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● What   does   QC   mean?   

Quality  control  (QC)  is  a  process  through  which  a  business  seeks  to              

ensure  that  product  quality  is  maintained  or  improved.  Quality  control            

requires  the  business  to  create  an  environment  in  which  both            

management  and  employees  strive  for  perfection.  This  is  done  by  training             

personnel,  creating  benchmarks  for  product  quality  and  testing  products           

to   check   for   statistically   significant   variations.   

● Question   1:    What   is   the   difference   between   QA   and   QC?   

Quality  control  can  be  defined  as  "part  of  quality  management  focused  on              

fulfilling  quality  requirements."  While  quality  assurance  relates  to  how  a  process             

is  performed  or  how  a  product  is  made,  quality  control  is  more  the  inspection                

aspect   of   quality   management.   

● Four   Types   of   Quality   Control?   

Which   type   of   quality   control   focuses   on   making   sure   the   processes   are   

functioning   correctly?   Acceptance   sampling.   Process   protocol.   Process   control.   

Control   charts.   

Setting   up   an   inspection   plan   is   what   type   of   quality   control?   Process   control.   

Acceptance   sampling.   Control   charts.   Inspection.   

● What   is   QAP?   

A  Quality  Assurance  Plan  (QAP)  is  used  to  define  the  criteria  and  processes               

that  will  ensure  and  verify  that  data  meet  specific  data-quality  objectives             

throughout   the   Data   Lifecycle.   
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● What   is   an   ITP   plan?   

An  Inspection  &  Test  Plan  (ITP)  is  a  document  which  describes  the  plan  for                

managing  the  quality  control  and  assurance  of  a  particular  element  of  the              

construction  works  providing  information  on  the  requirements,  overview  of  the            

method(s)  to  be  used,  responsibilities  of  relevant  parties,  and  documentary            

evidence   to   be   provided   to   verify   compliance.   

● What   is   the   meaning   of   hold   point   in   ITP?   

A  Hold  Point  is  a  mandatory  verification  point  beyond  which  work  cannot              

proceed  without  approval  by  the  designated  authority,  typically  the  Engineer  or             

Consultant  or  3rd  Party  Inspector.  Work  cannot  proceed  until  receipt  of  a  Hold               

Point   Release   issued   by   the   person(s)   who   inspected   the   work.   

● What   is   a   quality   checklist?   

A  quality  control  checklist  is  basically  a  written  guide  for  your  products'             

contents,  packaging,  color,  barcodes,  appearance,  possible  defects,  functions          

and  special  requirements.  It's  also  sometimes  called  an  “inspection  criteria            

sheet”   or   inspection   checklist.   

● What   is   the   difference   between   QCP   and   ITP?   

While  both  Construction  Quality  Control  Plans  and  Inspection  and  Test  Plans            

are  intended  to  control  construction  quality,  your  construction  QC  plan  will  focus              

on  a  wide-range  of  elements.  Whereas,  your  inspection  and  test  plan  (ITP)  will               

only   focus   on   inspections   and   tests   as   a   means   of   quality   control.   
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● What   is   a   quality   control   plan?   

Quality  Control  Plan  (QCP)  is  a  written  set  of  procedures  and  activities  aimed  at                

delivering  products  that  meet  quality  objectives  for  a  project  as  stated  in              

contract   documents   and   other   procedures,   manuals,   and   guidance.   

● What   is   piping   material   specification?   

The  Piping  Specification  (abbreviated:  PIPE  SPEC)  is  a  document  prepared            

during  the  design  phase  of  any  project.  It  provides  the  appropriate  selection,              

specification  and  material  grade  of  pipe  and  piping  components  for  a  given              

service.   

For  all  subsequent  maintenance  and  repair  on  a  section  of  pipe,  the  piping               

specification   remains   as   the   key   to   correct   material   selection   

● What   are   ASTM   Grades?   

ASTM  standards  define  the  specific  manufacturing  process  of  the  material  and             

determine  the  exact  chemical  composition  of  pipes,  fittings  and  flanges,  through             

percentages  of  the  permitted  quantities  of  carbon,  magnesium,  nickel,  etc.,  and             

are   indicated   by   "Grade".   

For  example,  a  carbon  steel  pipe  can  be  identified  with  Grade  A  or  B,  a                 

stainless-steel  pipe  with  Grade  TP304  or  Grade  TP321,  a  carbon  steel  fitting              

with   Grade   WPB   etc..   

Below   you   will   find   as   an   example   3   tables   with   chemical   requirements   for:   

1. Flanges   ASTM   A182   Grade   F304,   F304L   F316L   

2. Pipes   ASTM   A312   Grade   TP304,   TP304L,   TP3016L   
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3. Fittings   ASTM   A403   Grade   WP304,   WP304L,   WP316L   

Furthermore,   a   table   with   frequently   used   ASTM   Grades,   arranged   on   Pipes,   

Fittings,   Flanges,   Valves,   Bolts   and   Nuts,   which   belong   together   as   a   group.   

As   you   may   have   noted,   in   the   table   below,   ASTM   A105   has   no   Grade.   

Sometimes   ASTM   A105N   is   described;   

N    stands   not   for   Grade,   but   for   normalized.   Normalizing   is   a   type   of   heat   

treatment,   applicable   to   ferrous   metals   only.   The   purpose   of   normalizing   is   to   

remove   the   internal   stresses   induced   by   heat   treating,   casting,   forming   etc..   

CHEMICAL   REQUIREMENTS   COMPOSITION,    %   
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Flanges   ASTM   A182   

Grade   C   Mn   P   S   Si   Ni   Cr   Mo   

F304   0.08   2   0.045   0.03   1   8   -   11   18   -   20       

F304L   0.03   2   0.045   0.03   1   8   -   13   18   -   20       

F316L   0.03   2   0.045   0.03   1   10   -   15   16   -   18   2   -   3   

Note:   

Grades   F304,   F304L,   and   F316L   shall   have   a   maximum   Nitrogen   content   of   0.10%.   
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Pipes   ASTM   A312   

Grade   C   Mn   P   S   Si   Cr   Ni   Mo   

TP   304   0.08   2   0.045   0.03   1   18   -   20   8   -   11       

TP   304L   0.035   2   0.045   0.03   1   18   -   20   8   -   13       

TP   316L   0.035   2   0.045   0.03   1   16   -   18   10   -   14   2   -   3   

Note:   

For   small   diameter   or   thin   walls   or   both,   where   many   drawing   passes   are   required,   a   Carbon   
maximum   of   0.040%   is   necessary   in   grades   TP304L   and   TP316L.   Small   outside   diameter   tubes   are   
defined   as   those   less   than   0.50   in.   [12.7   mm]   in   outside   diameter   and   light   wall   tubes   as   those   less   
than   0.049   in.   [1.20   mm]   in   average   wall   thickness   (0.044   in.   [1.10   mm]   in   minimum   wall   thickness).   

    

Fittings   ASTM   A403   

Grade   C   

( 1 )   
Mn   

( 1 )   
P   

( 1 )   
S   

( 1 )   
Si   

( 1 )   
Ni   Cr   Mo   

WP   304   0.08   2   0.045   0.03   1   8   -   11   18   -   20       

WP   304L   0.03   ( 2 )   2   0.045   0.03   1   8   -   12   18   -   20       

WP   316L   0.03   ( 2 )   2   0.045   0.03   1   10   -   14   ( 3 )   16   -   18   2   -   3   

Notes:   

( 1 )   Maximum,   unless   otherwise   indicated.   

( 2 )   For   small   diameter   or   thin   walls   or   both,   where   many   drawing   passes   are   required,   a   Carbon   
maximum   of   0.040%   is   necessary   in   grades   TP304L   and   TP316L.   Small   outside   diameter   tubes   are   
defined   as   those   less   than   0.50   in.   [12.7   mm]   in   outside   diameter   and   light   wall   tubes   as   those   less   
than   0.049   in.   [1.20   mm]   in   average   wall   thickness   (0.044   in.   [1.10   mm]   in   minimum   wall   thickness).   



 

 

FREQUENTLY   USED   ASTM   GRADES   
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( 3 )   On   pierced   tubing,   the   Nickel   may   be   11.0-16.0%.   

Material   Pipes   Fttg   Flg   Valves   Bolts    and    Nuts   

Carbon   Steel  A106   Gr   A   A234   Gr   WPA   A105   A216   Gr   WCB   A193   Gr   B7   

A194   Gr   2H   
A106   Gr   B   A234   Gr   WPB   A105   A216   Gr   WCB   

A106   Gr   C   A234   Gr   WPC   A105   A216   Gr   WCB   

    

Carbon   Steel   

Alloy   

High-Temp   

A335   Gr   P1   A234   Gr   WP1   A182   Gr   F1   A217   Gr   WC1   A193   Gr   B7   

A194   Gr   2H   
A335   Gr   P11   A234   Gr   WP11   A182   Gr   F11   A217   Gr   WC6   

A335   Gr   P12   A234   Gr   WP12   A182   Gr   F12   A217   Gr   WC6   

A335   Gr   P22   A234   Gr   WP22   A182   Gr   F22   A217   Gr   WC9   

A335   Gr   P5   A234   Gr   WP5   A182   Gr   F5   A217   Gr   C5   

A335   Gr   P9   A234   Gr   WP9   A182   Gr   F9   A217   Gr   C12   

    

Carbon   Steel   

Alloy   

Low-Temp   

A333   Gr   6   A420   Gr   WPL6   A350   Gr   LF2   A352   Gr   LCB   A320   Gr   L7   

A194   Gr   7   
A333   Gr   3   A420   Gr   WPL3   A350   Gr   LF3   A352   Gr   LC3   

    



 

 

ASTM   Materials   
PIPES   

● A106    =   This   specification   covers   carbon   steel   pipe   for   high-temperature   service.   

● A335    =   This   specification   covers   seamless   ferritic   alloy-steel   pipe   for   

high-temperature   service.  

● A333    =   This   specification   covers   wall   seamless   and   welded   carbon   and   alloy   

steel   pipe   intended   for   use   at   low   temperatures.   

● A312    =   Standard   specification   for   seamless,   straight-seam   welded,   and   cold   

worked   welded   austenitic   stainless   steel   pipe   intended   for   high-temperature   and   

general   corrosive   service.   

FITTINGS   

● A234    =   This   specification   covers   wrought   carbon   steel   and   alloy   steel   fittings   of   

seamless   and   welded   construction.   

● A420    =   Standard   specification   for   piping   fittings   of   wrought   carbon   steel   and   alloy   

steel   for   low-temperature   service.   
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Austenitic   

Stainless   

Steel   

A312   Gr   TP304   A403   Gr   WP304   A182   Gr   F304   A182   Gr   F304   A193   Gr   B8   

A194   Gr   8   
A312   Gr   TP316   A403   Gr   WP316   A182   Gr   F316   A182   Gr   F316   

A312   Gr   TP321   A403   Gr   WP321   A182   Gr   F321   A182   Gr   F321   

A312   Gr   TP347   A403   Gr   WP347   A182   Gr   F347   A182   Gr   F347   

Material   Pipes   Fttg   Flg   Valves   Bolts    and    Nuts   



 

 

● A403    =   Standard   specification   for   wrought   austenitic   stainless   steel   piping   

fittings.   

