects,
improves
productivity

elding Gage

Single Purpose \

{-LO¥
[

Internal
misalignment

Rootweld space
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Single Purpose Welding Gage

HI-LO™

SINGLE PURPOSE HI-LO WELDING GAUGE

4—— 1/32 or Zero Line

Internal HI-LO Gauge

4 quick steps check internal alignment

5 You can check the internal alignment of your
fit-up quickly with the G_AL. HI-LO gauge.

1. Unlock the retaining screw. Press the gauge legs
beyond the barrel.

2. Insert the legs (wires) into the roct gap space or
the two pieces of pipe to be fitted. Turn the gauge
907, being careful to apply a constant back pressure
to the barrel.

3. Hold the gauge as square as possible with the
fitting to obtain an accurate reading. Lock the
retaining screw. Reverse the 907 turn and remove the
gauge. You're now ready to read the increment
opposite the red line.

4. When the red line aligns with the 1/32 increment
line you have a good internal alignment and fit-up.

Misalignment can be determined from the zero line
by increment markings of 1/16 inch.

HOSSEIN HAGHSIRAT

Rootweld Spacing Gauge

Easy operation determines rootweld spacing.

1. Unlock the retaining screw and insert
the gauge interior alignment stops
between the two pieces of pipe to be
fitted.

2. Insert the leg with the longer taper into
the root gap until it makes contact with
both sides of the gap.

3. Re-lock the retaining screw, remove
the gauge and read it.

4. The scale is calibrated in fractional
dimensions from 1/32 to 316 in 1/16 inch
increments. The read-out you receive
represents the amount of rootweld gap.

) - Retainer Lock Screw

N\

10/3/2017

Eliminates rejects,
improves
productivity

elding Gage

Single Purpose \

{-LO¥
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Internal
misalignment

Rootweld space
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Weld Gauge / Calculatpr

A handy compilation of mathematical relationships between leg length,
throats, skew angles and inspection dimensions. A must for designers
and inspectors. The perfect companion to the GAL Weld Gauge.
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Gauge with Checking Angle of Gauge with
Pointer Retracted Vertical Member Pointer Extended

90 Degrees Obtuse
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Taper Gauge

Check Plate Fit-Up Check Flange Fit-Up
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Pipe Pit Gauge
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DIGITAL WELDING GAUGE
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WELDING INSPECTION

BEFORE WELDING
DURING WELDING
AFTER WELDING
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Palish and gtch
this surface
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the liquid spreads
on the surface

the surface is wetted

drops of liguid
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"Wet' walls
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SOQURCE OF
WHITE LIGHT
(MORMAL LAMF)

Indications with
fluorescent penetrants

Indications with
visible-clye penetrants
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Liquid Penetrant Testing
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Discontinuity
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SENTINEL reel type control system, codes TAN66425, TAN66435
SENTINEL source guide tubes or TAN66450

Spring loaded wheel type source centering devices,
icodes TANT3t, TAN732 and TAN733

HOSSEIN HAGHSIRAT SENTINEL pistol grip control system, code TAN69325 10/3/2017
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Radiographic Techniques

Single Wall Single Image (SWSI)
- film Inside, source outside
Single Wall Single Image (SWSI) panoramic

- film outside, source inside (internal exposure)
Double Wall Single Image (DWSI)

- film outside, source outside (external exposur

;

Double Wall Double Image (DWDI)

- film outside, source outside (elliptical expos



Single Wall Single Image




Single Wall Single Image Panoramic

SWS/ panoramic

Film

|IQI's are placed on the film sidg

Source inside film outside (single expo




Double Wall single Image

IQI's are placed on the film side




Double Wall single Image

|dentification
Unigue identification -

QI placing - T

Pitch marks -
iIndicating readable
film length

Radiograp




Double Wall single Image

Radiograph



Double Wall Double Image
DWDI/

|IQI's are placed on the source or film sid
Source outside film outside (multiple exposure)

A minimum of two exposures',
This technique is intended for pipe diameters less th




Double Wall Double Image

|dentification

Unigue identification -

1IQI placing - it

Pitch marks -
iIndicating readable
film length




Double Wall Double Image

Elliptical Radiograph




Double Wall Double Image perpendicular

| <« Film ——,

\

|IQI's are placed on the source or film side

Source outside film outside (multiple exposure)

A minimum of three exposures

Source side weld is superimposed on film side we
This technique is intended for small pipe diame
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Root undercut Cap underc
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Lack of root penetration Lack of root fusi@n




