
Metal Structures 
 

Laboratory VI 
 
 

Non-destructive testing of welds 



LABORATORY OBJECTIVE’S 

 

Concept of welding imperfections; 

Estimating Consequences Classes; 

Estimating Production Categories (technology of erection); 

Estimating Service Categories (type of actions); 

Impact of CC, PC ans SC (Execution Classes) on accepted level of welding 

imperfections; 





Imperfections 

Photo: Łubiński M, Filipowicz A, Żółtowski W, "Konstrukcje 

metalowe", Arkady 2000 

Photo: weldreality.com  

Photo: weldingtipsandtricks.com  Photo: weldreality.com  

Photo: bbs.homeshopmachinist.net  



Examples 

 

Photo: figel.pl 

Lack of fusion 

Gas pores 

Photo: figel.pl 



Photo: figel.pl 

Slag inclusion  

Local undercut 

Photo: figel.pl 



Photo: figel.pl 

Excessive asymmetry 

Excessive convexity 

Photo: figel.pl 



Photo: figel.pl 

Excessive penetration 

Crack 

Photo: figel.pl 



Photo: figel.pl 

Lack of penetration 

Linear misalignment 

Photo: figel.pl 



Photo: figel.pl 

Crater 

Splatter 

Photo: figel.pl 



Consequences classes CC1 CC2 CC3 

Service categories SC1 SC2 SC1 SC2 SC1 SC2 

Production 

categories 

PC1 EXC1 EXC2 EXC2 EXC3 EXC3 EXC3 

PC2 EXC2 EXC2 EXC2 EXC3 EXC3 EXC4 

Class of imperfection 1 2 

There are two classes of imperfections for functional geometrical imperfections. They 

depend on execution class. 

What is the way to determine type of execution class? 

EN 1090-2  tab B.3 
 

If we can't make accurate analysis, we assume EXC2. 

Execution class → #6 / 47 



Consequence 
Class 

Reliability 
Class 

Service 
Categories 

Production 
Categories 

Execution 
Class 

Geometrical 
Imperfection 

Class 

Design 
Supervision 

Level 

Inspection 
Level 

Photo: Author  

Quality level 
of welds 

Accepted values 
of geometrical 
imperfections 

Supervision 
during design 

Supervision 
during 

erection 

Safety 
factors for 

loads 

A system to minimize 

the possibility of error 

during design proces 

A system to minimize 

the possibility of error 

during manufacturing 

and erection 

Differentiation of 

loads for more or less 

important structures 

System protection of the structure against errors and imperfections includes design, 

manufacturing and assembly. For the more responsible structure (CC ↑ SC ↑ PC ↑ ) high 

quality of welds, small geometrical imperfections and detailed supervision of design and 

assembly are necessary. 

Welds with too low quality or elements with too big imperfections must be removed and 

made again. 

Range of 
NDT 

→ #6 / 58 



II 

Consequences classes - effects of structure destruction 

III 

I 

Photo: wikipedia 

→ #3 / 31 



EN 1990 tab B1 

Consequences 

calsses 

Description Examples 

CC3 High consequence for loss of 

human life  

or  

economic, social or environmental 

consequences very heavy 

Grandstands; public buildings where 

consequences of failure are high 

CC2 Medium for loss of human life  

or  

economic, social or environmental 

consequences considerable 

Residential; office buildings; public 

buildings where consequences of failure 

are medium 

 

CC1 Low for loss of human life  

and  

economic, social or environmental 

consequences small or neglegible 

Agricultural buildings where people do 

not normally enter; greenhouses 

→ #3 / 32 



Example: design project. Restoration of old masonry building.  

Photo: pixabay.com 

Length abut 75 m, width about 29 m. After renovation, it 

could be museum, cultrual center, shopping center – 

generally type of public building. 