FLANGES   

● A105    =   This   specification   covers   standards   for   forged   carbon   steel   piping   

components,   that   is,   flanges,   fittings,   Valves,   and   similar   parts,   for   use   in   

pressure   systems   at   ambient   and   higher-temperature   service   conditions.   

● A182    =   This   specification   covers   forged   or   rolled   alloy   and   stainless   steel   pipe   

flanges,   forged   fittings,   and   Valves   and   parts   for   high-temperature   service.   

● A350    =   This   specification   covers   several   grades   of   carbon   and   low   alloy   steel   

forged   or   ring-rolled   flanges,   forged   fittings   and   Valves   for   low-temperature   

service.   

VALVES   

● A216    =   This   specification   covers   carbon   steel   castings   for   Valves,   flanges,   

fittings,   or   other   pressure-containing   parts   for   high-temperature   service   and   of   

quality   suitable   for   assembly   with   other   castings   or   wrought-steel   parts   by   fusion   

welding.   

● A217    =   This   specification   covers   steel   castings,   martensitic   stainless   steel   and   

alloys   steel   castings   for   Valves,   flanges,   fittings,   and   other   pressure-containing   

parts   intended   primarily   for   high-temperature   and   corrosive   service.   

● A352    =   This   specification   covers   steel   castings   for   Valves,   flanges,   fittings,   and   

other   pressure-containing   parts   intended   primarily   for   low-temperature   service.   
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● A182    =   This   specification   covers   forged   or   rolled   alloy   and   stainless   steel   pipe   

flanges,   forged   fittings,   and   Valves   and   parts   for   high-temperature   service.   

BOLTS    AND    NUTS   

● A193    =   This   specification   covers   alloy   and   stainless   steel   bolting   material   for   

pressure   vessels,   Valves,   flanges,   and   fittings   for   high   temperature   or   high   

pressure   service,   or   other   special   purpose   applications.   

● A320    =   Standard   Specification   for   Alloy-Steel   and   Stainless   Steel   Bolting   

Materials   for   Low-Temperature   Service.   

● A194    =   Standard   specification   for   nuts   in   many   different   material   types.   

● What   is   ASME   Code   for   piping?   

ASME  B31  was  earlier  known  as  ANSI  B31.  The  B31  Code  for  Pressure  Piping,                

covers  Power  Piping,  Fuel  Gas  Piping,  Process  Piping,  Pipeline  Transportation            

Systems  for  Liquid  Hydrocarbons  and  Other  Liquids,  Refrigeration  Piping  and            

Heat   Transfer   Components   and   Building   Services   Piping.   

● What   is   Process   Piping?   

Simply  put,  process  piping  is  used  to  convert  liquids,  chemicals,  fuels,  gases  or               

other  raw  materials  into  a  usable  product.  Pipes  directing  water  through  an              

industrial  factory  to  cool  processes  wouldn’t  be  considered  process  piping,  but  if              

the  piping  moves  the  water  into  processes  to  be  converted  into  cleaning              

chemicals,  soft  drinks,  or  combined  with  other  materials  to  make  an  end  product,               

they   would   then   be   process   piping.   

  

So,  technically,  process  piping  is  any  pipe  and  components  that  are  not  part  of                

the  building’s  mechanical  systems.  Pipe  systems  for  liquids  and  gases  used  for              
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heating  and  cooling  processes,  or  pipework  that  leads  to  plumbing  fixtures  or              

waste-water  systems,  would  not  be  considered  process  piping  systems.  Instead,            

these  are  considered  part  of  plumbing  systems.  Process  piping  is  also  not  used               

for   power   processing   systems.   

Process  piping  can  consist  of  interconnected  piping  systems  such  as  tubing,             

pipes,  pressure  hoses,  valves,  separators,  traps,  flanges,  fittings,  gaskets,           

strainers  and  other  components.  These  piping  components  can  be  placed            

together  to  move,  mix,  separate,  stop,  distribute  or  control  the  flow  of  fluids.               

Process  piping  is  commonly  used  in  the  semiconductor,  chemical,  paper            

processing,   petroleum   refinery,   pharmaceutical   and   textile   industries.   

● What   is   meant   by   welding?   

Welding  is  a  fabrication  process  whereby  two  or  more  parts  are  fused  together               

by   means   of   heat,   pressure   or   both   forming   a   join   as   the   parts   cool.   

● What   are   the   4   types   of   welding?   

1. Gas   Metal   Arc    Welding    (GMAW/MIG)   This   style   of    welding    is   also   

referred   to   as   Metal   Inert   Gas   (MIG).   

2. Gas   Tungsten   Arc   Gas    Welding    (GTAW/TIG)   

3. Shielded   Metal   Arc    Welding    (SMAW)   

4. Flux   Cored   Arc    Welding    (FCAW)   

● What   are   the   basics   of   welding?   

Welding  is  done  by  creating  an  arc  between  the  base  metal  (the  metal  being                

welded)  and  the  filler  metal.  The  arc  melts  the  base  metal  and  filler  metal,                

combining  them  into  one  material  to  join  the  base  metals.  The  filler  metal  is                

consumed   in   the   process.   
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● What   is   the   purpose   of   welding?   

The  basic  purpose  of  welding  is  to  join  two  elements  together  with  a  firm                

connection.  Welders  typically  work  with  metal  or  thermoplastic  and  use  durable             

filler   material   to   bind   them   together.   

● What   is   WPS   WPQ   and   PQR?   

WPS    –   Welding   Procedure   Specifications.     

PQR    –   Procedure   Qualification   Records,   and.     

WQT   /     WPQ    –   Welder   Qualification   Test   /   Welder   Performance   Qualifications   

● Why   PQR   is   required?   

A  PQR  is  required  when  it  is  necessary  to  demonstrate  that  your  company  has                

the  ability  to  produce  welds  possessing  the  correct  mechanical  and            

metallurgical  properties.  The  details  of  the  test  such  as  the  welding  current,              

pre-heat   etc.,   must   be   recorded   during   the   test.   

● What   is   the   purpose   of   WPS   in   welding?   

A  Welding  Procedure  Specification,  or  WPS,  is  a  document  that  serves  as  a               

guide  for  the  effective  creation  of  a  weld  that  meets  all  applicable  code               

requirements   and   production   standards.   Think   of   a   WPS   as   a   recipe   for   welders   
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● What   is   a   WPQ?   

A  Welder  Performance  Qualification  (WPQ)  is  a  test  certificate  that  shows             

whether  a  welder  possesses  the  necessary  experience  and  knowledge  to            

perform   the   specifications   of   a   particular   weld   procedure.   

● Which   comes   first   WPS   or   PQR?   

The  WPS  is  written  from  the  PQR.  A  PQR  comes  before  a  WPS.  A  PQR  is                  

needed   to   do   a   WPS.   The   PQR   is   specific   while   the   WPS   is   generic.   

● What   is   ASME   Section   9?   

The  ASME  code  is  the  American  Society  of  Mechanical  Engineers  (ASME)             

standard  that  regulates  the  design,  development  and  construction  of  boilers  and             

pressure  vessels.  ASME  Section  IX  specifies  the  requirements  for  the            

qualification   of   welders   and   the   welding   procedure   specifications.   

● How   do   you   qualify   for   PQR?   

The  PQR  must  include  all  essential  variables  (such  as  P  number,  F  number,  A                

number,  PWHT)  and  supplementary  essential  variables  (such  as  Group           

Number).   The   nonessential   variables   are   not   code   requirements   for   PQR.   

● What   does   AWS   stand   for   in   welding?   

American   Welding   Society   

The  American  Welding  Society  (AWS)  was  founded  in  1919,  as  a  nonprofit              

organization  with  a  global  mission  to  advance  the  science,  technology  and             
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application  of  welding  and  allied  joining  and  cutting  processes,  including            

brazing,   soldering   and   thermal   spraying.   

● What   does   WPQR   stand   for?   

Welding   Procedure   Qualification   Record   

Welding  Procedure  Qualification  Record  (WPQR)  A  record  of  welding  variables            

used  to  produce  an  acceptable  test  weldment  and  the  results  of  tests              

con-ducted   on   the   weldment   to   qualify   a   welding   procedure   specification.   

● What   are   variables   in   welding?   

There  are  so  many  welding  variables  that  influence  a  weld's  quality;  the              

variables  are  amps,  volts,  travel  speed,  filler  metal,  shielding  gas,  base             

material,   etc.   

● What   is   an   essential   variable   in   WPS?   

This  is  defined  as  a  change  in  a  welding  condition  that  will  affect  the                

mechanical  properties  (other  than  notch  toughness)  of  the  weldment  (for            

example,  change  in  P-number,  welding  process,  filler  metal,  electrode,  preheat            

or   post-weld   heat   treatment,   etc.)   

● What   is   a   Non-essential   variable   in   WPS?   

Nonessential  variables  are  those  that  do  not  have  a  significant  influence  on              

tensile  strength  or  ductility  of  the  completed  weld.  Arc  Voltage,  Amperage,             

Travel   Speed   are   Non-essential   variables.   

● What   are   the   supplementary   essential   variables   in   WPS?   
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The  code  defines  it  as  "Supplementary  essential  variables  are  conditions  in             

which  a  change  will  affect  the  toughness  properties  of  the  joint,  heat-affected              

zone,  or  base  material".  The  supplementary  essential  variable  becomes  an           

essential   variable   when   welding   procedure   qualification   requires   impact   testing.   

● What   is   the   F   number   in   welding?   

“The  grouping  of  electrodes  and  welding  rods  in  Table  QW-432  is  based              

essentially  on  their  usability  characteristics,  which  fundamentally  determine  the           

ability   of   welders   to   make   satisfactory   welds   with   a   given   filler   metal.   

● What   is   A   number   in   WPS?   

A  number  gives  a  similar  chemical  composition  in  a  “as  weld”  condition.  The  A                

number  is  an  essential  variable  in  most  welding  processes  in  ASME  Code              

Section   IX.     

Please  note  the  A  number  in  WPS  does  not  refer  to  the  filler  wire  or  electrode                  

chemical  composition;  it  refers  to  the  deposited  weld  metal  chemical            

composition.   

● What   is   the   P   number?   

To  reduce  the  number  of  welding  procedure  qualifications  that  are  required,             

P-Numbers  (shortened  to  P-No)  are  assigned  to  base  metals  according  to  the              

characteristics  of  the  material,  such  as  composition,  weldability,  brazeability  and            

mechanical   properties.   
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● What   is   the   difference   between   P   number   and   group   number?   

P  numbers  are  groupings  of  base  metals  with  similar  welding  characteristics             

that  have  been  approved  for  pressure  boundaries  when  constructing  pressure            

vessels  or  piping  systems.  Group  numbers  are  sub-groupings  within  a  P             

number   that   further   subdivides   the   P   number.   

● What   is   SFA   no   in   welding?   

