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HOW TO DESIGN AND DETAIL 
(CORRECT PRESENTATION) 

 
 

WELD SYMBOLS FOR SHOP AND FIELD 
 

ECONOMY AND TO ACCURATELY 
 

CONVEY WHAT YOU MEAN. 



WHY IS IT IMPORTANT TO 
UNDERSTAND & ACCURATELY 

SHOW WELD SYMBOLS? 

ANSWER: 
 
BECAUSE THEY TIE THE DESIGN INTENT  
WITH THE ACTUAL FABRICATION AND  
MANUFACTURING PROCESS. 
 

Presenter
Presentation Notes
Simply pointing at a joint with a fillet weld symbol only gets you halfway there. What is the weld leg size? What is the weld length? Did you maybe mean to stitch-weld the joint? Is that supposed to be a field weld?



OUTLINE 

1. BASIC WELD TYPES & SYMBOLS. 
 

2. COMMON WELD PROCESSES & POSITIONS. 
 

3. BASIC WELD DESIGN. 
 

4. CORRECT WELD SYMBOLS & PLACEMENT. 
 

5. WELD ECONOMY. 
 

6. SPECIAL TOPICS. 



BASIC WELD TYPES 
& 

SYMBOLS 



Basic Weld Types & Symbols 

- BASIC WELD TYPES: 
 

Fillet Welds 

Groove Welds: 
 

- Partial Joint Penetration (PJP) 
 

- Complete Joint Penetrations (CJP) 
 

- Flare-Bevel Groove Weld 

Presenter
Presentation Notes
The most frequently used weld types in the structural steel industry are: fillet welds, partial joint penetration (PJP) welds, complete joint penetration (CJP) welds & flare-bevel groove welds. Among these by far the most commonly used are fillet welds.



Basic Weld Types & Symbols 

- FILLET WELDS: 



Basic Weld Types & Symbols 

- BASIC FILLET WELD SYMBOLS: 

Presenter
Presentation Notes
Fillet welds are idealized as triangles where the weakest segment of this triangle is (here) through the throat of the weld – which is 0.7071 times the weld size ‘D’.They are weaker in shear (in and out of the page), than they are in tension (pulling upwards) – more on this later. 



Basic Weld Types & Symbols 

- BASIC FILLET WELD SYMBOLS: 

FILLET WELDS 

Presenter
Presentation Notes
Let’s talk a little bit about weld symbols. The symbol on the left shows a basic weld symbols for a fillet weld. These are the BASIC components… Weld arrow, fillet symbol, size on left, length on right, etc…When mirroring: Notice that that not all parts of the symbol have been mirrored. The additional info for a fillet weld can be: 3-sides, L-shaped welds, clarifications on weld gaps (more on this later), the abbrev. TYP, and many others.



Basic Weld Types & Symbols 

- BASIC GROOVE WELD SYMBOLS: 
AWS D1.1 => 

Be Familiar With & Always Show Process for 
Full or Partial Penetration Welds. 

Presenter
Presentation Notes
Let’s talk a little bit about groove weld symbols. This table from AWS D1.1 shows designations that will be used in the symbols regarding weld type, joint type, and base metal thickness and penetration. The majority of groove welds you will see are 4 & 5.



Basic Weld Types & Symbols 

- DEFINITION OF ‘GROOVE’: 

SINGLE-BEVEL 
GROOVE 

DOUBLE-BEVEL 
GROOVE 

Presenter
Presentation Notes
Does everyone know the definition of a ‘groove’? And thus, a ‘groove’ weld? It basically means the plate edge or edges have been cut.



Basic Weld Types & Symbols 

COMMON GROOVE WELDS IN STRUCTURAL STEEL: 

- BTC-P4 
 

- TC-U4a 
 

- B-U4a, or, B-U4b 
 

- BTC-P10 

95% 

Presenter
Presentation Notes
(2) PJP’s – (2) CJP’s. Not a scientific estimation but upwards of 95% of groove welds seen in structural steel are any one of these. But first let’s look at the definition of a PJP.



Basic Weld Types & Symbols 

- PARTIAL JOINT PENETRATION WELDS: 

Presenter
Presentation Notes
What does PJP mean? It means that the connected part has not been 100% fused – thus the ‘penetration’ of weld deposit across the connected part is ‘partial’.



Basic Weld Types & Symbols 

- BTC-P4: 

E = Effective Throat 
 
S = Preparation (Bevel) 
 
f = Land, 1/8” (Min.) 

Presenter
Presentation Notes
This blow up shows, E, S, f. For a BTC-P4 you must show S & (E).



Basic Weld Types & Symbols 

- BTC-P4 JOINT DESIGNATION: 

Presenter
Presentation Notes
What does PJP mean? It means that the connected part has not been 100% fused – thus the ‘penetration’ of weld deposit across the connected part is ‘partial’.