Misalignment Misalignment/Lack of rgOisSIon



Concave root Excess root penetation



Burn through + LORP Burn througi



Cap undercut Cap undercu




Root undercut Incomplete filled gJo0Me



Transverse crack Root crack



Longitudinal crack Longitudinal c




Crater crack Star crack



HAZ crack

Root crack



Spot weld gas Spotweld craclf



Interpass slag inclusions Elongated slag | 4€8



Slag inclusion Slag inclusiongé



i

Lack of side wall fusion with slag ~ Lack of side wall fusiog




Lack of interpass fusion Lack of side wall f4SIGR



Cluster porosity Root pass alignhed pQf@Siy



Porosity open to the surface Single gas porg



Herring bone porosity Herring bone porg




Excess cap reinforcement Poor root profilé



Arc strike

Spatter



Tungsten inclusions Copper inclusiqg




Hard stampings Debris




Artifacts




\ Film Scratches




Chemical Marks




Light Leaks






\ Static Discharge




\ Reticulation

400 BGC PETERE




Diffraction Mottle




Dust, Lint, Grime Marks




\ Water Marks




\ Crimping Marks

Before Exposure After Exposure




\ Other Artifacts




Radiographic Interpretation of Welds

Lack of root
penetration

What’s the defect? \



Radiographic Interpretation of Welds

Lack of root Fusion

What’s the defect?



Radiographic Interpretation of Welds

Excess Penetratio

e;;[.“:"
g

What’s the defect?




Radiographic Interpretation of Welds

Lack of root fusion
with misalignment

What’s the defect?



Radiographic Interpretation of Welds

Excessive root
penetration

What’s the defect?



Radiographic Interpretation of Welds

Concave root

What’s the defect



Radiographic Interpretation of Welds

Cluster porosity

|

What’s the defect?



Radiographic Interpretation of Welds

1

Burn through

What’s the defecitS?



Radiographic Interpretation of Welds

Cap undercut

What’s the defect®




Radiographic Interpretation of Welds

Wormholes/Piping

What’s the defect?



Radiographic Interpretation of Welds

Note: Grinding marks on parent plate

Cap undercut intermittent

3198 —
TMOg OF2 RT, MEEDIN

- A T

Concave root

What’s the defect?



Radiographic Interpretation of Welds

Hard Stamping Blow hole/piping

What’s the defects?




Radiographic Interpretation of Welds

Note: Grinding marks on parent plate Porosity

.~

Arc strike
indication

orosity — \What’s the defeéts?



Radiographic Interpretation of Welds

Root undercut

What’s the defect? \



Radiographic Interpretation of Welds

Incomplete filled
groove

What’s the defect?



Radiographic Interpretation of Welds

Longitudinal crack

What’s the defect?




Radiographic Interpretation of Welds
Cap Undercut Intermittent

. !.

Slag Line
What’s the defects?




Radiographic Interpretation of Welds

Poor stop/start

Slag line Slag line

PF2¢i6M9 V1
TM97 364

What’s the defect? \



Radiographic Interpretation of Welds

Elongated slag lines

What’s the defect?



Radiographic Interpretation of Welds

Linear misalignment

What’s the defect? \



Radiographic Interpretation of Welds

Lack of sidewall fusion

|

What’s the defect®



Radiographic Interpretation of Welds

Transverse cracking

What’s the defect



Radiographic Interpretation of Welds

Cap undercut intermittent Slag inclusia

Root piping

What’s the defect?




Radiographic Interpretation of Welds

Lack of sidewall fusion + slag

What’s the defect?



Radiographic Interpretation of Welds

Lack of sidewall fusion +
slag

What’s the defect?




Radiographic Interpretation of Welds

Lack of root penetre

Burn through

What’s the defectS?



Radiographic Interpretation of Welds

Note: Re-shoot lead letters in weld area

Cluster porosity throughout weld

What’s the defect?




Radiographic Interpretation of Welds

Crater crack or
Star crack

What’s the defect?



Radiographic Interpretation of Welds

= Yy
.
.

Worm holes

Do you see anything else
Hard stamping

What’s the defect?



Radiographic Interpretation of Welds

\ 1
\ 7’
\ 1
\ 7
\ /7
\ 1
\ 1
AY 1
\ 1
\ ’

\ 1
\ 7
AN
[}
'\"/‘

HAZ crack

What’s the defect?




Radiographic Interpretation of Welds

Lack of root penetra

Copper inclusions

Lack of root penetratio

What’s the def




Radiographic Interpretation of Welds

Note: Grinding marks throughout

Excess root penetration

10390

/

Root undercut What’s the defect?



Radiographic Interpretation of Welds

Crater cracks
+ crater pipe

No weld metal

What’s the defect?



Radiographic Interpretation of Welds

Lack of root penetrat

Root undercut

Unfused filler wire

What’s the defect?