SFA  is  a  universal  classification  system  for  filler  materials.  5.1  is  for  carbon               

steel   electrodes   for   SMAW,   hence   the   designation   E-6013   

● What   is   backing   in   welding?   

Backing  is  defined  as  material  placed  at  the  root  of  a  weld  joint  for  the  purpose                  

of   supporting   molten   weld   metal.   

● How   do   you   calculate   metal   filler   consumption?   

Calculating  Filler  Metal  Consumption  The  number  of  pounds  of  welding            

electrodes  or  welding  wire  necessary  to  complete  a  given  weld  joint  may  be               

calculated  by  the  formula:  P  =  WL  E  Where:  P  =  Pounds  of  electrode  or  wire                  

required  W  =  Weight  per  foot  of  weld  metal  L  =  Length  of  weld  (feet)  E  =                   

Deposition   efficiency     

● Why   do   you   carry   out   purging   in   GTAW   of   stainless   steel   pipe   joints?   

Preventing  oxidation  and  thus  avoiding  discolouration  and  welding  underbead           

discontinuities  in  tubes  and  pipes  can  be  achieved  readily  by  purging  the  inside               

with   inert   gas.   
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● What   does   E6013   stand   for?   

The  first  character  “E”  in  E6013  stands  for  flux  covered  electrode  as  used  in                

Metal  Manual  Arc  Welding.  E60XX:  The  next  two  characters  indicate  the             

minimum   tensile   strength,   1   for   position   &   3   for   coating   type.   

● How   do   I   choose   a   welding   consumable?   

As  a  rule,  when  welding  materials  that  have  different  tensile  strengths,  the              

consumable  you  choose  should  match  the  material  with  the  lower  tensile             

strength.  The  preheat  temperature  you  use  should  match  what  is  required  for              

the   material   with   the   higher   tensile   strength.   

● How   to   Store   and   redry   welding   consumables?   

Electrodes  for  Shielded  Metal  Arc  Welding  (SMAW)  or  stick  electrodes  must  be              

properly  stored  in  order  to  deposit  quality  welds.  When  stick  electrodes  absorb              

moisture  from  the  atmosphere,  they  must  be  dried  in  order  to  restore  their               

ability  to  deposit  quality  welds.  Electrodes  with  too  much  moisture  may  lead  to               

cracking  or  porosity.  Operational  characteristics  may  be  affected  as  well.  If             

you've  experienced  unexplained  weld  cracking  problems,  or  if  the  stick            

electrode  arc  performance  has  deteriorated,  it  may  be  due  to  your  storage              

methods   or   re-drying   procedures.   

Follow  these  simple  storage,  exposure  and  redrying  techniques  to  ensure  the             

highest  quality  welds,  as  well  as  the  best  operational  characteristics  from  your              

stick   electrodes.   
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Storing   Low   Hydrogen   Stick   Electrodes     

Low  hydrogen  stick  electrodes  must  be  dry  to  perform  properly.  Unopened             

Lincoln  hermetically  sealed  containers  provide  excellent  protection  in  good           

storage  conditions.  Opened  cans  should  be  stored  in  a  cabinet  at  250  to  300°F                

(120  to  150°C).  Low  hydrogen  stick  electrode  coatings  that  have  picked  up              

moisture  may  result  in  hydrogen  induced  cracking,  particularly  in  steels  with  a              

yield   strength   of   80,000   psi   (550   MPa)   and   higher.   

Moisture  resistant  electrodes  with  an  "R"  suffix  in  their  AWS  classification  have              

a  high  resistance  to  moisture  pickup  coating  and,  if  properly  stored,  will  be  less                

susceptible  to  this  problem,  regardless  of  the  yield  strength  of  the  steel  being               

welded.  Specific  code  requirements  may  indicate  exposure  limits  different  from            

these   guidelines.   

All  low  hydrogen  stick  electrodes  should  be  stored  properly,  even  those  with  an               

"R"  suffix.  Standard  EXX18  electrodes  should  be  supplied  to  welders  twice  per              

shift.   Moisture   resistant   types   may   be   exposed   for   up   to   9   hours.   

When  containers  are  punctured  or  opened,  low  hydrogen  electrodes  may  pick             

up  moisture.  Depending  upon  the  amount  of  moisture,  it  will  damage  weld              

quality   in   the   following   ways:   

1.  A  greater  amount  of  moisture  in  low  hydrogen  electrodes  may  cause              

porosity.  Detection  of  this  condition  requires  x-ray  inspection  or  destructive            

testing.  If  the  base  metal  or  weld  metal  exceeds  80,000  psi  (550  MPa)  yield                

strength,   this   moisture   may   contribute   to   under-bead   or   weld   cracking.   

2.  A  relatively  high  amount  of  moisture  in  low  hydrogen  electrodes  causes              

visible  external  porosity  in  addition  to  internal  porosity.  It  also  may  cause              

excessive  slag  fluidity,  a  rough  weld  surface,  difficult  slag  removal,  and             

cracking.   
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3.  Severe  moisture  pickup  can  cause  weld  cracks  in  addition  to  under-bead              

cracking,   severe   porosity,   poor   appearance   and   slag   problems.     

    

  

Redrying   Low   Hydrogen   Stick   Electrodes   

Redrying,  when  done  correctly,  restores  the  electrodes'  ability  to  deposit  quality  welds.              

Proper   redrying   temperature   depends   upon   the   electrode   type   and   its   condition.   

One  hour  at  the  listed  final  temperature  is  satisfactory.  DO  NOT  dry  electrodes  at  higher                 

temperatures.  Several  hours  at  lower  temperatures  is  not  equivalent  to  using  the              

specified   requirements.  

Electrodes  of  the  E8018  and  higher  strength  classifications  should  be  given  no  more               

than  three  one-hour  re-dries  in  the  700  to  800°F  (370  to  430°C)  range.  This  minimizes                 

the  possibility  of  oxidation  of  alloys  in  the  coating  resulting  in  lower  than  normal  tensile                 

or   impact   properties.   

Any  low  hydrogen  electrode  should  be  discarded  if  excessive  redrying  causes  the              

coating  to  become  fragile  and  flake  or  break  off  while  welding,  or  if  there  is  a  noticeable                   

difference   in   handling   or   arc   characteristics,   such   as   insufficient   arc   force.   
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Electrodes  to  be  redried  should  be  removed  from  the  can  and  spread  out  in  the  oven                  

because   each   electrode   must   reach   the   drying   temperature.     

    

    

   Redrying   Conditions   -   Low   Hydrogen   Stick   Electrodes   

(1)  Pre-dry  for  1  to  2  hours.  This  will  minimize  the  tendency  for  coating  cracks  or  oxidation  of  the  alloys                      

in   the   coating.   
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        Final   Redrying   Temperature     

    

  Condition   

    

Pre-drying   

Temperature(1)   

E7018,   E7028   E8018,   E9018,   

E10018,   

E11018   

Electrodes   exposed   to   air   for   less   than   one   

week;   no   direct   contact   with   water.   

  N/A     650   to   750°F   (340   

to   400°C)   

  700   to   800°F   

(370   to   430°C)   

Electrodes  which  have  come  in  direct  contact         

with  water  or  which  have  been  exposed  to  high           

humidity.   

  180   to   220°F   (80   to   

105°C)   

   650   to   750°F   (340   

to   400°C)   

700   to   800°F   

(370   to   430°C)   



 

 

Storing   and   Redrying   Non-Low   Hydrogen   Electrodes   

Electrodes  in  unopened  Lincoln  cans  or  cartons  retain  the  proper  moisture  content              

indefinitely   when   stored   in   good   condition.   

If  exposed  to  humid  air  for  long  periods  of  time,  stick  electrodes  from  opened  containers                 

may  pick  up  enough  moisture  to  affect  operating  characteristics  or  weld  quality.  If               

moisture  appears  to  be  a  problem,  store  electrodes  from  the  opened  containers  in               

heated  cabinets  at  100  to  120°F  (40  to  50°C).  DO  NOT  use  higher  temperatures,                

particularly   for   electrodes   from   the   "Fast   Freeze"   group.   

Some  electrodes  from  wet  containers  or  long  exposure  to  high  humidity  can  be  re-dried.                

Adhere   to   the   procedures   in   the   following   table   for   each   type.   
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Redrying   Conditions   -   Non-Low   Hydrogen   Stick   Electrodes   

(1)  Pre-dry  for  1  to  2  hours.  This  will  minimize  the  tendency  for  coating  cracks  or  oxidation  of  the  alloys                      

in   the   coating.   
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  Stick   Electrode   Electrode   Group   Final   Redrying   
Temperature     

Time   

E6010:   Fleetweld   5P,   5P+   

E6011:   Fleetweld   35,   
35LS,   180   

E7010-A1:   SA-85(1)   

E7010-G:   SA-HYP+(1)   

E8010-G:   SA-70+(1),   
SA-80(1)   

E9010-G:   SA-90(1)   

Fast   Freeze   -   excessive   moisture   is   indicated   by   a   
noisy   arc   and   high   spatter,   rusty   core   wire   at   the   
holder   end   or   objectionable   coating   blisters   while   
welding.   

Re-baking  of  this  group  of  stick  electrodes  is  not           
recommended.   

Not   
Recommended   

N/A   

E7024:   Jetweld   1,   3   

E6027:   Jetweld   2  

Fast   Fill   -   excessive   moisture   is   indicated   by   a   noisy   
or   "digging"   arc,   high   spatter,   tight   slag,   or   undercut.   
Pre-dry   unusually   damp   electrodes   for   30   -   45   
minutes   at   200°F   to   230°F   (90   -   110°C)   before   final   
drying   to   minimize   cracking   of   the   coating.   

  400   to   500°F   
(200to   260°C)   

30   -   45   
minutes   

E6012:   
Fleetweld   7   

E6013:   
Fleetweld   37   

E7014:   
Fleetweld   47   

E6022:   
Fleetweld   22   

Fill   Freeze   -   Excessive   moisture   is   indicated   by   a   
noisy   or   "digging"   arc,   high   spatter,   tight   slag   or   
undercut.   Pre-dry   unusually   damp   electrodes   for   30   -   
45   minutes   at   200°   -   230°F   (90°   -   110°C)   before   final   
drying   to   minimize   cracking   of   the   coating   

   300   to   350°F   
(150   to   180°C)   

20   -   30   
minutes   

    



 

 

  

Using  longer  drying  times  or  higher  temperatures  can  easily  damage  the  electrodes.              

For  drying,  remove  the  electrodes  from  the  container  and  spread  them  out  in  the                

furnace   because   each   stick   electrode   must   reach   the   drying   temperature.   

● What   welding   rod   do   I   use   to   weld   stainless   to   carbon   steel?   

Use  309L  (including  ER309LSi)  when  joining  mild  steel  or  low  alloy  steel  to               

stainless  steels,  for  joining  dissimilar  stainless  steels  such  as  409  to  itself  or  to                

304L  stainless,  as  well  as  for  joining  309  base  metal.  CG-12  is  the  cast                

equivalent   of   309   

● What   is   oxidation   in   welding?   

