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Structural Welding

e Common method for connecting
structural steel

e Many fabrication shops prefer to
weld rather than bolt.

e Welding in the field is avoid due to
welding condition requirements.

e Welding is the process of fusing
pieces of metal by heating the base
metal and filler to a liquid state.

e A properly welded joint is stronger
than base metal.




Advantages of Welding

- Economic : save gusset and spice plates

- Applicability : such as connection of steel pipe column

- Rigidity & Continuity : strong joint makes one-pieces construction
- Easier to make changes during construction

- Relative silence

Disadvantages of Welding

- Fatique

- Inspection Cost

Welding Process
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weld metal material

‘weld pool

Electric arc produces 3600°C
between section to be welded
and the electrode.

Filler and Base metal are melt in a weld pool and join into one
homogeneous solid

Arc is shielded by slag to protect molten metal from air



Welding Processes

» Shield Metal Arc Welding (SMAW)
» Gas Metal Arc Welding (GMAW)
» Flux Cored Arc Welding (FCAW)
» Submerged Arc Welding (SAW)

SMAW Welding

e Shielded Metal Arc Welding (SMAW) is also known as manual, stick or
hand welding.

* An electric arc is produced between the end of coated metal electrode
and the steel components to be welded.

e The electrode is a filler metal covered with a coating.



SMAW Welding
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Welding Inspection

1. Visual inspection

2. Liquid penetrants

3. Magnetic particles

4. Ultrasonic testing

5. Radiographic procedures



Classification of Welds

Types of welds made:

N | ) (

Fillet welds Groove welds

Slot welds  Plug welds

\ I
J & M/L /
Fillet welds
|

Typical uses of fillet welds
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Lapped plate Stitch plate Slotted connection
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Tee connection Bracket Beam bearing plate



Typical uses of fillet welds

T A T

Column base plate Pipe connection Beam bracket

Built-up sections

Classification of Welds

Positions of welds:

_ Horizontal
— Vertical weld

weld Overhead
welds
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Flat weld



Types of joint:

Lap Butt

Tee Edge Corner

Examples of Lap Joints

Ease of fitting : pieces don’t required precise fabrication.
pieces can be slightly shifted for adjustment

Ease of joining : edge of pieces don’t need
special preparation and are usually sheared
or flame cut.
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Reference line & Arrow 4 v/

Arrow side & Other side /i

below=arrow and above=other arrow other
side side

Weld-all-around /

The open circle at the
arrow/reference line junction
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Fillet Welds | seswvaunuuniu
D - For lap joints, corner joints and T joints
V - Triangular in cross-section

Transverse fillet weld Longitudinal fillet weld



Example of Fillet Welds

[i8 mm

M _T_8mm

Symbol As built
[i10 mm
Vs Zau
6x10
| | |
Symbol As built
Example of Fillet Welds
8 mm 8 mm |
8N 15 " 4 f
/ﬁS cm
| | | \/
Symbol As built
6m
4" l6 mm
6 N 5-10 '

75 cm %)cm
/

Symbol As built
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Groove Welds
- Commonly used to make edge-to-edge joints
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v Reinforcement

| | 2 <
(b) (©)
Reasons for having reinforcement:

(a) To take care of pits and other irregularities

(b) Too difficult to make weld surface equal to material

/Land

| | & |
(a) (b)

(©) (d)

Types of Groove Weld

3
Square groove weld / | |

"groove" is created by either a tight fit | !
or a slight separation of the edges. The
amount of separation, if any, is given on

i
the weld symbol. —{l—3 mm

V-groove weld, in which the edges of both pieces are chamfered, either

singly or doubly 3

60° 60°
I |
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—| -3 mm




If the depth of the V is not the full thickness--or half the thickness in the
case of a double V--the depth is given to the left of the weld symbol.
10 80

6 1060

60° 600
I\<i7a6mm \(ﬂ7/ﬂ0mm
P =

10
mm / 'a)”\
The bevel groove weld, in which the 400

edge of one of the pieces is chamfered | |
and the other is left square. }:‘?