Basic Weld Types & Symbols 

- BASIC GROOVE WELD SYMBOLS: 
AWS D1.1 => 

Be Familiar With & Always Show Process for 
Full or Partial Penetration Welds. 



Basic Weld Types & Symbols 

- SPECIAL TOPIC : Fillet ‘Overlay’ for PJP: 

Presenter
Presentation Notes
Sometimes the thickness of the plate isn’t quite sufficient to accommodate an E that will satisfy the load. If we need a little bit more strength we can use a fillet weld overlay (or reinforcement).



Basic Weld Types & Symbols 

- SPECIAL TOPIC : Fillet ‘Overlay’ for PJP: 



Basic Weld Types & Symbols 

- BTC-P10: 
E = Effective Throat 
 

Emax = 5/8 t 
 

For thss = 3/8” 
 

E = (0.93) 5/8 (3/8”) 
 

E = 0.218”  (Design) 
 

E = ¼” (Noted) 

Presenter
Presentation Notes
The maximum effective throat you can ‘count on’ for strength is 5/8 of the HSS wall thickness. Does anyone know why I took a 7% reduction here?



Basic Weld Types & Symbols 

- BTC-P10: 

Presenter
Presentation Notes
Clarification: No need to make a ‘blow-up’  to show decimal effective throat.



Basic Weld Types & Symbols 

- BTC-P10: 

Presenter
Presentation Notes
Effective throat should also be limited by Table J2.2.



Basic Weld Types & Symbols 

- BTC-P10 JOINT DESIGNATION: 

Presenter
Presentation Notes
What does PJP mean? It means that the connected part has not been 100% fused – thus the ‘penetration’ of weld deposit across the connected part is ‘partial’.



Basic Weld Types & Symbols 

- BASIC GROOVE WELD SYMBOLS: 
AWS D1.1 => 

Be Familiar With & Always Show Process for 
Full or Partial Penetration Welds. 



Basic Weld Types & Symbols 

PJP WELDS 

- BASIC PJP WELD SYMBOLS: 

Presenter
Presentation Notes
Again notice not all parts of the symbol have been mirrored.



Basic Weld Types & Symbols 

- FULL PENETRATION WELDS: 

Strength of Joint = 
Strength of Lesser 
Material 

Presenter
Presentation Notes
Full penetration means that 100% of the connected part has been ‘fused’ to the supporting base material.



Basic Weld Types & Symbols 
- TC-U4a: 



Basic Weld Types & Symbols 

- TC-U4a JOINT DESIGNATION: 



Basic Weld Types & Symbols 

- BC-U4a: 

- BC-U4b: 
‘b’ for 
Back 
Gouge 

Presenter
Presentation Notes
Gouging is done with basically a hollow non-consumable weld electrode with pressurized gas that ‘GOUGES’ the steel.



Basic Weld Types & Symbols 

- Gouging: 

Presenter
Presentation Notes
This is what it looks like. 



Basic Weld Types & Symbols 

- BASIC CJP WELD SYMBOLS: 

CJP WELDS 



COMMON WELD 
PROCESSES 

& 
POSITIONS 



Commonly Used Arc Welding Processes Are: 
 
Shielded Metal Arc Welding (SMAW) – Stick Electrode 
 
Flux Core Arc Welding (FCAW) 
 
Gas Metal Arc Welding (GMAW) 
 
Submerged Arc Welding (SAW) 
 
The Type of Joint and Weld Position (Flat, Horizontal, 
Vertical, and Overhead) are Dependent on These 
Processes. 

Common Weld Processes & Positions 

Presenter
Presentation Notes
SMAW, FCAW & GMAW very common in structural steel. SAW is less common. Plate girders, pressure vessels, pipes for hydroelectric plants.



Common Weld Processes & Positions 

SMAW: (Stick- Electrode) 



Common Weld Processes & Positions 

FCAW & GMAW: 

Presenter
Presentation Notes
Tubular electrode in FCAW has flux inside which provides ‘shielding’ from atmosphere. Gas provides extra shileding.



Common Weld Processes & Positions 

WELD POSITIONS 

Presenter
Presentation Notes
Difference between flat and horizontal. In the flat position the base metals form a ‘cradle’ for the weld deposit. It’s the easiest to lay. Overhead requires the most skill and time. It’s has limitations as to what process can be utilized.