Radiographic Interpretation of Welds

Excess penetratio

Flush weld

What’s the defect?\



Radiographic Interpretation of Welds

Silica inclusions

What’s the defect?



Radiographic Interpretation of Welds

Cluster porosity

What’s the defect?



Radiographic Interpretation of Welds

Cap undercut

Arc strike

What’s the defectS?



Radiographic Interpretation of Welds

Excess Root
Penetration

What’s the defectS?




Radiographic Interpretation of Welds

What else can you'SEes
Spatte

Gas pore

« What’s the defectS?



Radiographic Interpretation of Welds

Root undercut




Radiographic Interpretation of Welds
What’s the defects?

Burn Through

I @ = = S e AR 00

."
.jf A » ﬂ ; i i .
- | L

Copper inclusions Lack of Root Penetration

Can you see anything else?



| Radiographic Interpretation of Welds

What’s the defects?

Lack of root fusion

Incomplete filled gro

\
Lack of root Penetration Lack of root Penet



Radiographic Interpretation of Welds
What's the defects?

Wormholes/piping

Cap Undercut

o ‘ﬁt &ixﬂ’ ?*3& -'

N

Lack of Root Penetration




Radiographic Interpretation of Welds
What defects can you S€e&

Parallel slag lines

Porosity



Radiographic Interpretation of Welds

What defects can you seeg

TMOTIT4 A ALTITN

Lack of sidew.




Radiographic Interpretation of Welds

What’s the defectS? \



Radiographic Interpretation of Welds

Re-Shoot Lead letter in weld area

]

‘ L
o il et o, B =
; "

-
L3
&
e s

Transverse C

/

Porosity

Excess penetration What’s the de



| Radiographic Interpretation of Welds

b Arte”)
Lack of root penetration What S the de CULSY

K
L90

B

opper inclusions

Incomplete filled groove



Radiographic Interpretation of Welds

Tungsten inclusions

What’s the defectS?



Radiographic Interpretation of Welds

Herringbone porosity

What’s the defectsS?



Radiographic Interpretation of Welds

Note: Grinding marks

Root concavity

Note: weld repair 1‘
U 1¢U IE SR

.......

A trik :
o What’s the defefts?



Radiographic Interpretation of Welds

Note: Re-shoot lead letter in weld area

Lack of root penetration Excess penet

B\

Ul iy |

What’s the defe




Radiographic Interpretation of Welds

Gas cavities Concave root intermittent

N NS

NYAWA

v

Slag inclusions

What’s the defects2




Radiographic Interpretation of Welds

Light Fog
Light Leaks

What’s the Artefact®




Radiographic Interpretation of Welds

What’s the Defect?

> Cap undercut
Yellow Fog \

What’s the Artefact?




Radiographic Interpretation of Welds

Crimping Mark

After Exposure

What’s the Artefact®




Radiographic Interpretation of Welds

Film Scratch

What’s the Artefact®




Radiographic Interpretation of Welds

Static Discharge

What’s the Artefact®




Radiographic Interpretation of Welds

Chemical Mark

What’s the Artef




Radiographic Interpretation of Welds

Chemical Mark

What’s the Artefact®




Radiographic Interpretation of Welds

Water Marks

What’s the Artefact?




Radiographic Interpretation of Welds

Dust/Grime Marks

What’s the Artefact®




Radiographic Interpretation of Welds

Reticulation

00 BGC PETERE

What’s the Artefact?




Radiographic Interpretation of Welds

Diffraction Mottle

What’s the Artefact?
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Acceptance criteria in APl 1104

VISUAL INSPECTION REQUIREMENT AS PER API 1104 1999
FOR CSWIP WELDING INSPECTOR (3.1 ) COURSE .

_ Defect Type ~ | Clause | Page No Max. Allowance

CAP No

Excessive cap height 7.8.2 20 Max 1.6 mm

Cap appearance 7.8.2 20 Shall be uniform.

Inadequate weld width 7.8.2 20 Approximately 3 mm wider than

Original groove

Incomplete fill groove 7.8.2 20 At no point shall the crown fall below
the outside surface of the pipe

Slag inclusions 9.3.8.1 22 The length of an ESI max 50 mm

The aggregate length ESI max 50
mm in 300 mm

The width of an ESI max 1.6 mm
The aggregate I1S] max 13 mm in 300
mm = N

The width of an I1SI maX3.mm

More than 4 1S with max width of 3
mm in 300 mm.

Aggregate length of ESI or ESI 8% of
weld length.

HOSSEIN HAGHSIRAT

10/3/2017




Undercut

9.3.11

24 + 28
Table 4

Max length in any 300 mm length, 50
mm.

Max depth 0.8 or 12.5% of [pipe wall
thickness@ any length.