Consequences 

calsses 

Examples 

CC3 Grandstands; public buildings where 

consequences of failure are high 

CC2 Residential; office buildings; public 

buildings where consequences of 

failure are medium 

CC1 Agricultural buildings where people do 

not normally enter; greenhouses 

Distinction between CC2 and CC3 is number of people allowed inside building. There is no 

cleary information about limit number. Typically, few hundred people are CC2, few thousand 

or more are CC3. Building is rather too small to contain more than 200-300 persons, so it will 

be CC2. 



Production categories  EN 1090-2 tab. B.2 

Categories Criteria 

PC1  Non welded components manufactured from any steel grade products; 

 Welded components manufactures from steel grade products below S355; 

PC2  Welded components manufactured from steel grade products from S355 and 

above; 

 Components essential for structural integrity that are assembled by welding on 

construction site; 

 Components with hot forming manufacturing or receiving thermic treatment 

during manufacturing; 

 Components of CHS lattice girders requiring end profile cuts; 

→ #6 / 51 



Example: design project. Restoration of old masonry building.  

Photo: pixabay.com 

Grade of steel, according to data: S235 or S275. There is no 

S355 or higher. 

Photo: Author 

Members are connected by welds. 



Photo: Author 

Web member in neighbourhood of splice joint will be welded on 

construction site. Without this bar, truss transforms into mechanism 

and colapses. So, this bar is component essential for structural 

integrity that are assembled by welding on construction site. 

Photo: alturki.com 



„Components with hot forming manufacturing” means, for example, preparations by 

bending of members at high temperature. Process not applicated in Your project. 

Photo: steel.com.au 

Photo: sztuka-architektury.pl 

Photo: cmrp.com 

Photo: cmrp.com 

Photo: montanstahl.com 



„Thermic treatment during manufacturing” is way for reduction of residual stresses after 

welding. Special vacuum oven is used. 

Photo: industrialheating.com 

Application of such method depends on weldability of steel and applicated tecnology of 

welding. According to Your project: maybe yes, maybe not. Generally S235, S275 and S355 

have average veldability, so, for decision, the most important is welding technology. 

More information will be presented on Lec. #16. 



Photo: pclgroupcncmachine.com 

Photo: instructables.com 

Truss is erected of CHS. Ends of profiles must be cut in special way. 

Photo: support.ptc.com 



Each of these two reasons makes second production cathegory. 

Categories Criteria 

PC1  Non welded components manufactured from any steel grade products; 

 Welded components manufactures from steel grade products below S355; 

PC2  Welded components manufactured from steel grade products from S355 and 

above; 

 Components essential for structural integrity that are assembled by welding on 

construction site; 

 Components with hot forming manufacturing or receiving thermic treatment 

during manufacturing; 

 Components of CHS lattice girders requiring end profile cuts; 



Service categories  EN 1090-2 tab. B.1 

Categories Criteria 

SC1  Structures and components designed for quasi static actions only (example: 

buildings); 

 Structures and components with their connections designed for seismic actions in 

regions with low seismic activity and in DCL*; 

 Structures and components designeg for fatigue actions from cranes (class S0)
**; 

SC2  Structures and components designed for fatigue actions according to EN 1993 

(examples" roads and railway bridges, cranes (class S1 to S9)
**, structures 

susceptible to vibrations induced by wind, crowd or rotaring machinery); 

 Structures and components with their conections designed for seismic actions in 

regions with medium or risk seismic activity and in DCM* and DCH*; 

* DCL, DCM, DCH: ductility calsses according to EN 1998-1; 

** For classification of fatigue actions from cranes, see EN 1991-3 and EN 13 001-1 

→ #6 / 52 



Loads 

Constant 

(static) 

Variable 

Static 

(neglegible effects of change in time) 

 

Dynamic 

(important effects od change in time) 

 
Three models: 

Q   (constant) 

Q · jd  (constant with dynamic factor) 

Q(t)  (dynamic analysis) 



