
Radiographic  
Weld Flaw Training
Radiographic images demonstrating artificial  
flaws typically found in weld specimens.



Who we are

We are the longest established manufacturer of flawed specimens in the 
Non-Destructive Testing (NDT) and Evaluation (NDE) industry, being 
internationally accepted as the standard for NDT training and qualification.

Founded in 1980, we have manufactured thousands of flawed specimens for many  
of the major performance demonstration, training and qualification centres around 
the world.
With offices in Lancaster, UK and Charlotte, USA, we pride ourselves in pioneering 
many ‘industry standard’ flaw manufacture and implanting techniques.
High quality flaws are achieved by a combination of our first-class workmanship,  
a unique blend of specialised welding and NDT skills, plus a full understanding of  
the product.
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Radiographs
Weld flaw images

Guidance notes: 

•	 Photographs have been used to 
give consistent tone and density 
and to avoid the use of a viewer, 
making viewing consistent and 
convenient

•	 It should be noted that in order 
to obtain the best possible image 
of some flaws, particularly planar 
flaws, the original radiographs 
were produced by varying the 
angle of the specimens in relation 
to the beam of radiation

•	 All specimens are 10mm (3/8”) 
thick, carbon steel plate

•	 Welding process used was either 
shielded metal arc welding 
(SMAW) or gas  tungsten arc 
welding (GTAW)

Disclaimer: 

•	 The information given herein is 
intended for training purposes 
only and should therefore only 
be used as part of a training 
programme

•	 The information is believed to 
be correct and reliable at time 
of printing

•	 Sonaspection makes no 
warranties expressed or implied 
as to its accuracy and assumes 
no liability arising out of its use 
by others

Radiographic images suitable for NDT training 
programmes to demonstrate artificial flaws 
typically found in weld specimens. 

Our weld flaw radiograph training booklet contains  
30 weld flaw images produced from 30 different 
specimens containing artificially induced flaws. 

This booklet is the perfect tool to be used as part  
of training programmes to help students learn  
about the different types and compare their typical 
radiographic images.
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Kit contents
Flaw types included in this kit are marked with a cross.

Page This kit 
contains

Centreline crack (subsurface) 9 g

Centreline crack (surface) 10 g

Centreline crack (weld body) 11 g

Crater crack 12 g

Lack of sidewall fusion 13 g

Root crack 14 g

Sidewall crack 15 g

Toe crack 16 g

Transverse crack 17 g

Page This kit 
contains

Excess penetration 19 g

Incomplete root penetration DV 20 g

Incomplete root penetration SV 21 g

Irregular root penetration 22 g

Lack of root fusion 23 g

Root concavity 24 g

Page This kit 
contains

Copper inclusion 26 g

Gas pore 27 g

Porosity (weld body) 28 g

Slag 29 g

Surface porosity 30 g

Tungsten inclusion 31 g

Concave cap 33 g

Excess cap 34 g

Grinding, chipping & hammer marks 35 g

Incomplete weld fill 36 g

Misalignment 37 g

Planar flaws

Page This kit 
contains

Mismatch 38 g

Under flush (excess dressing) 39 g

Undercut 40 g

Weld spatter 41 g

Other weld conditions

Root conditions

Volumetric flaws
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Planar flaws
Centreline crack (subsurface)

Crack running parallel to the edge of the weld 
cap. It may be situated in the weld metal, weld 
junction, heat affect zone or the parent metal.

Radiographic image
Fine dark wavy lines (often discontinuous) with  
a feathery appearance, situated close together 
depending on the severity of the crack.

Planar flaws
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A crack which breaks the surface of the weld, 
usually along the centreline of the weld cap, 
sometimes changing direction diagonally. 

Radiographic image
Fine dark wavy lines with a feathery appearance 
running parallel to or along the centreline of the weld 
image. This defect usually has a better definition on 
the radiograph than subsurface cracks. 

A crack beneath the top surface of the weld 
which usually runs parallel to or along the 
centreline of the weld, sometimes changing 
direction diagonally. 

Radiographic image
Fine dark wavy lines with a feathery appearance 
running parallel to or along the centreline of the weld 
(not quite as sharply defined as surface cracks). 