Oxidation  is  the  reaction  of  metal  and  oxygen.  If  the  oxide  formed  is  continuous                

and  effective  in  separating  the  alloy  from  the  atmosphere,  the  oxide  is              

protective.  However,  if  the  oxide  fails  to  act  as  a  separator,  problems  with               

corrosion   occur.   

● What   are   the   welding   defects?   

Welding  Defects  can  be  defined  as  the  irregularities  formed  in  the  given  weld               

metal  due  to  wrong  welding  process  or  incorrect  welding  patterns,  etc.  The              

defect  may  differ  from  the  desired  weld  bead  shape,  size,  and  intended  quality.               

Welding   defects   may   occur   either   outside   or   inside   the   weld   metal.   

● What   are   the   types   of   welding   defects?   

Weld   Crack,   Porosity,   Undercut,   Incomplete   Fusion,   Incomplete   Penetration,   Slag   

Inclusion,   Spatter   etc.   
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● What   are   the   welding   defects   of   fillet   weld?   

Root  or  face  undercut,  Excess  convexity,  Excess  weld  metal  (excess  cap  height),              

Incomplete   fill   (face   concavity   or   missed   edge).   Insufficient   throat   in   fillet   welds   etc.   

● How   do   you   prevent   welding   defects?   

Use   low   hydrogen   filler   metals   when   possible   

Most  filler  metal  manufacturers  offer  a  variety  of  products,  particularly  flux-cored             

wires  and  stick  electrodes  that  produce  low  levels  of  diffusible  hydrogen.  When              

welding  ferritic  (or  iron-based)  steels,  the  use  of  these  filler  metals  can  be  a                

particularly  good  defense  against  weld  failures  caused  by  hydrogen-induced           

cracking,  also  referred  to  as  cold  cracking.  This  type  of  weld  failure  typically               

occurs  within  hours  to  days  after  the  weld  has  cooled,  and  is  the  result  of                 

residual  stress  from  the  base  material  being  restrained  along  the  weld,  along              

with  the  presence  of  hydrogen  in  the  weld.  Thicker  materials  are  more  prone  to                

the  failure,  since  they  tend  to  create  areas  of  high  restraint  and  can  serve  as  a                  

heat  sink  that  leads  to  fast  cooling  rates  —  the  ideal  condition  for  hydrogen  to                 

coalesce  and  add  to  the  residual  stresses  in  the  weld.  High-strength  steels  and               

applications  with  constrained  joints  are  also  prone  to  weld  failures  via  cold              

cracking.   

Filler  metals  with  an  H4  or  H8  designator  are  a  good  choice  to  prevent  weld                 

failures  associated  with  cold  cracking,  as  they  minimize  the  amount  of  hydrogen              

going  into  the  weld  in  the  first  place,  and  with  it,  the  opportunity  to  cause                 

cracking  upon  the  weld  cooling.  These  filler  metals  contain  less  than  4  or  8  ml                 

of   hydrogen   per   100   g   weld   metal,   respectively.   

In  certain  cases,  using  filler  metals  with  a  basic  slag  system  can  also  help                

reduce  the  risk  of  weld  failures  from  cold  cracking.  These  filler  metals  typically               
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contain  high  levels  of  hydrogen  scavengers,  including  fluoride,  sodium  and            

calcium   that   can   combine   with   hydrogen   to   remove   it   from   a   cooling   weld.   

Take   care   with   fit-up   and   joint   design   

Proper  part  fit-up  and  good  joint  design  are  both  key  in  preventing  weld  failures,                

particularly  those  associated  with  hot  cracking.  When  presented  with  either  of             

these  conditions,  it  is  not  uncommon  for  a  welding  operator  to  try  to               

compensate  by  creating  a  wider  weld  bead  to  fuse  the  metal  together.  The               

danger  in  doing  so,  however,  is  that  the  resulting  weld  may  have  too  thin  of  a                  

throat,  causing  it  to  be  weak  and  create  stress  on  the  center  of  the  weld.  The                  

result  is  quite  often  a  condition  called  bead-shape  cracking,  which  is  a  specific               

type   of   hot   cracking,   and   it   appears   immediately   upon   the   weld   cooling.   

A  good  rule  of  thumb,  when  possible,  is  to  design  the  joint  so  that  the  welding                  

operator  has  easy  access  to  the  root.  Doing  so  ensures  a  proper  bead  depth  to                 

width  ratio.  A  good  range  for  that  ratio  is  to  make  the  depth  5:1  to  2:1  the  size                    

of   the   width.   

Pre-   and   post-weld   materials   correctly   

Some  materials  are  particularly  susceptible  to  weld  failures  due  to  cracking,             

including  high-strength  steels,  which  have  high  carbon  and/or  high  alloy  levels.             

Because  these  materials  are  less  ductile,  they  tend  to  generate  residual             

stresses   along   the   base   metal   and   the   finished   weld   during   the   cooling   process.   

It  is  important  to  always  preheat  such  materials  for  the  recommended  time  and               

temperature  according  to  the  welding  procedure,  and  to  ensure  that  adequate             

and  uniform  heat  soak  has  occurred  throughout.  Preheating  prevents  rapid            

cooling  and  with  it  helps  maintain  a  more  ductile  internal  grain  structure              

(pearlitic)  in  the  heat-affect  zone.  It  also  limits  shrinkage  stresses  in  the              
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material  and  helps  reduce  instances  of  martensite  formation  in  the  grain             

structure   —   areas   where   hydrogen   can   dwell   and   ultimately   cause   cracking.   

Similarly,  when  called  for  by  a  given  welding  procedure,  post-weld  heat             

treatment  (PWHT)  should  be  implemented  as  directed.  PWHT  relieves  residual            

stresses  and  drives  diffusible  hydrogen  from  the  weld  to  prevent  weld  failures              

by   way   of   cold   cracking.   

Properly   match   filler   metal   and   base   material   strengths   

Selecting  the  appropriate  filler  metal  strength  can  also  help  minimize  the  risk  of               

weld  failures.  Most  applications  require  matching  the  filler  metal  tensile  or  yield              

strength  to  that  of  the  base  material.  The  strengths  should  be  as  close  as                

possible  and  selected  as  applicable  to  the  design  requirements  of  the             

application.  If  welding  a  lower  strength  material  to  a  higher  strength  one,  always               

match  the  filler  metal  to  the  lower  strength  one,  as  it  will  allow  for  greater                 

ductility  and  help  mitigate  the  risk  of  cracking.  When  making  certain  fillet  welds               

or  when  welding  on  an  application  requiring  only  partial  joint  penetration  (PJP),              

it  may  be  desirable  to  undermatch  the  strength  of  the  filler  metal  to  the  base                 

material.  Doing  so  can  sometimes  minimize  the  residual  stresses  in  the  finished              

weld.   

Implement   proper   filler   metal   storage   and   handling   procedures   

To  prevent  filler  metals  from  picking  up  moisture,  dust,  debris  or  oil  that  could                

lead  to  contamination  —  and  ultimately  weld  failure  —  it  is  critical  to  follow                

proper  storage  procedures.  Store  filler  metals  in  a  dry  area  in  their  original               

packaging  until  ready  for  use.  Ideally,  keep  the  storage  area  the  same              

temperature  as  the  welding  cell  to  avoid  the  condensation  that  occurs  when              

moving  from  a  cold  area  to  a  warm  area,  which  could  lead  to  moisture  being                 

absorbed  by  the  filler  metal.  Allowing  the  filler  metal  to  acclimate  to  the               
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temperature  of  the  welding  prior  to  opening  the  package  can  also  protect              

against   hydrogen   pickup   that   could   lead   to   cracking   and   weld   failure.   

Welding  operators  should  always  wear  gloves  when  handling  filler  metals  to             

protect  it  from  moisture  from  their  hands,  and  they  should  cover  any  open               

spools  with  a  plastic  bag  when  not  in  use.  Doing  so  protects  that  filler  metal                 

from  accumulating  contaminants  from  the  air  that  may  lead  to  poor  weld  quality              

and/or  failure.  Too,  companies  should  never  place  grinding  stations  near  an             

area  where  filler  metal  spools  are  present,  as  particles  can  settle  on  the  wire,                

causing  potential  inclusions  in  the  weld.  If  using  stick  electrodes,  always  follow              

proper   storage   and   reconditioning   procedures   prior   to   welding.   

Undergo   the   appropriate   training   

The  importance  of  training  as  a  first  defense  against  weld  failures  cannot  be               

emphasized  enough.  Proper  education  helps  instill  good  welding  techniques,  as            

well  as  the  ability  to  make  sound  decisions  that  positively  affect  the  welding               

operation.  Welding  operators  should  be  trained  to  always  follow  the  prescribed             

welding  procedure  and  to  troubleshoot  the  common  causes  of  weld  defects,             

such  as  undercutting,  slag  inclusions  or  porosity  that  may  lead  to  weld  failures.               

They  also  need  to  be  trained  to  attend  to  the  special  requirements  of  the  alloys                 

they  may  encounter.  Check  with  a  local  welding  distributor  or  welding  (or  filler               

metal)  manufacturer  for  training  opportunities.  They  can  often  assist  with  initial             

welding  operator  training  and  also  assist  with  their  continuing  education.  If  the              

resources  allow,  companies  may  consider  implementing  their  own  training           

programs   as   well.   

In  the  end,  welding  operators  who  know  to  follow  procedure  and  also  adjust               

properly  to  the  various  facets  of  the  welding  operation  stand  a  good  chance  of                

achieving   the   desired   weld   quality   and   preventing   weld   failures.   
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● What   causes   lack   of   fusion   in   welding?   

The  principal  causes  are  too  narrow  a  joint  preparation,  incorrect  welding             

parameter  settings,  poor  welder  technique  and  magnetic  arc  blow.  Insufficient            

cleaning   of   oily   or   scaled   surfaces   can   also   contribute   to   lack   of   fusion .   

● What   causes   crater   cracks   in   welding?   

Crater  cracking  occurs  when  the  welding  operator  stops  welding  prior  to             

finishing  a  pass  on  a  weld  joint,  leaving  a  wide,  thin  depression  at  the  end.  It                  

can  also  appear  in  areas  that  have  been  tack  welded  when  the  corresponding               

weld   passes   does   not   meet   fully   against   the   tacks   

● What   are   inclusions   in   welding?   

Slag  inclusions  are  nonmetallic  particles  trapped  in  the  weld  metal  or  at  the               

weld  interface.  Slag  inclusions  result  from  faulty  welding  technique,  improper            

access  to  the  joint,  or  both.  Tungsten  inclusions  are  tungsten  particles  trapped              

in   weld   metal   deposited   with   the   gas   tungsten   arc   welding   process.   

● How   do   you   test   for   lack   of   fusion   in   welding?   

The  pure  lack  of  fusion  can  be  detected  only  by  the  visual  inspection  during                

welding.  The  other  types  of  lack  of  fusion  may  be  detected  by  ultrasonic  testing                

methods.  The  lack  of  fusion  reaching  the  surface  may  be  detected  by  the  liquid                

penetrant   or   magnetic   particle   testing   methods.   