Load Standard Notices 

Deadweight EN 1991-1-1 Always, static, constant G, SC1 

Live load Variable, treated as static, constant Q, SC1 

Fire EN 1991-1-2 Impact on mechanical parameters of steel or aluminum, no 

„classical” load, no analysis of SC 

Snow EN 1991-1-3 Variable, treated as static, constant S, SC1 

Wind EN 1991-1-4 Variable, depending on stiffness of structure: 

•  big stiffness (most part of buildings, big part of 

bridges) - treated as static, constant W, SC1; 

•  average stiffness (light footbridges, chimmneys, masts, 

towers, skyscrapers) - treated as static, W · cs· cd 

(dynamic factors dependend on stiffness), SC1 or SC 

•  small stiffness (cable-stayed, ribbon and suspended 

bridges, hanging roofs) – advanced calculation, based 

on dynamic analysis of structure, W(t),  SC1 or SC2 

Temperature 

(climatic, 

technological) 

EN 1991-1-5 Variable, treated as static, constant T, SC1 



Load Standard Notices 

Loads during 

execution 

EN 1991-1-6 Variable, treated as static, constant Q, SC1 

 

Accidental – hit by 

vehivle 

EN 1991-1-7 Variable, two alternative approaches: 

•  variable, treated as static, A · jd (dynamic factor 

dependend on stiffness), SC1 (no long-term action) 

•  advanced calculation, based on stiffness of structure 

and vehicle energy, A(t), SC1 (no long-term action) 

Accidental – gas or 

dust explosion 

(pipelines, siloes, 

tanks) 

Variable, dynamic, complex model of calculation, based 

on, among others, shock wave speed, A(t), SC1 (no long-

term action) 

Waves nad currents 

on coastal structure 

EN 1991-1-8 Advances calculations, W(t), SC1 or SC2 

Atmosphering icing EN 1991-1-9 Variable, treated as static, constant: 

•  additional load, constant I, SC1 

•  bigger area for wind action → #t / 25; SC1 or SC2 



Load Standard Notices 

Bridges - traffic EN 1991-2 Variable, depending on possibility of resonance: 

•  out of resonance range - variable, treated as static, Q · jd 

(dynamic factor dependend on stiffness), SC1 or SC2 

•  in resonance range – advanced calculation, Q(t), SC1 or SC2 
Crowd  

From cranes 

and machineries 

EN 1991-3 Variable, treated as static, A · jd (dynamic factor dependend on 

stiffness), SC1 or SC2 

Tanks and siloes EN 1991-4 Variable, depending on impact of mass motion inside silo: 

•   treated as static, constant W, SC1 

• out of resonance range - variable, treated as static, Q · jd 

(dynamic factor dependend type of stored material), SC1 



Load Standard Notices 

Seismic action EN 1998 Advanced calculation, based on seismic activity location, 

groung characteristic and dystiffness of structure, S(t), 

SC1 or SC2 

Para-seismic action 

(mining activity, 

traffic vibration 

propagatet by 

ground) 

EN 1998 as 

base for 

analysis 

 

Calculation in analogy to seismic actions (different 

parameters for seismic and para-seismic actions), S(t), 

SC1 or SC2 

 

Ice drift (bridge 

pillars) 

No Eurocode, 

national 

standards, for 

example PN-85 

/ S-10030 

Variable, treated as static, constant T, SC1 (no long-term 

action) 



Example: design project. Restoration of old masonry building.  

Photo: pixabay.com 

Intensivity of para-seismic activity depends on location of structure. For the most part of 

Poland there is no paraseismic excitation (so it is first service category of structure), but for 

part of Poland is possible important excitation. Then it could be second service category of 

structure. 

Photo: sgp.org.pl 

Big stiffness of structure, no 

dynamic impact from wind action. 

No other types of dynamic action 

according to EN 1991. 



Consequences classes CC1 CC2 CC3 

Service categories SC1 SC2 SC1 SC2 SC1 SC2 

Production 

categories 

PC1 EXC1 EXC2 EXC2 EXC3 EXC3 EXC3 

PC2 EXC2 EXC2 EXC2 EXC3 EXC3 EXC4 

Class of imperfection 1 2 

Final evaluation 

Example: design project. Restoration of old masonry building.  

