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MASTERING THE AWS D1.2
STRUCTURAL WELDING CODE
ALUMINUM

When  structural  integrity  meets  the
lightweight  strength  of  aluminum,  a
single  standard  governs  the  entire
process:  the  AWS  D1.2  Structural
Welding Code Aluminum. For engineers,
fabricators,  and  welding  inspectors
working with aluminum structures,  this
code is not merely a recommendation—it
is  the  definitive  rulebook  that  ensures
safety,  reliability,  and  performance.
Whether  you  are  construct ing  a
pedestrian bridge, fabricating a marine
vessel,  or  assembling  an  aerospace
component, understanding AWS D1.2 is
essential.  This  comprehensive  guide
explores every facet of the code, from its
fundamental requirements to advanced
qualification  procedures,  helping  you
navigate  the  complexities  of  structural
aluminum welding with confidence.

WHAT IS THE AWS D1.2
STRUCTURAL WELDING CODE
ALUMINUM?

The AWS D1.2 Structural Welding Code
Aluminum is a standard published by the
American Welding Society that provides
the requirements for welding aluminum
structures.  It  covers  the  design,
fabrication,  qualification,  and  inspection
of welded aluminum components used in

load-bearing applications. Unlike general
welding standards that treat all  metals
similarly,  AWS  D1.2  addresses  the
unique  characteristics  of  aluminum,
including its  high thermal  conductivity,
oxide layer formation, and susceptibility
to  hot  cracking.  The  code  specifies
everything  from  filler  metal  selection  to
preheating requirements,  ensuring that
welded joints meet rigorous performance
criteria.

The Scope of
AWS D1.2
The AWS D1.2 code applies to tubular
and  non-tubular  aluminum  structures
fabricated  from  wrought  and  cast
aluminum alloys. It covers base metals
with thicknesses ranging from 1/8 inch
to  8  inches,  though thinner  or  thicker
materials  may  be  included  with  specific
provisions.  The code addresses welded
joints  subject  to  static,  dynamic,  and
cyclic loading, making it relevant for a
wide  array  of  industries  including
transportation,  construction,  and heavy
equipment manufacturing.

Key Differences
from Steel

https://www.strongadvocates.com/


2

2 Aws D 1 2 Structural Welding Code Aluminum 2025-03-07

Welding Codes
While  many  welding  professionals  are
familiar  with  the  AWS  D1.1  code  for
structura l  s tee l ,  the  D1.2  code
introduces  several  critical  distinctions.
Aluminum  welding  requires  careful
management  of  heat  input  to  avoid
distortion  and  loss  of  mechanical
properties.  The  code  specifies  different
preheat  and  interpass  temperature
limits,  filler  metal  classifications,  and
joint  design  parameters  that  reflect
aluminum's  unique  metallurgical
behavior.  Additionally,  the  acceptance
criteria  for  discontinuities  such  as
porosity and lack of fusion are tailored to
the  specific  failure  modes  observed  in
aluminum  weldments.

ESSENTIAL REQUIREMENTS OF
THE AWS D1.2 CODE

Compliance  with  AWS  D1.2  demands
attention  to  multiple  interconnected
requirements.  From  base  metal
preparation to final inspection, each step
must  align  with  code  specifications  to
produce  sound,  re l iab le  welds.
Understanding these requirements is the
first  step  toward  certification  and
successful  project  execution.

Base Metal and
Filler Metal
Specifications
The  AWS  D1.2  code  identifies  approved
base  metal  alloys  and  corresponding
filler  metals  that  have  been  tested  and
proven  for  structural  applications.
Common base metals include the 5xxx
series alloys (such as 5083 and 5086)

and 6xxx series alloys (such as 6061 and
6063). Filler metal selection must match
the base metal composition and service
conditions to achieve adequate strength,
corrosion  resistance,  and  weldability.
The code provides detailed tables that
cross-reference  base  metals  with
appropriate  filler  metals,  eliminating
guesswork  and  reducing  the  risk  of
incompatible material combinations.

Welding Process
Requirements
AWS  D1.2  covers  several  welding
processes, each with specific parameters
and  limitations.  The  most  commonly
used processes under the code include:

Gas Metal Arc Welding
(GMAW): Also known as MIG
welding, GMAW is widely used for
aluminum due to its high
deposition rates and suitability for
automation. The code specifies
shielding gas compositions, wire
feed speeds, and voltage ranges.
Gas Tungsten Arc Welding
(GTAW): TIG welding offers
precise control and is preferred for
thinner materials and critical root
passes. The code addresses
tungsten electrode types, gas flow
rates, and current settings.
Flux Cored Arc Welding
(FCAW): Limited to specific
applications with approved
consumables, FCAW provides
higher productivity for certain joint
configurations.