● How   do   you   prevent   lack   of   fusion   in   welding?   

use   a   sufficiently   wide   joint   preparation   
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select  welding  parameters  (high  current  level,  short  arc  length,  not  too  high  a              

welding  speed)  to  promote  penetration  into  the  joint  side  wall  without  causing              

flooding   

ensure  the  electrode/gun  angle  and  manipulation  technique  will  give  adequate            

side   wall   fusion   

use  weaving  and  dwell  to  improve  side  wall  fusion  providing  there  are  no  heat                

input   restrictions   

if  arc  blow  occurs,  reposition  the  current  return,  use  AC  (in  MMA  [SMA]               

welding)   or   demagnetise   the   steel   

● What   are   inclusions   in   welding?   

Slag  inclusions  are  nonmetallic  particles  trapped  in  the  weld  metal  or  at  the               

weld  interface.  Slag  inclusions  result  from  faulty  welding  technique,  improper            

access  to  the  joint,  or  both.  Tungsten  inclusions  are  tungsten  particles  trapped              

in   weld   metal   deposited   with   the   gas   tungsten   arc   welding   process   

● What   is   incomplete   fusion   in   welding?   

Incomplete  fusion  is  a  weld  discontinuity  in  which  fusion  did  not  occur  between               

weld  metal  and  fusion  faces  or  adjoining  weld  beads.  This  absence  of  fusion               

may  occur  at  any  location  within  the  weld  joint  and  may  be  present  in  fillet                 

welds   and/or   groove   welds.   

● What   causes   tungsten   inclusion?   

A  tungsten  inclusion  is  most  often  caused  by  dipping  the  tungsten  electrode  into               

the  weld  pool  or  touching  the  filler  metal  rod  to  the  tungsten  while  welding.  It                 
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can  also  occur  when  the  tungsten  is  accidentally  “stuck”  to  base  metal  and              

broken   off.   

● What   is   padding   in   welding?   

A  padding  (weld)  is  a  process  of  overlapping  weld  beads  merging  to  produce               

even  surfaces.  It  is  mainly  used  to  build-up  broken  and  worn-out  round  surfaces               

as  all  types  of  shaft,  pinions,  round-bars,  etc.  Before  depositing  a  padding  weld,               

the   surface   should   be   thoroughly   cleaned   with   a   steel   wire   brush.   

● What   causes   slag   inclusions?   

Slag  inclusions  are  nonmetallic  particles  trapped  in  the  weld  metal  or  at  the               

weld  interface.  Slag  inclusions  result  from  faulty  welding  technique,  improper            

access   to   the   joint,   or   both.   

● What   causes   lack   of   fusion   in   welding?   

The  principal  causes  are  too  narrow  a  joint  preparation,  incorrect  welding             

parameter  settings,  poor  welder  technique  and  magnetic  arc  blow.  Insufficient            

cleaning   of   oily   or   scaled   surfaces   can   also   contribute   to   lack   of   fusion.   

● What   is   the   most   common   type   of   incomplete   fusion   during   a   weld?   

A  frequent  cause  of  incomplete  fusion  is  improper  gun  position.  It  mostly  occurs               

in  shielded  metal  arc  welding  (SMAW)  with  a  covered  electrode  and  in              

semi-automatic   gas   metal   arc   welding   (GMAW)   

● What   causes   porosity   in   welding?   
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Porosity  is  caused  by  the  absorption  of  nitrogen,  oxygen  and  hydrogen  in  the               

molten  weld  pool  which  is  then  released  on  solidification  to  become  trapped  in               

the  weld  metal.  Leaks  in  the  gas  line,  too  high  a  gas  flow  rate,  draughts  and                  

excessive   turbulence   in   the   weld   pool   are   frequent   causes   of   porosity.   

● What   is   the   temperature   of   an   electric   welding   arc?   

Arc  welding  is  a  fusion  welding  process  used  to  join  metals.  An  electric  arc  from                 

an  AC  or  DC  power  supply  creates  an  intense  heat  of  around  6500°F  which                

melts   the   metal   at   the   join   between   two   work   pieces.   

● What   is   undercutting   in   welding?   

Undercutting  is  a  groove  or  crater  that  occurs  near  the  toe  of  the  weld.  When                

this  weld  flaw  occurs,  the  weld  metal  fails  to  fill  in  that  grooved  area,  resulting  in                  

a   weak   weld   that   is   prone   to   cracking   along   the   toes.   

● How   do   you   prevent   undercutting?   

To  eliminate  undercut,  reduce  current  and  slow  travel  speed,  or  simply  reduce              

size  until  you  have  a  puddle  size  you  can  handle.  Then  change  the  electrode                

angle  so  the  arc  force  holds  the  metal  in  the  corners.  Use  a  uniform  travel                 

speed   and   avoid   excessive   weaving.   

● What   are   the   advantages   and   disadvantages   of   TIG   welding?   

Advantages  of  TIG  welding:  detailed  precision,  various  applications  and           

positions,  extremely  complex  metal  welding,  non-consumable  electrodes.         

Disadvantages  of  TIG  welding:  time-consuming  process,  complicated         

appliances,   safety   issues,   cost   of   inert   gas.   
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● What   causes   hot   cracking   in   welding?   

Cracking  occurs  when  the  available  supply  of  liquid  weld  metal  is  insufficient  to               

fill  the  spaces  between  solidifying  weld  metal,  which  are  opened  by  shrinkage              

strains.  Thus,  the  principal  causes  of  cracking  are:  Strain  on  the  weld  pool  is                

too   high.   

● How   much   undercut   is   allowed?   

Depth  of  undercut  that  is  not  more  than  1/32  in.  is  acceptable,  period!  Also,                

undercut  greater  than  1/32  in.  deep  that  does  not  exceed  1/16  in.  deep  and  its                 

accumulated   length   comes   to   2   in.   or   less   is   also   acceptable.   

● What   is   root   concavity   in   welding?   

Root  concavity  is  caused  by  shrinkage  of  the  weld  pool  in  the  through-thickness               

direction  of  the  weld.  Melting  of  the  root  pass  by  the  second  pass  can  also                 

produce  root  concavity.  Excessively  high  welding  speeds  make  the  formation  of             

root   concavity   more   likely.   

● What   is   the   maximum   root   opening?   

The  maximum  permissible  root  opening  is  1/32-in.  unless  the  joint  is  backed              

sufficiently  to  prevent  the  welding  composition  from  flowing  through  the  root             

opening.   With   such   support   greater   root   openings   can   be   used.   

● What   is   distortion   in   welding?   

Distortion  in  a  weld  results  from  the  expansion  and  contraction  of  the  weld               

metal  and  adjacent  base  metal  during  the  heating  and  cooling  cycle  of  the               
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welding  process.  Doing  all  welding  on  one  side  of  a  part  will  cause  much  more                 

distortion   than   if   the   welds   are   alternated   from   one   side   to   the   other.   

● What   is   cold   cracking   in   welding?   

A  cold  crack  is  generally  referred  to  as  a  spontaneous  crack  that  occurs  at                

temperatures  below  200°C  after  solidification  is  complete  in  welding.  Cold            

cracks  are  caused  by  the  combined  effects  of  low  ductility  of  the  weld,  residual                

stress   and   diffusible   hydrogen   in   the   weld .   

● What   causes   hydrogen   cracking?   

Cracking  usually  occurs  at  temperatures  at  or  near  normal  ambient.  It  is  caused               

by  the  diffusion  of  hydrogen  to  the  highly  stressed,  hardened  part  of  the               

weldment.   

● What   are   hot   cracks?   

Hot  crack  can  be  defined  as  cracking  formed  at  high  temperatures  near  the               

solidus  of  the  metal,  where  the  metal  has  coherence  but  is  completely  brittle.  It                

can   occur   in   weld   metals   and   the   heat-affected   zone.   

● Why   must   the   ends   of   the   pipe   be   beveled   before   being   welded?   

When  the  wall  thickness  exceeds  3  mm,  the  weld  puddle  will  become  too  large                

for  controlling  its  geometrical  behavior.  In  this  case  a  J  bevel  is  necessary  in                

order   to   obtain   wall   thicknesses   that   can   be   welded   easily.   
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● What   is   bevelling   in   welding?   

Bevelling  is  the  process  of  preparing  metal  to  be  welded,  usually  by  cutting  an                

angled  slope  on  the  edge  of  the  metal.  In  pipe  welding  bevelling  is  an  integral                 

part  of  the  engineering  process.  Two  pipe  ends  due  to  be  welded  together  have                

their   shapes   altered   by   removing   some   of   the   metal   from   each   end   

● How   do   you   calculate   root   gap   in   welding?   

The  area  of  the  excess  weld  metal  is  approximated  by  the  formula  (W  x  h)/2.                 

The  area  provided  by  the  root  gap  by  g  x  t.  The  bevel  angles,  b,  most  often                   

used  are  10°  =  (tan  0.176),  15°  =  (tan  0.268),  22.5°  =  (tan  0.414)  32.5°  =  (tan                   

0.637)   and   45°   =   (tan   1.00).   

● How   is   welding   thickness   calculated?   

The  active  height  (thickness)  of  a  fillet  weld  is  specified  by  the  height  of  the                 

biggest  isosceles  triangle  inscribed  into  the  weld  section  without  penetration.            

The  size  of  fillet  weld  height  approximately  specifies  the  =  0.7  formula,  where  z                

is   the   fillet   weld   width.   

● What   is   the   largest   Weld   in   a   single   pass?   

For  GMAW  and  FCAW,  the  largest  single  pass  fillet  weld  in  the  horizontal               

position,  for  prequalified  WPSs,  is  one  size  larger  —  3/8”.  All  of  the  above  has                 

led  to  the  general  rule-of-thumb  that  5/16”  is  a  reasonable  maximum  weld  size               

for   single   pass   welds,   made   in   the   horizontal   position.   
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● What   is   the   maximum   size   of   fillet   weld?   

Why  is  a  fillet  weld  size  generally  limited  to  1/16-in.  less  than  the  material                

thickness   when   placed   along   the   edge   of   a   connected   part.   

● Why   are   the   ends   of   tack   welds   ground   to   a   Featheredge?   

Why  are  the  ends  of  tack  welds  ground  to  a  feather  edge?  To  make  it  easier  to                   

have   100%   penetration   at   the   ending   and   beginning   of   the   root   weld.   

● What   is   the   most   commonly   used   method   of   weld   inspection?   

Radiographic  and  ultrasonic  weld  inspection  are  the  two  most  common            

methods  of  NDT  used  to  detect  discontinuities  within  the  internal  structure  of              

welds.  The  obvious  advantage  of  both  methods  is  their  ability  to  help  establish               

the   weld's   internal   integrity   without   destroying   the   welded   component.   

  

● What   is   the   NDT   method?   

NDT  stands  for  Non-Destructive  Testing.  It  refers  to  an  array  of  inspection              

methods  that  allow  inspectors  to  evaluate  and  collect  data  about  a  material,              

system,  or  component  without  permanently  altering  it.  NDT  may  also  be  called:              

NDE  (non-destructive  examination  or  evaluation)  NDI  (non-destructive         

inspection)   

● Why   NDT   is   required?   