Planar flaws
Centreline crack (surface)

Planar flaws
Centreline crack (weld)

N.B - Not to be confused with root cracks which usually follow the profile of the root pass.N.B – Not to be confused with root cracks which follow the profile of the root pass.
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Cracks which occur in the end crater of a weld run 
due to incorrect welding technique can be found 
either at the stop or start of a weld run. 

Radiographic image
Fine dark wavy lines with a feathery appearance, usually 
emanating from the centre of the weld crater in the shape 
of a star, sometimes as a single wavy line longitudinal or 
transverse to the crater.

Lack of fusion between weld metal and parent 
metal at the fusion face on the sloping sides of  
the weld preparation. 

Radiographic image
Indicated by a straight dark line which may be 
intermittent, situated at one of both sides of the weld 
often showing triangular areas along the length of the 
line pointing towards the centre of the weld. 

Planar flaws
Crater crack

Planar flaws
Lack of sidewall fusion
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A crack which usually runs parallel with the weld 
run, either along the centreline or at the edge of 
the root pass. 

Radiographic image
Fine dark wavy lines with a feathery appearance found 
along the edge or at the centre of the lighter image 
density of the root pass. Can be distinguished  
from incomplete root penetration because of the 
tortuous twisting effect. 

A crack which runs parallel to the centreline 
of the weld, midway between the cap and the 
root. It may be situated in the weld metal, heat 
affected zone (HAZ) or the parent metal. 

Radiographic image
Fine dark wavy lines with a feathery appearance, 
usually seen midway between the lighter image of  
the root pass and the image of the outer edge of the 
cap weld. It can also be found to change direction.

Planar flaws
Root crack

Planar flaws
Sidewall crack
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Crack running parallel to the edge of the 
weld cap. It may be situated in the weld 
metal, weld junction, heat affected zone 
(HAZ) or the parent metal.

Radiographic image
Fine dark wavy lines (often discontinuous) with 
a feathery appearance, situated close together 
depending on the severity of the crack.

Crack running across the main axis of the 
weld, sometimes extending into the heat 
affected zone (HAZ) and the parent metal. 

Radiographic image
Fine dark wavy lines (often discontinuous) with a 
feathery appearance and situated close together 
depending on the severity of the crack.

Transverse Indication
(Surface Breaking)

Toe Crack

Planar flaws
Toe crack

Planar flaws
Transverse crack
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Excess weld metal protruding beyond the 
normal depth of the root penetration bead 
in a single vee weld. 

Radiographic image
It appears as a broad white band super imposed 
on the same line as the root bead and slightly 
wider than the normal root bead. 

Root conditions

Root conditions
Excess penetration
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When the weld has failed to completely 
penetrate through the full depth of the root 
face into the underside weld. 

Radiographic image
This appears in the radiograph as a continuous 
or intermittent dark line or shadow with straight 
edges. The width of the shadow depending  
upon the root gap. 

When the weld has failed to completely 
penetrate through the full depth of the root 
face of the weld preparation. 

Radiographic image
This appears in the radiograph as a continuous or 
intermittent straight dark line with a noticeable  
lack of the lighter image of the root penetration  
bead in these areas. 

Root conditions
Incomplete root penetration
(single vee)

Root conditions
Incomplete root penetration
(double vee)
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Intermittent excess weld metal protruding 
beyond the normal root bead combined  
with areas of under penetration. 

Radiographic image
An irregular broad light band with areas of higher 
density superimposed on the same line as the normal 
image of the root bead. 

Lack of fusion between weld metal and parent 
metal at the root face of the weld preparation.

Radiographic image
A very fine straight dark line running along one edge 
of the lighter image of the root penetration bead. 

Irregular Root Penetration

Root conditions
Lack of root fusion

Root conditions
Irregular root penetration

Note: Over penetration: Lighter density then normal root image. Under penetration:
Darker density than normal root image.
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A shallow groove that sometimes occurs on 
the underside of the root pass.

Radiographic image
Indicated on the radiograph as a dark shadow 
intermittent between the lighter image of the 
root pass and usually the same width as the root 
penetration bead.  