Common Weld Processes & Positions 

FROM AISC / 
AWS D1.1: 



BASIC WELD DESIGN 



Fillet Weld in Shear: 
 
ASD: 
 
0.3(70)0.7071/16 = 0.928  
 
Rn/Ω = 0.928 D L  
 
LRFD: 
 
0.45(70)0.7071/16 = 1.392 
 
ΦRn = 1.392 D L 
 
(E70XX Electrodes) 

Basic Weld Design 

E = 0.7071 D 

Presenter
Presentation Notes
The weakest segment of a fillet weld is assumed through the effective throat, E, which is 0.7071 times the weld size (or weld leg, D). Strength calculations are therefore based on an area equal to E times the effective length of the fillet weld, L.



Basic Weld Design 

Must NEVER Put a Single Fillet Weld in Tension 

Presenter
Presentation Notes
Single fillet welds in tension are not allowed. A fillet weld must never be loaded with a moment about it’s longitudinal axis 



Basic Weld Design 

- FILLET WELDS: 

Gaps in Fillet Welds  
are Allowed Up to 
3/16” 

Presenter
Presentation Notes
The ‘stress’ the weld is seeing increases with the amount of gap (if you have the same  ¼”  weld). So what do we do? We build up the fillet weld, add to it to get back to the same strength as for the situation with no gap.



Basic Weld Design 
- LOADING DOUBLE FILLET WELDS: 

Must Never Load Single Fillet Weld With Moment About 
Longitudinal Axis – More on This Later… 

Presenter
Presentation Notes
These are the different ways a double fillet weld group can be loaded. We can tug, pull, drag & twist. Basically any loading scenario you could imagine.



Basic Weld Design 
- OVERLAPPING FILLET WELDS: 

May Lay 3/16” Fillet 
Weld on 3/16” Thk. 
Plate. 



Basic Weld Design 

- MINIUM SIZE OF FILLET WELDS: 

Presenter
Presentation Notes
If you have a ¾” thick flange welding to a 1” base plate, for example, you MUST specify a 5/16” even though you may only need 3/16” for strength. 



PJP Weld in Shear: 
 
ASD: 
 

21.0 ksi (Strength) 
 

Rn/Ω = 21.0 (E) L  
 
LRFD: 
 

31.5 ksi (Strength) 
 

ΦRn = 31.5 (E) L 
 
 

E = Effective Throat 
 
S = Preparation (Bevel) 
 
f = Root Face (Land) 
 
R = Root Opening  

Basic Weld Design 



AISC 13th Ed. Manual 

Presenter
Presentation Notes
Be familiar with TABLE J2.5 



Basic Weld Design 

TWO METHODS: 

- ELASTIC METHOD 
 
 
- INSTANTANEOUS CENTER OF 
ROTATION, IC, METHOD 

Presenter
Presentation Notes
ADD EXAMPLE AND COMPARE WITH IC



Elastic Method 

Properties of 
Weld Groups 
 
 
If you are using this 
table you are doing 
ELASTIC method. 



Elastic Method 

- Eccentric Force is Resolved 
Into a Shear & Moment Acting 
at the Center of Gravity (CG) 
of the Bolt Group. 
 
- rp : All Weld Elements 
Share P ‘Equally’. 
 
- rmx , rmy : Proportional to 
Distance from CG. 
  

Presenter
Presentation Notes
We are looking at the ‘outermost’ inch (farthest from the weld group CG). Usually in kips/inch. P will produce a component on the Y only.  Will produce both. Take a resultant.



Properties of 
Weld Groups 

 
If you are using this 
table you are doing 

Instantaneous Center of 
Rotation method. 

Instantaneous Center of Rotation (IC Method) 



Instantaneous Center of Rotation (IC Method) 

- Eccentricity Produces Both a  
Relative Rotation & Translation 
 
- The Combined Effect of This 
Relative Movement is Equivalent 
to a Rotation About IC. 
 
- Location of IC Depends on  
Weld Geometry. 

 

Presenter
Presentation Notes
ADD EXAMPLE



Basic Weld Design 

COMPARISON OF TWO METHODS: 

D = 5/16” 

Presenter
Presentation Notes
ADD EXAMPLE AND COMPARE WITH IC



Basic Weld Design 

TRANVERSELY LOADED FILLET WELDS: 

Presenter
Presentation Notes
Basically says that fillet welds loaded longitudinally are weaker (but more ductile) than welds loaded transversely (less ductile).



CORRECT WELD 
SYMBOLS 

& 
PLACEMENT 



Correct Weld Symbols & Placement 

- ERRONEOUS WELD SYMBOLS: 



Correct Weld Symbols & Placement 

- ERRONEOUS WELD SYMBOLS: 

TIP: ‘PLUS GAP’ OR ‘INCREASE FOR GAP’ MEANS THAT  THE  WELD SIZE MUST 
BE INCREASED FOR THE AMOUNT OF GAP BETWEEN THE SLOT IN THE HSS 
AND THE GUSSET PLATE – IF GAP IS 1/16” INCREASE 1/4” to 5/16”. 