Each  process  requires  prequalified  joint
details  or  performance  qualification
testing  to  verify  that  the  chosen
procedure produces acceptable welds.
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QUALIFICATION UNDER AWS D1.2

Qualification  is  the  cornerstone  of  the
AWS  D1.2  code,  ensuring  that  both
welding  procedures  and  welders  meet
minimum  performance  standards.  The
qualification  process  involves  three
distinct  components,  each  serving  a
specific  role  in  quality  assurance.

Welding
Procedure
Specification
(WPS)
Qualification
Before  production  welding  begins,  a
Welding Procedure Specification must be
developed  and  qualified.  The  WPS
documents  essential  variables  such  as
base  metal  type,  filler  metal
classification,  welding  process,  joint
design,  preheat  temperature,  interpass
temperature,  and  postweld  heat
treatment.  Qualification  is  achieved
through destructive and nondestructive
testing of  test  coupons,  demonstrating
that  the  procedure  produces  welds
meeting the code's mechanical property
requirements.  Important  variables  that
affect  procedure  qualification  include
thickness range, groove geometry, and
welding position.

Welder
Performance

Qualification
Individual  welders  must  demonstrate
their  ability  to  produce  sound  welds
using  the  qualified  WPS.  Performance
qualification  tests  evaluate  the  welder's
skill  in  specific  positions  and  joint
configurations.  The  code  outlines  test
coupon dimensions, acceptance criteria,
and  weld  test  requirements  including
bend  tests  and  visual  inspection.
Welders  must  renew  their  qualifications
if they have not welded for an extended
period  or  if  they  switch  to  a  different
welding  process  or  essential  variable.

Visual Inspection
and
Nondestructive
Testing
Qualified  inspectors  play  a  vital  role  in
AWS  D1.2  compliance.  Structural
welding  inspectors  must  be  certified  to
AWS  QC1  standards  and  possess
knowledge specific to aluminum welding.
The code mandates visual inspection of
all  welds,  with  acceptance  criteria
covering  weld  size,  profile,  and  the
presence  of  surface  discontinuities.
Additional  nondestructive  testing
methods such as radiography, ultrasonic
testing,  and  dye  penetrant  inspection
may  be  required  depending  on  the
application and contract specifications.

JOINT DESIGN AND PREPARATION
UNDER AWS D1.2

Proper  joint  design  is  crit ical  for
achieving  code-compliant  aluminum
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welds.  The  AWS  D1.2  code  provides
prequalified  joint  details  for  common
configurations,  eliminating  the  need  for
separate  qualification  testing  when
these  details  are  followed  exactly.
Prequalified  joints  include  groove  welds
with  specified  bevel  angles,  root
openings,  and  backing  conditions.

Edge Preparation
and Cleaning
Aluminum's natural oxide layer must be
removed  before  welding  to  prevent
porosity  and  lack  of  fusion.  The  code
requires  mechanical  cleaning  or
chemical  etching  of  joint  surfaces  and
adjacent  base  metal.  Stainless  steel
brushes  dedicated  to  aluminum  are
recommended  to  avoid  contamination.
The time between cleaning and welding
must be minimized, particularly in humid
environments  where  oxide  reformation
occurs rapidly.

Tolerances and
Fit-Up
Mismatch tolerances, root openings, and
bevel  angles  are  tightly  controlled  in
AWS  D1.2.  Improper  fit-up  can  lead  to
incomp le te  fus ion ,  excess i ve
reinforcement,  or  inadequate  joint
strength.  The  code  specifies  maximum
allowable  root  opening  variations  and
misalignment  limits  based  on  material
thickness.  Tack  welds  must  be  made
using  a  qualified  procedure  and  may
need to be removed or incorporated into
the  final  weld  depending  on  the
application.

INSPECTION AND ACCEPTANCE
CRITERIA

The  AWS  D1.2  code  establishes  clear
acceptance  criteria  that  define  whether
a  weld  meets  structural  requirements.
Understanding these criteria is essential
for  both  welding  personnel  and
inspectors.

Visual Inspection
Requirements
Every  weld  must  undergo  visual
inspection  to  verify  conformance  with
code requirements. The inspector checks
for  proper  weld  s ize ,  adequate
reinforcement,  acceptable contour,  and
freedom from cracks, crater cracks, and
other  surface  discontinuities.  Porosity
visible  on  the  weld  surface  must  fall
within  specified  limits,  and  undercut
shall  not  exceed  the  maximum  depth
defined in the code.