The  purpose  of  NDT  is  to  inspect  a  component  in  a  safe,  reliable,  and  cost                 

effective  manner  without  causing  damage  to  the  equipment  or  shutting  down             
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plant  operations.  This  is  in  contrast  to  destructive  testing  where  the  part  being               

tested   is   damaged   or   destroyed   during   the   inspection   process.   

● What   is   NDT   and   its   types?   

Many  different  NDT  methods  are  available  in  the  industry,  each  of  them  having               

their  own  advantages  and  limitations,  but  six  of  them  are  most  frequently  used:               

ultrasonic  testing  (UT),  radiographic  testing  (RT),  electromagnetic  testing  (ET),           

magnetic   particle   testing   (MT),   liquid   penetrant   testing   (PT)   and   visual   testing.   

● Which   NDT   method   is   best?   

While  many  methods  of  nondestructive  testing  can  detect  failure-predictive           

flaws  in  welds,  the  most  efficient,  effective  method  is  phased  array  ultrasonic              

testing.   

What   is   DPT   test   in   welding?   

Dye  Penetrant  Test  (DPT)  is  one  of  the  most  inexpensive  non-destructive  test              

methods,  used  to  check  the  surface  irregularities  of  any  component.  This  test              

method  is  popular  by  many  names,  which  are  as  follows;  Liquid  Penetrant              

Inspection   (LPI)   Liquid   Penetrant   testing   or   Liquid   Penetrant   test   (LPT)   

● What   is   the   purpose   of   PWHT?   

Post  Weld  Heat  Treatment  (PWHT),  or  stress  relief  as  it  is  sometimes  known,  is                

a  method  for  reducing  and  redistributing  the  residual  stresses  in  the  material              

that   have   been   introduced   by   welding.   

● Where   is   PWHT   required?   
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Current  design  codes  in  the  pressure  vessel  and  piping  industries,  such  as  the               

BSI  and  ASME  codes,  specify  that  PWHT  is  required  if  the  thickness  of  the                

parts  being  welded  exceeds  a  specified  value,  that  limit  usually  depending  on              

the  Charpy  test  properties  of  the  material  and  the  minimum  service  temperature              

required.   

● Is   PWHT   required   for   carbon   steel?   

In  particular,  PWHT  is  no  longer  a  mandatory  requirement  for  any  wall              

thickness  provided  that  multi-pass  welding  is  employed  for  wall  thicknesses            

greater  than  5  mm  (3/16  of  an  inch)  and  a  minimum  preheat  of  95°C  (200°F)  is                  

implemented   for   wall   thicknesses   greater   than   25   mm   (1   inch).   

● Can   we   do   PWHT   in   stainless   steel?   

PWHT  of  SS  would  normally  only  be  used  to  homogenize  the  microstructure              

(solution  annealing).  If  you  aren't  using  a  low  carbon  grade  of  stainless  forget               

about  it  though.  It  won't  be  stainless  (i.e.  it  will  be  sensitized)  after  a  stress  relief                  

PWHT.   Solution   annealing   and   quenching   is   the   only   option.   

What   is   the   soaking   temperature   in   PWHT?   

Experiments  were  conducted  for  PWHT  at   760°C  for  different  soaking  time             

such  as  2,  4  and  6  hours  to  get  the  desired  mechanical  properties.  The                

investigated  results  suggest  that  PWHT  of  2  hours  at 760°C  is  optimal  to  regain                

the   strength   of   Grade   91   steel   after   welding.     

How   is   PWHT   done?   

Post  weld  heat  treatment  (PWHT)  is  a  controlled  process  in  which  a  material               

that  has  been   welded  is  reheated  to  a  temperature  below  its  lower  critical               

transformation  temperature,  and  then  it  is  held  at  that  temperature  for  a              
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specified  amount  of  time.  It  is  often  referred  to  as  being  any  heat  treatment                

performed  after  welding;  however,  within  the  oil,  gas,   petrochemical  and   nuclear             

industries,  it  has  a  specific  meaning.  Industry  codes,  such  as  the   ASME              

Pressure  Vessel  and  Piping  Codes,  often  require  mandatory  performance  of            

PWHT  on  certain  materials  to  ensure  a  safe  design  with  optimal  mechanical              

and    metallurgical    properties.   

The  need  for  PWHT  is  mostly  due  to  the  residual  stresses  and  micro-structural               

changes  that  occur  after  welding  has  been  completed. [2]  During  the  welding             

process,  a  high  temperature  gradient  is  experienced  between  the  weld  metal             

and  the  parent  material.  As  the  weld  cools,   residual  stress  is  formed. [2]  For               

thicker  materials,  these  stresses  can  reach  an  unacceptable  level  and  exceed             

design  stresses.  Therefore,  the  part  is  heated  to  a  specified  temperature  for  a               

given  amount  of  time  to  reduce  these  stresses  to  an  acceptable  level. [1]  In               

addition  to  residual  stresses,  microstructural  changes  occur  due  to  the  high             

temperatures  induced  by  the  welding  process. [1]  These  changes  can  increase            

hardness  of  the  material  and  reduce  toughness  and   ductility .  The  use  of  PWHT               

can  help  reduce  any  increased  hardness  levels  and  improve  toughness  and             

ductility   to   levels   acceptable   for   design. [1]   

The  requirements  specified  within  various  pressure  vessels  and  piping  codes            

are  mostly  due  to  the  chemical  makeup  and  thickness  of  the  material. [1]  Codes               

such  as  ASME  Section  VIII  and  ASME  B31.3  will  require  that  a  specified               

material  be  post  weld  heat  treated  if  it  is  over  a  given  thickness. [1]  Codes  also                 

require  PWHT  based  solely  on  the  micro-structural  make-up  of  the  material. [1]             

A  final  consideration  in  deciding  the  need  for  PWHT  is  based  on  the               

components'  intended  service,  such  as  one  with  a  susceptibility  to   stress             

corrosion  cracking .  In  such  cases,  PWHT  is  mandatory  regardless  of           

thickness. [4]   
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Rate  of  heating,  hold  times  and  temperatures,  and  rate  of  cooling  are  all               

important  variables  that  need  to  be  controlled  and  monitored  precisely,  or  the              

desired  effects  may  not  be  achieved.[3]  When  PWHT  is  mandatory  by  a  given               

industry   code,   requirements   for   these   variables   will   be   specified.[3][4][5]   

Heating   

The  rate  of  heating  when  PWHT  is  performed  is  typically  based  on  the               

component’s  thickness  and  is  specified  by  the  governing  codes.[1][6]  If  the  rate              

of  heating  is  not  performed  properly,  either  by  heating  too  quickly  or  unevenly,               

temperature  gradients  within  the  component  can  become  detrimental  to  the            

component.  As  a  result,  stress  cracks  may  occur  and  residual  stresses  not              

previously  created  can  form  when  the  component  is  cooled  to  ambient             

temperatures.[4]   

Holding   temperature   and   time   

Holding  temperature  and  time  are  governed  by  the  material  and  thickness             

respectively.[4][6]  Regarding  material  thickness,  longer  holding  times  are          

needed  for  thicker  materials.[4]  This  is  to  allow  the  material  to  reach  a  stable                

condition  where  the  distribution  and  levels  of  stresses  become  more  uniform             

and  decrease.[2][6]  The  specified  holding  temperature  is  one  that  is  at  a  high               

enough  temperature  to  relieve  high  residual  stress  levels,  yet  is  still  below  the               

lower  transformation  temperature.[1][2]  In  addition  to  the  reduction  of  stress,            

high  hold  temperatures  below  the  transformation  temperature  allow  for           

microstructural  transformations,  therein  reducing  hardness  and  improving         

ductility.[6]  Great  care  should  be  taken  as  to  not  heat  the  component  above  the                

lower  transformation  temperature,  as  detrimental  metallurgical  effects  and          

impaired  mechanical  properties  can  result.[6]  In  addition,  the  holding           

temperature  should  not  be  greater  than  the  original  tempering  temperature            

unless  later  mechanical  testing  is  performed.  Holding  above  the  original            
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tempering  temperature  can  reduce  the  strength  of  the  material  to  below  ASME              

required   minimums.[4]   

Cooling   

As  with  the  heating  rate,  the  cooling  rate  must  be  controlled,  as  to  avoid  any                 

detrimental  temperature  gradients  that  could  cause  cracking  or  introduce  new            

stresses  during  cooling.[4]  In  addition  to  this,  rapid  cooling  rates  can  increase              

hardness,   which   may   increase   the   susceptibility   of   a   brittle   fracture.[7]   

Monitoring   technique   

Thermocouples  are  typically  attached  to  the  component  undergoing  PWHT  to            

check  and  ensure  that  heating  rates,  hold  temperatures,  and  cooling  rates  meet              

code  specification.  Computer  software  is  typically  used  in  conjunction  with  the             

thermocouples  to  monitor  the  fore-mentioned  variables  and  provide          

documentation   that   the   PWHT   was   performed   properly.[5]   

Why   do   we   preheat   before   welding?   

Preheating  is  the  process  applied  to  raise  the  temperature  of  the  parent  steel               

before   welding.   It   is   used   for   the   following   main   reasons:   

The  slower  cooling  rate  encourages  hydrogen  diffusion  from  the  weld  area  by              

extending  the  time  period  over  which  it  is  at  elevated  temperature  (particularly              

the  time  at  temperatures  above  approximately  100°C)  at  which  temperatures            

hydrogen  diffusion  rates  are  significantly  higher  than  at  ambient  temperature.            

The   reduction   in   hydrogen   reduces   the   risk   of   cracking.   

To  slow  the  cooling  rate  of  the  weld  and  the  base  material,  potentially  resulting                

in  softer  weld  metal  and  heat  affected  zone  microstructures  with  a  greater              

resistance   to   fabrication   hydrogen   cracking.   
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Preheat  can  be  applied  through  various  means.  The  choice  of  method  of              

applying  preheat  will  depend  on  the  material  thickness,  weldment  size  and  the              

heating  equipment  available  at  the  time  of  welding.  The  methods  can  include              

furnace  heating  for  small  production  assemblies  or,  for  large  structural            

components,  arrays  of  torches,  electrical  strip  heaters,  induction  heaters  or            

radiation   heaters.   

It  is  important  to  apply  preheat  correctly,  with  appropriate  monitors  and  controls,              

and  also  to  monitor  the  interpass  temperature  (the  temperature  of  the             

workpiece  between  welding  the  first  and  subsequent  passes),  to  ensure  that  it              

does  not  fall  below  the  preheat  temperature.  (See  FAQ:  Which  is  important  -               

Preheat   or   interpass?).   

Common  techniques  for  monitoring  preheat  are  temperature  indicating  crayons           

(see  FAQ:  What  is  a  Tempil  stick?)  and  thermocouples  or  contact             

thermometers.  Preheat  should  be  monitored  at  a  distance  of  4t  (where  t  is  the                

thickness  of  the  material  to  be  joined)  away  from  the  longitudinal  edge  of  the                

groove  for  t<50mm  [1]  or  at  a  minimum  distance  of  75mm  from  the  joint                

preparation  for  t>50mm  and  on  the  reverse  side  of  the  plate  to  the  heat  source                 

[1,2].     