Volumetric flaws

Root conditions
Root concavity
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An inclusion in the weld metal of small particles 
of copper which are deposited from the contact 
tip used in Gas metal arc welding (GMAW), 
Submerged Arc Welding (SAW) and Flux-Cored 
Arc Welding (FCAW) process.
Radiographic image
It appears in the radiograph as light spots of any shape 
with indistinct edge due to partial alloying with the 
weld metal and can be differentiated from tungsten 
inclusion because of this.

A cavity generally under 1.5mm in diameter, 
formed by gas trapped in the weld metal 
during solidification.

Radiographic image
The image appears as a dark round spot with 
sharp contours.

Volumetric flaws
Copper inclusion

Volumetric flaws
Gas pore
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Groups of gas pores formed by entrapped gas 
during solidification of the weld metal. 

Radiographic image
Gas inclusions form spherical blow holes or bubbles; 
their images appear as dark round spots with sharp 
contours randomly distributed. Porosity in the main 
weld body appears in the centre portion of the image 
of the weld. 

Weld slag or other foreign matter trapped in 
the weld metal. Usually formed by slag from the 
previous weld run that has not re-melted.

Radiographic image
Dark indications with irregular shapes sometimes 
elongated with sharp pointed ends, usually following 
the line of the weld run. 

Porosity

Volumetric flaws
Porosity (weld body)

Volumetric flaws
Slag
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Groups of gas pores formed by entrapped gas 
during solidification of the weld metal. 

Radiographic image
Gas inclusion from spherical blow holes or bubbles, their 
images appear as dark round spots with sharp contours 
randomly distributed. Surface breaking porosity usually 
appears spread out to the main extremities of the image 
of the weld cap rather than more centrally distributed as 
when found in the weld body.

Small droplets of tungsten included in the 
weld metal which are deposited from the 
electrode used in the gas tungsten arc 
welding (GTAW) process.

Radiographic image
It appears in the radiograph image as bright white 
spots with sharp outlines and can be of any shape 
(tungsten does not alloy with the weld metal).

Volumetric flaws
Surface porosity

Volumetric flaws
Tungsten inclusion
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A shallow depression on the surface of the  
weld which lies below the top surface of the 
parent metal. 

Radiographic image
The centre of the weld shows a higher density due  
to the fact that there is less weld material in the centre. 
The weld material is lower than the parent material.

Other weld conditions

Other weld conditions
Concave cap
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A heavy deposit of the final weld run giving 
a convex shape with an abrupt change in 
thickness of the boundary between the parent 
metal and the weld reinforcement.

Radiographic image
A high contrast between the density of the image of 
the parent metal and the image of the weld with little 
or no sign of the image of the root run.

All caused by indenting the parent metal or weld 
metal with various tools when dressing, removing 
weld slag or setting distorted parts. 

Radiographic image
•	 Grinding marks – Dark curved areas of higher density 

than the parent metal or weld metal 
•	 Chipping marks – Dark shadows of corresponding 

shape usually with straight or square edges 
•	 Hammer marks – Dark crescent moon shapes with 

higher density at the centre of the crescent

Other weld conditions
Grinding, chipping and 
hammer marks

Other weld conditions
Excess cap
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A continuous or intermittent channel in the 
surface of the weld running along its length 
due to insufficient weld metal. 

Radiographic image
It produces in the radiograph a dark band of higher 
density than the parent metal with straight outer 
edges of the weld preparation.

When the root faces are not aligned correctly on 
setting up of the weld joint causing a step at the 
top and bottom of the parent metal. 

Radiographic image
A sudden change in density of the image of the  
weld cap along the edge of the root run adjacent  
to the high side of the parent metal. This is due to  
excess reinforcement of the cap weld on the low  
side superimposed on the image of the root run.

Other weld conditions
Misalignment

Other weld conditions
Incomplete weld fill
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Variation in thickness between adjoining pieces 
of parent metal with the root faces aligned flush. 

Radiographic image
High contrast between the images of the parent plates. 
The image of the root run appears to be offset towards 
the thinner (dark) plate because of the low contrast of 
the cap weld in this zone.