Photo: pixabay.com 

Structure apart 

„strong” para-seismic 

regions 

Structure in „strong” 

para-seismic regions 



Impact of geometrical imperfections was presented on Lec #6. Generally: accepted 

level of erected imperfection for class 2 is smaller than for class 1 (structures for class 

2 must be erected more accurate). 

Photo: EN 1090-2 tab. D.2.23 



Execution classes Quality level for weldings 

EXC1 D 

EXC2 C (generally) 

D (undercut, overlap, stray arc, end crater pipe) 

EXC3 B 

EXC4 B+ 

Welds quality as a function of Execution Class (EN 1090-2  tab 7.6) 

→ #6 / 53 



EN ISO 5817  tab. 1 - limits of imperfections for quality level 

→ #6 / 54 



EN 1090-2  tab. 17 - additional requirement for B+ 

→ #6 / 55 



EN 1090-2  tab. 24 – range of non-destructive tests (NDT), for example X-ray, 

made for determining the real level of imperfections. 

 

For good-quality weld: real level of imprerfections  limit. 

Otherwise weld must be deleted and made once again. 

→ #6 / 56 



There are few various types of non-destructive tests (NDT) of welds after welding 

process. The most popular five: 

 

• visual testing (VT); 

•  penetrant testing (PT); 

• magnetic parting testing (MT); 

• ultrasonic testing (UT); 

• radiographic testing (RT); 

 

Imperfections on external surface Imperfections inside material 

VT 

PT 

MT 

UT 

RT 



Visual testing 

 

It allows to detect only imperfections on surface of material, which can be seen 

with naked eye or through a magnifying glass. 

 

Only rough check of welds’s quality. 

Photo: tec-eurolab.com  
Photo: zetec.com  



Penetrant testing 

 

Special liquid (penetrant) is applied on surface of weld. It penetrates into cracks, pores 

and crevices. Its excess is removed, and then second one liquid (developer) is applied. 

Penetrant, that remains in imperfections, changes color. 

 

Only a rough check of the quality of the welds, but more accurate than with VT. 

Photo: whatispiping.com 

Photo: globalndt.in 



Photo: spawalnicy.com.pl  

Photo: resurs.pl  

Photo: baku.all.biz  
Photo: premierndtservices.com 



Photo: nationalboard.org 

Magnetic parting testing 

 

Magnetic field lines deflect around imperfection. Special magnetic powder 

accumulates where field lines deflect. Illuminated with ultraviolet light, it shines 

with an intense glow. 

 

The method allows for detection of imperfections inside material, but without 

possibility of identifying their type. 

Photo: wermac.org 



Photo: qualitymag.com  

Photo: qualityndt.org  

Photo: americantestingservices.com 

https://www.google.pl/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiNkrfPn7DUAhWC0RQKHTg9DSEQjRwIBw&url=http%3A%2F%2Famericantestingservices.com%2Fservices%2Fnon-destructive-testing%2Fmagnetic-particle%2F&psig=AFQjCNGyjGC0gv3IP_MsOE7IaIUSyFkj1w&ust=1497079968928469


Photo: wikipedia 

Ultrasonic testing 

 

Material is "illuminated" by ultrasonic sound waves. Waves reflect and refract on 

imperfections. 

 

Method allows for detection and identification of imperfections on surface and inside 

material, but requires extensive experience of examiner. Fast and cheap method. 

Photo: globalxray.com  

Photo: labofarb.pl  



Imperfections generate echo. There are additional phenomenon – collapse of waves 

on border between steel and imperfection. 

Photo: Author  

There are two systems: transmitter and receiver in one unit or two separate units. 



There is need huge experience and high-quality equipment to make this test – usually 

we have many reflections of signal from one emission. Their interpretation may be 

problematic. 