Presenter
Presentation Notes
You don’t know if you have zero gap on one side of the slot and 1/8 on the other.



Correct Weld Symbols & Placement 
- ERRONEOUS WELD SYMBOLS: 



Correct Weld Symbols & Placement 
- ERRONEOUS WELD SYMBOLS: 

Presenter
Presentation Notes
Point at the joint as if you are the one doing the welding. Don’t ‘thru’ weld.



Correct Weld Symbols & Placement 

- ERRONEOUS WELD SYMBOLS: 

Overuse of 
All-Around 
Weld Symbol: 



Correct Weld Symbols & Placement 

- ALL-AROUND WELD SYMBOL: 

Presenter
Presentation Notes
And secondary steel (opinion)



Correct Weld Symbols & Placement 

- ‘C’ SHAPED & ‘L’ SHAPED WELDS: 

Presenter
Presentation Notes
And secondary steel (opinion)



Correct Weld Symbols & Placement 
- EXTENDED SHEAR PLATE WELDING: 

Presenter
Presentation Notes
7/16 is the near side – 5/16 the far side. Bevel-cut plate plate or square cut plate.. Don’t be afraid to create a roll-out view to show the skewed weld – as opposed to bunching all the weld symbols together in the elevation view.



Correct Weld Symbols & Placement 

- SKEWED WELDS: 

Presenter
Presentation Notes
And secondary steel (opinion)



WELD ECONOMY 



Weld Economy 

- Fillet Welds are Economical. 
 

- 3/16, 1/4, & 5/16 Fillet Welds are “One Pass” Welds.  
 

- 3/8 and Greater Fillet Welds are Multiple Pass Welds. 



Weld Economy 

Multi-Pass Welds: 



Weld Economy 

Order of Economy: 
 
1. Fillet Welds. 
 
2. Partial-Joint Penetration Welds (PJP). 
 
3. Complete-Joint Penetration Welds (CJP). 
 



Weld Economy 

 
 3/4” Fillet Welds 
 Shear Strength = 16.7 k/in. (factored) 
 Area of 3/4” Fillet Weld = 0.281 sq in 
 
 
 Partial Penetration Weld with Strength = 

16.7 k/in. (factored) 
 E = 0.53 in.  Bevel = 11/16 in. 
 Area of Partial Pen = 0.236 sq in 

 

Maximum Fillet Weld Sizes Before Considering 
Partial Penetration Welds – 5/8” to 3/4” 

Presenter
Presentation Notes
Talk to your fabricator if you are going to specify very large weld sizes.



Weld Economy 

Two ‘Welds’ Are Better Than One: 

Presenter
Presentation Notes
Consider going to a double bevel IF (big ‘if’) you have access.



Weld Economy 

Full Penetration Welds: 
 

 Weld Strength = Strength of Lesser Grade Material 
 

 Increasing Thickness of Lesser Grade Material Does NOT 
Increase the Strength of the Welded Joint 



SPECIAL TOPICS 



Special Topics 

Transverse Weld Shrinkage 
Single Plate with Short Slots – 
DO NOT Pretension Bolts Prior 
to Welding Beam Flanges. 
 
 

NOT RECOMMENDED: 
Double Angle Web Connection – 
Angles Restrict Transverse Weld 
Shrinkage 



Special Topics 

- FIELD FIX: 

Presenter
Presentation Notes
Do not weld across entire length at top. Beam end rotation due to ‘flexing’ of angle. If you weld across you inhibit this behavior. The joint will ‘attract’ some amount of fixity, that your angle and welds aren’t designed for. And you will put some torsion in your girder. 



Special Topics 

1) ADD BRACING TO EXISTING BUILDING: 

Presenter
Presentation Notes
But we are too close to the end wall.



Special Topics 

2) DETAIL IS MIRRORED OR ‘FLIPPED’ FOR  
UPPER END OF BRACE: 

Presenter
Presentation Notes
If this detail is used directly to fabricate the gusset plates without any review – the weld prep will be on wrong side and plate will have to be re-fabbed!



Special Topics 

Presenter
Presentation Notes
If this detail is used directly to fabricate the gusset plates without any review – the weld prep will be on wrong side and plate will have to be re-fabbed!



Special Topics 

- COLUMN WEB DOUBLER WELDING: 



THANK YOU!! 
 

QUESTIONS? 

Presenter
Presentation Notes
But we are too close to the end wall.



WWW.LBYD.COM 

For a copy of the slides from today 
please email Robert at 

rwhyte@lbyd.com 

Presenter
Presentation Notes
If there are questions I didn’t cover please feel free to contact me at… If you give me your business card I’ll send you a PDF of this presentation. 
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