A reduction in metal thickness caused by the 
removal of the weld cap and adjacent areas to 
below the surfaces of the parent metal. 

Radiographic image
This imperfection produces a broad dark area wider 
than the usual weld cap. Sometimes accompanied by 
dark curved marks across the weld line caused by the 
curvature of the grinding wheel.

Other weld conditions
Underflush (excess dressing)

Other weld conditions
Mismatch
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A fine irregular groove which runs along the 
toe edge of the weld run. 

Radiographic image
A sharp dark irregular line running along the toe 
edge of the weld run. This line normally follows the 
edge profile of the weld cap.

Small droplets of weld metal deposited on  
the surface of the parent metal and 
sometimes on the surface of the weld. 

Radiographic image
Small round light spots on the image of the parent 
metal and on the image of the weld.

Other weld conditions
Weld spatter

Other weld conditions
Undercut
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Related products

Reference radiograph sets
Our training reference radiographs 
are specifically aimed at students who 
have completed basic training on our 
RT educational kit and are wanting to 
further develop their skills of locating and 
identifying flaws in welds, and the process 
of radiographic inspection as a whole.

A standard set is made up of radiographs 
of carbon steel pipe and plate specimens. 
The flaws are intentionally obvious and 
generally gross in nature, making them 
easier for the student to differentiate 
between and learn about the different 
flaw types, sizes and general locations.

FIND OUT MORE

These sets can be customized to your 
requirements, such as: plate only, pipe  
only, light or dense material, etc.

Recommended for:
•	 Training and practice prior to 

qualifications in:
	 – 	 Basic RT flaw detection
	 – 	 Basic RT flaw sizing
	 – 	 Flaw interpretation
•	 Understanding potential  

film processing problems
•	 Gaining an awareness of  

reporting difficulties
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LED radiographic film 
illuminators
Our illuminators are CE marked and meet the 
requirements of EN25580: 1992; ASTM E 1390-90 
and ISO 5580: 1995. They come with a ten-day 
unconditional money back guarantee if you are 
not fully satisfied with the product, in addition  
to three months’ guarantee.

Recommended for:
•	 Viewing radiographs either in the  

lab or in the field

Radiographic testing educational kits 
(KTCS90)
A set of miniature welds, macro sections 
and photo radiographs to demonstrate 
the principles of flaw detection,  
flaw interpretation and basic sizing.

Our RT educational kits are for:
•	 Introduction to weld flaws
•	 Demonstration of principles of flaw 

detection and flaw interpretation
•	 Demonstration of typical flaw 

responses
•	 Basic flaw sizing

FIND OUT MORE

FIND OUT MORE

Kit contents
1 tee and 9 plate specimens  
containing commonly  
occurring surface-breaking  
and weld-body flaws.

Available in: 
•	 Carbon steel 12 kg (26 lbs)
•	 Stainless steel 12 kg (26 lbs)
•	 Aluminium 7 kg (15 lbs)
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Our basic weld flaw evaluation 
specimens specific for radiographic 
testing are designed for practical 
training to provide an introduction 
to flaw detection, sizing and 
interpretation. Each set is presented 
in a durable polypropylene carry 
case with high-density foam inserts 
to ensure total protection of the 
specimens.

RT sets are recommended for:
•	 Introduction to basic flaw detection
•	 Introduction to basic flaw sizing
•	 Introduction to basic flaw  

interpretation
•	 Simple weld geometries
Set contents
•	 10 small flawed specimens
•	 An average of 18 real flaws
•	 Flaw location details
•	 Testing and acceptance criteria
•	 Certificate of conformance

All set types

Basic ultrasonic set (FS-CS-01)
1 tee, 7 plates and 2 pipe specimens containing 
commonly occurring surface-breaking and  
weld-body flaws.
•	 Carbon steel 	 35 kg (77 lbs)
•	 Stainless steel 	 35 kg (77 lbs)
•	 Aluminium 	 18 kg (40 lbs)
Visual set (FS-CS-02)
3 tee and 7 plate specimens containing 
commonly occurring visual welding flaws and 
irregularities.
•	 Carbon steel 	 14 kg (31 lbs)
Magnetic particle set (FS-CS-03)
3 tee and 7 plate specimens containing a 
selection of commonly occurring surface- 
breaking flaws.
•	 Carbon steel 	 14 kg (31 lbs)