How   many   thermocouples   are   required   during   PWHT?   

For  pipes  up  to  and  including  10  inches,  one  thermocouple  attached  to  the  6                

o'clock  position  in  horizontal  pipes  is  sufficient.  For  pipes  12  inches  and  larger,               

two  thermocouples,  one  on  the  6  o'clock  and  the  other  one  on  the  12  o'clock                 

positions  are  necessary.  Never  attach  them  on  the  3  o'clock  nor  on  the  9  o'clock                 

positions.   In   vertical   pipes,   of   course,   you   can   attach   them   in   any   position.     
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The  thermocouples  leads  must  run  along  the  pipe  surface  for  at  least  8  inches                

before  bending  outwards.  The  leads  should  be  insulated  by  means  of  insulating              

ceramic   beads.   

The  thermocouple  end  should  be  attached  at  a  distance  of  1/2  inch  from  the                

weld  centerline.  One  way  to  do  this  is  to  tack  a  weld  on  a  small  piece  of  tube  to                     

the   pipe,   insert   the   thermocouple   end   into   the   tube   and   flatten   it   with   a   hammer.   

How   do   you   calculate   heat   in   PWHT?   

Due  to  the  advancement  of  metallurgy  a  lot  many  different  materials  are  now               

used  in  the  mechanical  construction  industry.  In  this  a  few  are  heat  treated  to                

improve   mechanical   properties.   

Heat   treatment   is   done   because   of   two   reasons     

1   )   Process   requirement    2)   Material   Requirement   

Heat  treatment  can  be  done  in  many  ways.  Furnace  heating,  Oil  fired  heating,               

Electric  resistance  heating  etc.  There  are  different  types  of  heat  treatments  like              

normalizing,   annealing   etc.   

Here  we  are  going  to  discuss  the  graph  which  is  generated  in  electric               

resistance   heating   for   PWHT   (Post   Weld   Heat   Treatment).   

Below   is   the   graph   of   a   pwht   process.   Let's   start   reading   it   
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In  this  chart,  X-axis  represents  temperature  and  Y-axis  represents  Time.  In  the              

X-axis  each  line  to  line  distance  represents  10Deg  C  (See  it  is  written  as  X  100°C,                  

that  means  in  X  axis,  2  means  2  X  100°C=  200°C,  3  means  3  X  100°C=  300°C                   

etc.)   
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In  the  Y-axis  each  line  to  line  distance  represents  half  an  hour.  That  means  the  time                  

between   2   and   3   represents   one   hour.   

These   are   the   basics.   
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The   graph   contains   several   lines,   AB,   BC,   CD,   AE   

1   )   AB   is   RATE   OF   HEATING   curve   

2)   BC   is   SOAKING   TEMPERATURE  

3)   CD   is   RATE   OF   COOLING   curve   

4)   AE   is   ROOM   TEMPERATURE   curve   

When   you   check   the   WPS   you   can   see   the   required   values   for   each   of   these.   

1)  AB:  Rate  of  heating:  In  WPS  it  is  mentioned  as  a  maximum  value.  In  the  graph                   

the  rate  of  heating  is  the  slope  of  the  curve  AB.  So  the  value  of  the  slope  should  not                    

be   more   than   the   value   in   WPS.   

How   to   calculate   the   slope:   

                             Slope   =   kl/lm   

Now   in   the   graph   given   above,   for   AB   line,   kl=80DegC   and   lm=1/2   hr   

slope  =  80  /  (1/2)  =  160DegC/hr  ;  So  in  this  graph  the  rate  of  heating  is                   

160DegC/hr.   

2)  BC:  Soaking  Temperature:  In  WPS  it  is  mentioned  as  a  single  value  with  some                 

plus/minus   allowance   along   with   time   it   is   to   be   steady(mentioned   as   minimum)   

Here  in  this  graph  it  is  720Deg  (Reading  in  X-axis)  and  for  approximate  2hr  and                 

10minute(this   is   an   approximation-Reading   in   Y-axis   )   

3)  CD:  Rate  of  cooling:  In  WPS  it  is  mentioned  as  a  maximum  value.  In  the  graph                   

the  rate  of  heating  is  the  slope  of  the  curve  CD.  So  the  value  of  the  slope  should                    

not   be   more   than   the   value   in   WPS.   

How   to   calculate   the   slope:   
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                             Slope   =   qr/pq   

Now  in  the  graph  given  above,  for  the  CD  line,  qr=130DegC  and  pq=45  Min(this  is                 

taken   as   an   approximation   from   the   graph.)   

slope  =  130  /  45  =  2.89DegC/Min  ;  So  in  this  graph  the  rate  of  heating  is                   

173DegC/hr.   

4)   AE:   Room   Temperature:   This   is   the   room   temperature,   here   it   is   40   deg   C.   

Loading  Temperature:  Loading  temperature  is  the  temperature  at  which  controlled            

heating  (maintaining  the  rate  of  heating  in  the  WPS)  starts,  up  to  which  there  is  no                  

need   for   controlled   heating.   

Unloading  Temperature:  Unloading  temperature  is  the  temperature  up  to  which            

controlled  cooling  (maintaining  the  rate  of  cooling  in  the  WPS)  occurs,  below  which               

there  is  no  need  for  controlled  cooling.Normally  the  power  connection  is             

disconnected  below  the  temperature,  keeping  the  insulation.  After  getting  cooled  to             

the   atmospheric   temperature   the   insulation   is   removed.   

NB:  Please  check  the  speed  of  the  chart  movement  in  the  PWHT  machine,               

Normally   it   is   25mm/hr.   

Why   is   stainless   steel   not   heat   treated?   

With  sufficient  quantities  of  nickel,  stainless  steel  remains  austenite  at  room             

temperature,  creating  the  austenitic  steels.  They  are  nonmagnetic  and  cannot  be             

heat  treated  through  hardening  like  carbon  steels  because  the  phase            

transformation   to   martensite   does   not   occur   in   these   alloys.   

● Question   1.   What   Are   The   Main   Duties   Of   The   Piping   Inspector?   

Answer   :   

○ Material   receiving   inspection   

45   



 

 

○ Storage   &   preservation     

○ Cutting,   assembly   &   fit-up     

○ Pre-welding   inspection     

○ Visual   inspection   of   socket   &   threaded   joints     

○ Pneumatic   test   for   reinforcing   pad     

○ Pickling   &   passivation     

○ Database   reporting     

○ Visual   inspection   of   completed   spools     

○ Piping   pre-inspection   &   spool   erection     

○ orifice   flange   inspection     

○ Pipe   support   inspection     

○ Verification   of   slope     

○ Internal   cleanliness     

○ Valve   installation     

○ Piping   flange   joint   inspection     

○ Pre-test   punch   listing     

○ Hydro   testing     

○ pre-commissioning   

● Question   2.   How   Many   Types   Of   Gaskets   Do   You   Know?   

Answer   :   

○ Full   face   (Asbestos)   
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○ Spiral   wound   metallic   

○ Ring   type   

○ Metal   jacketed   

○ Inside   bolt   circle   

● Question  3.  What  Are  The  Different  Types  Of  Mating  Flanges?  Name  The  4  Most                             

Common?   

Answer   :   

Flat   face   

Raised   face   

RTJ   (Ring   type   Joint)   

Tongue   &   groove   

Male   &   female   

● Question   4.   What   Type   Of   Information   Do   You   Get   From   Isometric   Drawings?   

Answer   :   

○ Line   routing   

○ Line   orientation   

○ Northing   

○ Easting   &   elevation   

○ Bill   of   mat’l  

○ Insulation   type   

○ NDT   requirement   

○ Revision   status   

○ Material   class’n   
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○ Design   

○ Operating   &   testing   temp/pressure   

○ Paint   system   

○ P&ID   

○ Slope   

○ Service   details   

○ Flow   direction   

○ Support   details   

○ Notes   

● Question   5.   What   Type   Of   Codes   And   Standards   Do   You   Use   As   A   Piping   Inspector?   

Answer   :   

○ ASME   B31.3   

○ ASME   B31.1   

○ ASME   B31.5   

○ ASME   B31.9   

○ JERES-A-004   

○ JERES-A-007   

○ JERES-A-206   

○ JERES-A-301   

○ JERES-L-105   

○ JERES-L-108   
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○ JERES-L-110   

○ JERES-L-150   

○ JERES-L-130   

○ JERES-L-310   

○ JERES-L-350   

○ JERES-L-351   

○ JERES-W-011  

○ JERES-W-016  

● Question   6.   What   Are   The   Types   Of   Valves?   

Answer   :   

○ Gate   valve   

○ Globe   valve   

○ Butterfly   valve   

○ Needle   valve   

○ Check   valve   

○ Control   valve   

○ Knife   gate   valve   

● Based   on   function:-   

○ non-return   valve   

○ isolation   valve   

○ regulation   valve   
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○ special   purpose   valve   

● Question   7.   What   Are   The   Main   Things   You   Will   Check   Before   Bolt   Torquing?   

Answer   :   

○ Size   of   bolt   

○ Calibration   of   torque   wrench   

○ Manual   /hydraulic   require   

○ Lubricant   

○ Friction   factor   for   threaded   lubricant   

○ Torque   value   

○ JERES-L-109   /   351   

● Question   8.   Write   3   Saudi   Aramco   Piping   Standards   (l-series)?   

Answer   :   

○ SAES-L-105   

○ SAES-L-108   

○ SAES-L-110   

○ SAES-L-150   

○ SAES-L-130   

○ SAES-L-310   

○ SAES-L-350   

○ SAES-L-351   
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● Question  9.  Write  Minimum  Ten  Hydrostatic  Test  Punch  List  Items  Prior  To                         

Commence   Hydro   Test   At   Site?   Indicate   Which   Is   Yes   Item   &   No   Item?   

Answer   :   

○ All   hot   work   shall   be   completed   

○ Strainers   shall   be   removed   

○ All   NDT   &   DT   completion   

○ PWHT   completion   

○ Adequate   attachment   

○ Coating   on   the   weld   joint   shall   be   removed.   

○ Calibration   of   equipment   used.   Test   blind   MTC.   

○ Test   certificates   of   testing   fluid   

○ Components  in  new  piping  systems  which  interfere  with  filling,  venting,                     

draining  or  flushing  shall  not  be  installed.(orifice  plates,  flow  nozzles,  sight                       

glasses)   

○ All  joints  (flange,  threaded,  welded  or  mechanical  seals)  are  left  exposed                       

for   visual   leak   detection   during   the   strength   test.     

○ All  permanent  flange  joints  were  inspected,  gasket  mat'l  verified  &  properly                       

torque.   

○ Drains   shall   be   provided   at   all   low   points   of   the   piping   system.      

○ Vents  and  drain  valves,  both  temporary  and  permanent,  conform  with  the                       

piping   class   or   rating.   