4
60°
15
The U-groove weld, in which the edges
of both pieces are given a concave
treatment.
H5mm
A
60°
The J-groove weld, in which the edge of 15 400
one of the pieces is given a concave
treatment and the other is left square.
400
l15rnm
J




The flare-V groove weld, commonly used to join two round or curved parts.
The intended depth of the weld itself are given to the left of the symbol, with
the weld depth shown in parentheses.
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The flare bevel groove weld, commonly used to join a round or curved
piece to a flat piece.
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- Used to join overlapping members, one of which has
Plug & Slot Welds ) PPIng
holes in it.
L1 - Weld metal is deposited in the holes and penetrates
'I:I' and fuses with the base metal.
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8 cm

25 mm

12 em j& —/ 8 cm

¢y 15 mm
I 1]
Section thru plug Section thru plug

B
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Throat = 0.707 x leg

P
s /T/
I — |

A & A
(a) U5 U YU DT O U (b) 159 IUIUIAININT 08T B

~T
FILLET WELDS
- Throat = size x cos 45°
ADYLYDULLUUNU | ¥ _ size x 0.707
_ size
Failure 450
size
P
size Shear stress: f,

" 0.707 x size x L

Weld face _— Weld face
Theoretical face

L N , ) Theoretical throat
°9 A E <\~ I'heoretical throat N

Root Leg

(a) Convex (b) Concave
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Throat = size x cos 45° = 0.707 x size

wioussnmeuioenln. F, = 0.30 F,

masseuren. P = 0.707 x size x L x F,

MavsosroNaonNe1. P = 0.707 x size x F,

size

aa¥e EBOXX: dmsumaniiaaniin 2,500 ksc

amweu E70XX: dwmsumanidansin 2,500 — 4,200 ksc

aaron ESOXX: dmsumaniaeniin 4,500 ksc

anifen E60: F, = 60 ksi
anifen E70: F, = 70 ksi
adifow E80:  F, = 80 ksi

u

4,200 kg/cm?

4,900 kg/cm?
5,600 kg/cm?

= o w A
AT NN 13.3 NANTDULEDN (DNN./F.)

size

1,260 kg/cm?
1,470 kg/cm?
1,680 kg/cm?

“Ulﬂﬂiﬂﬂlﬁ]ﬂ;’ﬂi\l
) E60 E70
3 267 310
5 445 520
6 530 620
8 710 830
10 890 1040
12 1070 1250
16 1425 1660

E70XX size 5 mm: 0.707 (0.5) (0.3) (4,900) = 520 kg/cm
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1) Min. length of fillet weld > 4 leg size

2) Max. weld size : » 24 x
» t<6 mm > weld size <t
t = Material
> t>6 mm > weld size <t—2 mm thickness
We
3) Min. weld size : size
Material thickness Min. size
t<6 mm 3 mm
6mm<t<12mm 5mm
12mm<t<19mm 6 mm
t>19 mm 8 mm
(Y] o dl 1
YANNRUAIBYLYAN (F1D)
4) End return length = 2 weld size
pe—|=d i —>r
eturn I
5) Longitudinal fillet: weld length =2 weld distance
weld distance = 20 cm
e 1
Weld L
distance
—"—I_ T
Weld length
6) Min. lap joint = 5 thickness = 25 mm
| — P

P ]
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GROOVE WELDS
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Shielded metal arc . AN U
JRYMLLUU Bevel a
Submerged arc . o . Hunau
AU 3o V 2 60
Gas metal arc . —
JRYMLLUYU Bevel mmaﬂ*‘uaww
Flux-core arc 750 45°<V < 60° | Mlaunn 3 w4l

FLARE GROOVE WELDS

SRYULYIURUUTDIUIY
Flare V groove
l(effective throat = R/2

Q.
Flare bevel groove
effective throat = 5R/16

AMUNUIADUSE AN HNAVITRLTDULUUIDIUTY

A5n15.99Y Flare Bevel Groove Flare V Groove

SAW 5/16 R 1/2 R

SMAW and FCAW-G 5/16 R 5/8 R

GMAW and FCAW-S 5/8 R 3/4 R




AA8E197 15-1 ATWINAIINEINISONIBaNIYiZasgasasnuandlugy d1ldindn

A36, 8RNI WLUU E70 LAZIa8ldaNLUUNDNNAWIA 10 NH.

PL2x 20

20 cm

10 mml/

SV N189209508L7aNNALANAUIA 10 N.N. = 1,040 NN./YN.

JD

wsemeNeanlianssaetion = (15+20+15)(1,040)/1,000 = 52 A

wsemineanlvzaudwngn = (2 x 20)(0.60 x 2.5) = 60 6w

P=52 nu

faad1en 15-2 laaldinan A36 Lazalaldan E70 aanuuusagldaNuuunan

WBEIUNIRUINNUIIT LA NAUBLHWARN 1 x 10 BN, Aouandlugy

Qs

3891 ANAJURWIAAN P = 0.6F A,

PL1x10cm

0.6x25x1x10 = 15ton

—> P

N INIATOELTBNENGR 5 W,

?lmmasn:?fauslmgqm =10-2=8 #4y,,

f
I

v
v A

Tdsaatdanauin 8 uy. |  masnveuldvesseadey = 830 nn./ .