Max depth 0.4 or 6% - 12.5% of pipe
wall thickness@ up to 50 mm length

in 300 mm of weld.

-Porosity

9.3.9.1

24 +
Fig.19/20

Individual pore max 3 mm.
The size of individual pore exceeds

25% of thickness.

Distribution of scatters exceeds Fig.
19 or 20. . : ¢ 5 s

Cluster porosity
Max. diameter of the cluster 13 mm.

Aggregate length of CP in 300 mm —

13mm. .
An individual pore with In a cluster 2

mm max.

‘Cracks

9.3.10

24

Not Permitted (unless crater crack)
Crater cracks 4 mm max. length.

HOSSEIN HAGHSIRAT
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ACCEPTANCE CRITERIA FOR NING PIPELINE APITIO4

INADEQUATE PENETRATION IP

Not Acceptable

INADEQUATE PENETRATION DUE TO HIGH-LOW IPD
MNot Acceptable

INCOMPLETE FUSION 1F
Not Acceptable

INCOMPLETE FUSION DUE TO COLD LAP IFD

Areas of 1FD which are separated by a distance not exceeding the

length of the smaller indication shall be treated as a single 1IFD
(Individual) = 2" (50.8mm)

(Agoregate) = 2" (50.8mm) in any 12" of weld

For welds other than girth welds the acceptance criteria for the individual
and aggregate length of defects shall be half of the values listed above

INTERNAL CONCAVITY IC

(Individual) = 1/4" (6.35mm) if the density exceeds that of the thinnest
adjacent base metal
(Agoregate) = 1/2" (12.7mm) in any 12" of weld
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BURN THROUGH BT

No size allowed if density exceeds that of the thinnest
adjacent base metal

SLAG INCLUSIONS  (Elongated) ESI

(Individual) = 2" (50.8mm)

(Width) = 1/16" { L.39mm)

(Agoregate) = 2" (30.8mm) in any 12" of weld

N.B. Parallel ESI indications separated by approximately the width of the
root bead {Wagon tracks) shall be considered a single indication unless the
width of either of them exceeds 1/32° (0.79mm)

In that event they shall be considered separate indications.

SLAG INCLUSIONS  (Isolated) 1S1

(Individual) = 1/2" (12.7mm)

(Width) = 1/8" (3.17mm}

N.B. If more than four IS1 indications with the maximum width of 1/8" (3.17mm)
are present in any continuous 12" of weld then the weld is rejectable.

HOSSEIN HAGHSIRAT 10/3/2017




POROSITY P

(Individual) = 1/8" (3.17mm)

The distribution of scattered porosity exceeds the concentration permitted
by fizure 18 or 19

POROSITY (Cluster) CP

Cluster porosity that occurs in any pass except the finish pass shall comply
with the criteria above.

Cluster porosity that occurs in the finish pass shall be unacceptable when
any of the following conditions occur.

The diameter of the cluster exceeds 1/2° (12.7mm)

The agoregate length of Cluster Porosity in any continuous 12° of weld exceeds
1/2" {12.7mm) An individual pore within a cluster exceeds /16" (1.539mm)

POROSITY (Hollow Bead) HB

(Individual) = 1/2" (12.7mm)

{Aggregate length in any continuous 12° (12.7mm) exceeds 2" (50.8mm)
Individual indications of HB each greater than 1/4" (6.35mm) in length are
separated by less than 2° (50.8mm)
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CRACKS C
Mot acceptable

UNDERCUTTING (External) EU
(Internal) 1U

Aggregate length of indications in any combination in any 12" of weld
exceeds 2" (50.8mm)

EXCESSIVE PENETRATION

Any individual instance of excessive root bead deposition shall not exceed
4mm and not longer than 2{mm

Any excessive root bead deposits shall be separated by at least 150mm
of sound weld metal

ACCUMULATION OF DEFECTS AD

Excluding Incomplete Penetration due to high low and undercutting
Aggregate length of indications in any continuous 12° of weld exceeds 2" (30.8mm)

PIPE OR FITTING DISCONTINUITIES

Arc burns, long seam discontinuities and other discontinuities in the pipe or
fittings detected by radiographic testing shall be reported to the company.
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IP = Inadeguate Penetration BT = Bumn - Through CP = Cluster Porosity

IPD = Inadequate Penetration Due to High-Low SI = Slag Inclusion HB = Hollow-bead Porosity

ICP = Inadequate Cross Penetration ESI = Elongated Slag Inclusion C = Crack

1F= Incomplete Fusion 181 = Isolated Slag Inclusion EU = External Undercutting

IFD= Incomplete Fusion Due to cold lap P = Porosity 1U = Internal Undercutting

1C = Internal Concavity SP = Scattered Porosity Al = Accumulation of Imperfections
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