Penetrant set (FS-CS-04)
3 tee and 7 plate specimens containing a 
selection of commonly occurring surface- 
breaking flaws.
•	 Carbon steel 	 14 kg (31 lbs)
•	 Stainless steel 	 14 kg (31 lbs)
•	 Aluminium 	    8 kg (15 lbs)
Radiographic set (FS-CS-05)
8 plates and 2 pipe specimens containing 
commonly occurring surface-breaking and 
weld-body flaws.
•	 Carbon steel 	 35 kg (77 lbs)
•	 Stainless steel 	 35 kg (77 lbs)
Erosion and corrosion set (FS-CS-06)
8 plates, 1 pipe and 1 elbow specimen 
containing commonly occurring erosion  
and corrosion flaws.
•	 Carbon steel 	 32 kg (71 lbs)

FIND OUT MORE

Basic weld flaw evaluation specimen sets
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testing are available either individually  
or as sets. All sets can be customized  
to include the individual specimens of  
your choice.

Recommended for:
•	 Advanced training and practice prior 

to qualifications in:
	 – 	 Flaw detection
	 – 	 Flaw sizing
	 – 	 Flaw interpretation
•	 Realistic size welds
•	 Common weld geometries

An example of a 
comprehensive ultrasonic 
testing set (FS-CS-08)

Flawed specimens designed and 
manufactured to meet the requirements 
of all known internationally recognized 
qualification programs, such as ASNT, 
ACCP, API and BS EN ISO 9712.

Our advanced weld flaw evaluation 
specimens specific for radiographic 

A selection 
of advanced 
weld flaw 
evaluation 
specimens.

Dual purpose magnetic and penetrant set (FS-CS-07)

2 tee and 8 plate specimens contain a selection of 
commonly occurring surface-breaking flaws.
•	 Carbon steel	 14 kg (31 lbs)

Comprehensive ultrasonic testing set (FS-CS-08)

8 plates, 1 pipe and 1 elbow specimen containing 
commonly occurring surface- breaking and weld-body 
flaws including some erosion/corrosion.
•	 Carbon steel	 32 kg (71 lbs)

Demonstration set (FS-CS-09)

1 tee, 7 plates and 2 pipe specimens carefully selected 
from the visual, magnetic, penetrant, ultrasonic and 
radiographic sets to provide an overview of flaw types 
and their detection using various non-destructive 
testing techniques.
•	 Carbon steel 	 35 kg (77 lbs)

Advanced weld flaw evaluation specimens

FIND OUT MORE
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A standard boiler tube package 
containing 10 pipes made from 
carbon or high alloy steel.
Each boiler tube measures 50mm 
(OD) x 5mm (WT) and includes a 
range of flaws listed in the BS code 
for boiler tube inspection. These 
packs can also be customized in 
terms of boiler tube pipe pack size, 
material size, tube diameter, tube 
wall thickness or the type of flaws  
you require.

Our custom specimens 
are designed to address 
specific challenges in flaw 
identification, interpretation, 
and evaluation using 
radiographic techniques. 

Whether you require 
specialised materials, 
configurations, or flaw 
scenarios, we provide 
bespoke solutions that 
empower RT professionals  
to enhance their expertise. 

Custom specimens

Available in carbon steel or 
high alloy steel, our boiler 
tubes are recommended for:
•	 Training and practice prior 

to qualifications on:
	 – 	 Flaw detection
	 – 	 Flaw sizing
	 – 	 Flaw interpretation

Boiler tubes FIND OUT MORE

A selection of boiler tube specimens.

FIND OUT MORE

Recommended for:
•	 Advanced training and 

qualifications
•	 Performance demonstrations
•	 Flaw detection
•	 Flaw sizing
•	 Complex weld geometries
•	 Exotic materials
•	 Procedure and 
	 equipment qualification
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