ﬂ'awsn'ﬁasu,?fauﬁm”aami = 15x103/830 =18 #«.

I¥maisendentlareiteonit 2x 0.8=1.6 wu. (142 =a.)

AMETRUToNLARzT1e = 18/2 — 2 = 7.0 @, (12?’ 10 ¥x.)



Slot and Back Welds

when welds length not sufficient | /_ !
& L
/Slo1 weld
P +— | ( —> P
3 load g
(width)(allowable stress) |
Weld on back ~ |« »
of channel 15 i

U

aﬁ'mumfw%’um'sl,%auquqm%ae:
1. ANNT19289589 HB9lHRBENITANNAWIZBILEWLANUIN 8 N, LLﬂZVLN'Lﬁu%Z Nk
F09IWIRTaL LN
2. gUATBELEEN NNSULHBHANAWI LN 16 WAL, PWIATBLHDNABINIAUAITHNAR
LHAEN LA IMSULHBAENNWINT 16 WA, awinsaediaonsasliiosninASimieasay

AW ILNWARNNATD 16 NN,

3. ATAYNININFAYDITDY ALLVNNUFULNNADIAUIASDEL TN

£298799N 15-3 80NLUUSALTaNLUUNANLNDRBYIWIARSI9W1 C380x54.5 NU
welsnansouanitugl sinnnussmnAs 80 au laeldaimden E70 nikAnsNg
WIATNITONTUUBLRBLAENLALNEY 15 2N, 15a991nHIaNI0e wazlua1n1se

LD NNARIRIART19%1 LT

/ |
C380x54.5 | Slot|weld
t =10.5 mm
0t e |0 et | a0
Weld on back < 15 om >
o of channel

35911 hasannhaniaINnm

AwIAlrggnaegsosion =t — 2 = 105 - 2 = 8.5 ax. (1o 8 a.a.)

Qs

ARITDELADNIWIA 8 NN. = 830 NA./BN.

AINNENITBELEaNTIfBINTS = 80(1,000)/830 = 96 N. > 68 TN. NHIA

U
Qs o

muﬂ‘t’f’samﬁamwugmq



ANNTIINBEFAZEIZENI = 10.5 + 8 = 18.5 .

2 1/4 x AW 1AS08LA N

ANNTIININGAYDI3E17
= (2.25)(t, ?Jaﬁwﬁf'l) = 2.25(10.5)
= 24 au. (14 25 aa)

(%

ANRIT0LADNLUUNDNAWIA 8 NN.=(830)(15+15+38-2.5)/1,000=54.4 Gt

WIMRNUIINNNEBITUlAETaeLdaNgend = 80 - 54.4 = 25.6 bt

U

mmmwmgﬁ 89A15 = 25.6/(2.5 x 0.30 x 4.9) = 7.2 4x. (14 7.5 @a.)

ANEININGATIEONIA = 10(1.05) = 10.5 ¥H. > 7.5 TY. oK

Gl?il’iBEIL%ElNLLUUE‘c’ITJ?IH'lﬂ 2.5 x 7.5 Y.

Shear and Tension

T
\ ! : «
|
. \ /0
|
- L, >
T cos 6 Tsin®
/

Shear stress, f, = Tcos0 Tensile stress, f, = Tsin®
L, L,

Resultant stress, f = 2+ f2

r




£29879N 15-4 88NLUUSAYLTANLUUNIUNAB UL WUSLAULNDSULSS 60 B 110

yw 60° NuuuiIsaedon Ineldaimdan E70

ad o -] o 1 19 mm T_ 60 t
5N ANATULNBHWT =19 mm / plate _/ on

?I%’]ﬂiE]EIL%E]NLgﬂEf!ﬂ 6 mm

awnsoeiianlnggn = 19 -2 =17 mm %\

60°

ANYAIWIATEYE = 1 Cm UWLAAAI% |

ﬁﬂé’aiam%au E70 21»1m 10 mm = 1,040 kg/cm

_ Tcos® _ 60x10°cos60°
L, 2 x 30

_ Tsin6 _ 60x10°sin60°

Shear stress, f,

<« |, =30 cm —»

= 500 kg/cm?

Tensile stress, f, = = 866 kg/cm?

sL, 2x30

Resultant stress, f = /f2+ {2 = \/500% + 8662 = 1,000 kg/cm?

OR JUST, f = T/zL, = 60x10°/(2x30) = 1,000 kg/cm?

. ldwwmseeadon = 1,000/1,040 = 0.96 cm Say 1 cm

End of Lecture