Radiographic and
Ultrasonic
Testing Criteria
For  critical  applications,  the  code
requires  volumetric  examination  using
radiography  or  ultrasonic  testing.
Acceptance  cr iter ia  for  internal
discontinuities include limits on porosity
size and distribution, slag inclusions, and
incomplete  fusion.  Linear  indications
such  as  cracks  are  unacceptable
regardless  of  size.  The  code  provides
detailed  reference  standards  and
comparator charts to ensure consistent
interpretation across different inspection
organizations.
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COMMON CHALLENGES IN
APPLYING AWS D1.2

Even experienced fabricators encounter
difficulties  when transitioning  from steel
to  aluminum  welding  under  the  D1.2
code. Recognizing these challenges early
can prevent costly rework and delays.

Managing Heat
Input
Aluminum conducts heat approximately
five  times  faster  than  steel,  requiring
different  welding  parameters  to  achieve
proper  fusion  without  excessive  heat
input. The code addresses this through
interpass  temperature  limits  and
specified  welding  parameter  ranges.
Exceeding recommended heat input can
lead  to  loss  of  strength  in  the  heat-
affected  zone  and  increased
susceptibility to hot cracking. Multipass
welding requires careful management to
maintain  consistent  propert ies
throughout  the  joint.

Controlling
Distortion
Aluminum's  high  coefficient  of  thermal
expansion and relatively low modulus of
elasticity  make  distortion  a  persistent
cha l lenge .  The  AWS  D1.2  code
recommends joint designs and welding
sequences  that  minimize  shrinkage
stresses.  Techniques such as  backstep
welding,  intermittent  welding,  and
balanced welding about the neutral axis
are commonly employed. Fixturing and
clamping  methods  must  account  for
thermal  expansion  without  restricting
necessary  movement  that  can  lead  to

cracking.

Addressing
Porosity
P o r o s i t y  i s  t h e  m o s t  c o m m o n
discontinuity in aluminum welds, caused
by hydrogen absorption from moisture in
the  sh ie ld ing  gas ,  base  meta l
contaminants,  or  filler  metal.  The  code
sets  strict  limits  on  porosity  size  and
density,  and  exceeding  these  limits
requires  weld  removal  and  rework.
Proper storage of filler metals, adequate
shielding  gas  coverage,  and  thorough
cleaning  of  base  metals  are  essential
preventive measures.

BEST PRACTICES FOR AWS D1.2
COMPLIANCE

Achieving  consistent  compliance  with
the  AWS  D1 .2  code  requ i res  a
systematic  approach  that  integrates
quality  control  into  every  phase  of
fabrication.

Establish a written quality plan
that references specific code
paragraphs for each project
activity.
Maintain detailed
documentation of WPS
qualifications, welder
certifications, and inspection
records.
Use calibrated equipment for
measuring welding parameters,
preheat temperatures, and
inspection tools.
Train personnel regularly on
aluminum-specific welding
techniques and code updates.
Conduct pre-welding meetings
to review joint details, acceptance
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criteria, and quality expectations.
Implement a hold point system
for critical welds that require
inspection before proceeding.

THE FUTURE OF THE AWS D1.2
CODE

The  Amer ican  Weld ing  Soc iety
continuously revises the AWS D1.2 code
to  incorporate  advances  in  materials,
processes, and inspection technologies.
Recent updates have addressed the use
of  friction  stir  welding  for  structural
applications,  expanded  the  range  of
approved alloys, and refined acceptance
criteria  based  on  fracture  mechanics
principles.  Professionals  working  with
aluminum structures must stay informed
about  code  revisions  through  AWS
publications,  seminars,  and  certification
renewal  programs.
Emerging  trends  such  as  additive
manufactur ing,  hybr id  weld ing
processes,  and  digital  inspection
methods  will  likely  influence  future
editions of the code. Manufacturers and

fabricators who invest in understanding
the current code while anticipating these
changes  will  maintain  a  competitive
advantage  in  the  evolving  structural
aluminum  market.

CONCLUSION

The AWS D1.2 Structural Welding Code
Aluminum is an indispensable resource
for  anyone  involved  in  the  design,
fabrication,  or  inspection  of  aluminum
structures.  By  establishing  clear
requirements for materials, procedures,
qualification,  and  inspection,  the  code
provides  a  framework  for  producing
welds that are safe, reliable, and cost-
effective. Compliance with AWS D1.2 not
only ensures regulatory and contractual
conformance  but  also  builds  confidence
among  stakeholders  that  the  finished
structure  will  perform  as  intended
throughout its service life. Whether you
are a seasoned welding engineer  or  a
fabricator new to aluminum, mastering
the  AWS  D1.2  code  is  a  worthwhile
investment  that  pays  dividends  in
quality  and  peace  of  mind.