Photo: Author  



Additional problem: there are two types of waves inside of material: longitudinal wave 

and transverse wave. Both have completely various velocity and various time from emit 

to receive after reflection. 

Longitudinal wave – oscillations of molecules in the same direction as propagation of 

wave. 

Transverse wave – oscillations of molecules in perpendicular direction as propagation 

of wave. 

Photo: uberflip.cdntwrk.com 



Vibration velocity of molecules ≠ wave velocity. 

Photo: Author  

Transverse waves (solid material only). 

Longitudinal waves (solid, liquid and gases). 



Air Water Steel 

Longitudinal waves 330 m/s 1 480 m/s 5 920 m/s 

Transverse waves - - 3 250 m/s 

For isotropic solid materials: 

VL = √ { [ E ( 1 - n ) ] / [ r ( 1 + n ) ( 1 - 2n ) ] } 

VT = √ { E / [ 2r ( 1 + n ) ] } 

E – Young modulus [Pa] 

r – density [kg / m3] 

n – Poisson ratio  

 

Measurement: 

E = 210 GPa,   r = 8 000 kg / m3,   n = 0,3  

VL = 5 944 m/s 

VT = 3 177 m/s 



Radiographic testing 

 

The material is X-rayed. Result can be recorded on photos, showing internal structure of 

material. 

 

Method is the most accurate, the most expensive and could requires protective measures 

for employees. 

Photo: mistrasgroup.com 

Photo: klaus-gross.com 



Photo: vidisco.com  

Photo: cna.ca 



Task 1, task 2 

Supporting structure for power generarot in „Pomorzany” Power Station 
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Photo: Laboratorium Defektoskopii Przemysłowej S.C. Kraków 



Name, address 

Standards, law rules 

Material, welds 

Staff - required certificates 

Devices - characteristics 

Range of test 

Manual 

Description 



Conditions of test – temperature, light, 

surface condition, dimensions, devices 

sensitivity 



Conditions of test – device settings, next 

part of information 



Conditions of test – device settings, next 

part of information 

Listing of procedures during testing 



Elaborating of protocol - list of 

procedures 

Monitoring, evaluation 

Listing of procedures during testing, next 

part 

Place, date, signatures 



Description  

Protocol 

Type of steel  

Level of quality 

Range of test 

Device Surface condition 

Place, date, signatures 

Standards 

Technical parameters of test 



Evaluation 

Description 

Place, date, signatures 

Photographic documentation 



Place, date, signatures 

Final evaluation 



Task 3 

 

1. Based on Manual Ultrasonic Testing and Ultrasonic Testing Protocol make assumptions 

and justify assumptions about weldings, steel, consequences classes, service categories and 

production categories for steel supporting structure of power generator. 

2. Define execution class and quality level. 

3. Draw imperfection (EN ISO 6520-1, ISO 5817), give information about limits for its 

(EN ISO 5817, EN 1090-2) and information about extend of testing (EN 1090-2). 

 



Example:  

Crane supporting structure in 

reactor of nuclear power station;  

Imperfection 515 

Photo: wired.com 



Nuclear power station → failure of great importance for the people, economy and 

environment → CC3 (according to #t / 14) 

 

Reactor → theoretically big loads → need high loadbearing → steel S355 → PC2 

(according to #t / 16) 

 

Crane → dynamic loads → SC2 (according to #t / 23) 

 

Weldings → filled (the most popular type of weldings); different values of thickness; 

compression / tension / shear (each type of loads); 

 

CC3 + SC2 + PC2 → #t / 11 → EXC4 → #t / 32, #t / 34 → B+ 



Imperfection 515 (ISO 6520, EN ISO 5817): 

 Root concavity (wklęśnięcie grani);  

 

Limits B (EN ISO 5817, EN 1090-2): 

 h ≤ max (0,5 mm  ;   0,005 t) 

 

Extend of testing B+ (EN 1090-2; → #t / 34): 

 

  

 

 



Thank you for attention 
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