○ Supports  are  installed.  Additional  temporary  support  may  be  installed  as                     

required.   
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○ Expansion  joints  and  spring  hangers  or  spring  supports  are  provided  with                       

temporary   restraints.     

○ Arc  strikes,  gouges,  and  other  indications  of  careless  workmanship  (such                     

as  surface  porosity,  uneven  weld  profiles,  and  undercut)  shall  be  removed                       

by   grinding   and   inspected   by   magnetic   particle   or   liquid   penetrant   method.   

○ Drains   are   provided   immediately   above   check   valves   (vertical   lines)   

○ All  threaded  joints  up  to  the  first  block  valve  of  the  hydrocarbon  pipeline                           

are   sealed   welded.   Thread   engagement   has   been   verified   &   accepted.   

○ The  pressure  testing  manifold  is  separately  pressure  tested  to  at  least  1.2                         

times  the  system  test  pressure  but  not  less  than  the  discharge  pressure  of                           

the   pump   used   for   the   pressure   testing.   

● Line   compliance   with   Isometrics:     

○ Correct   Materials   utilized   grade/schedule   (Bill   of   Mat'ls)      

○ Correct   flange   and   fittings   rating      

○ Construction   tolerances   per   SAES-L-350   

● Question  10.  Weep  Hole  Size  Shall  Be  Drilled  For  Dummy  Pipe  Support  Will  Be                             

________mm?   

Answer   :   

Weep  hole  shall  be  located  near  the  base  plate  for  all  vertical  dummy  pipe  support  &                                 

near  run  pipe  at  6  O'clock  position  for  the  horizontal  dummy.(SAES-L-350  13.2.3  &                           

L-310   14.7.2)   

● Question   11.   What   Is   Dead   Leg   And   Explain?   

Answer   :   

Dead  Legs:  Piping  sections  that  are  potential  for  internal  corrosion  due  to  flow                           

stagnation.     
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○ Dead  legs  are  created  mainly  by  flow  stagnation  enhanced  with                     

presence   of   settled   water   and   solid   deposits.   

○ When  the  length  of  the  section  or  branch  ,  for  2  inch  pipes  and  larger,  is                                 

longer  than  three  times  its  pipe  diameter,  or  1.22  m  (4  ft)  in  length,  the                               

length  of  the  dead  leg  is  the  distance  measured  from  the  outside                         

diameter   of   the   header   (or   run)   to   the   near   end   of   the   branch   valve.   

○ For  branch  connections  of  1-½  inch  NPS  and  smaller,  the  length  of  the                           

dead  leg  is  the  distance  measured  from  the  end  of  the  boss  to  the  near                               

end   of   the   valve.   

● Question   12.   Write   Any   2   Types   Of   Piping   Supports?   

Answer   :   

○ Shoe   

○ spring   loaded   

○ resting   

○ wear   pad   

● Question   13.   What   Type   Of   Connection   Is   Acceptable   For   A   24”   Header,   12”   Branch?   

Answer   :   

Weldolet   or   welded   branch   with   reinforcement   pad   as   per   JERES-L-110   app:   A   

  

● Question  14.  How  Many  Minimum  Pressure  Gauges  To  Be  Installed  During  Hydro                         

Test?   

Answer   :   

Two   (JERES-A-004,   Para   7.1.5)   
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● Question   15.   What   Is   A   PIP?   

Answer   :   

Process   industry   practices.   

● Question   16.   Name   The   Different   Types   Of   Service   Conditions?   

Answer   :   

NFS: -  Normal  services,  Category  M,  Category  D,  High  pressure  fluid  services                       

(ASME-B31.3).   

● Question  17.  How  Do  You  Verify  (name  Several  Items  To  Check)  That  The  Correct                             

Piping   Material   Is   Used?   

Answer   :   

○ Material   specification   

○ Pipe   size   

○ Schedule   

○ Length  

○ Flange   face   rating   

○ Olet   size   rating   

○ Threaded/socket   weld   type   

○ MTC   

○ PMI   report   

● Question   18.   How   Do   You   Identify   Fittings   And   Flanges?   

Answer   :   

○ By   material   classification   

○ Size   
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○ Rating   

○ Joint   type   (lap,   socket,   threaded,   butt),   face;   

● Question   19.   How   Do   You   Check   Piping   For   The   Correct   Schedule?   

Answer   :   

Verify  pipe  material  thickness  by  Vernier  at  the  end  or  UT  on  surface  or  stenciling                               

done   by   the   manufacturer   (visual)   or   heat   number,   traceability   by   MTC   of   product.   

● Question   20.   What   Is   The   Standard   Mill   Tolerance   For   Piping   2’’   &   Less?   

Answer   :   

12%   of   nominal   wall   thickness.   

Question   21.   What   Is   The   Tolerance   For   Ovality   Of   Piping?   

Answer   :   

5%  of  nominal  diameter  at  any  cross  section  other  than  weld  end  &  3%  at  weld  end                                   

(JERES-L-350   Para   9.2).   

● Question   22.   What   Is   The   Difference   Between   Torquing   Cs   And   Ss   Bolting?   

Answer   :   

CS: -   Yield   strength   High;   Torque   value   High.   

SS: -   Yield   strength   low;   Torque   value   low.   

● Question   23.   What   Are   Jack   Screws   And   When   Are   They   Required?   

Answer   :   

Used  in  flange  joint  assemblies  which  often  require  frequent  separation  includes                       

orifice  plate,  spectacle  plates,  spacers,  screens,  and  drop  out  spools  shall  be                         

provided  with  jack  screw  to  facility  separation  and  opening  for  the  maintenance.                         

When  flange  separations  are  used,  jackscrews  are  not  required.  Jackscrews  shall  be                         

installed  to  be  accessible  from  both  sides  of  the  pipe.  For  orifice  flanges,  jack  screws                               

shall   be   installed   at   3   &   9   o’   clock   positions.(JERES-L-310   Para   17.7).   

● Question   24.   What   Is   Often   Overlooked   During   Orifice   Flange   Fabrication?   

Answer   :   
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○ Inside  the  surface  of  welded  joints  at  @  orifice  flanges  shall  be  ground                           

&   machined   smooth   (JERES-L-350   Para   10.4.2).   

○ Orientation   of   taps   is   as   per   JERES-J-0001.   

○ All  parallel  pipelines  with  adjacent  orifice  fittings  shall  have  a  min                       

spacing  of  300  mm  (12  in)  between  flanges  outside  diameters  if                       

horizontal  taps  are  required.  Where  this  spacing  is  not  practical  follow                       

JERSEY-J-0001.   

● Orifice  flanges  in  adjacent  lines  shall  be  staggered  so  that  no  two  pairs  of  orifice                               

flanges   are   less   than   1   m   (3ft)   apart.   

● Question   25.   What   Is   The   Maximum   Diameter   Piping   Allowed   In   Hazardous   Service?   

Answer   :   

Socket   weld:   -   2”   for   maintenance   &   minor   modification   &   1-½”   for   new   construction.   

Threaded:-  1-½”  for  standard  fitting  &  valve,  and  2”  maximum  when  required  for                           

maintenance,  minor  field  minor  modification  of  existing  piping  system(JERES-L-110                   

Para   7.2).   

● Question   26.   Can   Teflon   Tape   Be   Used   Prior   To   Seal   Welding?   

Answer   :   

No,   (JERES-L-110   Para   8.5).   

● Question  27.  How  Many  Threads  Can  Be  Visible  After  Seal  Welding  Threaded                         

Joints?   

Answer   :   

No,   should   cover   all   exposed   threads   (JEREZ-W-011   Para   12.15.3).   

● Question  28.  What  Is  The  Gap  Requirement  For  Socket  Welds  For  New                         

Construction?  

Answer   :   

1.5mm-3mm   (ASME   B31.3   fig   328.5.2C).   
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● Question  29.  Give  Examples  Of  Unique  Support  Details  That  Allow  Piping  Freedom                         

Of   Movement   For   Thermal   Expansion?   

Answer   :   

○ Guide   support   

○ Moving   saddle   support   

○ Expansion   balloons   

○ Shoe   support   

○ Spring   loaded   

● Question   30.   When   You   Will   Apply   24   Hours   Recorded   Hydro   Test?   

Answer   :   

If  for  justifiable  safety  reasons  the  UG  line  must  be  backfilled,  then  the  joints  shall                               

remain  exposed  during  testing,  otherwise  the  test  shall  be  a  24  hour  recorded                           

test.(JERES-L-150   Para   7.4.2).   

● Question   31.   Difference   Between   Carbon   Steel   And   Stainless   Steel?   

Answer   :   

CS: -  Low  cost,  no  chromium  content,  suitable  for  non-corrosive  service  upto  350                         

degree   C,   max   carbon   0.3%.   

SS: -  Contains  more  than  12%  Cr,  0.08%  C,  Suitable  for  corrosive,  cryogenic,  High  temp                             

services,   costly.   

● Question   32.   Difference   Between   Rt   &   Ut?   

Answer   :   

RT:-  Uses  X-ray  or  Gamma  ray  to  detect  discontinuities,  reveals  mostly  volumetric.                         

Planar   defects   &   subsurface   defects   not   detectable   easily.   

UT:-   Uses  ultrasonic  beam  to  detect  discontinuities  reveals  both  planar  &  volumetric                         

defects,  but  size  &  exact  location  of  defects  are  not  easily  identifiable.  Possible  only                             

on   materials   that   do   not   refract   AT   waves.   
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● Question   33.   Difference   Between   Pt   &   Mt?   

Answer   :   

MT:-  Only  Applicable  for  ferromagnetic  materials  &  able  to  detect  both  surface  &                           

subsurface  discontinuities,  compared  to  PT  examination  it  takes  less  time  for  testing                         

&   inspection;   Applicable   for   large   temp   range.   

PT:-  Applicable  for  both  ferromagnetic  &  non  ferromagnetic  materials  &  able  to                         

detect  only  surface  discontinuities,  It  requires  more  time;  Applicable  for  small  temp                         

range.   

● Question   34.   How   Do   You   Control   Material   In   a   Fabrication   Shop?   

Answer   :   

○ All  materials  shall  have  material  spec  and  grade  stamped  or  stenciled  &                         

clearly   marked   with   permanent   marker.   

○ All  materials,  heat  no.  will  be  made  traceable  to  MTC  from  approved                         

vendors  &  no  material  substitution  will  be  done  without  proper  approval                       

from   the   company.   

○ All   materials   shall   be   stored   &   stacked   separately   as   per   material   grade.   

○ Heat   no.   shall   be   transferred   before   cutting   into   pipes   that   have   to   be   cut.   

○ All   materials   shall   be   color   coded   as   per   traceability   procedure.   

● Question   35.   Write   Inspection   Items   During   Valve   Installation?   

Answer   :   

○ Valve   type   corrects   at   the   location   

○ Valve   test   certificate   

○ Valve   tag   as   per   P&ID   

○ Valve   direction   of   flow   as   per   P&ID   
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○ Gasket   bolts   as   per   isometric   &   type   

○ Handle   direction   

○ Chain   wheel   installed   

○ Valve   flange   face   condition   

  

  

-The   End-   
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